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IN?PTRODUCTION
In a military cemetery in Rawalpindi, in the
Punjab Province of India, there is a stone to the memory of
a British Sergeant killed in 1880 whilst fighting the "Wild
Wazirs". We have been fighting them ever since. In'faet,
by 1935 there had been so many ofiicial cumpaigns that the
Indian General Service iledal, referred to as "dAvergreen ave',

had to be re~designed as it hud been given so often.

In 1937 matters in Waziristen apguin came to boiling
point when the Waziris made a savuge and determined attack on
a coluwmn of our troops on the merch in the Khalscra Plain.
Prom then on, until and after September, 1939, the fighting
was dignified by the title of "Campaign". At that time the
chief trouble muker was the Fa@ir of Ipi, Ipi being 4 small
villasge in Waziristan. Ipi gathered around him renegades
and malcontents; in short, any able-bodied Wazir who had
some time and ammunition to spare. Lfime and aguin these
bands became big enough tc be a threat to security, for
example by attacking isolated wvosts, socmetimes with the aid
of crude village~made’cannon, firing =s0lid shot. When such
bands grew too large to be handled in comfort by the

Waziristan Militis, Military forces haud to be employed. ‘he
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method of using such forces followed a standard and effective
pattern, numely an excursion in strength against the enemy,

using pack animals and going across country to whatever area

happened to be the headquarters of the band at the time. This
taking of war into the enemy territory generally proved

sufficient to break up a concentration of "badmashes" for a

timee.

In early July, 19388, Ipi had again become powerful
in men, money, and ﬁo some exteﬁt in material. He had
established his headquarters in a remote part of Waziristan,
at Kharre near Wuzgal on the borders of 4Afghanistan. He
represented a serious threat to security: accordingly a
larger military force than usual was detailed to bresk up the
concentraticn. The method was that a coluan of troops (here-
after referred to as "Razcol") numbering about 4,000 strong,

- moved out from the main fortfess of Razmak; simultaneously

a eolumn about 3,000 strong moved out from the more Wortherly
camp of Damdil. (This colwan will be referred to hereafter
as "Damcol"). These two columns met at Gsrdai Camp aﬁd
maréhed in.coneert against Ipi. Yhis move was noteworthy
for two thingse. firstly, it was through cowitry only rarely
traversed by military forces; the country itself was very

difficult to fight in, although not more so than certain other

barts of Waziristan: and secondly, it had been decided to
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Try out atebrin on this column as a method of mass prophylaxis
against malaria, one company of one infantry battalion acting

as a control by taking quinine instead of atebrin.

The move, which was against opposition throughout, and
which will be described in detail later in the book, proved to
be very trying, even for the highly experienced and thoroughly
£1t British and Indian soldiers of the military column.  The
column attained its objective however, routing Ipi's "lashkar"
in a bitter little angagzement. Sporadic resistance ﬁas ‘

encountered during the whole of the return march also.

It is necessary here to enlarge more fully on the
conditions of such columns on the move in Waziristan. Lfhe roads
are very few in number, and practicslly every move against
trouble-makers is across country of a type perfectly designed
for defensive purposes; there is on reoord in my experience
- a case when two fanatical tribesmen, tactically sited, held up
4,000 men for over two hours. Tanks and aeroplanss are sur-

prisingly ineffective in a support rcle.

dach body of troops must travel self-contained, horse,
foot, and guns. fhe only possible method of transportation is
by pack animals, horses, mules and camels, which carry every-

thing - food, water, smmunition, guns and wounded. Razmak
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Column on the move generally had about 3,000 animals in the
pack train, which took about 3% hours to pass a given point.
Obviocusly the kit that could be carried was minimal. In

fhe case of officers it was limited to 5 1lbs., which was
carried on the officer's own chsrger. There could be no
question of taking mosquito nets or tents. Ihe routes
generally lay along valleys, 4,000 to 5,000 feet high, along
whleh the main body of the column would move -~ usually along

a dry river bed. Lhe only possible method of movement was
by each battalicn leap-frogging through the one ahead to

gseize and to hold the high points on each flank, and so permit
the movement through of the main body. As the head of the
column moved forward the tail folded in on itself by the
flanking battallons falling back into the valleys from the
high hills, ready to take up the same role again when required.
It follows, therefore, that the infantry responsible for the
aafe movement of the troops would cover much more ground than
the main body of the force, and in the course of the day would
be called upon several times to clear opposition from the
heights or the flanks. The mountain gunners also had a very
trying time; their claim was that they marched at an average
Pace of five miles per hour. Movement was slow, laboriocus,
and a severe physical strain, particularly as the tcmperature

rarely was below 90 degrees in the shade, and water was
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strictly rationed.

At night the column always formed a square, generally
on the site of an older camp with low stone walls still stand-
ing. Space inside such eamping éites was always riddled with
what would now be called "slit trenches", and at night the
whole force would require. to go to ground in these as some
method of protection against sniping, which usually continued
throughout the night. “he country traversed was always

malarious, and no anti-malaria precautions were possible.

During the column under discussion; that in July,
1938, agaihst Ipi's Headquarters at Kharre, the march, which
was against opposition throughout, Wés made under unusually
trying conditions. Ag has already been said, the opposition
continued on the return Jjourney. In fact, a final sortie
by the enemy was actually made upon my battalion within one
mile of Razmak Fortress as the troops closed up to go through

the gates.

On the 21st July, 1938, three days after the column
had returned to Razmak‘and Damdil, a soldier was admitted with
malaria; he later developed haemoglobinuria. This was the
first of six .such cases, all of whom fell ill with malsria and

haemoglobinuria within & period of ten weeks following the

Xharre Column. It should be noted here that these patients
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developed this condition whilst on a new regime for the treat-
ment of malaria. The standard treatment at that time had
been to give quinine‘suffieient to control the temperature,

to continue with atebrin 0.3 grammes daily for seven days, to
follow with three days rest, and then to give plasmoquine 0.02
grammes daily for five days. The latter dosage applies to
Indian troops. The hospital accommodation available was not
sufficient to handle all patients requiring trgatment for
malaria at that time, and acceordingly it had been decided to
modify the course as follows: namely, to give quinine as
before, to give atebrin in the same dosage but only for five
days, then to follow with ounly one day's rest prior to giving
the plasmoguine course, which remained unchanged in dosage and
in duration of administration. furthermore, on the completion
of the atebrin course, providing the patients were fit enough,
each individual was transferred to convalesce in a barracks
closely adjoining the hospital, set aside temporavily for thst
purpcse. It functioned, therefore, as a convalescent camp.
Such pgtienﬁg remained under medical care during that time and
reported twice daily in the hospital, where they were given
their plasmoquine. fhese points arc¢ all discussed in detail

in the body of the book.

It is seen, therefore, that the onset of the disesse

in the six patients who developed haemoglobinuria while being
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treated for malaria wgs related, ehronologically at least, to

a very trying march through country very rarely traversed,

to the use of atebrin for wmass prophylaxis during and
immediately after the Kharre Column; +to the intrcduction of

the modified methced of treating malaria; and to the dischurge
of patients following the atebrin course, the plasmoquine course

being given to them as out-patients.

The above is a brief resume of a disease never seen
before or éince in Razmak, or for that matter in Waziristan
it self. (We exclude one doubtful case previously reported
and one very doubtful case previously reported. These will

be discussed in detail later.)

Close consideration of these cases led us to the
conclusion that the men were suffering from haemoglobinuric

mslaria, i.e. blackwater fever.

How it has been truly said of blackwater fever that
in certain parts of the World at least it is no clinical [
rarity but is one of tThe serious medical prcoblems oi the
tropics, a disease feared by all Luropean residents in areas }
where blackwater fever is endemic. A disease which has a

mortality of twenty per cent is a disease to be feared.

Unfortunately, as Sir Rickard Christopher has said
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veve. "those whose work is directed to the more scientific
investigations of tropical diséases are hampered by multitu-
@inous but inconclusive literature ...... the putiing forward
of theories a3 to the causation of blackwater fever is a
function inversely proportionate to the knowledge ox the Tfacts

which are known about the disecase seees

Similarly, the late Warrington Yorke, in a review of
the literature on blackwater fever, stated "..... although
during recent years a considerable number of papers dealing
with blackwater fever have been published, very few of them
are of scientific value and our state of ignorance regarding
this important disease is almost as great as it was ten to

fifteen years ago seee

seseas Broadly speaking, recent communications on
blackwater fever can be grouped into the four following classes,

viz:-

(1) Papers of an essentially elinical nature.

| Such papers appcar UNNECESSET Y. They are, in the
majority of instances, the efforts orf those who have but
recently visited the tropics - usually as a result of the war -
and whose interest has been aroused by this most impressive
disease. Such aitthors are simply repeating what has been
written over and over again during the past twenty years.

(2) Papers mainly concerned with the endemicity of the disease.

These papers almost invariably fail to be of value
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because the information they contain is deficient in one or
more essentials.

(3) Papers dealing mainly with the treatment of the disease.

Such papers are, in the main, without any value and
the claims made are quite unjustifiable.

(4) Papers dealing with the pathology of the disease.

A relatively small proportion of the total papers.”

The author then deals with the last group of papers
in detail.

And again, the late Professor J.W.W. Stephens
considered that " «.... a complete and sccurate epitome on
blackwater fever&cannot be written until a conflicting mass
of statements in the literature is harmonised by more
precise gbservations, by the use of modern methods of investi-
gation, and by a much more rigorous use of the critical

it

faculty than has hitherto cbtained +seeee

These are the opinions of men who had studied
blackwater fever for many years. It behoves me, therefore,
to Jjustify this addition to the multitudinous literature on

blackwater fever. iy reasons are two-fold.

Firstly, I have attempted to harmonise the conflict-

ing mass of statements in the literature, especially in view
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of the recent work on the guestion of an alternative circu-
lation through the kidney. Secondly, there is put on record
what may be termed an "oubtbreak" of blackwater fever in
Waziristan - a countrydpreviousiy thought to be free from

this disease.

The plan followed in this work is as follows:-

We are considering the problem of six individuals
who developed haemoglobinuria while undergoing'treatment for
malaria; as the title implies, I regard the disecase in esach
case as blackwater fever. This diagncsis may not be
acceptable to others, hence the somewhat full discussion on
the problem. Chapters I and II give details of the circun-
stances surrounding the onset 6f infection and give detailed
¢linical notes. Chapter III deals with other causeé of
haemoglobinuria which requiré to be considered in the
differential diagnosis of our patients. Chapters IV and V
discuss in detail the laboratory findings and their signifi-
gance in hcemogloblinuria in general, and in intra-vascular
haemoglobinurias in partieular. These paragraphs stress the
fact that the laboratory findings in blackwater fever do not
differ in any essential respect from those in other haemolyses.
I say this because for too long blackwater fever has been

regarded as something "rich and strange” and it is only now
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being brought into line with other haemoglobinurias. Lhe
three succeeding Chapters, VI, VII and VIII, deal, respective-
ly with the possible parts playcd by guinine, by atebrin,
and by plasmoguine in the production or haemoglobinuria in
general, and in the production of haemoglobinuria in the

cases under consideration.

As already stated, in my opinion the diagnosis in
each of thé patients was blackwater fever. In Chapters I4
and X this diagnosis and the disease itself are discussed in
detail, The subject matter is brought to a close in

Chapter XZI where a summary is given.

An appendix is added, giving clinical and other
details more fully than in Chapter II. To lessen the heavy
clerical work references are given grouped at the end of the
book and not after cach chapter. Certain of these have been
read only as abstracts and as guoted by other workers.

These, however, are given in full to facilitate reference
burposes. This is not normal procedure but has been done
deliberately, to give as full a list of references as possible,

for the convenience of anyone interested,

Lastly, I should like to place on record my grateful
thanks to some of the many people to whom I am indebted.

4mong them I particularly include Sir Riekard Christophers,
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Sir iede.Scott, fister P.J.Shute, Doctor J.Trueta, the
Librarians of the British lledical Association, the Royal
Soclety of iledicine end 3t. 'homas' Hospital. I would also
place on record my thanks for the help 1 have obtained from
writings of such workers as H.d. Ffairley, J.W. Field, HZ.i'oy,
Bed. Haegraith, G.Re. Ross, J.a. dinton, the late Professor
JoWeW. Stephens, and the late Professor Warrington Yorke,
whose papers are all of much value and much help to any

student of the problem oi blackwater fever.
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CHAPTER I

GENERAL  INFORMATION.

TOPOGRAPHY OF WAZIRISTAN, WITH A DESCRIPTION OF
RAZIMAK FORTRESS

Probably the best short description of Wagiristan is
that found in the Encyclépedia Britannica (1929). I have

been given permission by the authorities concerned to quote

their work fully.

"Wagiristan is a mountain tract in the North-West
Frontier Province of India within the British sphere of
influénee, the boundaiies with Afghanistan having been demar-
cated in 1894. Only a portion, consisting of the Tochi
Valley, with an area of 700 square miles and a popuiation in
1903 of 25,000, is directly administered. [Northern Waziris-~
tan has an area of about 2,300 square miles, and South

Waziristan has an area of about 2,700 square miles.

The Tochi and the Gomal Rivers enclose the central
dominating'range from North-East to South-West, geologically
conneoted with the grehit limestone ranges of the Suleiman
Hills to the South and dominated by the great peaks of
Shuidar (Sheikh Haidar) and Pirghal, both of them between
11,000 and 12,000 feet above the sea. From these peaks
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Westwards a view is obtained across the gréat slopes and
cedar woods of Birmal and Shawal (lying thousands of feet
below) to the long serrated ranges of the central watershed
which shuts off the plains of Ghazni. To the HEast several
lines of drainage strike away for the Indus and are, as
usual, the main avenues of approach to the interior of the
country. They are the Khalsora and the Shakdu on the North,
which, uniting, join the Tochi South of Bannu; and the
Tank Zam on the South. The two former lead from the
frontiers of Pakistan to Razmak and to Makin, which is near
Razmak and which is of some local importance, situated on
the slopes of Shuldar; the latter valley leads to Kaniguram,
the Waziri capital and the centre of a considerable iron

trade. Xaniguram lies at the foot of the Pirghal mountain.

The Waziri tribes are the largest on the Frontier,
but their standgrd of eivilisation is very low. They are a
race of robbers and murdereré, and the Waziri name is
exearated even by the neighbouring Mahomeddan tribes, who
seem inclined to deny to the Waziris the title of belonging
t0 the Faith. Their physique is said to be excellent.

Except on a few of the highest hills, which are
well wooded, the Waziri country is a mass of roecks and stones,
bearing a poor growth of grass and thinly sprinkled with dark

evergreen bushes. FProgress in every direction is obstructed
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by preciplces or by tollsome stony ascents, and knowledge
of the topography comes only as a result of long acquaintance.
The broken ground and tortuous ravines, by making crime easy
énd protection against attack difficult, have fostered
violence amongst the people and developed in them an extra-
ordinary faculty of prudence and alertness. The Waziri has
developed into a raider and a highwayman. The blood feud
is a national institution. (Here I may quote my translation
of an old Pushtu saying:- "If you wait a hundred years then
take your revenge your friends will say, 'What was the

hurry?'")

Plate No. I, pége 4, showing a picture of Razmak
Fortress from a small supporting post on a North-Eastern
hill, gives some indication of the nature of the country;
the Waziris, who number 48,000 fighting men altogebher, are
divided into two mein sections - the Darwesh Khel, about
30,000 (referred to as Wazirs) and the Mahsuds, 18,000.
There afe amaller sections and attached tribes who number

18,000 more.

Phe Darwesh Khel are the more settled and civilised

of the twoland‘inhabit the lower hills bordering upon Kohat
and the ground lying on both sides of the Kurram River between
Thal on the North and the Tochi Valley on the South.

The Mahsuds, who inhabit the tract of country lying
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between the Tochi Valley on the North and the Gomal River
on the South have earned for themselves an evil name as the
most eonfirmed raiders on the borders. The Mahsud country,
especially that part within reach of British posts, is more
_ aiffioult even than Tirah."

Such is the opinion of the Enoyslopedia Britannica.

The following few notes are largely my oWl

The position originally was that Wagziristan was a
"ﬁo man's land" where the Waziris could gather together
&naontrélled aﬁd form 1argé bands in thé hills, then descend
to raid the Plains. British expeditions were needed against
various factions of the Wagziris in 1852, 18569, 1860, 1880,
1881, 1894, 1897, and 1902. Finally it was decided to
"Sandemanise® the country, but‘the Pathan is much more demo~-
;ratic and mﬁch less subject to the influence of his maliks
than is the Baluchi to the authority of his chiefé. Lord
Ourzon finally reversed the policy and retired to the indus,
leaving two corps of tribal militia to replace the British
troops. During the first World war the Mahsuds gave constant
trouble, however, and during the third Afghanisten war seetions'
of the militia went over toc the enemy. A reversion of the
previocus policy, that is "The Forward Polioy"™ was, therefore,
decided upon and was first put into operation in the early

1920's. A small military cantonment, Bannu in the North of
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Waziristan, was made the military base and rail-head, mnd
the last link with oivilisation. This cantonment was linked
to the outside World by a good road through to Kohat in the
North-West Frontier Province, and by a two-foot?gauge railway
running ninéty miles Bast aeross desolate country to link
with the atandard gauge lines at ldari Indus on the Indus
River, "the Father of all the Rivers". The train which runs
on this line normally covered the niﬁety miles in eight hours
or so, exeept when it was attacked. The journey in it in
hot weather was very frying, and the tiain well deserved its
title of the "heat #troke express". A branch of this line
runs due Sautﬁ from Laki Marwat Jﬁnctidn - the Jjunction being
one little building which is periodically burned down by the
Waziris - to Mangai, a small and unimportsnt secondary rail-

head.

In the North-West Frontier Province the maintenance
of law and>order émong the several Pathan tribes is the
responsibility of the Gonstabulary of the Prowince, - Their
. powers extend to and inelude Bannu but immediately outside the
limits of Bannu is a barbed wire fence and a iarge notice
marking the beginning of what was officially known as "tribal
territory". In other words, 3annu on the Plains stood in
relation %o the hills of Waziristan, with their passes leading
into Afghanistan, in exactly the smme position as stands
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Peshawar to the much better-known Xhyber Pass.

In the periods between the official campaigns the
individual responsible for the conduct of affairs in Waziris-
tan was the Resident, an Officer of the Indian Civil Service,
responsible to the Governor of the North-West Frontier
Province. The Resident had his own staff of political
officers and~worked independently of, though in close co-
operation with, the military authorities. To enable his
orders to be enforced and for the carrying out of routine
security duties the Resident had under his charge two corps
of tribal militia, the Tochi Scouts and the South Waziristan
Scouts. 'These two forées were military in training and
were officered by Officers from the Indian Army. Each of
the Scout forces operated from a large Headquarters, with
smaller detachments at outlying forts. No praise can be too
great for these men and their officers. They were continuous-
ly in danger. For example, in 1939 Colonel Campbell,
Resident at that time, was ambushed and wounded in four places
on the way to hand over his command. The Socouts were highly
mobile and could live on very little. 'They new the country
intimately and thgy aimed to chesk troubie at the source, to
keep the Resident fully in touch with the internal state of
affairs, and to prevent the Waziris carrying out such acts as

the blowing up of bridges carrying the few roads. Their
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title of "Scouts" fitted their role. Their weapons were
iight, théy had ho artillery, and their»hitting power was
limited. But behind them stood the Army, slow and cumber-
some to move but carrying tremendous hitting power. The
principle of the "Forward Policy" was to establish military
strong points at Qtrategic sitesmthroughout Waziristan, and
so enable force readily to be brought to bear on any group
of malcontents threatening the security of the peoples of the
Plains. Bven then, sometimes, instances would occur such
as that at Bannu in 1939, when a gang got through the wire
one night and burned the Bazaar, killing many Hindu shop-

keepers.

Our role in Waziristan, therefore, was to protect
the people of the more settled areas neighbouring the country.
Even with a force ten times that which we had there could have
been no possibility of imposing upon the Waziris the obedience
to authority found in any eivilised country. Among the
Waziris themeelves the law of Waziristan was still the law of
the jungle. Bach village was a fqrtified post, with armed
men always on duty in the watch towers at each corner of the
village walls. It is little wonder then that these people,
near animal in maﬁy ways, scratching a bare sustenance from
the poor soil, looked with hostility upon us, who barred their
way to what they regarded as their legitimate prey, the rieh
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Hindu banias of the Bazaars, where "the valley sheep are

fatter”.

The main Army concentration of force was at Razmak
Fortress, 6ccupied first in 1922 by a force under the command
of Sir John Maffey. Razmak is high in the hills, seventy
two miles South West from Bannu and connected to it by a
mountain road which could very easily be cut at any time by
the blowing of bridges and by snowfalls. Razmak is discussed
more fully later in this Chapter. Another smaller force was
permanently stationed at Wana to the South of Razmak. The
strength of the Wana garrison usually numbered about a brigade,
with ancillary troops. Still smaller concentrations of
military force were also to be found in ecamps such as Mirali,
Damdil and'Razani. Such camps were usually placed on inter-
mediate points along the military rocads, since places like
Razmak could only be kept supplied with necessary stores by
large road convoys, usually about seventy vehicles in each
econvoy moving up once weekly or fortnightly. During such
moves the whole seventy two miles of reamd to Razmak from the
base at Bannu had to be guarded by military forces. Except
in times of serious trouble the total military force available

in Waziristan was usually not more than one Division in
strength, as against a potential Waziri forcé of close on

30,000, all of them experienced fighters, since in Waziristan,
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among themselves, it was a case of "the quick and the dead".
All of them were fighting in their éwn country - country )
perfectly suited to guerilla warfare; all had a wide
knowledge of the country and all were capable of marching
ineredible distances; & Waziri in a hurry thinks nothing of
marching forty miles or more in twenty four hours and can

keep up this pace for days on end. Furthermore they were
clever encugh always to avoid, when possible, any trial of
strength with the Army which, therefore, rarely got an oppor-
tunity to make tﬁé most of its far heavier equipment and
strength. The odds were always heavily in favour of the
tribesmen, but one great factor which operated in our favour
was the character of fhe pathan, especially the Waziri.

Among his own people he is constitutionally incapable of
éuhmitting to any form of disecipline or command, although he
makes an excellent soldier when properly trained in the Army.
He is intensely proud and Jealous and consequently Ipi was
rather like Prince Charles Stuart, trying to make an efficient
force out of groups of Highland clans, all bitterly distrustful
of each other. Anything that operated in favour of Ipi always
brought him large bands of recruits. For example, once when
an atkcraft flew over a group one day aﬁd circled, apparently
to bomb, Ipi told his men to stand fast and he would turn the

bombs into paper. He knew of our purpose always to give
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warning before bombing by scattering leaflets, and he gambled
on this. That instance alone brought him meny supporters.
Fortunately, however, these people could not be relied upon
for'more than a very few weeks. Ipi was in the position of
any other dictator. Unless he could produce loot, and of
course unless he could keep clear of any engagement with our
military foreces, his supporters soon quarrelled among them-
selves and dribbled back home. This factor was potent in
preventing the Fakir of Ipi and other such trouble-makers
ever from utilising to any important extent the potential
| force available to them in Waziristan. The force which might
have been used against us was frittered away by the Waziris
in feuds, with tribe against tribe, khel against khel,
distrioet against distriet, village against village, and man
against man. These blood feuds are an important part of the
code of the Pathan, and failure of any individual to carry
out his part in a"blood feud:would lead to his immediate
expulsion from the village. Peuds would go on for many years
and were sometimes prosecuted iith appalling ferocity, leading
to the wiping out of every living thing in a family; men,
women, children, and even the animals. In the lesser feuds
killing is limited to males, inecluding male children over the
age of twelve, the women and the younger children being spared.
The physique of the Pathan is generally deseribed as excellent. |

This is not correct. The land is barreh, and even with
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financial help given by the occcupying authorites the people
live in a chronic state of malnutrition. Among the common
disorders may be listed malaria, veneraal disease, tubercu-
losis, macrocytic anaemia, and helminthiasis. As I was one
of the medical officers qualified to speak Pushfu I saw much
of the tribesmen and do not consider that their physical
condition was really good. There are no health services,
although a few Pathan doctors and a few missionary physicians
are to be found in Bannu, Kaniguram and in one or two other
places, By far the greater number of tribesmen have no
medical help available except what is given by the Missions
and by a few military medical officers, who were attached to
the Political Department. The tribes still employ largely
the methods of.treatment of their fathers, a subject which
deserves a volume in itself; everyone, without exception,
wears amulets strapped to their arms, each amulet containing
an incantation "specific" against some disease. It is very
common to find é tribesmén wearing a whole collection of
such smulets to protect himself against the “evil eye",

against malaria, and against many of the com&oner ail&ents.

This ehronic state of poverty and ignorance explains
much of the character of the tribesman and of his hatred of
the troops who barred his way to the easy loot and to the rich
lands of the Plains-people. An example of the thifis at

large is now shown by the incidents in Xashmir.

»

P
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Newg has now come to this country that the Pakistan
‘Government, lacking both men and money, had reverted to the
policy of holding the line of the Indus, and in an operation
well called "OPERATION CURZONY they have suceeeded in extri-

cating their troops from Razmak and other camps.

Life inside these camps, when we held them, was
very monotonous. Necessarily the troops could not move
outside the confines of the camp except when on road protec-
tion and other military duties. Going out on any military
task was in fact generally regarded as a welcome break in
the monotony. Between these military tasks the camp was in
faet a prison. In times of trouble snipers were always in
the areas around such camps and aﬁy injudicious move out of
cover would certainly draw fire. For example, shots were
fired into Razmak camp almost daily.for one period of threé

months in 1938.

In 1936 a road building scheme was put into opera-
tion to complete strategic roads which would link all the
important areas. This was difficult and costly, two
Divisions of broops being needed to protect the workmen.
fortunately. by 1937 this work had been completed jJust at the
time the tribesmen attacked out droops in the Khaisora Valley.
It was from then on the situstion deteriorated and increasing

use had to be made of the military forces. This trouble
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continued throughout 1938 and 1939, fhe main trouble being
in the country lying between Razmak and the borders of
Afghanistan.
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R4 ZMAEK.

re e

4 more detailed description of Razmak may be of
importance. The plates No. I, page 4 and No. II, page 5,
show scenes of the country in‘which Bazmak Fortress lay,
plate II, page 5,being a view of the interior of Razmak.

A large gcale plan of the camp is also given (plate III,
page 7). |

Razmak is a camp less than one mile square. It
lies on the Razmak semi-pléin which measures roughly eight
miles by three miles beginning at Razmak Narai and finishing
atVTauda China. The valley slopes from Nérth-East to South-
West, the North-East end being 7,700 feet high and the South-
Weat end about 5,800 feet. Excepting at the North}East end,
and excepting a narrow gap at the Southern end, the plateau is
surrounded by mountains rising tc a height of eight to ten
thquSgnd feet. Rgzmak Camp itself is sited towards the South-
Eagt end of the valley at a distanéé of about one mile from
the hills at the eastern wall. It is sifed on a tongue of
land between two large algids (nullahs), namely the Tauda
China algid on the East, running under the Eastern mountain
wall, and the Kabutar algid on the West. These two algids
converge about half a mile below the camp at the South-West
and continue as the Tauda China algid. At certain times of
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the year they carry a heavy volume of water due to heavy rain

and to melting snow.

The hills surrounding Razmak have a covering of small
shrubs. These range in type from conifers on the higher hills
to the scrﬁb of holly oak on the lower hills and in the plains
immediately around Razmak. This scrub is thick in places and
often has to be cleared to give a field of fire since it
affords excellent cover for the enemy whilst not being so

closely spaced as to impede progress.

The climate of Razmak is temperate, with aold wet
ﬁinters and heavy snowfall and rainfall, a dry Spring and warm
Summer, with frequent thundershowers. Details of snowfall,
rainfall, and temperature for 1938 are given on plate IV,

page 19.

The s0il itself is very thinly spread over outerops
of reddish stone, and owing to the destruction of grass and
bushes by the continuoué grazing of large herds of goats and
cattle belonging to the Pathans there is much erosion. Such
small amount of eultivation as there is must be protected by
small stone-faced banks to prevent the soil and the crops from

being completely washed away by the heavy rains and thunder-

showers.
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Razmak Plain itself has been denuded of trees and
also, to a large extent, of bushes by the wasteful end improvi-
dent habits of the local inhabitants, who cut down asny living
bush or tree as grazing for their animals, as well as for fire-
wood. Never, by any chance, do they plant any young trees
in their place. Even if they did plant young trees such
would be destroyed by the large herds of starving animals.

The result is that except in the late Spring and early Summer,
when there is a certain smount of new growth of grasa, which
lends a greenish tinge to the hills and the plains, the actual
Rasmak Plain is bare,. stony,.and wninviting, and for most of
the year is ndthing but a desert of parched yellow grasas.

The Camp itself measures roughly § square miles in area. It
is lozenge~shaped, having a long axis of about one mile and a
short axis of about half a mile. It is built on two levels,
one being 500 feet above the other - that is the upper camp
and the lower camp. It is surrounded by a wall with barbed
wire outside which are various picquet posts dotted on the
commanding sites around the camp. The walls are manned day
and night, therefore the men are eprsed to night ochills etc.
Anti-malaria precautions were not regarded as necessary, and
in any case the waaring of veils etc. would have been highly

dangerous against an enemy of such skill as the Waziri.

The normal strength in the camp was six battalions
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of infantry, including one British battalion, & complete
regiment of mountain gunners, one company of Epgineers, a
field ambulance, a hospital, animal transport companies and
other ancillayy &rocops. In addition to its serving soldiers
each unit had on its strength a large number of followers,
including sweepers, cooks, washermen and eraftsmen of all
desoriptions. The actual military force, including attached
personnel, usually numbered about 7,000; each battalion of
Indian infantry served three years on a frontier tour, very

often in one camp; British infantry served only one year.

A small bazaar of some twenty shops was permitted
inside the camp, the majority of the shopkeepers being Hindus.
These people were allowed to live inside Razmak and made up
fhe_bnlk.of the non-military personnel, among whom were‘also
included the staff of the post office, the Garrison Engineer
etc. The Resident also ocoupied the Residency inside the
camp foi several months in the year. His ?gthan staff-and any
trusted Pathan on business to see him were housed in the
Tehsils (the rest houses), one Tehsil each, at opposite ends
éf the camp of course, for Mahsuds and for Wazirs respectively.
There could be no question of these two sections of Waziris

sharing the same building; they were always at daggérs drawn,
with many feuds among them.

4 large military medical staff controlled the
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sanitation and health of the camp, including all civilian
personnel. The civilians were completely under military
control and as a result the general standard of sanitation of
the camp was very much higher than any similar installation
inside Indis. For example, no civilian could be employed
or even be resident inside the camp until he had passed a
physical examination, which inecluded, among other things, the
testing of his stools for intestinal pasrasites. This high
standard inside the camp was largely offset, however, by two
medical problems immediastely butside, namely the coolie camp

and the Wazir Serai.

The coolie camp, which is to be seen in plate I,
page 4, and in the plan of Razmak Camp, plate III, page 17,
was about 500 yards from Razmak Camp. It housed 600 coolies
who were employed inside Razmak during the day, but for medical
reasons and for reasons of security were housed outside the
camp, which they always left before the closing of the gates
at sundown. The standard of health - among these coolies was
very low, althdugh the atandard of sanitation of their camp

was kept at a relatively safe level by a military medical
officer detailed for the purpose.

The Wagir Serai, also seen in plate I, page 4, was

owned by a leading Wazir, Noor Mohd. It was a fortified

camp about 1,000 yards from Razmak Camp and served as a
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hotel for Pathans; there was always much coming and going
of Pathans to Razmak on business of various descriptions,
and since none other than a few trusted Pathans could be
gllowed inside Rgzmak during the hours of darkness Noaor
Mohd was allowed to maintain his Serai for the convenience
of Pathans. This camp, such a short distance from Razmak
itself, was a continual source of worry from the medical
point of view, and presumably also from the point of view of
gsesurity. There seems little doubt that Noor Mohd's Serai
represented a serious menace in more ways than one. It
probably served as a useful clearing house for the relaying
to the recaleitrant tribesmen information about troop or
convoy movements, gathered from loose talk inside Ragmak

Camp itself.

Razmak Camp itself was well supplied with water, and
there was no shortage of breeding places for mosguitoes in the
broken ground, with many little nullahs both inside and outside
the camp. Mosquitoc breeding was strictly eontrolled inside the

camp but little could be dome to control breeding outside.

Consequently there was no shortage of mosQuitoes; including
many malaria-carrying types, inside Razmsk itself. It was f
thought, however, that climatic conditions in the areé, about :
6,500 feet high, were such that malaria could not be transmitted,

although there was no lack of mosquitoes. Records appear to
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justify this opinion. The British battalions proved
particularly useful as controls in that none of the
reinforcements coming from England and arriving in the cold
weather ever developed malaria in Razmak in the hot weather
unless they had gone out on duty down into the malarious
country at a lower level. Those people who did not leave
Razmak during their tour of duty did not develop fresh
malaria. This freedom from malaria was not due to any
lack of gametosyte carriers. Many hundreds of cases of
chronic malaria were always to be found among the popula-
tion of the coolie camp, Noor Mohd's Serai, and even among
certain of the personnel inside Raimak Camp itself. The
distance from Razmak Camp to both the coolie camp and the
Seral were well within the ordinary flying range of the

Anopheline mosquito.

On humanitarian grounds the military authorities
and the Resident permitted the treatment of eivilians
suffering from malaria, but in view of the numbers involved
the only treatment possible was grains 30 of quinine daily

for seven days, and plasmoquine 0.02 grammes daily for seven

days .

It is to be regretted that the local conditions
were such, and certain of our equipment was such, that a full

investigation was not carried out to ascertain why Razmak
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was free from malaria. Chopra (1936) states that "for

the completion of the life cycle of the parasite inéide the
mogguito a mean temperature of 60°F. is necessary for sixteen
days, and, therefore, elevation with consequent low tempera-
ture limits the prevalance of the disease". He quotes
Kashmir as an example where,at an elevatién of 6,000 to

9,000 feet, A.maculopennis, A.fuliginosis, and A.willmori

are present in abundance, but no malaria exists. Neve
(1941), who spent fifty four years as a medical missionary
in Kashmir, states that .... "although there are indigenous
Anophelines of the malaria-oairying variety to be found,
malaria is unknown in the valley of Ksshmir at a height of
5,200 feet, although this disease is common in places at a
lower level down the Jhelum road ...." Wenyon (1926) states
that ..."at a temperature of 18°C. - 25°C. P.vivax requires
about se%enteen days (to develop in Anophelines) and

P.falciparum about nineteen days. At lower temperatures

P.faloiparum ceases to develop." Morgan (1947) can speak

with authority on the malaria o& Waziristah. He was for
some years political medical officer in South Wéziristan, and
he moved cver much of the country. He states that in South
Waziristan Political Headquarters at Ladha, at a height of
5,500 feet, he did not find any fresh malaria, although just
below Ladha, in the Waziri twen of Kaniguranm, height 4,300

feet, malaria was rife, and Sararogha, at 3,500 feet, a few
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miles from Razmak, is the worst placé in South Waziristan,
with a spleen rate of ninety per cent. organ comes to the
oconclusion that it can be safely said that in Waziristan
6,000 feet and above is a safe height as regards malaria
transmission, and probably somewhat lower may be fairly safe,
for example at Ladha. On the other hand, the Malaria
Institute of India (1947) stated that although it is generally
thought bhat malaris transmission in the Himalayas region
ceases at a height of 5,000 feet, yet in the A.superpictus

area of Baluchistan transmission is encountered at a height

of 6,500 feet. The Directorate of Malariology General Head-
quarters India (1947) considers malaria can be transmitted up
to an altitude of 7,000 feet in certain areas of Baluchistan.
This eountry borders Waziristan to the South and is clesely
similar, both in physical features and in climate. There are,
of course, many instances on record of malaria transmission at
a height even above those guoted for Baluchistan. For example,
Garnham (1945) records an isolated epidemioc at 8,500 feet in
Kenyga due to A.gambiae. Repeated tests carried out in Razmak

showed the presence of important malaria carriers, A.stephensi

and A.culicifacies to be the varieties of Anophelines most

commonly present. Chopra (1936) states that A.funestus is

commonly found in areas where blackwater fever is endemic.

Whatever the correctness or otherwise of this statement, this

variety was never encountered in Razmak. Ramakrishnan (1947)
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states that the commonest malaria-carrying mosquitoes of

Waziristan are A.stephensi, A.culicifacies and A.superpictus.

As may be gathered from the data, plate IV, the
climate of Razmak is such that in June and July the mean
temperature is high enough to allow of the completion of the
life eycle of the parasite in the mosquito, and there is no
lack of malaria-carrying varieties of mosquitoes nor of
chronically infected individuals. The faoct remains, however,
that in spite of transmission being theoretically possible
fresh malaria did not occur in Razmak Camp. It is necessary
to stress this point since one of the problems which will
require consideration 1s the question of where the individuals

who showed haemoglobinuria had contracted malaria.
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THE DIARY OF THE RAZMAK COLUMN.

At first sight this diary, and the acocompanying
large~scale map (plate V, page 29) appear to be redundant.
Such an assumption is incorrect. We are attempting to
establish the cause of lysis of red cells which occurred in
six individuals, and malaria must rank high as a posaible
cause or contributory fastor; therefore, since Razmak was
non-malarious we must look elsewhere for the source of the
malaria. Hence this diary, which is also of use in that it
shows the severe physical strain to which the men were sub-
Jected over a period within days or weeks of the onset of
the haemoglobinuria: these questions of source of parasite,
and of severe physical strain willvbe seen to be of importance
when we aome to discuss in detail the problem of blackwater
fever: +this is done in Chapters IX and X.

In this expurgated recofd supplied by Waziristan
District Headquarters, matters of purely military importance
have not been included. The large scale 1 inch to a mile map
(plate V, page 29) gives akplan of the country traversed and
6ur route is shown on it. The contours of the map give height
at all stages of the journey'but, of course, camot give any
idea of the appalling nature of the country from the military

point of view - a country perfectly designed for guerilla
fighting. ' '
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The operation took place during the 9th/18th July,
1938, in the Tochi area in elose proximity to Afghanistan. The
object was to break up a lashkar of Ipi's. The diary in detail

is given below.

9th July: Razcol moved out from Razmak along the central
Wagiristan road North-East to Gardal, a temporary camp. This
was a fairly easy march of eighteen miles on a good road with
practically no opposition. At Gardal Razceol was Jjoined by
Damcol which had moved up that morning from the North, also along

the central Waziristan roade.

The combined force, known as "Waztrike", harboured
overnight at Gardai. There was little.to reporf during the
night but in the early morning, as the Force moved out, the
rear-guard had some little difficulty in extricating itself from
the enemy who were following up closely.

10th July: "Waztrike", with its rear-guard slightly engaged,
moved out along the valley to lami Rogha (Map Ref. 904422),
another temporary camping site at a height of 5,500 feet - a
spleen test once done in this area showed 14%. On the map the
actual distance appears only about eight miles from Gardai to
Mami Rogha, but the move was very difficult. The enemy
stubbornly contested the high flanking hills thé whole way along;

this meant that the troops had to take and retake high
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surround ing features; water was strietly rationed; the
temperature was high - in the region of 104°F. - and there
was no shade. The move took about nine hours to complete
and at the end of it we met with resistunce inside Mami Rogha
Camp itself. The troops suffered from exhaustion on this
part of the move but we had a quiet night with relatively

little except fairly heavy enemy sniping.

1lth July: Moved from Mami Rogha Camp to Degan camping ground
(Map Ref: 9056577). Degan was another crude camping site,
unfortunately near a village containing hostile elements and
containing inhabitants riddled with malaria. Anopheline
mosquitoes were present in large numbers, Degan being sited
at 3,500 fect on the South bank of the Tochi River. This
march from idami Rogha to Degan was a long one and very tiring,
but fortunately opposition was relatively light and unco-
ordinated, and we were able to make harbowr in good shape.
Heavy sniping continued throughout the night in spite of much
counter-fire, and undoubtedly much of the enemy firing came

from the nearby village. The troops had very little sleep.

12th July: The next move, out from Degan, was likely to be

very trying, probably with heavy enemy opposition, conseguently
the Force spent the whole of the 12th July resting at Degan
Camp. The night of the 12th was a repetition of the previcus

one.
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From the point of view of health Degan Camp was by
far the worst of the halts. It was at 3,500 feet, with
Anopheline mosquitoes breeding everywhere and no precautions
possible against malaria; but military consideraticns were an

over-riding factor, and no alternative halt was possible.

13th July: A very appropriate date. The move was made from
Degan to a point, Wuzgai, ten miles North-West as the crow
flies. Wuszgai (Map Ref: 81l0645) lay at a height of 5,000
to 6,000 feet. | |

This was the most trying day as yet. The route
lay along the Duga Khulla Nullah, practically a dry river
bed with a poor surface for marching. There was a tendency
to slip back two paces for every pace forward. The animals
also felt the strain. There was much heat exhaustion on the
march but fortunately water was readily available. Thé heat
was severe and the physical strain was much increased by the

heavy opposition encountered. This opposition was carried

on even in Wuzgai Camp itself, two of the Force - one a
British officer - being shot dead at close range by a well=-
concealed sniper who opened fire some time after we had taken
up positions. Sniping continued throughout the night. The
only bright feature of the day was the linking-up with
sixteen platoons of the Tochi Scouts, who materially assisted

our move up the Duga Khulla Nullah. These fast moving
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Scouts were of great help during the ensuing two days.
14th July: The sick and the wounded were temporarily left at
Wuzgail, with two companies of British Infantry detached to
protect them, and the remainder of the Force, together with
the Scouts, moved up as light as possible towards its object-
ive, Kharre, in the Riji Zawar area (Map Ref: 7873) where Ipi
and his gang had their Headquarters. This was also a very
hard day, with resistance and bitter fighting all day end all
along the route, particularly at Barmand (Map Ref: 7968),
Bazoma Narai (Map Ref: 7970) and Riji Zawar (Map Ref: 7972).
These were all at heights between 5,500 and 7,000 feet.
~ Fortunately we were able to inflict relatively heavy losses
upon the enemy in some of the bitterest fighting secn for
some time. It was not possible, unfortunately, to follow up

our advantage as the enemy trickled through the border into
Afghanistan. Ipi himself probably escaped in that direction.

The Commandant of the Tochi Scouts has been good
enough to permit an extract being made from his records. This
gives a picture of the engagement from the point of view of

the Scouts, showing the demands made upon them. It reads:e

n

14th July: The Scouts were split into two detachments of
elght platoons each. On our arrival at Bazoma Narai we

found it important to seize ground to the North of the Narai
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to protect Waztrike and Razeol Headquarters. This was done
by one platoon, which stayed in this position all day until
retired by me at 20.00 hrs. Heavy fighting was going on on
Razcol's left flank, with the Gurkhas trying to push through
from Barmand to Kund Sar via Magzdak Punga. On arrival of
the Scouts at Mazdak Punga we found the Gurkhas only a little
way advanced along the Kund Sar ridge. We thereupon
attacked on the east of the Gurkhas through a wooded ravine
and captured a hil below Kund Sar. We then gave further
support to the Gurkhas in the attack on Kund Sar and after-
wards arranged a withdrawal from this foul country to the
Southern slopes of Mazdak Punga. There we found it necessary
to leave eight platoons of Seouts to help the troops hold
that position for the night. We then returned back to the

Bazoma Narai, where we received orders to occupy the Southern

perimeter of the night camp at Barmand ecee."

The military report then continues and gives detailed
notes of the return march to Wuzgai, to Degan, to Mami Rogha,
and to Gardai. The routes used were the same as those going

out; only one night was spent at Degan on the return journey.
19th July: Damcol returned to Damdil and Razeol to Razmak.

The only points of note on the return were that the

heat was very trying and that there was little opposition
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practically the whole way through. The enemy had taken
an unusually heavy beating and was lioking his wounds. He
did make one spurt towards the end; with tenacity that must
be admired he crossed the high hills and laid am ambush for
the troops as they entered Razmak,-thus spoiling what was

meant to be a triumphant return.

In the Column from Razmak the casualties inflioted
by the enemy numbered fifty, including the dead, and the siock
casualties directly from the Column numbered 169; this

figure does not include approximately 100 cases of malaria
occurring in the Rasmak Column 4,000 strong.
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TRUG PROPHYLAXIS AGAINST LioLARIA USiD DURING
8D APTER THE KHusRRE COLUIN.

Although atebrin had been in use since 1930, the
cost prevented it being freely tested in mass prophylaxis.
By 1938, however, a few reports had appeared, all of whiech
gpoke favourably of the drug in this connection. The move
down from Razmak to Kharre provided an opportunity for the

testing of atebrin prophylaxis in the field. Literature
then available showed that the method of obtaining the best

results from atebrin usecd with this end in view had not been
fully worked out; earlier reports had suggested that atebrin
did have a definite prophylactic value when given during and
far some days after infection, but the optimum dosage had not
been fully established; at that time, of course, the
question of an exo-erythrocytic phase in the life cycle of

the parasite had not assumed that importance it is now accorded.

In this attempt to test the efficiency of atebrin in
the field it was decided that during the Column the troops of
Razool would be given atebrin daily during and for seven days
after the Column. At the end of each day's march each man
was made to take 0.1 grammes of atebrin by mouth. Thig

dosage was continued daily throughout the ten days of the

Column and was carried on for seven days after the men had

returned to Razmak. Zach man, therefore, who had gone on
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the Column received a total of 1.7 grammes of atebrin in
seventeen days, beginﬁing on the first day of the Column and
finishing seven days after the Column returned to camp.

It may be safely presumed that a very high proportion of the

men did swallow the drug in the dosage mentioned. Discipline
in the Indian Army was very high and the administration of the

drug was carried out under the supervision of the officers of
the units. The number of men who failed to take the whole
course must have been negligible. This point was particular-

ly gone into very shortly after the completion of the seventeen

days course.

It should be stressed here that Damcol, the body of
troops from Damdil Camp, who had supported Razool throughout
the move did not receive any prophylactic atebrin. It was
hoped that they might serve as a control, and a further con-
trol was supplied in Razcol itself, in which one aompany of
the 7th Rajput Regiment, one of the infantry battalions taking
part, was placed on quinine bisulphate, five grains daily on

each day of the march and for seven days thereafter.

It is now realised, of course, that the daily dosage
given was éatisfactory but the drug was not given over a long
enough period of time; the significance of a possible exo~
erythrocytic phase of the parasite in man hsd not been realised,

and furthermore the few previous reports had suggested that the
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method we used should have been quite effeective. More
correct information was published in 1939 by Field whose
work was a contribution of great value and who stressed the
proper method of use of atebrin for prophylaxis, namely by
low dosage maintained throughout the period at risk, and for
some time thereafter. Field claimed that in the use of
atebrin for masa prophylaxis protection seems to be related
not only to dosage but alsoc to the duration of administra-
tion, that is small doses continued well into the incubation
period were more effective than large doses given at the time
of exposure. Field, therefore, considered the action of the
atebrin to be probably schizonticidal and the effect one of
medico-curative prophylaxis. He further stated, however,
prophylactic atebrin appears merely to prolong the ineubation
period to a point about three weeks after the withdrawal, a
series of findings which has been partly confirmed by subse-
quent work. The dosage in use at that time was 0.4 grammes
weekly, given in two successive doses of 0.2 grammes, Fairley
(1945) carrying out further investigations confirmed that the
effect of atebrin was probably medico-curative. He consider-
ed that with a daily ingestion of 0.l grammes of atebrin the
yeak concentration of this drug in the blood is reached
between the twenty-fifth and twenty-eighth day, that is after
a total of 2.5 grammes of atebrin haé been ingested, by wnieh

time there was usually a blood concentration of 21.9
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microgrammes per litre of blood. Fairley found that with
m.t. malaria 0.1 grammes daily of atebrin virtually abolished
recrudescences, whereas with b.t. malaria 0.l grammes daily
of atebrin merely suppressed the disease, overt vivax malaria
developing with great regularity a few weeks after suppressive
atebrin had been stopped. Fairley concludes that (1) a
force of men can be employed for many months in hyperendemic
areas of malaria without significant malaria casualties;

(2) there should be no deaths from malaria, no blackwater
fever, and no malaria carriers in the force; and (3) after
cessation of atebrin suppressive treatment the residual

problem would be exclusively that of benign tertian malaria.

From the information now available, e.ge the work
of Fairley quoted above, it is realised that the course of
atebrin given during the Column in July, 1938, was too short
in duration though suffieient in daily dosage. The Column
was of ten days duration; no one developed fresh malaria
during the Column itself, as, of course, in the absence of
any modifying factors malaria contracted during the Column
would have been expected to become overt in the early days
following the return of the troops to Razmak, that is duaring
late July and during August, 1938. A complicating factor,
however, had been introduced by our use of stebrin for mass
prophylaxis. Admittedly the course of atebrin given was

insufficient by present-day standards, but it was sufficiently



40.
close in total dosage and in length of time to modify the
resultant malaria in two ways. Firstly, in my opinion, the
amount of atebrin was sufficient to suppress completely, or
at least for a period of several months, attacks of malaria
in some at least of the individuals affeocted during the march.
This is particularly applicable to m.t. malaria. In certain
other individuals who had become infected, espealially those
infected with P.vivax, the interval before which the disease
became overt probably would be extended to a period of weeks
instead of days, as is usual in uncomplicated cases. In
other words, the most likely results to be expeocted from our
attempted mass prophylaxis were a considerable reduction in
the instance of m.t. malaria, and a prolonging of the incu-
bation period in those individuals who had eontracted b.t.
malaria. Figure 1, page 41, illustrates cur findings,
showing, as it does, admissions for malaria to the Razmak
Combined Military Hospital in 1938. Figures for 1939 and

1940 are given for comparison.
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FIGURE I

Reoords of Malapia Admissions C.I.M. Hospital, Razmak, 1938-1940.

Rates are per thousand men per year; average strength all troops 9,000
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attaccs 2. The high figures for 1940 are probably due to the large -numbers of
new recruits, and the influx of State Force troops.
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The information given in these tables may be
acoepted as correct. From May, 1938 to December, 1940,
that is during the whole of the period reported upon, medical
admissions to Razmak Hospital were under my care, and each
diagnosis of malaria was oounter-checked by one of the labora-
tory staff. In spite of this, however, it is very diffiocult
to estimate the true significance of the data given above.
Several factors serve to lessen the value of the figures; for
example the data are based on the monthly admiséions to the
Combined Wilitary Hospital at Razmak. This hospital served
a total population of 9,000, made up of 7,000 of the Razmak
Garrison and a total of about 2,000 from the many little out~
lying posts, such as Thal Fort. This mcans that the figures
of malaria admissions for July, August, and September, 1938,
cannot be taken as an indication only of the malaria from the
4,000 men of the Kharre Column. Furthermore, it is unwise
to compare too closely the figures for 1939 with those of 1938.
The total population at risk was practically the same, namely
9,000, but the composition was different, because in late
1938 and 1939 no less than three battalions completed their
tour of duty on the Frontier and were replaced by three fresh
battalions from the Plains, including one British battalion..
This introduces a fallacy which is even more strikingly shown
by the figures for 1940, put in largely to illustrate this
point. In 1940 the population was still the same, that is
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about 9,000, but again there had been a change of three
battalions, and the threc new battalions were from State
Forces, loaned to free the regular Indian forces for
overseas expeditions. These soldiers of the State Forces
were heavily infected with malaria, which accounts for the
steep rise of the figures for this disease in 1940, and
accounts also for the stopping of the analysis of malaria
cases into "fresh" and "relapsed" categories, since this
could not be easily doné because of the lack of medical
records of the State Force units. One other factor to Dbe
quoted is that the Razmak Combined Military Hospital did not
treat the Damcol troops, except in s few special and 4iffi-
cult ocases. Damdil Camp had its own Camp Hospital where

conditions such as malaria received treatment.

It is considered therefore that the factors enter-
ing into disoussion are 80 varied that from the data given
alone very little definite information can be obtained of the
incidence and type of fresh malaria among $roops as a result
of the Kharre Column. This was realised at the time, and
with a view to obtaining information a serutiny was made of
the records of all individuals admitted to Razmak C.I.M.
Hospital from the 18th July 1938, to the 30th Séptember 198S.
This period of time was to permit of inclusion of individuals

with a prolonged incubation period due to atebrin.
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In my opinion these records showed that the
incidence of fresh malaria from the Kharre Column totallgd
108 men. Colonel Warburton (now General), at that time
commanding Razcol Field Ambulance, estimated the figure to be
abdut 100, which is sufficiently close agreement with my
figure. The details are:-
Total at risk during Kharre Column - 9th/18th July - 4,000
Admissions to Razmak Hospital with malaria, 18.7.1838
to 30.9.1938 -~ 230 fresh benign tertian and
39 fresh malignant malaria: Total fresh cases - 269
From a scrutiny of the records loss from the
Kharre Colunn amouﬁted to 104 fresh benign tertian and four
fresh malignant - a total of 108 cases from the 269 admitted
altogether. |

One illustrative case is that of Captain R., the
officer in sub-charge of the Razecol Field Ambulance at the
time of the Kharre Colunn. He had lived and served in India
Ppractically all his 1life and he claimed that he had never had
malaria; he was most careful to take his daily dose of 0.1
grammes of atebrin during and for seven days after the Column,
yet on the tenth day after the Column had returned to camp,
i.es on the 21st July, 1938, three days after stopping the
atebrin he was admitted to hospital with severe benign tertian

malaria. His blood films showed only rings, and the Spleen

was not palpable. Some of these 108 men did not show overt
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malaria until some weeks after the return to Razmak of the
Column on the 18th July, 1938. Neoessarily, however, these
108 individuals were infected during the ten days from the
9th to 18th July. This gives then the malarial incidence in

the Kharre Column to be over 980 per thousand per aﬁnum.

In the reports on the results obtained when atebrin
was used as a prophylactic among the forces engaged in the
Solomons, New Britain, and Borneo, Fairley (1946a) shows that
the incidence never rose above forty seven per thousand per
annun, and generally was in the region of twenty per thousand
per annun. Lhis author later in the same article states that
from past experience without the use of atebrin at least ninety
per cent of the force would have acquired malaria. Our inci-
dence of over 900 per thousand per annum is, therefore, very
high - almost twenty times the incidence reported later among
the fighting troops on daily atebrin in Jjungle areas, and is
very near to the figure of ninety per cent suggested by
Fairley to be expected among unprotected troops fighting in
malarious areas. Therefore, the mass use of atebrin for
Prophylaxis on the Kharre Column failed to prevent a heavy

incidence of malaria among the men at risk.

The next guestion to be considered is whether thig
atebrin modified the disease or the ineidence of the disease

in any way. 4As mentioned above two controls were available,
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namely Damcol, of over 3,000 men, who were not given atebrin,
and secondly a Company of Rajput Infantry in Razcol, who
were given guinine daily instead of atebrin. Neither of
these controls prove to be of any value. In the control
group in Razool itself numbering 150 men, the incidence of
malaria among these men did not differ significantly from
the incidence of malaria in the main body of the troops, i.e.

the body who took atebrin; and the numbers used in this

control (180 men) were too small for it to have any value.

The other control, i.e. the incidence of malaria in
Damcol, also proved valueless because immediately on the
completion of the Kharre Column Damcol moved back to its camp
at Damdil, where it remained. This camp was near a malarious
area at 3,500 feet, and it would not have been possible to
have worked out the incidence of malaria from the Column as
distinct from that acquired in the camp itself immediately

afterwards.

From these controls, therefore, we cannot ecome to
any conclusion as to the value or otherwise of the atebrin

course in reducing the incidence of malaria in Razcol.

Two other ways in which the atebrin course may
conceivably have affected the incidence are that the period

of incubation of benign tertian cases may conceivably have
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been .prolonged to some degree and the inecidence of malign
tertian malaria may have been reduced, since this is the
action usually found gs a result of the use of prophylauttb
atebrin. No answer can be given to the first suggestion,
namely that the atebrin may have prolonged the incubation
period of the fresh malaria. All the documents available
gave insufficient information to allow of any definite
statement being made on this point. The last point is
whether or not the incidence of malign tertian malaria was
affected by the drug. (Quartan malaria and mixed malaria

incidence were so low that they need not be considered.)

All records of malarial incidence available for

Waziristan and for Razmak showed that P.falciparum was never

responsible for less than thirty three per cent of all
malaria admissions, and sometimes the figure rose to fifty
per cent, but our figures for malign tertian malaria in July
1938 and August 1938 are striking exceptions to this previous
infallible finding, because in these months the incidence of
malign tertian malaria fell to 6% and to 4.4% respectively
of the total; that is, there oc;urred duriné these months

a very marked reductiocn in the incidence of malign tertian
malaria, although the incidence of benign tertian malaria was
within normal limits for that period of the year. Further-
more, if the figures for 1939 be compared it is seen that

there was no such fall in the incidence of fresh malignant
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malaria in July 1939 and in August 1939, such as had ocourred
in July 1938 and August 1938. For example, in July 1939 the
incidence of fresh malignant malaria was sixty two per
thousand per year, i.e. thirty six per cent of all the combin-
ed benign tertian plus malign tertian figures. This figure of
sixty two per thousand compares strikingly with the July 1938
incidence of seven per thousand. Shnilarly,rin August 1939
the incidence of fresh malignant malaria was eighty four per
thousand per annum, which was also thirty six per cent of the
combined malign tertian and benign tertian figures, and this
similarly eompares strikingly with the August 1938 incidence
of malign tertian malaria, namely eight per thousand per
annume. There is a strong probability, therefore, that the
atebrin course given from the 9th July to 25th July, 1938,
resulted in a much reduced incidence of fresh malignant malaria
both for July 1938 and for August, 1938. Records extending
back to 1930 had never shown such a drop in the percentage

incidence of malign tertian malaria.
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SULMARY CHAPTZR I.

In this Chapter a description is given of Waziristan
in general and of Razmak Fortress in particular. This
deseription 1is neceésary in that Ragmak Fortress, at a height
of 6,500 feet, was held to be in a malaria-free area. A
Column of troops operated from this fortress sgainst the
Fakir of Ipi in the Kharre area during the period 9th to
18th July, 1938; a diary of the move shows that it was a
severe physical strain on the men; this Colunn was supported
by a slightly smaller Column from Damdil Camp. For the
first time in the military forces in India an attempt was
then made to use atebrin for mass prophylaxis among troops.
Only Rageol was given the drug, administered in daily doses of
0.1 grammes during the Column, and for seven daya after their

return to camp. It is held that this seventeen days course

of atebrin completely failed to lower the incidence of benign
tertian malaria resulting from infection during the Column,

the total in-ection rate being 980 per thousand per annum.
96.3% of the cases admitted were found to be infected with
benign tertian malaria. No information is available for
comparative figures from Damcol, and no information is avail-
able as to whether the giving of atebrin lengthened the incuba-
tion period of the malaria. Data available, however, suggest

that the atebrin course materially reduced the incidence of
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malignant malaria in July and August, 1938. These figures
are in keeping with the results obtained later by other

workers.
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CHAPTER II.

PRELIMINARY DISCUSSION ON THi& SIX CASES OF BLACKWATER FEVER
RECORDED IN RaZbak IN 1908

EXPLANATORY NOTE ON THE TRuATMENT OF MALARIA CASUALTIES
KESULTING FROM THE KHARRE COLUMN:

This has been sketchily dealt with in the previous
chapter, but since the slight modification in standard treat-
ment which ocourred at this period must be oconsidered as a
possible contributory factor in the causation of the attacks

of haemoglobinuria, a fuller note on this point is given below.

The operative movements of any troops in the lower
valleys of Waziristan at any time during the malarial season
always produced a ocrop of malarial casualties. The degree to
which any Force was affected depended upon the area in whioh
the troops had been required to fight. The medical informa-
tion whioh was available about the country through whioh the
Kharre troops would move was necessarily incomplete but did
suggest that we should expect heavy malarial casualties.
¥We did not expect any marked reduction in malarial casualties
from the use of atebrin which we were proposing to use as mass
Prophylaxis because our knowledge of the value of this drug
and its method of use in prophylgxzis were still insufficient
for us to estimate the effect of this drug.
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Any increased number of casualties had always
strained the resources of Razmak Hospital, especially during
the months of July, August and September, when malaria was
rife; accordingly, Northern Command Headquarters at
Rawalpindi authorised two modifications in the routine method
of treatment of malaria at that time standardised throughout
the Army in India. These two modifications were, the use
of a Convalescent Depot, and secondly a reduction in the
length of the atebrin course, with a reduction also in the
length of the rest period between the finishing of the

atebrin and the beginning of the plasmoquine treatment.

These two modifications in treatment came into
operation immediately preceding the Kharre Column in 1938 at
the beginning of July. Their adoption, therefore, is
chronoiogically related to the "outbreak" of haemoglobinuria
during malaria treatment; sincé these cﬁanges in treatment
must be taken into account on the question of aetiology, a

short note is given on each of the changes.

CONVALESCuNT DE-OL.

The setting up of the Convalescent Depot followed an
accepted pattern. ©Part of the troops' barrack accommodation
in Tigris lines lying 200 yards from the hospital were taken
over temporarily from the oeccupying infantry battali&n by the

hospital ahthorities (see Razmsk plan, plate 117 p.17).
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The barrack accommodation consisted of brick huts which

were of a standard type, cool, comfortable and weatherproof,
quite satisfactory for the accommodation of convalescent
patients in the warm weather of Summer, and early Autumn.
The arrangement was that each patient suffering from malaria,
and any other suitable type of case, was transferred to the
Convalescent Depot from the Hospital proper as soon as he
had become ambulant and fit to look after himself. In the
case of patients suffering from malaria this was generally
taken to mean that the patient would be able to move from the
Hospital to the Convalescent Depot on the completion of the
atebrin course, by which time he would have been, normally
speaking, about five days free from fever. The full course
of mslarial treatment at that time lasted approximately
seventeen days. This meant, therefore, that each patient
spent not more than seven days in the Hospital instead of
seventeen days. While in the Convalescent Depot the patient
still remained a medical responsibility and still required
treatment. 20 ensure continuity of treatment and of medical
supervision, patients were required to walk morning and
evening from their huts 200 yards to the Hospital, where

the duty medical officer interviewed each man and made sure
that each individual on the malaria course received and
swallowed the plasmoquine tablet, plasmogquine being given

twice daily. Apart from this exertion which was within
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the capabilities of the patients sent to the Convalescent
Depot such patients were not allowed to do anything else
other than rest, and they were completely struck off all
military duties. Had they been allowed to go back to their
unit lines to complete the course they would undoubtedly
have been caught up for some fatigue or other. On the
completion of the plasmoquine course each patient was then

allowed to return to his own unit, but remained off duty

for one more week.

No person was transferred to the Convalescent Depot

unless he appeared fit for it.

MODIFICADION IN THw STANDARD COUXSE Ol' YRiuaTilaNT.

The second step in the easing of the strain on the
hospital was by a modification of the standard malaria course
as already indicated above. In 1934 the Director of Medical
Services in India had ordered the adoption as a standard fom
of treatment of malaria a course as follows:- Quinine
graina 30 daily to be given as long as thought necessary,
followed by seven days of atebrin 0.3 grammes daily, followed
by three days rest, followed by plasmoquine five days, 0.02
grammes dailye. This course had proved much superior to

Preceding courses and remained as a standard from 1934. Some

workers, however, felt that it was over-safe and could be
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modified slightly without danger. This modification was
decided upon as a necessary bpt purely temporary measure to
ease the situation in Waziristan in 1938. The modified
gourse was: Quinine as before, followed by five days of
atebrin 0,3 grammes daily, followed by one day's rest,
followed by plasmoquine as before, i.e. five days 0.02
grammes daily. This meant, therefore, that each individ-
ual's period of time of treatment was shortened by three days

at least. In a station like Razmak, where a figure of
500 malaria casualties a month was not uncommon, this would
represent 1,500 man days saved per month, a great help to

an overworked military force and to an over-strained hospital.

As mentioned above, these two modifications in treat-
ment had just been put into operation before the return of
the Column from Kharre, and all malaria casualties resulting
from that Column reccived this shortened course of treatment
and, where possible, spent only a portion of their period of
treatment actually in the hospital itself, the remainder of

the period being spent in the Convalescent Depot.

Such was the position during the period when six of

the patients under treatment for malaria developed haemo-

globinuria duting the course of that treatment.

On pages B to 8l a resume is given of each case,
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together with the aummary of all treatment and haematolo-

gical and biochemical findings. The full case reports
are given in the Appendix (pages 134 to788 ).
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RESUME OF CASE RECORD - PATIENT NO. l.

(detailed Case Report, see Appendix, pages T3 ug)

No. 1868, LASCAR MOHD HUSSAIN.

27th 4Animal Transport Company -~ Royal Indian Army Service
Corps, Ragmak.
Aged 35 years.

Service: 8 years.

Plate No. VI, page 63 , summarises the treatment and the

laboratory findings.

21/7/1938: Admitted to Combined Indian Military Hospital,
Razmak. from unit lines in Razmak three days
after the Kharre Column had finished. He com-
plained of fever with rigors of two days dura-
tion: patient's previous history ineluded twe
attacks of malaria, one being fresh benign
tertian malaria (July, 1936) and one clinical
malaria relapse (August 1936) - both thoroughly
treated by the standard treatment - seven days
atebrin, five days plasmoquine.

Also a history of attacks of bronchitis, 1931,

1934, 19356. One attack of broncho-pneumonia

(February, 1938).

Physical examination showed thickening of the
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) ¥ pleurae both sides. Nil else abnormal.

' Blood films showed ring forms and gametooytes
of P.vivax.
Patient was put on quinine, grains 30 daily
until temperature settled, which it did on the
second day.
Atebrin course then given for five days at 0.3
grammes daily.
By that time (27/7/38) patient appeared fit
enough to be trunsferred to the Convalescent
Depot to complete his treatment. He had one
day's rest from treatment then began his plasmo=
quiﬁe course, 0.0l grammes twice daily, the

treatment being given morning and evening at
visits to the hospital 200 yards away from the
Convalescent Depot.

2/8/1938: At 13.00 hrs on 2/8/38, after he had received
his ninth and second-last plasmoguine dose of
0.01 grammes the patient informed the medical
ofiicer that he had been passing red urine for
the previous two days, and that he felt ;11, with
weakness, vomiting mnd fever. Plasmoqguine
stopped; re-admitted to hospital and found to

have a tempersture of loooF., with blood pressure

of 85/50. No eyanosis, and no abdominal pain;
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marked pallor; blood film negative for malaria
parasites; spleen and liver not palpable.

A diagnosis was made of blackwater fever - although
blackwater fever had not previously been reported
in Waziristan.

It was decided that intense alkalinisation was not
indicated; on this day the treatment given
essentially consisted of quantities of alkalies
together with bland fluids given by the mouth,
supplemented by rectal infusicns, the total
quantity of fluid ingested being balanced as far
as possible against the urine outpute. This was
our aim throughout the whole of the patient's
illness. Other treatment given included measures
to improve the blood picture, e.g. Campolon 4 ccs;
hot applications were kept to the kidney areas
throughout the whole of the patient's stay in
hospital. The rise in temperature‘- undoubtedly
due to haemolysis - was wrongly interpreted at
that time to be due to persistent malaria, and

0.3 grammes of atebrin musonate was given intra-

muscularly. This was repeated on the two

succeeding dayse.
3/8/1938: On the next day (3/8/38) there was no improvement

- the plasma was red and the urine was g deep rose



4/8/1938:

5/8/1938:
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colour. A transfusion of 500 eces. fresh blood

failed to produce any obvious immediate improvement
and slight jaundice was noticed on this day for the
first time.

By 4/8/28, i.e. the third day after re-admission to
hospital and probably sbout the fifth day following
the beginning of haemoglobinuria, the patient's
condition was bad. He had become doubly incontinent,
with marked Jaundice; the amount of urine voided

did not appear to be much; 1t stained the bed sheets
red; the red cell count showed no change from the
previous day, and in view of the fact fhat he had
recelved a transfusion this suggested there had been
a further lysis, which must have included some of the

transfused cells.

Oon the afternoon of 4/8/38 patient showed signs
of broncho-pneumonia (right lung).
The next day the broncho-pneumcnic condition had

spread to the base of the left lung, and jaundice

was severe in degree. The blood urea level was
rising; at 18.00 hours catheterisation yielded 10 ccs.
of pink mucoid slimy urine; this urine contained many

casts and much amorphous pink-stained debris.



6/8/1928:

7/8/1938:

8/8/1938:

6l.
By the seventeenth day (6/8/38) from the onset
of the illness, i.e. the sixth day after the onset
of haemoglobinuria, the patient's red cell count
had fallen markedly; the plasma was pink in
colour and the very small amount of mrine passed
on the bedsheets had stained them red in colour.
Severe oliguria was present - the patient had
probably voided only a few ocs. in the previous
twelve hours. Another blood transfusion (500 ces.)
was given. Other treatment included a Campolon
injection and fluids by mouth and rectum. The

blood urea level by this time was rising rapidly.

The next day (7/8/38) his condition was serious; no
reaction to blood transfusion; red cell count
unchanged; antivenene again tried in view of the

obvious repeated phases of lysis.

By 8/8/38 the patient was dangerously i1l with
widespread involvement of the chest from pneumonis;
rapidly-£falling red cell count, with a rosy-red
plasma; catheterisation yielded only 2 ccs. of deep

red urine; the blood urea was 200 mgms. per 100 ccs.
blood. On this day the rectal infusions were dis-

continued snd the patient was given two pints of

mixed glucose-normal 3sline solution intravenously.



6z.

9/8/1938: On the next day the patient died.

The post-mortem examination showed extensive
piugging kidney tubules, which were severely demaged.

The liver was also severely damaged.

SUILARY.

This patient had several intravascular haemolyses
over a period of nine days. He develcped the
dreaded complication of kidney damage which resulted
in anuria and death. A significant finding was
that normal transfused ged.cells apparently were

deatroyed equally with the patient's own cells,
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RESUME OF CASE RECORD - PATIENT NO. 2.

(detailed Case Report - Appendix, pages 748 to 755 )

No. 13836, SEFPOY DOST WOHD.

2/7 RAJPUT REGII{LNT, RAZMAK,
Aged 22 years.

Service: 3 years.

Plate VII, page 67, summarises the treatment and the laboratory

f inding Se

29/7/1938: Admitted to Gombined‘Indian Military Hospital,
Razmak, with complaint of fever and rigors daily
for three days.

The patient's previous history included an attack
of fresh beﬁign tertian melaria (July, 1937). This
had been treated by the seven days atebrin, three
days .resat, five days plasmoquine course.

The only abnormality detected on admission was the
presence of ring forms of P.vivax in the blood |
filgs. Diagnosis was made of "fresh henign tertian
malaria®. N

‘Patient‘was given quinine, grains 30, for one day
and then was started on a five day course of atebrin

0.3 grammes daily, which was completed on 3/8/1938.
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4/8/1938: Transferred to the Convalescent Depot to complete

nis treatment. He began there with ome day's

rest from treatment and then:

5/8/1938: Started a five days plasmoquine course 0.0 grammes
daily, finishing on 9/8/38.

10/8/1838: Discharged to Unit for further convalescence of one

week.

11/8/1938: Re-admitted to hospital in the morning. Stated

that he had been passing red urine since the
previous night and had marked weakness and
vemiting. Temperature on admission 102°F. :

pulse fast and soft: no oyanosis and no Jaundice:
patient fainted during medical examination: the
spleen was not palpable and blood films did not
show any malaria parasites; the blood picture
showed severe anaemia; plasma rosy red; urine
Burgundy-coloured with absorption bands of oxy-
haemoglobin and methaemalbumen. Case diagnosed
as blackwater fever.

Treatment was simple and symptomatic - hot éaeks
to the kidney areas, much fluid by mouth, including
Sodium bicarbonate and sodium citrate solution.
Iron tonics and marmite were also given from this

day on until patient was discharged.



15/8/1938:

18/8/1938:

18/9/1938:

66.

In the succeeding four days (from 11/8/38 to
15/6/38) the patient's urine slowly cleared and
the initially high van den Bergh reaction fell
practically to normal and the plasma cleared in

colour.

By 18/8/38 the plasma was normal in colour and the
only ébinomality in the urine was a heavy content
of granular casts and masses of blood piguent mixed

and free. The red cell count was still low.

Discharged as cured with no abnormal findings. Red

cell count six millions per cub.mm.

SUMMARY «
The condition secmed to have been a single intra-
vageular haemolysis, or a very small number of

haemolytic phases, the blood pigment taking some

days to clear from the plasma and the urine.
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RESU:LS OF CASE RECORD -~ PATIEND NO. 8.

(detailed Case Report - Appendix, pages 756 to 766&)

No. 11577. L/NK. GURSARAN SINGH.

7TH INDIAN FIELD AMBULANCE, RAZMAK.
| Aged 23 years.

Service: 3% years.

Plate VIII, page 71, summarises the treatment and the

laboratory findings.

1/8/1938: Admitted to Combined Indian Military Hospital,
Razmak; complained of fever with rigors during the
whole of the previous day.

Previous history (eonfirmed by Army records) showed
that the patient had never had any illness in the
Army except hepatitis. He said that previous to
Joining the Army he had never had malaria.

Rlood films showed P.vivax rings; spleen not
palpable.

Diagnosis - fresh benign tertian malaria.

The patient was given quinine for one day and was
then started on the modified atebrin course -
atebrin 0.3 grammes daily for five days. This
treatment finished 6/8/38.

7/8/1938: Transferred to the Convalescent Depot to complete
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treatment. Given one day's rest then began

plasmoguine course, 0.02 grammes daily.

12/8/1938: On the twelfth day, after the second-last dose of
| plasmoquine, the patient was found to be severely

jaundiced. He aomplained of passing "blood in the
urine". His temperature was lOlOF.; ﬁulse fast;
no cyﬁnosis; no malaria parasites in the blood;
liver and spleen not palpable; the red cell count
found to be 2% million cells per cu.mm. with the
plasma rose-coloured and the urine red due to blood
pigment, confirmed by spectroscopic examination.
Treatment as previous cases, namely hot packs to
the loins, balanced fluid intake made up largely
of glucose and alkaline solutions, given orally,
with Campolon to stimulate blood regeneration.
Antivenene given twice although with little hope of
it helping the patient.

13/8/1938 to In these succeeding six days the patient showed

18/8/1938: .

a remarkable series of haemolytic crises as evidenced

by the varying colours of the urine specimens passed.

(Details are given on plate VIII, page 71.)

19/6/1938: By 19/8/%8 no further colouration was detected in

the urine which slowly alsc cleasred of casts and



20/8/1938:

17/9/1938:

7/10/1938:
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blood pigment masses.

Urine normal in appearance and content, and
concentrating function of kidney also apparently
normal (Fishberg's test). Cempolon injections

continued.

Red cell regeneration slow. After 36 cos.
Campolon the blood count was very little changed.

Campolon continued.

Total 52 ccs, Campolon given. Blood picture
and kidney function apparently normal. ZPatient
discharged.

SUMMaRY «

A series of hsemolytic crises - at least eight
in numbér - over six days. No permanent impair-
ment of kidney function. The slow regeneration
of red cells is not an uncommon finding in the
Indian, who has to face so many demands on the
haematopoeic system, due to chronic malaria,

dysentery, ete.
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RESUME OF CASH RECORD - PATIENT NOe. 4.

(detailed Case Report - Appendix, pages 147 t0774)
No. Foll, WATER CARRIER CHURU Raide.

3/17 DOGRAS - from THAL FORT.
Aged 35 years.

Service: 12 years.

Plate No. IX, page 76, summarises the treatment and the

laboratory findings.

This patient was on the Kharre Column with Damcol - not

Ragcol - and therefore did not receive any prophylactic

| atebrin. On the return of Damcol to Damdil from Kharre

this patient, in a two-company detachmént of the 5/17 Dogras
moved straight through to Thal Fort without halting at

Damdil. Thal Fort was a small isolated strongpoint covering
a vulnerable part of the Razmak-Bannu Road. Like Razmak, it
was regarded as non-malarious., Quite often, and at the time
that this incident took place, movement forward to Razmak from
Thal was safer than movement back to the base at Bannu. All
sick were evacuated, therefore, forward to Razmak instead of
going bamk to Bannu. This evacuation of sick and casualties
could only take place when the road was "open" to Rasmak = not

more than once weekly or once fortnightl& at that tine.,

28/7/1938: Patient felt ill in Thal Fort with rigors and fever.




29/7/1938:

1938
938:
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2/8/1938:

8/8/1928;
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Stated that he never had any disease resembling
malaria. Medical records showed that he had not
had any illness during his twelve years of Army

service.

Reported to the Medical Officer in the Fort and was
given such treatment as was available, Diagnosis

of malaria was not made.

to Xept in the Fort awaiting transport to Razmak.

Had two rigors on alternate days. Clinically at
that time the condition scems undoubtedly to have

been malaria.

Transferred to Combined Indian Military Hospital,
Razmak.

Much underweight (99 1bs.). Blood films showed
P.vivax rings and trophozoites. Spleen not
palpable.

Diagnosis - fresh benign tertian malaria.

Given quinine for one day and then glven a five-
days course of atebrin, 0.3 grammes daily, finishing
on 7/8/38.

Transferred to the Convalescent Depot to complete
treatment. Given one day's rest from treatment,

then started on plasmoquine 0.02 grammes daily, ss




11/8/1938:

14/8/1938:

4.
an out-patient from the Convalescent Depot.

(i.e. after two days plasmoquine 0.04 grammes

total) Was found to be jaundiced and was re-admitted

to hospital. This jaundice persisted without any
change in degree for several days, but the urine
remained normal until 14/8/38. There was marked
tenderness of the liver and the spleen during this
time and the patient also had a low-grade fever.

The condition strongly resembled blackwater fever,

- gine black water, and the patient was treated as

a definite case of the disease, i.e. hot packs to
the loins, careful balancing of fluid loss and

intake as far as possible with alkaline solutions.

For the first time since re-admission four days
previously the patient voided a specimen of red
urine. The plasma was found to be pink-stained,
due to blood-pigment; the red cell content was
2,350,000 per cu. mme.

14/8/1935 to on these three days the urine gave indications

16/8/1938:

of four moderately severe phases of intra-vascular
haemolysis with an indirect positive van den Bergh

reaction. The urine showed absorption bands of

oXyhaemoglobin and methaemoglobin, with casts and




16/8/1938:

20/5/1938:

18/9/1938:

3/10/1938:

75.
mpasses of amorphous and granular blood pigment.
Injections of Campolon began on this day, with

continuation of the routine measures.

Red cell count still low and lcteric tinge still
present. The last haemolytic phase occurzed at
22.00 hours. ¥rom then on the urine was normal
in colour, although it did not become clear of

oasts and blood pigment until 20/8/38.

Urine clear of blood-pigment masses and casts;
trinary function normal as measured by Fishberg
test. Ioteric tinge and abdominal tenderness gone.
Hot packs and alkaline mixture discontinued;

Campclon injections continued.

Since 14/8/38 the patient had received 40 ccs.
intramuscularly of Campolon; blood pleture almost
normal now; Campoclon stopped. Ferr. et ammon.

citrate begun.
Sent on leave as cured - weight 114 1bs.

SUMWARY »
A series of haemolytic crises - the first few
not severe enough to produce haemoglobinuria, dut

the last four diad.
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RESUME OF CASHE RiCORD - PATIENT NO. S.

(detailed Case neport - Appendix, pages 7748 to 781 )

No. 5949. SEPOY DUNI.
3/1% DOGRAS, THAL FORT.

Aged 26 years.

Service - 7 years.

Plate No. X, page 82, summarises the treatment and laboratory

findings.

¥ith CHURU RAM (Case No. 4) this patient was on the Kharre
Colunmn with Damcol, not Razseol, and therefore did noet receive
any prophylactic atebrin. Also like CHURU RaM, Sepoy DUNI
was in the two-company detachment of the 17th Dogras that
went straight to Thal Fort for duty without halting at Damdil
Camp. Details of Thal Fort are given on page 72.

25/9/1938:1.e. eight weeks after the Kharre Column, Sepoy
DUNI fell i1l in Thal Fort with fever and rigors.
ﬁo previous history of any illness like malaria
during his seven years service in the aArmy. (This
was confirmed by his Army record sheet.) Patient

also stated that he had never had malaria in eivil

life., He was detained in the Fort sick quarters
until he could be transferred to Razmak for treat-

ment. He was kept waiting only two days.



27/9/1938:

1/10/1938:

6/10/1938 ;

78.

Transferred to Combined Indian Military Hospital,
Razmak. '
His condition clinically was malaria, and the
blood films showed ring forms, P.vivax. Spleen
not palpable. Diagnosis - Fresh benign tertian
malaria. |

The patient was underweight, 119 lbs. (5 ft. 4 ins)
and had a haemoglobin level of 90%. He was a
vegetarian,

The only other abnormalities found were mild
bronchitis and pharyngitis.

Heavy doses of Ferr. et ammon. citrate begun at
once and continued throughout the stay of the
patient in hospital. The malarial attack was
difficult to control. Quinine, grains 30 daily,
was given for four days before the symptoms abated

and the fever settled.

Atebrin course given O.l grammes three times aaily

for five days. Atebrin finished 5/10/38.

Patient due to be transferred to the Convalescent
Depot to complete his remaindeér of treatment as
an out-patient, but his general condition was
unsatisfactory, although he showed nil definitely

abnormal. He was retained in hospital fo complete
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the plasmoquine course. Given one day's rest.

7/10/1938 to Patient had completed 3% days of the five

10/10/1938
(Noon)

10/10/1938:
(12.00 hrs)

;

11/10/1938: At 06.00 hours patient passed Burgundy-coloured

days plasmoquine course (i.e. he had had 0.07
grammes of plasmoquine) when he complained of his
urine being "high coloured". He would not admit
that it was pink or red. ‘He was not markedly
jaundiced. The pétient had been in bed throughout
his stay in hospital.

Passed urine centaining bile : = .

Examination showed fast pulse with s rising
temperature, 100.5°F. at 18.00 hrs. Jaundice
present; no cyanosis; no abdominal pain; spleen
one finger enlarged. Blood count not estimated,
plasma not examined. Blood films negative for
malaria parasites. Findings strongly in favour of
mild intra-vascular haemolysis without frank

hasemoglobinuria. Plasmoquine stopped.

urine; Jjaundice ++ with conjunetivae orange in
colour. The liver area was tender; marked fall
of the red blood cells to 2 million per cu.mm. with
reticulocytes 15%; plasma red in colour; the
urine showed absbrption bands oxyhaemoglobin and

methaemoglobin with a few hyaline and'granular casts.
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Obviously another and more serious haemolytioc
orisis had occurred at some time during the night.
During this day the urine varied, red-orange-red-
orange, suggesting other lyses. The output of
urine was small in amount each time.

Diagnosis - blackwater fever, with repeated lyses,
with oliguria and danger of anuria.

Treatment: as previously, naemely hot packs to

the kidney areas (also tried hot retention enemas).
Fluid intake and urine output records kept.
Gluoose alkaline 4 pint every hour by mouth. 4ilso

given injections of Campolon and antivenene.

12/10/1928: In the previeus twenty four hours the fluid intake
was 100 ozs., the output only 14 ozs. Jaundice
unchanged; liver less tender; plasma light red;
urine port-wine first sample; throughout the day
the colour of the urine again suggested repeated
haemolyses.

Treatment as before including Campolon and

antivenene.

13/10/1928: Fluid intake 66 ozs., output 20 ozs. in the
previous twenty four hours. Jaundice slightly
less; 1liver tenderness less marked; plasma pink

colour; first specimen urine red in colour, fading
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through pink in suceeeding specimens until 16.00
hours, when the urine became yellow. Thereafter
no obvious pigment staining of the urine. Trestment

as before, including Campolon 4 ccs.

14/10/38: Fluid intake 60 0z8., output 33 ozs. Jaundice
unchanged; no liver tenderness; plasma and urine
colour normal; ocasts and haemoglobin masses in the

urinary deposit.

15/10/1938: Improvement continuing; no hasemoglobinuria;

Campolon 4 ccs. given.

17/10/1938: Urine clear of casts and pigment masses; function
not tested. Began marmite 1 oz. daily - continued

until the patient was discharged - Jaundice fading.

4/11/1938: Some subjective improvement; no jaundice; red

cell count 3% million cells per cu.mm.

87/11/1938: Patient very fit; red cell count 4.9 million.
14/12/1938: Discharged as cured. Weight 127 1lbs. Red cell
count 5.1 million. Blood pressure 120/80.
SUMMARY.
Patient suffered from a series of at least six
haemolytic crises in four days. The first lysis

was not sufficient to produce hsemoglobinuria. No

residual kidney abnormality.
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RESUME OF CASK RECORD - PATIENT NO. 6.
(detailed Case Report - Appendix, pages 782 to 788 )

SEPOY TARA CHAND.

3/17 DOGRAS, DAMDIL CAMP.

Aged 23 years.

Service 5 years.

Plate No. XI, page 688, summarises the treatment and the'
laboratory findings.

It is to be stressed that this patient was from the
same Regiment as the two previous casea - Water Carrier
CHURU RAM and Sepoey DUNI. Unlike them, however, Sepoy TARA
CHAND did not go forﬁard to Thal Fort after the Kharre
Colunn. With the remainder of the battalion he returned
from Kharre to Damdil Camp, where he continued to serve until

he becsme ill.

It has been said in the early part of thias chapter
that no malarious cases from Damdil Camp were evaauated to
Raszmak Hospital, being treated in the Camp itself. This is
true. This particular patient, TARA CHAND, was evacuated to
Ragmak, however, because he was supposed to be suffering from

fever - cause unknown. Clinically it was quite unlike

malaria and required full laboratory investigations, which

could not be done at Damdil Camp «
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The patient had never had malaria in the Armmy and

claimed that he had never had it in eivil life. The patient

was found to be suffering from malaria, however.

Ocessionally

fresh malaria would develop amongst troops in Damdil which was

in a mildly malarious area. This introduced the probability

that TARA CHAND contracted his malaria at Damdil Camp, not

during the Kharre Column.

is:

27/9/1938:

5/10/3938:

The detailed history of the illness

Eight weeks after the finish of the Kharre Column,

Sepoy TARA CHAND was admitted to the temporary camp
hospital at Damdil with a complaint of rigors, fever

and shivering during the previous seven days.
Plate No. XI, page 88, shows the course of his
illness after admission. Clinicsally the condition
did not resemble malaria, the fever being high and
continued. It was decided, therefore, to evacuate
the patient forward to Razmgk for fuller investi-
gation. This was done.

Tranaferred toc Razmak Hospital, by which time he
had been ill for fourteen days with fever of
unknown origin. On admission to Razmak Hospital
the patient was free from fever. He was much
underweight (99 1lbs., 5 ft. 2 ins.). His red cell

picture and his haémoglobin were both normal; his
bleod pressure was 110/75. The spleen was



5/10/1938 to

9/10/1938

10/10/1938:

11/10/1938:
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enlarged two fingers and the blood films showed
sexual and asexual forms of P.vivax. Nil else
to report.

Diagnosis - benign tertian malaria (?)fresh.
Began Ferr. et ammon.citrate 90 grains daily.
This was continued until the disbharge of the
patient.

NO QUININE GIVEN.

Atebrin course given 0.l grammes three times

daily for five days.

Patient was due to be transferred to Convalescent
Depot but his general condition was sub-standard.
Therefore he was retained in hospital to complete
the plasmoquine course as a bed patient. Given

one day's rest.

In these three days the patient completed the

to 13/10/1938:

14/10/1938:

first three days of his plassmoguine course, takidg
in all 0.06 grammes of plasmoquine, apparently

without harm.

Before the morning dose of plasmoguine was given
the patient complained of weakmess. Did not
report any change of the colour of his urine.
Plasmoguine stopped.

Re-examined 11.00 hrs. Pulse fast; no jaundice;
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no cyanosis; no abdominal pain; spleen not
palpable; blood pressure 110/70. Blood films
negative for malaria parasites; blood count
little changed; red blood cells 5 million;
haemoglobin 90%; reticulooytes 2.5%. Plasma
faintly tinged with pink, with fainﬁ absorption
bands of haemoglobin; methaemoglobin bands not
seen.
12.00 hrs. urine red in colour with absorption
bands both oxyhaemoglobin and methuemoglobin;
thereafter spccimens normal in colour until 21.00
hrs. when urine was again red in colour; marked
oliguria. Thereafter all specimens normal in
solour. Pigment masses and casts present in the
urine until 17/10/38. Trestment as before, i.e.
hot packs to the loins; fluid output and intake
chart; glucose-alkall and soda water alternately
each hour, Campolon 4 ccs. daily and antivenene

4 ccs. daily.

Patient felt improved. Pulse 88 per min. No
jaundice; fluid intake 133 ozs., output 100 ozs.
Blood filgs negative; plasma not examined. No
biochemical tests carried out. Urine normal in

colour since the previous day.
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17/10/1938: Patient felt much improved; T.P.R. normal.

urine free from casts and haemoglobin masses.

All treatment stopped except the iron tonic.

Patient had received 16 cos. Campolon and 40 occs.

antivenens.

25/10/1938: Still felt weak, but blood picture satisfactory.
Red blood eount 5,300,000 per cu.mm. Haemoglobin
108%; blood pressure 115/78.

11/11/1938: Fit for duty. Weight 110§ lbs.

SUMMARY .

This patient's urine was coloured red on two
occasions only, namely, 12.00 hrs. and 21.00 hrs.
on 14/10/38. ILysis was mild in degree and in its
effecf on the red cell count. There”wae marked

polyuria immediately after the attacks.
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CONSIDERATION OF THE FINDINGS RWCORDmD IN PAGES 57 TO 88

i.e. THE PINDINGS IN TH& SIX PATIENTS WHO DEVELOPED
BLACKWATSR FmVLR IN RAZMAK IN 1938

On pages 57 to 87 a swuumary is given of each of the
9ix patients who developed blackwater fever in Waziristan in
1938. The full case reports of each case are to be found in

the Appendix, pages 734 to 788 . Certain of the findings will
be considered in Chapters III and IV. Other points requiring

consideration are dealt with below.

Preliminary eonsideration must be given to factors
which enter into all diseases in natives of India, namely

race, religion, eteo.

Briefly, tq recapitulate, in the period July to
September, 1938, there were admitted to hospital in Razmak
large numbers of individuals suffering from malaria. Six of
these individuals - all natives of India - suffering from
malaria, during treatment for that malaria developed haemo-
globinuria. One was a follower and the other five were
Soldiers. The highest rank amongst them was Lance-naik (ILance
Corporal). Four of the patients were in their twenties, two
were aged 35, One was a Sikh, two were llussulmans, and three

Were Hindus. All of these patients had been in the Kharre

Colunn, three with Razeol and three with Damcol. It is to be
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noted here that on the Kharre Column Razcol consisted of one
battalion Ghurkas, one battalion British Infantry, one
battalion Rajputs, and one battalion of the Frontier Force
Rifles. Also a high proportion of the officer class were
Buropeans. The composition of Damcol was equally mixed,

except that there was no British Infantry battalion.

With this in mind we must consider more fully -

(1) RACE:-

| The term "race" here also includes the sub-divisions
by religion, since‘thes; two are often intimately co-related
in India. The question of race is an important one from the
roint of view of diet, previous exposure to possibility of
blackwater fever etc. None of the six patients were Euro-
Peans; their composition is given above. In the large number
of men at risk the laws of chance are such that no significance

can be placed on this combination of cases, and this question

of race will, therefore, not be further discussed.
(2) DImr:

One patient was a vegetarian, the others were meat

eaters. This is not significant.

(3) AQE;-
Four of the men were in their twenties, and two were

8ged 35. This age distribution also is not significant.
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(4) PHYSIQUE:-

All patients were under-weight - four markedly so,
but it is doubtful if this also 1s of any significance, as
a very large number of equally sub-standard individuals, e.g.
followers, had, and later did have, the same course of treat-
ment without ill effects. Therefore this factor, per se,

could not have played an all-important part.

(5) RANK:-
It is admitted that all the men were private soldiers
except one Lance-Corporal. Again, this cannot be regarded as

significant in any way. Such a distribution iw well within
the limits of chance.

One other factor of major importance is the question
of the drugs themselves and the control of their administration.
In 1938, at the time of the occurrence of this "outbreak", the
attitude of the Army Medical Service towards atébrin anda
Plasmoquine was that they were highly expensive drugs with
Powerful side-effects. The most stringent control was enforced
in the administration of these drugs. All plasmoquine and
atebrin in use in Razuak Hospital was stored in air-tight
coloured bottles and kept in locked poison cupboards in my

office, Tablets were asdministered to patients by a sub-

888istant surgeon, who made sure that each man swallowed his
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tablet. A register was kept of every individual receiving
treatment. This register was checked frequently to ensure
that there was no mis-use of drugs. The quinine solution
wés also checked frequently to ensure that it had not been
diluted. These elementary details of hospital routine are
recorded hers to forestall any ceriticiam that the patients did
not receive the drugs, or that they may have received an
over-dosage. Zach patient received the treatment recorded

in his case sheet.

The next point in the discussion of the drugs used
is a possibility of an increased toxicity.‘ This will be
discussed more fully in the chapter dealing with the various
drugs, i.e. Chapters VI, VII and VIII. It is merely to be
noted here that at no time was there any obvious sign of
colour change or deterioration in the atebrin and plasmoquine

tablets, and the incidence of toxic effects was not higher

during the period July-September than at any other time.

The atebrin used in the six cases came from three
separate batches of the drug. The plasmoquine used came from
two separate batches. One of the patients (No. 3) received
0.04 grammes plasmoquine from one batch and 0.05 grammes from
the second. Some tests were carried out with the last batoh

of each drug to attempt to detect any clinical sign of
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inecreased toxicity. These tests will be mentioned in a
latéer chapter. They all gave negative results. The agent
in India to the makers (Bayer & Company) was then approached
and arrangements were being concluded for a conference on the
question of carrying out tests in their laboratories in
Germany. By this time (1939) the clouds of war were gather-

ing and the tests had to be abandoned.

It is pointed out that one patient (No. 6) did not

receive quinine.

DISCUSSION ON SYMPTOMS AWD SIGNS.

In any discussion on intra-vascular haemolyses certain
of the signs are so important that they require to be dealt
with in full. Such include the blood picture, ineluding
blood pigment, van den Bergh reaction, blood urea, etc.,
character of the attack or attacks of intra-vascular haemolysis,
Jaundice, and abnormalities of urine output and contents.

These are discussed in Chapters IV and V. Colic and cyanosis

are discussed in Chapters VI to VIII.

Some information may be obtsined from a consideration

at this point of the fimdings on physical examination of our

Patients at the time of the intra-vascular haemolyses.

Consider first, temperature. With the exception of Case No. 6,

Who suffered only in very mild degree, each patient at the
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time, or in close relation to their lytie phase, developed
intermittent pyrexia. The degree of temperature rise bore

a rough direct relationship to the degree of haemolysis.
Repeated haemolyses showed repeated rises in temperature.

In our treatment of the first patient the common mistake

was made of presuming that the rises in temperature were

caused by persisfent malaria, which, if present, also could
have been regarded as a part factor in the production of

the accompanying lysis; we were never able however to

find any parasite in the blood films teken from the patient

at the time of haemoglobinuria, and it is now realised that

the tempersture rises were due to haemolysis, not malaria.

Our mistake - as it undoubtedly was - led to the first patient
being given 0.3 grammes intramuscularly of atebrin musonate
daily on each of the first three days following the re-admission
of the patient to hospital. This treatment failed to influence
the fever. It is not thought that this treatment played any
Part in the fatasl issue of this case. It was then realised
that the fever was one effect of the haemolysis, and acaordingly
no anti-malarial drugs were administered to any of the remain-

ing patients after they had developed signs of intra-vasaular
haemolysisg,

LIVER:- was not enlarged in any patient, and was tender at the

onset of haemoglobinuria in only one case (Patient No. 4),
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SPLEEN:- at the onset of black water was enlarged in two
cases, (Nos. 5 and 6), and was tender in one case (No. 4).

These abnormalities rapidly disappeared.

PREAIMENT USED IN {HE BLACKWALER FIVER CASHS:-

The treatments recommended for blackwater fever are
like the theories about its causation - they are numerous and
generally of little value. If, as is usual at the time of
the onse¢t of blackwater, there is not present malaria severe
enough to require administration of anti-malarial drugs, then
there i8 no specific trestment for the black water. The
condition is an intra-vasecular haemolysis which does not
differ, basically, in symptomatology and pathology from other

intra~-vascular hsemolyses, e.g. incompatible transfusion.

The two most important problems arising with intra=-
vasgular haemolyses are, firstly, anaemia; and secondly,
changes in the kidney and its functions. Anaemia may be of
such degree as directly to kill a patient. Anything up to
four-fifths of the red cells may be destroyed within twenty
four hours in a severe attack of lysis or in repeated attacks;
and secondly as regards the kidney changes these are of prime
impertance since it is estimated that in blackwater fever
fifty per cent of the deaths, i.e. about ten per cent of
those attacked, are related to kidney damage.

Consider the anaemia. In a disease in which the
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red cell count ecan fall rapidly and readily to values as
low as or even lower than one million cells per eu.mm., the
anaemia itself may be sufficient to kill the patient. This
grave red cell loss must be made good, even at the risk of
precipitating a further haemolysis, even although ~ as some
workers suggest - the transfused cells from the donors are
sometimes destroyed rapidly by the recipient patient. The
problem of what happens to the red cell and its contents

in blackwater fever haemolysis is a fundamental one. It
requires to be studied in detail, and this will be done in

Chapter IV. All that need be said here is that transfusion
is not without risk, and should not be lightly undertaken,

but in ocertain cases with severe anaemia, where the patient's

life is in danger, risks must be taken and blood must be

given.

The next qguestion is that of changes in the kidney and
in its functions. The problem here is two-fold, namely,
Vreatment aimed at preventing kidney lesions, and treatment
of established lesions of the kidney. In view of recent
work, particularly the series of papers by Trueta and others,
Summarised in Chapter V, thesc twe problems are not necessarily
the same thing and, as with the problem of snaemia, can only be
dealt with rationally following upon a consideration of the
Physiology and pathology of the kidney; these functions of
the kidney are discussed in Chapter V.
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SUIMMARY, CHAPTER II.

By 1938 the Army course of treatment for the usual
typé of malaria attack had become standardised to seven days
atebrin 0.3 grammes daily, three days rest, five days
plasmoguine 0.02 grammes daily. Due to press of circum-
stances two modifications of this were introduced in
Waziristan in July 1938; these were, firstly a cutting-
down of the atebrin to a five days course, with a cutting-
down also of the rest period to one day instead of three;
and secondly the establishing of a temporary convalescent
depot to which all suitable patients were transferred to
complete their treatment after they had been five daya
afebrile. This meant that the malaria patients generally
received the whole of the plasmoquine oourse as out-patients,
The confalescent depot was under medical command and was only
two hundred yards from the hospital. These temporary
modifications came into operation at the beginning of July
1938 and were in use at the time the six individuals developed

haemoglobinuria while undergoing treatment for malaria.

Pages 57 to 87 give summmries of the case records of

each of the six individuals.

Perusal of the summaries shows:
(1) Only two of the six patients gave a history of having

Suffered from mélaria previous to July 1938, namely
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Case No. 1 who had had benign tertian malaria in July 1936
and clinical malaria in August 1936 both attacks being treated
by the seven days atebrin, three days rest, five days plasmo=

quine course; and Case No. 2 who had had benign tertian

malaria in July 1937, also treated by the seven days atebrin,

three days rest, five days plasmoguine course.

In this connection it is to be remembered that Army
medical documentation at that time was very carefully main-
tained. It is certain that none of the patients had had
any malaria during the whole of their Army service, other

than that recorded above.

In four of the patients, therefore, the attack of
malaria following the Kharre move was apparently their first;
certainly in all the four it was the first attack any of them
bhad had since joining the Army. Only in Case No. 6 was the
spleen enlarged, and that was after fourteen days of untreated

mslaria.

(2) Prophylactic atebrin had been given to three only of the six
men; the other three were with the Damdil Column on the Kharre

love and therefore were not among those given prephylactic

atebrin,

(3) Three of the men first showed overt mslaria in Razmak and two
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(6)
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in Thal Fort, both of which places were non-malarious
areas; 1t is reasonably certain that these five had been
infected during the Kharre Column; one patient, Case Ko.6,
developed malaria in Damdil Cemp after the move and it is
adnittedly possible that he was infected iu Damdil which

was mildly malarious.

In all six patients the diagnosis was "fresh benign tertian
malaria”. The diagnosis was made by mé and the blood-slide
findingé were confirmed by a member of the laboratory staff.
iAfter the development of haemoglobinuria the ogiginal

slides were again examined; no trace was found of a mixed
infection. These original slides were afailable fortunate~

ly because at that time all malaria slides were being kept

until each patient hsd completed his treatment.

Five of the patients received quinine; all received a
$u11 five day course of atebrin; and all were still
receiving plasmoguine at the time of onset of the haemo=~

globbnuria, excepting case No. 2.

Four of the six patients, the first four, had been trans-
ferred to the Convalescent Depot after completion of the

atebrin course and were receiving plasmoguine as out-

ratients at the time they developed haemoglobinuria. The
remaining two patients were bed-patients in hospital at

the onset of the black water.
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(7) In each patient the number of attacks of lysis was
o multiple excepting Case No. 6, who had two attacks.

(8) Only one patient was given blood transfusions; he
received two; the subseguent course strongly suggested
that at least a large number, if not the whole of the
transfused normal red cells were also destroyed in phases

of lysis following each transfusion.
(9) One patient developed anuria from which he died.

An analysis was made of various factors which may
have been of importance, e.g. race, religion, age, rank,
dietary habits, ete. Nil significant was found. The dis-
tribution of these various factors was such as might be found

in any chance selection from the population at risk.

~

The next factor considered was that of the drugs used.
The first point was whether the dosages reported in the case-
sheets were what the patients actually received; it was shown
that every precaution had beeh taken and that the drug dosages
were almost certainly as stated. The second point was whether
there may have been increased batch toxicity of any one drug.

This was shown to be very unlikely.

Two other questions raised in this chapter were

temperature and anaemisa.
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In each case the temperature was raised with each
attack of lysis. At first this was thought to be a recurrence
of the malaria but after the rfirst case had failed to respond
to anti-malaria therapy it was realised that the temperature
was due to the hgemolysis. All blood films taken at the onset

of 1lysis in each individual were negative for malaria.

The guestion of treatment of anaemia was briefly dealt
with. Transfusion should not be lightly undertaken but may be

required to save 1life in certain cases.,

Other important problems, e.g, kidney involvement, were
left for fuller discussion in later chapters.
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CHAPTER IlI.

INTRAVASCULAR HiA=MOLYSES.

This work is concentrated round the problem of
intra-vaséular haemolysis which developed in Razmak in 1938
in 8ix of a large number of patients undergoing treatment for
malaria. The impression has been given in the preceding
chapters that the diagnosis was blackwater fever in each of
the aix patients. There are many and varied other causes of
intra-vasgular haemolysis and of conditions closely simulating
intra-vascular haemolysis; it is necessary therefore to
consider at this stage whether the diagnosis of blackwater
fever is the likely one or whether some other condition more
adequately explains the "outbreak". This consideration of
obher likely conditions may also be of value in that it may
throw light on the problem of intra-vascular haemolysis in
general.

So far the only definite finding reported in the six
cases has been that of haemoglobinuria, which of course may be
Produced by diseases other than those causing intra~vascular
haemolysis. French (1936) gives a list of causes of hsemo-

globinuria as follows:

l. Oral administration of substances such as potassium

shiorate, ether, phenylhydrazine, turpentine, pyro-

gallic acid, naphthol carbolic acid and various other
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3.

8.

9.
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acids, glycerine, carbon tetrachloride, sulphonal and
allied substances, tannin, saponin, strychnine,

urotropine, impure aspirin and possibly quinine.

Inhalation of certain gases, e.g. carbon monoxide,

naphtha vapour, arseniuretted and other hydrogens, etce.

Incompatible blood transfusions (this should also include

high-titre plasma transfusions).

Intravenous injections of normal horse serum and of other

sera such as anti-tetmnic serum, eta.
Poisons from snakes, toads, spiders.
Riocin, abrin, cortin, phthallin, eta.
Poisonous mushrooms, toadstools, trufiles,
Frost-bite and extreme exposure to cold.

Sevaere burns.

10. Large internal extravasations.

11. In a few cases of pregnancy associated with toxaemic

symptoms.

12. Certain functional disorders of the vasomotor aystem, e.ge.

Raynaud's disease, factitious urticuria, and angioneurot-

ic oedema.
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13. Long-sustained physical exertion and fatigue.

14. liicrobial toxaemia, e.g. malaria, lesa commonly syphilis,

typhoid, anthrax and yellow fever.

15. Henoah's purpura.
16. Certain cases of nephritis.
17. Paroxysmal haemoglobinuria.

The above list is incomplete and unsystematia. y:
better approach to the problem is given in Whitby and Britton
(1946) in a discussion on the larger problem of haemolytie
anaemiss which these authors regard as a group where the
essential patholoegical process is an excessive intra-vascular
destruction of red blood ecorpuscles. It should be noted that
haemoglobinuria may be a symptom of almost any hsemolytic
anaemia. The olassification of Whitby and Britton is on a

causal basis; a modified version of it is given below.

A. Toxic, infective, or poisoncus factors: (exogenous)

l. Infections: malaria, streptococcal and staphylococcal
infections, C.welchii, oroya fever.
2. Poisons: " lead, phenylhydrazine, sulpha drugs,

sulphones, benzedrine, potassium chlorate
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. arsenicals, toluyldiamine and allied drugs,
potassium, saponin, ricin, snake venom.
3. Allergy: favismus, Baghdad Spring Anaemia, drug

idiosyncracies.

B. Due to haemolysins (endogenous)

1. Incompatible blood transfusions; (also to be included in
this group are the reactions with high-titre
plasma transfusions where the rdd cells of
the recipient may be lysed.

2. Rhesus-factor incompatibility.
3. Paroxysmal haemoglobinurias; a. syphilitic type
b. march haemoglobinuria.

ce. paralytic myoglobinuria.
4, Acquired haemolytic icterus (acquired acholuric jaundice).

C. Due possibly to an anomaly of the erythron, congenital or
acquired.

1, Haemolytic icterus (congenital).

2. Sickle-cell anaemia (African anaemia).
3. Mediterranean anaemia (Cooley's anaemia).
4. Nocturnal haemoglobinuria.

5. Physical factors affecting the erythron, e.g. severe hurnsa.

D. 0f unknown origin.

l. acute idiopathic haemolytic anaemia. (Lederer's anaemia)

&+ Subacute or chronic idiopathic haemolytic anaemise.
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3. Symptomatic haemolytic anaemia.

This classification is a great improvement on the one given by
French although this too is incomplete; it is well to remember
that, as recently pointed out by Loutit and Mollison (1946),

there are many cases of anaemia apparently haemolytic in

charascter which do not come into any of the above categories.

Certain of the above causes of haemoglobinuria must
enter into the differential diagnosis of the six Razmak cases
and will be considered in detail therefore. To facilitate
reference this discussion will follow the order given above,
although it is not the order of importance as likely causes in

our casese.

Firstly:

4. Toxic infective and peisonous factors:
1. Infections: Obviously malaria is the most important
| " of this class. It will be discussed
separately in Chapter IX. Other diseases
listed above are also capable of produc-
ing haemolytic anaemia, for exXample the
haemoglobinuria sometimes found in gas
gangrene and in certain cases with cocecal
infection.
There was no trace of any infection

other than malaria in the cases under
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consideration, and accordingly the other
infections do not require to be consider-
ed further.

2. Poisons. This is an unsatisfactory group; the
list given above is very incomplete;
there are many toxic substances which
have not been mentioned. Por example,
there is no mention of the anti-malarial
drugs although they are so important
that Chaptera VI, VII and VIII have been
devoted to them. 4Another oriticism of
thia portion is that it classifies
together poisons which produce their
effccta in different ways; 8Some produce
anaemia by toxic effects on bone-marrow
function; some drugs such as phenyl~
hydrazine appear to have a direet
destructive sction on the red corpuscle;
certain others act in some way or another
to render the red cell more susceptible to
ordinary destructive processes, well seen
in chronic lead poisoning in which the
abnormal red cells are destroyed in large

numbers by the ordinary processes.
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This question of poisons as a
possible cause of the haemoglobinurisa
‘in our patients is one that had to be

very aarefully investigated. In India
the great mass of the population is

very ignorant, with a touching faith in
the efficacy of drugs; furthermore there
is no real contrel of the sale of any
drug, no matter how dangerous; and,
again, haemolytic drugs, e.g. the
anthelmintics are freely used in every-
day medical practice. Consequently in
any case of haemoglobinuria developing
in a patient in India, the possibility
of self-medication must be seriously
considered. Sintcn (1936) givea a
atriking example of this. This possi-
bility was always i1 our mind. Fortun-
ately in Razmak the few traders allowed
to live in the Camp were under military
rule; and one instruction rigorously
enforced upon them was our control over
everything sold by these merchants.

They were not permitted to sell any drug

with any toxie properties. In 1938 1
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was in medical charge of the bazaar

shops. and am certain that our patients,

no matter how anxious, could not have

obtained any dangerous drug from the
bagaar; +the only other source of hsemo-
lytic drugs was the hospital itself. A
description has already been given of the
care taken to prevent unsuthorised use

of atebrin and plasmoquine and the same

remarks apply to all other drugs with

. toxic properties, especially the sulpha

group of drugs and the anthelmintic drugs
which were in such demand in the open
market. Both the sulpha group and the
anthelmintic drugs were classed as
poisons and were guarded as such. With
such eontrols in operstion it is reasocn-
able to presume that the only drugs tsaken
by the six patients were the drugs
recorded in the case sheets. The com-
pounds particularly important as regards
haemolysis are quinine, plasmoguine and
to a lesser extent atebrin; these are
discussed in Chapters VI - VIII.

This mention of quinine opportunely

lezdsg to the next section, namely
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Allergy:

110.

The first two types of allergy mentioned as
capable of producing haemoglobinuria are
favism (fabism) and Baghdad Spring Anaemia.
The most important, drug idiosynorasy, is
left to the last. Neither favism nor
Baghdad anaemia played any part in the
production of disease in the aix Razmak
cases and it need only be said that both of
these conditions are examples of a haemolytic
anaemia due to acquired sensitivity to
ocertain vegetables and pollens; In Baghdad

anaemia the antigen is Verbena hybrida; and

in favismus, which is fairly widespread on
the Mediterranean littorsl and in America
the afflicted individusl is sensitive to
Vicia fava the bean plant; severe reactions
have been reported even from inhalation of
the pollen of the flower; some cases have
proved fatal, with jaundice and with haemo-
globinuria. It is proper here to ask
whether favismus may reasonably be consider-
ed as a possible alternative diagnosis in the
much-discussed cases gquoted by Hippocrates,
The last of the allebgic conditions, and by
far the most impertant, is that of drug
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allergy. Allergy in general and drug
allergy in ﬁartioular will enter repeatedly
into our discussions on the likely causes of
the haemoglobinuria in the six Rasmak patients.
This is a suitable place, therefore, for a
short preliminary discussion on the subject of
drug idiosyncrasy; the particular type of
drug hypersensitiveness to be discussed is
allergy to sulpha drugs which is chosen because
of the importance of this group and because
this allergy is typical of drug &llergies in
general. It has already been pointed out that
there is novsuspicion that these drugs played
any part in the causing of the disease in the
Razmak cases.

Whitby and Britton, above, classify sulpha
drugs under section 2, that is "poisonasa®.
Undoubtedly these drugs do have toxic side-
effects but the important and dangerous
reactions, e.g. haemoglobinuria, are manifesta-
tions of drug hypersensitiveness and are there-~
fore discussed here.

In any discussion on drug hypersensitivity
it is to be kept in mind, as Zinsser et alia

(1944) have pointed out, drug idiosyneracies
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are truly immunological forms of hypersensi-
tiveness in that "..... antigenic compeunds
specifically orieﬁted by non-antigenic groups
may be formed in the body by combinations of
the extraneous material with body protein".
That is, the drug acts as a haptene. |

Work on the sulpha drugs began following
the introduction of prontosil by Damagk in
February 1935. Almost immediately Trefouel
et alia (1935) showed that the astive
principle was para-amino-benzene-sulphonamide;
this was supported by Colebrooke et alia
(1936). Since that time over three thousand
hew compounds have been produced from the
parent molecule of sulphonamide. 0f all these
only a very few have been successfully utilis-
ed in treatment. ‘

Five ﬁerivatives will be considered here,
namély: sulphanilamide, sulphapyridine,
sulphathiazole, sulphadiazine and sulphaguani-
dine; there are newer compounds of importance
but information on them is insufficient to
allow of discussion. In all these sctive
compounds the efiective nitrogen or nitro or

aminc or :substituted amino group is in the
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para position in the benzene ring. It is
necesgary to mention the chemical make-up
since this furnishes an example of the
remarkable way in which minor modifications
in the molecule may markedly influence drug
reactions. The five graphic formulae are
given on plate No. XII, page 1ll4. All of
these substances are foreign to the body and
are chemical poisons; the body therefore
attempts detoxification; one stage of this
process is acetylation. Yhis has & bearing
on one of the earliest recorded toxic effects
of sulpha drug administration, namely haema-
turia which sometimes is followed by anuria;
sulphapyridine and sulphathiazole are espec-
ially dangerous in this respect whereas
sulphanilamide practically never shows this
partieular side-effect. The effect is a
true toxic one and should more properly be
discﬁssed under section 2 above, but is dealt
with here for comparison with other similar
complicstions which are truly allerglc in
origin, e.g. haemoglobinuria which also may
be followed by anuria. The explanation of

the hasematuria and the occasional relsted
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anuria is that in the process of acetylation
orystalline compounds are formed, €.g.
acetylsulphapyridine crystals, whiah have a low
solnbility‘in agqueous solutions; the exeretion
of the sulpha drugs is chiefly by way of the
kidneys, by glomerular filtration with about
seventy per cent re-absorption in the kidney
tubules. During the passage of the solution
from the glomeruli to the pelves the acetyl
compounds cyystallise out, causing haematuria
from dsmage to the tissues and sometimes causing
anuria from mechanical blockage of the urinary
passages. These toxic effects are by no means

uncommon; Klumpf and Weilerstein (1940) mention

an incidence of six per cent of such effects
due to precipitation of crystals in patients
treated with sulphapyridine and sulphathiazole;
this incidence is similar to that reported by
Long et alia (1940); in a large series of cases
fhey found haematuria in eight per cent of
patients taking sulphapyridine and in two and a
half per cent of patients taking sulphathiazole.
These authors did mention also that anurig in
sulpha: drug administration may be due to a true
toxic injury to the tubules of the kidney.



1l6.

Tragerman and Goto (1940) also quote one of
five fatal cases of sulpha poisoning in which
the post-mortem findings supported the suggest-
ion of Long et alia.

Although the orystals are precipitated in
the tubules the danger of anuria appears to
arise from plugging of the renal pelves and
the ureters by consretions. Anuria, azotaemia,
and even death may follow this plugging which is
a mechanical process; at autopsy the kidneys
show extreme dilatation of the capsules and
tubules. It is important to note these typical
post-mortem findings which are markedly dis-
gimilar to those found in patients dying with
anuria following haemolytic reactions due to
sulpha drugs, or to any other cause of haemoly-
sis. Another true toxic change due to sulpha
drugs is the formation of intracorpuscular
ﬁethhemoglobin the occurrence of which is
direstly related to the level of the particuiar
compound in the blood. With a blood level
of four milligrammes per cent most patients
will show cyanocsis; Harris and Michel (1939)
reported a series of 476 patients of whom fifty

eight per cent showed methaemoglobinaemia and
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eight per cent showed sulphaemoglobinaemia.

The two complications mentioned above,
haeméturia with occasional anuria and methaemo-
globinaenmia, are due to simple poisoning; they
are not allergic reactions and more properly
belong to the section on poisons. They have
been placed here as a comparison with those
other effects of sulpha drug administration which
more closely concern us, namely those due to
idiosynerasy to the group, or to any one of the
groupe. Hypersensitivity reactions shown by
affected individuuals following ingestion of the
offending sulpha drug include drug fever, skin
reactions, agranulocytosis, and haemolytic
ansemia. This last effect is the important one
from our point of view; it is not a rare finding
and strgngely the drug usually implicated is
sulphanilamide. Figures quoted by Long et alia
(1940) are:

No4 of cases.l000 297 271
Drug. Sulphanilamide. Sulphapyridine. Sulpha-
thiazole.

10% 4% 10%

doute agranulocy-

tosis

001% 0.370 ?

Acute haemolytio
8naemia (1lst-5th day) 1.8% 0.6% 7
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Bennet and Ware (1941) reported twenty one cases
of acute haemolytic anaemia in 522 cases treated
with sulphanilamide; this is a much higher
dncidence than the averages found in several large
series of cases. This haemolytic anaemia should
not be confused with the anaemia caused by the
depressant effect of the drug on the bone marrow.
Sehnitker (1942) sums up the problem by say-
ing that the haemolytic anaemia must be due to an
idiosynorgsy, to a peculiar susceptibility. Points
in favour of this are: +the condition practically
invariably develops within a few days after
commencement of drug administration; the haemo-
lysis which sets in tends to continue its course
even after the blood and tissues are free of
sulphanilsmide; the condition usually recurs if
another course of the drug is begun; and in
certain of the cases reported the dosage sufficient
to produce haemolysis has been remarkably small,
e.g. De and Konar (1940) reported a case where one
gram of prontosil apparently caused a rapid fall
in haemoglobin, with methaemoglobinuria and death.
In certain of the patients this haemolytic process
may be severe, with a large number of red cells

haemolysed; haemoglobinuria may ocour, with
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large quantities of methaemoglobin in the urine.
In a few cases this may proéress to anuria and to
deaths Gilligan and Kapnick (1941) olaim to
have found strikingly incereased fragility of the
red corpuscles during very acute phases of the
haemolysis. In this connection roxX and Otfenburg
(1941) have shown that the blood serum after acute
haemolysis contains more methaemoglobin than was
present in the remaining intact red blood cor-
puscles, suggesting that it was the methaemoglobin-
containing cells which had lysed. This isolated
finding calls to mind the suggestion by Thomson
(1824a) that the "brassy"corpuscles of malignant
tertian malaria eén act és an antigen. The
plasma also shows oxXyhaemoglobin and methaemalbum=-
in in such cases of haemolytic anaemia of any
marked degree.

In those patients with haemoglobinuria in whom
the condition progresses to death the post-mortem
changes in the kidneys are the same as those in
other haemoglobinurias, -e.g. blackwater fever;
these changes are very diifferent from those
reported above as being found in individuals

dying of anuria following blockage of the urinary

channels. It was to establish this important



120.

difference that sulpha drug sensitivity has been

so fully discussed.

B, Haemolytic anaemis due to haemolysins (endogenocus)

l. Incompatible blood transfusions.
The general problém of auto-agglutination has
been discussed by Lubinski and Goldbloom (1946)
in their report on a boy with acute haemolytic
anaemia associgted with auto-agglutination over
a thermal amplitude of 0-37 degrees Centigrade.

These authors consider that agglutination may be

subdivided into:

a. Auto-agglutinins active only at refrigerator
temperature; these occur in many normal
sera.

b. Auto-agglutinins active only at room tempera-
ture; wusually found in diseased individuals,
but may be found in normal individuals,

c. Auto-agglutinins active only at body tempera-

ture; this last type appears to be confined

to a very small group of individuals who show

haemolytic anaemia; +the authors found only

four cases in the literature in which auto-

agglutination had been clearly shown to be

active at 37°Centigrade. They add one
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further cass. Obviously this condition
is one of the greatest rarity and is of no
practical importance.
There are other conditions however which are
associated with naturally-occurring agglutinins
and whioh are of much practical importance. As
is known, following a normal compatible trans-
fusion the donor's cells are only slowly destroyed
g by the reoipient at a rate approximately that of
: the destruction of the patient's own cells, that is
about one per cent daily; there i1s therefore no
sign of increased blood destruction following a
compatible transfusion, in which the essential
condition is that the donor's ocorpuscles should be
; inagglutinable by the recipient's serum; there is
: certainly a possibility of agglutination of the

recipient's corpuscles by the donor's serum; in

actual practice the chances of the latter reaction

are almost negligible because of the dilution of

b the donor's plasma by the much greater volume of
that of the recipient, and because of the great
disproportion that exists between the ¥Yolume of the
injected plasma and the volume of the recipient’'s

red cells. Very occasionally however a severe

reaction can occur from this cause, e.g. subert et
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alia (1942) from experiments with execeptionally
high—fitre'incompatible agglutinins point out that
the injection even of plasma containing such will
cause intra-vascular agglutination and haemolysis
of the recipient's cells. This would especially
be true of course if a rapid massive transfusion
from an incompatible high-titre donor is made into
an exsanguinated recipient with a greatly reduced
blood volume. this is academic from our point of
view; the important thing is the reaction follow=-
ing upon an incompatible transfusion. The sequence
of events in such cases has thrown light on other
intra-vascular haemolyses. When incompatible
blood is transfused the majority of the donor's
cells are usually eliminated within a few hourse.
There are also changes in the titre of the agglutin-
ins in the patient's serum; firstly there is a
reduction for one-two days after transfusion,
suggested by Mollison (1943) to be due to absorp-
tion by the incompatible red cells; +this is
followed by a rapid increase which reaches its
highest level ten to twenty days after transfusion.
Mollison records an unusual and striking example of
this. A patient showed a reaction after the first

five ccs. of a transfusion; she was thought to be
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neurotic and was given omnopon and five hundred
more ces.of incompatible blood within an hour and
a half; she then had a rigor but was given another
five hundred cecs. within three hours. The patient
failed to develop either jaundice or urine changes!
Later she was found to have an anti-A titre of
262,000, Haemagglutinins therefore exhibit the
features of true antibodies.

Agglutination is progressively more rapid and
complete as the temperature is lowered to 0°c.
Like other agglutinins they are found in the
globulin fraction of the serum and are present in
low titre in the body fluids rich in protein, e.g.
milk and lymph. As with true antibody reactions
the administration of even a small amount of
incompatible blood, even ten ccs. may precipitate
severe symptoms with development of what Whitby
and Britton termed "haemolytic shock". The most
important feature of the problem is that the
terminal stages of those surviving the immediate
reaction are sometimes characterised by renal
failure. This finding of renal failure is common
to many similar haemolyses, e.g. blackwater fever,

and is considered in detail in Chapter V. 1In

passing, the remarks of Whitby and Britton (1946)
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may be quoted; they state that a widely-held
opinion is that the kidney damage is due to
arterial spasm and ischaemia, this view being
Bupported on clinical grounds by the atriking
early symptoms of lumbar pain before pigment
deposition. They think that the spasm is due to
release of depressor substances from broken-down
red blood corpuscles; this depressor substance
is alsoc thought to cause dilatation of the
capillary bed and a sharp fall in blood pressure.
This point of view is in line with the suggestion
that the kidney changes in crush injuries are
caused by liberation of a toxic substance from the
damaged tissues. This question of ischaemia is
dealt with in Chapter V.

B« 2. Rhesus factor incompatibility.

Landsteiner and Wiener (1940) were the first to
identify this Rhesus factor. It was identified
during investigations of unusual reacticns in
certain persons after multiple transfusions, and
of unusual reactions in pregnant women, and in
women recently delivered. This agglutinin is now
recognised to be the cause of the erythroplastic
ansemia of infants in the neo-natal period, when

the infant is Rhesus positive and the mother is



B.

3.

125.
Rhesus negative. Roughly fifteen per cent of
the population is Rbesus negative; administration
to these individuals of blood containing Rhesus
factor, or in the case of iemales the production
of a ahild whose blood is Rhesus positive, will
lead in about ten per cent of such cases to the
production of anti-Rhesus antibody, and thereafter
any further administration of Rhesus positive
blood will cause intra-vascular haemolysis similar
to that seen in incompatible transfusions.

This condition of Rhesus sensitiveness played
no part in the production of the haemoglobinuria
in our cases since none had previously had a blood
transfusion and all were males. We need consiger

this condition no further.

Paroxysmal haemoglobinurias.

This is a heterogeneous group of conditions classed
together only on the basis of the paroxysmal
nature of the haemoglobinuria.

It is necessary to discuss these seriatim,
iirstly to consider whether our cases of haemo-
globinuria may conceivably have been the result
of any one of the group, and secondly to obtain
information on the problem of intra-vascular

haemolysis.
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a. Syphilitic paroxysmal haemoglobinuria:
In a small proportion of individuals with
estaplished syphilis, congenital or
acquired, cooling of the blood to 0°C. for
ten minutes followed by warming of it to
379C. for a short time causes lysis of a
certain proportion of the red cells.
Donath and Landsteiner (1904) and Eason
(1906) showed that the condition was due to
an autohsemolysis in the blood of the
patient. Haemoglobinuria may result in such
affected individuals following exposure to
§old. The presence of this haemolysis can
be illustrated therefore in vitro and in
vive.

The in vitro test, known as the Donath-
Landsteiner reaction, was made in all our
6ases and was negative in each case. Serc-
logical reactions for syphilis were also
negative in each case.

This condition of syphilitic paroxysmal
haemoglobinuria therefore did not cause the
haemoglobinuria s$een in the six Razmsk gases.

B.3. b.:.Mareh haemoglobinuria (exertion hsemoglobinuria)
This is said to be a rare condition in which

increased haemolysis and, more rarely,
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haemoglobinuria may follow exhausting
exercise in the upright position. The
condition was first described by Fleischer
in 1881. The maintenance of the upright
posture seems to play a definite part in
the production of signs and symptoms; as
16ng ago as 1914 Porges and Strisower
claimed to have produeed haemoglobinuria by
exercising the patient for a few minutes in
a lerdotic position. Witts (1936) also
stated that lordosis may be a contributory
faotor. Similarly Gilligan and Blumgart
(1941) stated that if a man marches wearing
é plaster cast tc keep him from straighten-
ing he does not develop symptoms.

Other workers who claim to have proved
that the erect posture is necessary for the
production of haemolysis are Palmer and
Mitehell (1943) and Lowbury and Blakeley
(1948)., The condition has been described
at the beginning of this paragraph as a rare
one but actually there is a remarkable
difference of opinion on thisg point.

Palmer and Mitchell (1943) found only four

cases among 75,000 admissions to Canadian
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l{ilitary Hospitals but PFeigl (1916) claimed
to have found hsemoglobinuria in seventy
per ocent of twenty-six people who had marched
about twenty-two miles, and Gilligan et alia
(1943) found haemoglobinaemia in ten out of
twenty-two men after a short oross-country
run, and in eighteen out of twenty-two after
a long cross-country run.

The answer probably is that mild haemo-
globinaemia is possibly not an excessively
rare finding in individuals after really
strenuous exercise but it is very rarely so

great in amount as to lead to haemoglobinuris.

One interesting feature from the point of
view of certain other causes of haemoglobin-
uria, particularly blackwater fever, is the
suggestion by Witts (1936) that in march
haemeglobinuria the lysis is a local one, in
the renal vessels; Whitby and Britton (1946)
supported this suggestion on the grounds that
the patients do not show haemoglobinaemia,
This suggestion of a local haemolysis in the
kidneys is exactly that brought forward by
certain workers to explain the haemolysis of

blackwater fever. The theory of Witts is
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not accepted by the majority of workers and
there are apparently authentiec reports in
literature of the finding of blood pigments
in excess in the plasma, which would
support the theory that the haemolysis is
intra-vaseular, e.g. Lowoury and Blakeley
(1948) claim to have demonstrated oxyhaemo-
globinsemia in their case.

There is nothing to support the
suggestion that this condition played any
part in the causation of the haemoglobinuria
shown by our six cases; admittedly these
8ix men had undergone considerable strain in
July 1938 but there was a time interval of
days and even weeks between that strain and
the developing of the black water, The only
justification for this rather full consider-
ation of an obscure condition is that it may
throw light on the processes at work in other
intra-vascular haemolyses. The close
relationship of this disease with exertion
has led to the theory that the pigment may be
from breakdown of muscle such as occurs in
the rare condition of paralytic myoglobinuria

and in the relatively common condition of
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erushed kidney. There is no evidence
however to support this; muscle pigment
has never been found in the blood or urine
and Lowbury and Blakeley (1948) aspirated

a small amount of fluid from a musecle of
one such patient during and after emercise
and found nil abnormal. Further they
axercised an arm with the cireulation cut
off and blood from the arm after exercise
showed nil abnormal. One other suggestion
which has a bearing on other haemolyses is
that brought forward by Porges and Strisower
(1914) that the haemolysis is a result of
the contraction of the splenic vein, whiech
would occur particularly in the lordotic
position. Certainly the factor of posture
appears as importent as exercise, for
example the patient guoted by Lowbury and
Blakeley (1948) developed severe haemoglobin-
ﬁria after pulling upon a rope whereas
vigorous swimming and "cyeling" on the back
with the hands behind fhe buttécks failed to
produce any haemoglobinuria. These authors

suggest that the explanation of'orthostatic

albuminuria may be somewhat akin to the
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explanation of maroh haemoglobinuria. In
this connecction the British Medical Journal
(1942) suggested that stasis with consequent
ﬁaemolysis occurs in some organs when
exercise is taken in the erect posture.

The aetiology of this condition is not
yet emtablished; the above suggestions are
speculative and have been recorded only as
a possible contribution to the solving of
the problem of the renal lesion common to 8o
many conditions with widely-differing

aetiologies, e.g. crush syndrome, cholera,etc.

B. 3. c.Paralytic myoglobinuria.

This is an excessively rare condition. Only
five cases have been reported in literature.
This disease certainly need not be consider-~
ed in the differential diagnosis of our six
cases. There are two reasons why it is
discussed here. The first reason is that
given for other discussions in this chapter,
namaly that possibly a consideration of this
condition may conceivably throw light on the
obscure processes of intra-vascular hasemolysis.
The second reason is that a study of this

condition is imperative in view of the
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relatively recent establishing of the so-
called "Crush syndrome", a condition
regrettébly common in fhe earlier years of
the war and one of much importance. It
requires some consideration in this para-
graph also.

It should be said here that neither crush
syndrome nor paralytic myoglooinuria are
considered in the differential diagnosis of
the Razmak cases; our discussion of these
two conditions is meant to be a step towards
obtaining a broad general buckground to the

many problems of intra-vascular haemolysis

and those other conditions which are capable
of producing renal lesions identical with
the lesions found in certain individuals
after intra-vascular huemolysis.

A condition which throws some light on
the problem of paralytic myoglobinuria is
that of equine myoglobinuria, a condition of
horses which is characterised by rapid
pathological changes in certain voluntary
muscles and by discolouration of the urine
with myoglobin. This disease attacks

healthy horses which have been rested for a
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few days on full working diet; the onsect
of the condition occurs when the horse is
taken out for the first time after the period
of rest; there is hardening of certain
muscles with loss of muscular power and the
passing of coffee-coloured urine. There are
two theories a8 to causation; the first is
that the condition is a compensatory reduc-
tion of excessive number of red cells with
the reduction taking place in the capillaries
of the affected muscles. The second theory
is that during the period of rest, muscle
glycogen is deposited in excess; when the
horSe is exercised there msay occur accumula-~
tion of sarcolactic acid with secondary
degeneration of muscle and liberation of
muscele pigment. Aanother condition, found
this time in man, which resekbles paralytic
myoglobinuria is that called "Haffkrankheit",
a disease found in the German«town of Kﬁnigé
berg; it has been traced to the eating of
fish which have been poisoned by trade
effluents discharged locally; the affected
individuals show myoglobinuria with post-

mortem changes similar to those seen in
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equine myoglobinuria. Those two conditions
provide us, therefore, with different
aetiologies giving the same clinical picture,
one disease being a metabolic disorder of

some description and the other a true poison-
inge With these possibilities in mind we
may now discuss the excessively rare condition
of paralytic myoglobinuria. The muscles
affected in this condition are the striped
muscles as was the case in the qquine disease.
Voluntary muscle contains two pigments, naunely
eytoshrome and myoglobin (muscle haemoglobin,
myochrome). This myoglobin has a different
absorption band from that of haemoglobin and
it is myoglobin which is found in the blood
and urine of patients suffering from this

rare disecase. This pigment myoglobin is the
muscele respiratory pigment with functions
resembling those of haemoglobin. One import-
ant practical point is the statement by Yuile
and Clark (1941) that due to the smaller size
of the molecule of myoglobin, it is cleared
from the blood much more rapidly than is haemo-
globin and conseguently neither myoglobin nor

its breakdown products occur in the blocod.
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Bywaters and Dible (1943) state that there
are on record only seven cases of this
excessively rare condition and they add one
more to the literature. Their list includes
the oases reported by Meyer-Betz (1910-1911)
who reported male aet. 13, Paul (1923-1924)
reported one female uet. 24, Guather (1924)
reported one case male aet. 54, Hittmair
(1926) reported one case female aet. 41,
Debr; et alia (1934) reported one female
aet. 3, Huber et alia (1938) report one case

male aet. 4, Millikan (1939) reported one

case adult male.

Certain of these references have not been
seen by me.

Shortly afterwards Louw and Nielsen (1944)
reported another case in a boy of ten years;
they claimed that the history went back four
generations, always in males.

Death may occur with uraemia; in the
fatal case reported by Bywaters and Dible, '
post-mortem examination showed patchy degen-
eration of the pectoralis major muscle and
also severely-damaged second convoluted
tubules in the kidneys. The microscopic

picture in the kidneys was identical with that
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found in crush syndrome kidneys. It is
sufficient to close this discussion with the
note that this disease has provided us with
an example of a condition where pigment
closely related to haemoglobin is released
in quantity in the body and is exaereted
through the kidneys, in which lesions may
afterwards be found which are indistinguish-
able from those found in certain intra-
vascular haemolyses.

Paralytic myoglobinuria therefore is a
naturally-occurring example of processes now
80 well-known in "erush syndrome" which

advantageously ma& be consideredmat this
point. In 1941, when grave and extensive
crush injuries were common among air-raid
casualties, Bywatera and Beall (1941)
reported four cases of crush injuries with
secondary renal impairment. This report was
soon followed by other similar papers. It
was seen that the condition in such cases
followed a fairly uniform course in which,
following upon a severe injury generally of

a crushing nature with much muscular contusicn,
secondary shock develops with a fall in blood

pressure and hsemoconcentration; when this
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is treated the patient rallies, only to

succumb some days later with anuria. When
they reported this syndrome Bywaters and Beall
then thought it to be an entity previously not
reported; one suggestion was that this
syndrome had not been seen in pre-war indus-
trial and traffic accidents of crushing nature
possibly because the patients died of secondary
shook without getting active resuscitation, or
that early amputation of extensively injured

limbs had prevented the development of this
condition.
In 1942 Bywaters and Dible stated that

kidhey lesions similar to those seen in "erush
kidney" are found in such unrelated eonditions
as incdmpatible transfusion, blackwater fcver,
etc.

It was incorrect to presume that this was
a newly-discovered entity. Although nothing
had appesred in inglish literature this syndrome
had been fully reported during the first VWorld
war; 1ts significance escaped notice then; in
1983 liinami again drew attention to the syndrome

and gave the credit for the first work to

Hackradt (1917); I have not seen this last



138.
which is in the form of a thesis.

The important aspect of this problem is the
question of the sause or causes of the renal
lesion. In this condition there is present
a pigment, closely allied to haemoglobin,
eiraulating in the body and being rapidly
exereted in the kidneys; +the kidney lesion
which is found in this condition is indis-
tinguishable from that of blackwater fever
and many other conditions; substancees toxioc
t0 the body are set free at the site of
injury. “his resemblance of the kidney
lesion to that of blackwater fever and other
haemolyses requires that this condition of

ecrush kidney be considered in some detail.
This will be done in the portion on kidney
changes, Chapter V.

B, 4. Acgquired haemolytic icterus {acholuric jaundice).
| This is the most common of the haemolytic
conditions in this country (ingland). The
division of the disease into congenital and
acquired types was first made by Widal et
alia (1908). The teaching was that in both

types of the disease the destruction of the
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cells takes place in the reticulo-endothelial
system, particularly the spleen. .  Recent
work by Loutit and Mollison (1946) suggests
that whiie this view 18 correct in the cases
of the congenital disease there is evidence
that the acquired type is due to a haemolysin;
this accounts for its being considered in this
portion.

Loutit and Mollison concluded fram their
expériments that in the acquired type of the
disease the red blood corpuscles are sensitised
in the patient by an antibody; when normal
red cells are transfused into such patients
they too are eliminated at once. Admittedly
an argument against the view of the above
authors is their finding that when red cells
from the patients are transfused into normsl
individusls these cells show normal survivsasl
time although in theory they are sensitised.
To explain this, the authors question the
validity of the widely-held conception that
sensitised red cells are destroyed when normal
complement is present. The authors suggest

that the process of sensitisation may be a

reversible one in vivo. Their hypothesis that
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in acquired acholuric Jjaundice the haemolysis
is intra-vascular is supported by the finding
of methaemalbumin in the plasma of such
patients. This finding, together with that
of destruction of normal red cells in the
patients does suggest that the causative
agent is a haemolysin. Thias dieease is a
most unlikely cause of the Razmak cases of
haemoglobinuria; it is nct profitable or
necessary to discuss this disease further.

C. Anasemiss due possibly to_an anomaly of the ergthron,
congenital or acguired.

1. Congenital haemolytic icterus (acholurie jaundice)
Discussion of this condition conveniently
follows the discussion, immediately above,
on the acquired type of this disease.

It 1s generally accepted that in the
conganital type that the cause is an inborn
defect of the red cells, shown by their
behaviour in saline solutions. Unlike the
cells from the acquired type of disease these
abnormal cells are rapidly destroyed when
transfused into a normal individual. And

red cells from a normalhindividual do not show

abnormal deatruction rates when transfused
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into a patient with this condition. Until
very recently it was held that destruction
of these abnormal cells takes place in the
reticulo-endothelial system of the psgtient
and consequently there is no sign of increased
intra-vascular haemolysis. A few isoclated
findings by some wbrkers suggest this may not
be eorrect, e.g. the work of Josephs (1938).
Such work is as yet unsupported.

This condition played no part in the

causation of our cases; 1t need not be

considered further as the fragility in saline

of the red cells in all our csses was normal.

c. 2. Sigkle-cell anaemisa.

-

This is due to an inborn abnormality of the
red cell, characterised by development of
sickling when the red cell is examined under

the microscope. The condition was at one

time thought to be confined to negroes but has

now been reported in whites and in animsls.
The abnormal red cellé are readily destroyed
by the normal processes of the body; this
may rarely be so severe as to produce haemo~-
globihuria, first reported by Evans,R.W.
(1945). Robertson and Pindlay (1947)



142.
confirmed this with a report of twelve
fatal cases. I have never heard of a case
of thia disease occurring in India and an
examination of the red blood corpuscles of
the Razmak cases showed that these cells

did not have any tendency towards sickling.

Go 3. Mediterranean anaemia.
This anaemia of infancy and childhood shows
as part of the picture an abnormal appearance
of the red blood cells. The cause is a
congenital anomaly of the erythron. It is
gkin to sickle-cell anaemia and need not be

considered further.

4. Nocturnal haemoglobinuria (Marchiafava-Micheli Disease),

In the classification of Whitby and Britton
(1946) this disease is placed among the
paroxysmal haemoglobinurias due to a haemoly-
sin. The essential abnormality would appear
to be in the red cell however and accordingly
the disease is considered under this sub-
division.

The fragility of the red cell is not

abnormal. The disease was first reported by

Marchiafava and Nazari in 1911. Patients
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suffering from this disease show paroxysms
of haemoglobihuria usually preacipitated by
sleep, whether this sleep be taken by day or
by night. The cause is that the red cells
are unusually susceptible to slight changes
in the blood pH; and it has been suggested
that the reduced pulmonary ventilation
during sleep may sufficiently depress the

pH value of the blood as to cause haemolysis
in susceptible persons; blood pigment is
present in the urine passed following sleep.
Tﬁe heamolysis is intra-vascular, therefore
the problem is not simply one of destruction
of abnomal red cells by the reticulo-
endothelial system. The finding that blood
transfusion has an inhibitory effect on the
haemolysis has led Josephs (1938) to suggest
that this effect of transfusion is due to the
presence of a naturally-occurring antihesemolytic
factor in the normal transfused blood. A full
report of the condition is given by Saott et
alia (1938).

This rare disease is another example of

the difficulty in analysing the factors
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responsible for haemolysis in haemolytie
anaemias.

We can safely assume that this rare
disease need not enter into the differential

diagnosis of our cases.

C. 6. Physical factors.
This includes severe burns, frost-bite, etas.
Whitby and Britton (1946) class these with
the poisons but other workers consider that
the haemoglobinuria with sescondary renal
damage is the result of direct injury to the
red cell at the site of injury, e.g. Brown
(1944) reported alterations in the saline
fragility of the red cells in burns cases.
Shu et alia (1943) investigated eleven cases
of haemoglobinuria occurring in forty
individuals suffering from severe burns. In
seven of the eleven there was indreased red-
cell fragility to hypotonic saline. In some
of these cases blood films showed poikilo-
cytosis and spherccytosis. The authors
further showed that injection of heated blood
into an animal of the same species caused
haemoglobinuria.

This cause of haemoglobinuria is noted
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here merely to illustrate the complexity of

the problem.

D, Haemolytic anasemias of unkmown origin.

Agute idiopathic haemolytic anaemia (Lederer's anaemia),
Meckintosh and Cleland (1902) were the first
to describe this entity, later re-discovered
by Lederer (1925). This is another of the
rare hsemolytic diseases and the cause has
not yet been identified. There 1s some
evidence to suggest that a haemolysin may be
a faotor; a leucocytosis is always present
however, suggesting an infective faator.
Transfusion is remarkably successful in

suring such cases.

Our patients did not show a clinical
picture in any way resembling that of patients

with Lederer's disease.

There are other diseases and conditions in which haemo-
globinuria may occur as a rare and incidental symptom; these
need only be enumerated as none of them had any part in the

causation of the disease in our patients. They include:

Raynaud's disease, angioneurctic ocedema, internal haemorrhage,
Specific fevers, e.ge. typhus, pernicious anaemia, etc.

One interesting point in the last of the list, i.e.
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pernicious anaemia is the suggestion by Loutit (1946) that

one factor in the disease may be faulty protoplaém in the red

gells.

SUMMARY .

This chapter has been devoted to a consideration of

some of the many causes of haemolysis. Mention has also been
made of certain other conditions, e.g. crush syndrome, in
which there sometimes is found a renal picture identical with
that found in certain of the individuals suffering from any
one of the haemolyses.

The first of the aims of this chapter was a consid-
eration of the more likely possible causes of the haemoglobin-
uria which came upon the six individuals whose case-sheets
have been summarised in Chapter II. This discussion of
Possible causes is very incomplete. Five of the most likely
factors have not been mentioned, namely malaria, blackwater
fever, quinine, atebrin and plasmoguine. This is because
these are so important that a chapter has been devoted to the
study of each of them.

The econditions which have been considered in this

chapter include:
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1. Exogenous Factors:

This includes infections:
e.g+ malaria, oroya fever, etc.; the only
infection which may have played a part is
malaria which will be.discussed in Chapter IX.
and poisons:
here the most important and most likely factors
are quinine, atebrin and plasmoqﬁine which will
be discussed in Chapters VI, VII and VIII
respectively.
One other very likely possibility was that of

self-medication; from the faots it is submitted
that this could not have happened.

and allergy:
the only important one of the possibilities
under this heading was that of drug idiosyncrasy
which was considered in a little detail because
of the importance of this in general and in
particular; sulpha-drug hypersensitivity was
taken to illustrate the discussion. From this
it was lesrned that drug allergy may csuse
haemoglobinuria and it was learned that the
kidney lesion which may result is identical with
that seen in other haemoglobinuriss, but is very

different from the kidney lesion seen with that
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anuria, found sometimes with sulpha drugs,
which 1s due to mechanical blocking of the
urinary passages by acetylated derivatives of
the sulpha drugs.

Sulpha drug allergy, like other drug
allergies, shows all the findings of true

antigen-antibody reactions.

g2, Hndegenousa Factors:
. This includes A. Haemolysins: this includes:

l. Incompatible bloed transfusions.

Ixeluding the rare casea of auto~agglutinins,
the haemolyses found in blood transfusions are
due either to the giving of incompatible blood
or to the giving of Rhesus blood to a patient
sensitised to Rhesus fasctor either by pregnancy
or by a pre¥ious transfusion. Neither of these
causes of haemolysis need be considered in the
differential diagnosis of the Razmak cases, all
of whom were males and none of whom had ever

had a blood transfusion previous to the onset

of the black urine.

2. Paroxysmal haemoglobinurisas.
Grouped together in this class are syphilitie

paroxysmal haemoglobinuria, march haemoglobinuria,
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and paralytie haemoglobinuria; none of these
need be considered in the differential diagno-
sis of the six cases under review; in these
8ix cases the serological reactions for the
ayphilis were negative, the Donath-Landsteiner
reactions were all negative; and in no case
was there any immediately-preceding severe
physical exertion.

One point of interest was that in the
causing of march haemoglobinuria posture is as
important a factor as 1s exertion; +this is in
favour of the theory that the haemolysis is in
the renal vessels. This last suggestion is
not genersally accepted but is recorded for
discussion with a similér theory of blackwater
fever causation, whish will be considered in
Chapter IX.

Paralytic myoglobinuria was of importance
in that, while excessively rare, it is a
naturally-occurring example of the processes
at work in the "crush syndrome". This
condition of crﬁsh syndrome was therefore dis-
cussed at this stage; this was done not because

it played any part in the production of the

haemoglobinuria in the Razmak cases but because
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a study of the processes at work in this
condition shows that the picture does not
differ fundamentally from that seen in the
intra-vascular haemolyses, excepting that in
crush syndrome the pigment set free is myoglobin
not haemoglobin. The character of the kidney
lesion is identical in both types of lesion in
spite of the differences in the freed pigment;
this may be a point of much importance when
consideration is given to the part played, if
any, by free haemoglobin in the production of

the kidney lesions in hsemoglobinurias.

2¢ A. 3. Acquired haemolytic icterus:

' . This was considered under the heading of
haemolysins because of recent work which
suggests that the cause of this condition is a
cireulating haemolysin ag distinet from the red
cell abnormality which is the cause of the
haemelysis in the congenital type of acholurie
Jaundice.

Acquired haemolytic icterus does not enter

into the differential diagnosis of our cases;
it is quoted as one more exXample of the com-

plexity of the factors entering into the
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causation of the naturally-occcurring haemolytic

anaemias.

B, Haemolysis due to an anamaly of the erythron.
In this class are included:
The congengtal type of acholurie Jjaundice,
sickle-cell snaemia, Mediterranean anaemia, and
nocturnal haemcglobinuria; in all of these
there is apparently a congenital anomaly of the
red blood corpuscle.

Physical factors such as severe burns were
alsg included here, the sugzgestion being that
the haemolysis following such physical effects
is due to a deatruction of the damaged red
cells.

None of the conditions which are classified
above need be considered in the differential

diagnosis of the Razmak cases.

3. Haemolyti@ snaemiass of unknown origin.

The most important of this heterogeneous group is

Lederer's anaemia; the cause of it is unknown.

Heemoglobinuria may also occcur in such varied

Gondivions as Raynaud's disease, angioneurotic eedema, in

Tevers such as typhus, in perniciocus anaemis, and in many
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other conditions. In all such cases however the haemoglobin-

uria is a rare symptom occurring incidentally in the course

of the particular disease.

This draws to a close Chapter III which consists of

a very brief and incomplete review of the more important of

the many causes of haemolytic anaemia. Mention has also
been made of certain other conditions which can produce a

renal lesion like to that seen in the haemoglobinurias.

liuech of the chapter may appear to have very little
bearing on the subject of this work, namely that series of
8ix cases of haemoglobinuria which occurred in Waziriastan in
1938. In the course of Chapter III the rcasons for this
short general review have slready been given. The two most
important of those reasons are:

l. The diagnosis of the six cases was said to be
blackwater‘fever; there are many other causes of
haemoglobinuria, however, especially in the Iropics;
it is necessary, therefore, to consider in gfeater
or lesser detail the more likely of other, alterna-
tive diagnoses. This has been begun in this
chapter where several likely alternative diagnoses
were discussed. None of these was thought to have
been a likely cause of the haemoglobinuria and

therefore with the coming to an end of this chapter
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the diagnosis stands as haemolysis, intra-vascular,

? blackwater fever.

2. It is proposed to discuss in detail in later chapters the
pathological changes, particularly the kidney changes, that
are found in intravascular hsemolyses and to discuss these
changes as found in the six Razmak eases. 4 few preliminary

remarks in this connection have been made in this chapter.
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CHAPTIR IV.

The Laboratory #indings in Intravascular Haemolysis.

Chapter III was devoted to a consideration of the
more important of the many causes of haemolytic anaemia.
From this consideration it was seen that conditions markedly
dissimilar in aetiology produce clinical pictures very
similar to each other; e.ge. the jaundice and anaemia of
congenital acholuric jaundice and of chronic malignant
malaria may be very similar clinically, although in the one
case the haemolysis is intra-vascular and in the other it is

mainly in the reticulo-endothelial system.

This question of the site of the haemolysis is the
first of the problems which confronts us with the Razmak
cases; we have said that the diagnosis is haemolysis, intra-
vascular, ? blackwater fever, but have still to show the
grounds on which the statement is made that the haemolysis
¥was in point of fact intra-wascular and not elsewhere. To
establish the site of the haemolysis it is necessary to discuss

in detail the laboratory findings in the six Waziristan cases.

This chapter will deal with the blood pigments and
cells, The next chapter will deal with the kidney changes

8nd the urinary changes.

4ll the laboratory investigations discussed in the
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succeeding pasges were carried out in the Distriet Laboratory,
Waziristan, by Major T.C. Puri, the Deputy Assistant
Director of Pathology at that time.

Firstly let us consider the blood pigments,beginning
with a brief account of the physiology.

Without a free continuous supply of oxygen to the
tissues the body would not survive for more than a very few
minutes. This carriage of oxjgen is the function of haemo-
globin. The study of the blood pigments is therefore the

study of haemoglobin and its derivatives.

The haegoglobin molecule is a conjugated protein, a
porphyrin-iron portion (haem) plus a protein of the histone
class (globin). This protein globin has about fifteen
amino-~acids and forms about one-third of the total plasma
protein, Keilin (1944) states that in haemoglobin the
protein portion is linked both to the porphyrin and to the
iron. The globin forms about ninety-six per cent of the
haemoglobin molecule. Whitby and Britton (1946) picture the
molecule =3 composed of a small but relatively hesvy porphyrin-

iron portion floated by the large protein fraction.

The iron in the haemoglobin molecule forms 0.336% of
he whole; since the atomic weight of iron is 56 then, even if

fach haemoglobin molecule contains one atom of iron (see Huem,
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plate XIV , page lé64, the molecular weight of haemoglobin
must be at least about 16,700 But haemoglobin behaves
generally as though it has four atoms of iron in it, there-

fore it must be a compound molecule with a molecular weight

roughly 68,000; this compound molecule is easily broken

downe

Human blood is estimated to contain roughly fifteen
grammes of haemoglobin per 100 cubic centimetres of blood,
which means that the total iron in the body which is engaged
in the transport of oxygen is roughly about four grammes.

The iron in the haemoglobin molecule is held by nitrogen
atoms, partly by extra valencies (see fomula for hsem,

plate XIV). The synthesis of haemoglobin outside the body
was first carried out by Fisgher (1929) who did so by fimst
synthesising haematin and then cdmbining this with globin;
haematin is the pigment portion of haemoglobin; it is a
porphyrin-iron compound. The synthesis of hasemoglobin by
the body is not yet fully understood. Whitby and Britton
(1946) suggest that it is formed in the bone marrow, apparent-
1y within the red cells, from porphyrin precursor substances.
These porphyrins sre derivatives of a parent skeleton porphin
the graphic formula for whibh is given in plate No. XIII,

Page 160, This substance porphin is made up of four

nitr°83n-oontaining pyrrole groups linked together by four
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methinyl links (CH-) to form a stable ring. The presence
of these methinyl links adds certain specific properties

to the compound.

Substitutions may be carried out at positions 1 to
8 as shown in the abbreviated formula for porphin,plate
No. XIII, page 160. For example, see the abbreviated
graphic forpula for protoporphyrin III, plate No. XIII,
rage 160« It is these substances so derived which are given
the name "Porphyrins". fhe vorphyrins possess to a marked
degree thé property gf eoﬁbining with metals and proteins. It
is this property which accounts for porphyrins being found in
practically all forms of plant and animal 1ife, their function
being that of respiratory pigments. Among such compounds in
nature are: haemoglobin, haemochromogen, cytochrome, proto-

porphyrin, coproporphyrin, and uroporphyrin.

One set of substitutions in the porphin molecule which
has a bearing on our subject is that substitution in which
two hydrogen atoms in esch of the four pyrrole groups are
replaced by four methyl groups and four ethyl groups to fom
aetio-porphyrins. With these substitutions there are four
Such possible combinations; an example of one such is given
°n plate No. XIII, page 160. Bach of these four aetio-

POrphyrins is potentially capable of giving rise to a series

°f porphyrin derivatives. In nature, however, only two of
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the possible four are found to occur; these give rise to a

gseries derived from aeticporphyrins I and III.

Series I are tetramethyl porphyrins with the methyl
groups in positions 1, 3, 5, 7.
Series III are tetramethyl porphyrins with the methyl
groups in positions 1, 3,5, 8.
Compounds derived from series III are the important ones. They
include haemoglobin and its derivstives. Compounds derived
from series I are found in quantity only in certain pathologi-
cal conditions. Intersonversion from one series to the other
does not occur in vivo; breakdown of haemoglobin cannot

produce a series I porphyrin.

In nature the porphyrins seemingly are synthesised

from simple substances.

During the formation of porphyrin III in the process
of synthesis of hsemoglobin some porphyrin I is akso formed as
8 side product and is exereted in the urine, faeces, and bile,

as coproporphyrin I.

Coproporphyrins, mentioned above, are alsoc derivatives
of series I and III. The formula for coproporphyrin I is
g1vellin,plate XIII, page 160. An important practical point
is that the coppoporphyrin nommally excreted in the bile and

faeces 1s almost entirely coproporphyrin I. Normally the
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urine exeretes 20-50 micrograms daily of coproporphyrin; this
is a mixture of approximately equal varts of series I and
series III. The amounts of porphyrin ingested with the food
and the amount produced by bacterial activity in the intestines
cannot account for the total output of coproporphyrin I, which
supports the suggestion that coproporphyrin I in small amounts
is a by-product of normal erythropoeisis and its measurement

may be used therefore as an index of erythropoetic activity.

Porphyrin III, unlike porphyrin I, dces not change
before exoretion; %t is passed out as porphyrin III, and in
excess only if there 1s some toxic action on the blood. It
does not form a stage in the degradation of haemoglobin. When
haemoglobin is destroyed as part of normal metabolism no free
porphyrin is found, therefore Whitby and Britton (1946) suggest
that when porphyrin III is being excreted its eXeretion is due
t0 a blocking of a stage in the production of haemoglobin,
and no$ to destruction of haemoglobin. Coproporphyrin III,
eorresponding to porphyrin III, is said to be found being
eXoreted as a degradation product of certain abnormal blood
Pigments; there are two such pigments of much importance,
lamely metheemzlbumin and methasemoglobin. It is held that
0nce haemoglobin h:us been oxidised to these, then the normal

tonversion of the pigment to bilirubin does not take place

énd is replaced by degradation to coproporphyrin III.
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There are three abnormal conditions whioh are
characterised by the finding of increase of coproporphyrins in
the urine; these are:

l. Congenital porphyry: a rare inborn defect of metabolism.

2. Acute idiopathic porphyry: need not be discussed here.

3« Porphyrinuria due to drugs and to toxins: causes include
liver abnormalities, pellagra,
sulphonal group poisons, alcohol,
and metals.

None of these adds anything of value to the discussion.

The most important of the series III porphyrins is
protoporphyrin III, formula plate XIII. When this substance
is treated with a ferrous salt it forms haem, the pigment
portion of haemoglobin. 4nd haem plus globin forms haemo-
globin. Haem, formuls plste XIV, is therefore an iron-
containing pigment, a porphyrin-iron compound with the iron
Partly held by extra valencies. Haem is a constituent of
other respirasory compounds, and it is also capable of uniting
With proteins and nitrogenous substances to form haemochromo-
geéns.  Best and Taylor (19<3) gummarise the various substances
as follows:

(Pyrrole nucleus) 4 a porphyrin ecompound.

Porphyrins plus metals = metallo-porphyrins.

Pr°'°°I>C>rphsrrin plus ferrous iron = haem.
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Haem plus various nitrogenous substances s haemochromogens

of various respiratory pigments, e.ge.

eytochrome.
Hsem plus globin = haemoglobin.
Haem plus denatured globin = haemochromogen of haemoglobin.
Oxidised haem (ferric iron) plus denatured globin

= cathaemoglobin.

Oxidised haem (ferric iron) plus globin = methaemoglobin.

These various relationships are shown on plates Nos.

XV and XVI, pages 170 and 171 ,

Keilin (1944) summarises the types of compounds which
proteins may form with haem; these ai‘e:
8. haemochromogens - usually formed by denatured protein
linked to iron.
b. haemalbumin - native albumin linked only to the
porphyrin of‘ haem.
G+ haemoglobin -~ in which the protein is bound both to

the iron and to the porphyrin of the haem.

The above is a brief and incomplete discussion of the
Substances which may play a part in the metabolism of haemo~
globin, Certain of the substances are of practical importance
10 that quantitative and qualitative changes of them may aid

dlagnosis in blood dyscerasias; this will be seen later in the
Chapter,
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Free circulating extra-corpuscular haemglobin does
not oceur in the blood except in minute quantity; when
present in smounts above this minute normal amount, the
pigment is treated by the body as a foreign substance.
Plasmolysis accounts for the minute normal amount in the
blood and the value is increased by trauma when blood is
taken for testing. Fairley and Bromfield (1934a) suggest
0.12% red cell solution as the upper 1limit of normal; in a
seriés of fifty three cases these authors drew blood without
special precautions against traums and found the plasma in
forty six patients free of any trace of haemoglobin when
examined with a spectroscope. Thig figure of Falrley and
Bromfield is in close agreement with that of Barratt and
Yorke (1909) who gave the upper limit of normality for

haemoglobin in the plasma to be from 0.1% to 0.15% red cell

solution.

The function of haemoglobin is to carry oxygen to
the tissues. It does so by forming & loose union with the
OXygen, i.e. oxyhaemoglobin. In this oxyhaemoglobin the
0Xygen is very loosely held in combination with iron in the
ferrous state. The combination is cerbainly acaording %o
the law of definite proportions, i.e.

haemoglobin 4 + 4 00 = haemoglobin 4 0g.

Bood pigments normally present therefore in venous blood
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are oxyhaemoglobin and reduced haemoglobin. Both of these
are"active™ haemoglobin, fully capable of carrying oxygen
to 1;he tiséues. Other related compounds which are found
in minute amounts in normal individuals and other compounds
found in abnormal conditions, are "inactive compounds",

i.es incapable of carrying oxygen ﬁo the tissues. Of these
"inactive" compounds some are "potential"™ carriers of oxygen
in that tﬁey can be re—transfoi'med into i\aemoglobin and
oxyhasemoglobin, e.g. methaemoglobin. Others of them

cannot be re-transformed or can only be so with great

difficulty, e.g. sulphaemoglobin.

In oxyhaemoglobin, the loose combination of haemo-
globin with oxygen, the iron is in the ferrous state (Fe++)
and the oxygen is readily available. In the other oxide
of haemoglobin found in the body, i.e. methaemoglobin the
union of the pigment with the oxygen is a stable one, a true
oxide being formed with one atom of oxygen to one atom of
iron and with the oxygen not available; the iron is in the
trivalent state. fhis pigment, methaemoglobin, is of great
lmportance in certain pathological conditions; it is also
found in traces in the normal body; e.g. Peters and Van
Slyke (1931) suggested that methaemoglobin is constantly
being formed in the blood of normal persons, and Marshall

(1932) Supported this; the last-numed thought that a minute
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amount of methaemoglobin exists in equilibrium with
haemoglobin in normal blood. Ilore recently Gibson and
Harrison (1947) have supported ilarshall's suggestion and say
that in normal blood the eyuation hsemoglobin > methaemo-
globin is very far to the left. They think that in normal
persons the reduction of the methaemoglobin depends on certain
enzymes in the red blood corpuscles. It is of interest here
to note that in the last five years there have been reported
two series of cases with individuals suffering from familial
idiopathic methaemoglobinaemia. In both the latest two
series the patients were Irish; the series were that of Deeny
et alia (1943) and of Gibson and Harrison (1947). 48 alreudy
mentioned the last nsmed authors think that this rare condition
arises from an inability of the enzyme systems in the red cell
%o reduce the methaemoglobin to haemoglobin, aznd they suggest
that the rapid removal of methaemoglobin from the blood which
ocours after administration of methylene blue is probably due

%o the catalytic action of the dye.

If this disease were our only contact with methaemo-
globin then the above short mention of this pigment would
Suffice, but this is not so; methaemoglobin reguires full
tonsideration because it is commonly found in large amounts in
e body in many pathological conditions, espeeially after
8ministration of the newer chemotherapeutic agents, e.g.

plaam%nine. It is convenient however to postpone this
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fuller discussion on methaemoglobin to somewhat later in the
chapter, and to continue at this point with a discussion on
the normal physiological processes connected with the metabolism

of blood pigments.

So far our discussion has been limited to a consider-
ation of those substances which may play a part in the synthesis
of haemoglobin. It is now proposed to discuss processes

involved in the degradation of haemdglobin in the normal body.

It ig again stressed that the function of haemoglobin
is to provide freeliy-available oxygen to the tissues. To do

80 it needs transport; this is supplied by the red blood

corpuscle which forms about forty-five per cent by volume of
normal blood. S0 far we have no satisfactory explanation of
the fundamental problem of how the red cell carries the haemo-
globin, Ihe amount of ha:smoglobin in each red cell is too
great for the answer to be one of simple solution. One
Suggestion is that the hwemoglobin is adsorbed to the stroma

of the red cell. Discussion on this point will be deferred

to the seetion dealing with the red cell. (Only a few

relevant notes will be given here.

In the course of its duty the red cell takes a
Yemendous thrashing; its life is a short one, probably not

Bore than one hundred days. It is not a living cell of
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course. Technically there are three ways in which the cell
may be destroyed as it becomes effebe, nasmely: destruction
by the cells of the reticulo-endotheliasl system; destruction
by haemolysins; and destruction intra-vascularly by the
simple mechanicsl factors of wear and tear. Until lately the
view was widely held that the destruction of effete red cells
was a matter for the macrophages of the reticuloeendothelial
system, the spleen being particularly implicated. This view
may require modification. Best and Jlaylor (1943), for
example, basing their views on the work of Rouse, consider
that the disintegration of the red cells takea place in the
blood stream as a result of "fair wear and tear". In other
words the function of the spieen and the other ﬁarts of the
re¥iculo-endothelial system is that of a graveyard instead of
& slaughter-house. Other workers do not agree, e.g. ilaegraith
6t alia (194%) have isolated from nomal animsl tissue a lytic
substance which is normally inhibited by factors present in

the serum and in washings from the tissues. Those authors
Suggested that the rate of haemolysis normally occurring in an
aninal may be a function of the balance between tissue lytic
8ent and its inhibitor. We camnot proceed further along

his interesting by-path in this chapter. It can only be said
that at present there is no clear-cut proof for any one of the

three possible methods of destruction of the red cell in the
Dormal individusl.
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It is again stressed here that normally the
degradation of haemoglobin does not cause free porphyrin to
be produced. The normsl urine contains only a trace of
coproporphyrin and at least half of that trace is copropor-
phyrin I. And, furthermore, the coproporphyrin found normally

in the bile and faeces is almost entirely coproporphyrin I.

Degradation of haemoglobin is carried out by the
cells of the reticulo-endothelial system, especcially the
bone-marrow. The process is not yet fully elucidated; the
principles are as follows. It is suggested that firstly on
the downward path of haemoglobin the porphin ring, plate
No. XIII, page 160, is opened by oxidation at one of the
methinyl linkages wnile still retaining its iron and protein
(see "verdohsemochromogen", plate No, XIV, page 164). The
degradation continues witﬁ the removal of the protein and a
re-arrangement with loes of iron, the iron being conserved
in the reticulo-endothelisl system as haemosiderin which is
mainly ferric hydroxide in organic combination. The resultant
product following upon this re-asrrangement with loss of iron
is most probably biliverdin, see plate No. XIV, page 164,
Biliverdin then undergoes reduction to become bilirubin, plate

No. XIV, page 164. Bilirubin is, of course, the major bile

Pigment. This suggested method of breakdown differs from

that generally heid, where the first process is thought to be
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bhydrolysis; this, if correct, would yield haem by the
splitting-off of the protein. The hydirolysis woulda then
continue and so produce bilirubin from haem. i“xXperimental
work is in favour of the first and is against the simple
seccond exXplanation; for example, conversion of hsematin into
bilirubin is said not to take place in vivo; Rimington
(1939) states that injections of haematin cause an increased
faecal porphyrin level, also seen to a lesser extent in the
urine. These findings are not a feature of normal hsemo-
globin breakdown. Apropos of this it has been noted that
substances which produce methaemoglobinaemia on administration,
8.8+ the sulpha group of drugs, also cause increased porphyrin
exoretioﬁ; this last is also a finding in the breskdown of
methaemalbumin, a compound similar to methuemoglobin. This
means that there is an alternstive route of bregakdown, via
the porphyrins, which is applicable to the abnormal oxidised
Pigments. The existence of this alternative route may
explain the small quantitics of series III pigment exareted
by normal individusls. 4nother point in favour of an alterna-
tive breakdown via haem is that the intravenous injection into

Dan and monkeys of haematin produces methzemalbumin.

Let us continue our study of the pigments found in the
faeces ang urine as the result of the normsl breskdown of

haemoglobin. 4 Simple diagrammatic representation of the
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processes is given on plate No. XVII, page 179. Here we
have reached the stage where the degradation of haemoglobin
has peen completed; +the resulting compound is recognised to be
bilirubin, the formula for which is given on plate No. XIV,
page 1l64. This formula shows bilirubin to be a chain-type
pigment, that is an opened porphyrin ring allied to porphyrin,
plate No. XIII, page 160. This bilirubin is mainly a waste

product, manufactured by the intra-cellular activity of the
reticulo-endothelial system. After the compound has been

produced in the reticulo-endothelial system it &s passed into
the blood-stream for excretion. One gram of haemoglobin
yields about forty milligrams of bilirubin. The exoretion of

the bilirubin is practically all by the large bowel via the

liver, hence its name of "bile pigment™.  Obviously any
condition which for any reason causes haemolysis necessarily

causes inereased production of bile pigment.

The duily destruction of effete red cells is consider-
able.  Best and Yaylor (1943) suggest a figure of ten million
Ted cells destroyed every second. This means that the pro-
duction and exeretion of bilirubin is quite a considerable
Problem. Normally the blood level of bilirubin is about a
DaXimum of 1,2 mgmns. per loo.ecs. gerum though the level may be
¢onsiderably increased in sallow individuals. This bilirubin,

bogether with a small amount of biliverdin, is excreted by the
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seoretory cells of the liver. The pigments then pass via

the bile to the intestines, being accompanied by the bile

salts sodium glyeocholate and sodium taurocholate; +the bile
salts are true products of the liver cells whereas the bile
pigments dre not, hence the excretion of the salts and the
pigments do not necessarily parallel each other. Their
association is largely fortuitous. wven though the function

of the liver cells as regards bile pigment is largely excretory,
some type of change does occur in the pigments; e.g. before
bilirubin passes through the barrier of the liver cells it
cannot link with diazo reagent exXcept with the assistsnce of
alcohol; but after its passage through the liver cells,
bilirubin is able to form this linkage without alechol. Various
explanations have been suggested. One explunation is that

the change is in the physical state of the bilirubin, the
suggestion being that the passage through the liver cells

cnanges the bilirubin from a colloidal to a erystallisable state.
Ehrlich demonstrated this in 1884 but it was forgotten tntil
re-discovered by vuan den Bergh (1904) who was the first to put
the finding to practicsl use by the introduction of the test
Which bears his name. In this test he utilised the character-
istic reaction of bilirubin with Zhrlieh's diazo reagent, and
stowed that the reaction may be "direct“; that is without the

8ssistance of aleohol, or it may be ™indirect"; in the latter

the reaction occurs only in the presence of alcohol. This
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test, therefore, shows whether the bilirubin has pussed

the barrier of the liver cells or not. It therefore should
enable a distinction tc be made between a high bilirubin
%lood level due to over-producticn, as in hsemolysis, and
that due to a damming-back of the bilirubin into the circu-
lation bccause of = failure of excoretion. 4 high bilirubin
blood level, no matter its origin, produces Jjaundice, which
is simply a staining of the tissues by bile pigment. In the
first type of high bilirubin blood level, that due to over-
production, the reaction to the test is indirect since the
pigment has not passed the liver barrier; the resultant
Jaundice is therefore called "retention jaundice". In the
second type the reaction to the test is direct, since the
pigment has passed through the liver cells and has been re-
absorbed into the circulatcion. The resultant jaundice is
called "resorptive jaundice", or regurgitant jaundice. There
is anotﬁer important practiéal difference between the two
types of case. When the bile pigment is thrown back into
the circulation due to failure of exceretion, the eholestercl
8nd bile-salts are thrown back with it; it is the bile-salts
wWhich are responsible for so many of the phenomena genersally
thought to be sllied to jsundice, e.g. the itching and the
bradycardia. In jaundice due to over-production of pigment
these distressing features will not be present as there is no

increase of bile salts in the blood, hence the term "dissociated
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jaundice.

The van den Bergh test is also used quantitatively;
the value arbitrarily chosen is 0.5 mgms. bilirubin per
100 ces. plasma; +this value of 0.5 mgms. per cent is one
unit. The quantitative use of the test led to the interest-
ing and important discovery that not only do the two states
of the pigment differ in their resction to diazo, but that
the kidney has a different renal threshold for euche. In
patients with resorptive jaundice bile begins to appear in
the urine when the quantitative van den Bergh level in the
plasma has reached eight units or more. The bilirubin
arising from over-production has a much higher renal thresh-
olde Boyd (1944) goes so far as to suggest that true

unchanged bilirubin never passes the renal threshold.

It is necessary at this point to consider the
question of Jaundice in more detail. The yellow colouration
of the tissues is from the yellow bilirubin; biliverdin is
8reen. It has already been pointed out that jaundice msy be
the result of over-production of bile pigment or the result
of a failure in exeretion. Clinically jaundice is not fully
established until about twenty-four hours after the serum has
reached the eritical level; this time lag is the time
Tequired for the staining of the tissues. In many cases of

haemolytic jaundice the resction is biphasic, i.e. gives
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both types of reaction. This is generally explained by the
suggestion that the liver cells have become involved in the
disease process and sre allowing to regurgitate back into the
circulation a small asmount of changed bilirubin which is then
found to be present in addition to the execess of unchanged
bilirubin. In such cases the hyperbilirubinsemia is
acoompsnied by pleocholia with bilious vomiting and dark-brown
stools, all indicating the efforts made by the reticulo-
endothelial system to cope with the over-production of

bilirubine.

Another, and simplcr, guantitative test is the
"loberus index" intwoduced by lleulengracht (1920). In this
test the standard is a 110,000 solution of potassium

dichromate; the result of the test is expressed as a simple
figure, which is the number of times that the serum required

to be diluted to produce a colour matching the dichromate
standard. In practice it has been found that normal serum

will match with not more than a six-fold dilution; with

latent jaundice the dilution lies between sixz-fold and fifteen-
fola, i.e. gives icterus index values of between six and fifteen.
"ith overt Jaundice the dilution factor is any value above
fifteen.

Yhis test depends on colour mateching and is therefore

°f no vzlue in intra-vascular haemolyses during the active

Phageg,
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The practical applications of the above remarks
will be made evident when we come to discuss the laboratory
findings in intra-vascular and other haemolyses. In the
meantime we must continue our observations on the excretion

of bilirubin, illustrated in plate No. XVII, page 179.

Bilirubin, accompanied by & small esmount of bili-
verdin, passes from the gall-bladder into the gastro-
intestinal tract. The pigments pass unchanged as far as
the large bowel where they undergo reduction by bacterial
action and produce a colourless chromogen called urobilino-
gen (or stercooilinogenl. Further chemical changesa cause
the stercobilinogen to be changed into the brown pigment
stercobilin (or urobilin), see plate No. XIV, page 1l64.

Both stercobilinogen and stercobilin sre found in the faeces,
the brown colour of which is due to stercobilin. The darken-
ing which the faeces show on standing in air is probably the
result of a change to stercobilin of any stercobilinogen

which may be present.

The story is not yet finished; on its way down the
large intestine, part of the bile pigment is re-absorbed and
Passes back to the liver via the portal circulation, probably
88 urobilinogen. Iluch the greater part of this reabsorbed

Pigment is egain taken up by the liver cells and is passed out
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with the bile as urobilinogen or, after oxidation, as
bilirubin againd In normal individuals, a small amount of
the urobilinogzen, which had been re-absorbed from the large
intestine, escapés exoretion by the liver and is excreted as
urobilinogen by the kidney. A change of the urobilinogen to
urobilin ftakes place after the urine has been voided. Bili-
‘rubin itself does not nomally appear in the urine, the colour
of which is due to other pigments. In normal individuals the
urobilinogen found in the urine amounts only to a trace, It
is again stressed that bilirubin is essentislly an intermediate
product and does not normally appear in the urine or the
fasces. Whitby and Britton (1946) state that the total normal
daily output of urooilinogen in the urine amounts to not more
than 2.0 mgms. generally excreted in spurts two to three hours
after meals. In the faeces the 24-hourly output of pigments,
8terconilinogen and stercobilin, may reach 280 mgms. Any
significant inerease of serum bilirubin, e.g. after haemolysis,
keeps the liver fully occupied in trying to clear the heavy
eoncentration of blood bilirubin; as a result, when urobilino-~

gen appears, having been absorbed from the intestine, it is
ignored by the liver and passes in increased concentration to
the kidneys whence it is voided in the urine; the finding of
inereased urinary urobilinogen is to be expected in such cases.

0n the other hand, even when bilirubin is in excess in the
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serum, as long as the liver cells are healthy no bilirubin
will appear in the urine; as already explained, this is
because the renal threshold is very high for that state of
‘bilirubin which has not passed through the liver cells.
Consequently haemolysis must be very severe before even a
trace of bilirubin appears in the urine, unless there is
present a secondary change in the liver cells. In obstructive
Jaundice, however, bilirubin is a common finding in the urine
since this type of bilirubin is freely passed out through the
kidney at low concentrations. In the latter type of cuse
bile salts will almost certdinly also be found in the urine.
Many cases of intra-vascular hasemolysis show a biphasio
reaction and show bilirubin present in the urine. In such
cases there is probably accompanying liver damage; the
bilirubin which gives the direct reaction with diazo and
which escapes through the kidney is that portion which has
been allowed to regurgitate through damaged liver cells.

Rich (1930) suggests liver anoxaemia to be the cause of the
liver damage; Hills (1946) suggests that the cause is a
flooding of the liver with pigment. Whatever the explana-
tion, the biphasic resction, with secondary bilirubinuris is

quite commonly to be found in haemolyses.

This ends the short discussion on the physioliogical
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processes taking part in the metabolism of haemoglobin.

It is now possible to proceed to the consideration
of the findings in certain pathological conditions and

processes.

It must not be forgotten that the main object of
this Investigation is the study of six cuases of haemoglobin-
uria which were seen in Waziristan in 1938. So far all that
we are entitled to presume is that there had been a destruction
of red cells so severe as to cause haemoglobinurisa. It is
meet, therefore, now to turn our attention to those chunges in
blood-pigment metabolism which are found in patients suffering
from increased red cell destruction. Gmmerally speaking, in
such cases, the departures from the findings in normal metabolic

processes are both quantitative and qualitative.

Consider first the qualitative changes; these are
important, since the most striking finding in patients with
increased blood destruction is the appearance in the blood of
8 pigment methaemalbumin which has not been mentioned in the
findings in a normal metabolism of haemoglobin. Another
abnormal pigment sometimes found in individuals showing intra-
vVasecular haemolysis is methaemoglobin; this pigment is also
usually found after the ingestion of certain drugs, e.g. the

Sulpha drugs. It is convenient to consider these two
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abnormal pigments together, especially since they so

closely resemble one another. There has already been
mention of methaemoglobin, see page 165, and plate No. XVI,
page 171. This pigment is an oxide of haemoglobin, with
the iron in the trivalent state. We have seen that it is
found in minute amount in the blood of normal individuals
and is found in significant quantity in certain pathological
conditions; it is especially to be found in the blood after
the ingestion of certain poilsons, e.g. coal tar derivatives.
Methaemoglobin imparts a dark-brown colour to the plasma and
to the urine when present therein. It has physical proper-
ties closcly similar to those of methaemalbumin; this
aacounts for the fact that the identification of the latter
pigment is a relatively recent occurrence. Previous to

this identification, methaemalbumin had always been mistaken-
ly identified as methaemoglobin. The cardinal difference
between the two pigments is that methaemoglobin is essentially
an intracorpuscular pigment, appearing only transitorily and
rarely free, in the plasma, whereas methaemalbumin is extra-
cellular in origin; it is never found inside the red cell.
One other important difference is that methaemalbumin is

never excreted by the kidney; so far as is known it under-
goes degradation in the body, possibly in the liver, with

coproporphyrin III as one of the products. HMethaemoglobin,
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on the other hand, is readily exoreted by the kidney.

Methaemoglobin has been known for a long time, e.g.
it is reported that Hoppe-3eyler (1865) found that methaemo-
globin can be spontaneously formed frcm haemoglobin; all that
1s necesgsary is hacmoglobin in the presence of an oxidising
agent. rairley and Bromfiold (1937) found that when a
concentrated solution of haemoglobin is incubated with plasma
for forty-eight hours methaemalbumin results. But when a
solution of oxyhaemoglobin is incubated for forty-eight hours
in the absence of plusma then methaemoglobin resultse. Again,
they found that if well-washed red cells are incubated for
fcur days at 409C. it is possible to produce intracorpuscular
methaemoglobine. The important point of these findings is
that plasma or serum has the power of producing methaemalbumin
directly or indirectly from extra-corpuscular haemoglobin.
Another important finding by Fairley and Bromfield is that

methaemalbumin can be formed from methzemoglobin.

van den Bergh and ingelkes (1922) claimed that there
are two types of methaemoglobinaemia, namely hsemolytic
methaemoglobinaemia and intracorpuscular methaemoglobinaemia;

the latter more properly should be termed methaemoglobincyth-
gemia. By "haemolytic methaemoglobin™ the authors meant the

Presence in the plasma of this pigment; it has already been
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sagid that such a finding is rare, having been reported in a
very few cases of anaerobic sepsis snd eclampsia. This class
is of no practical importance and need not be further consider-
ed. The other class is of much importance, namely methaemo-
globincythaemia. Phis is found in two pathological conditions;
the first is the excessively rare condition of idiopathic
enterogenocus cyanosis, already discussed on pagetbb ; it is

of no importance. The other cuuse is the important one,

nemely methaemoglobincythaemia duc to toxins. Many of the
newer chemotherapeutic substances have the property of producing
methaemoglobingythaemia, e.ge plasmoquine. Drugs capable of
producing this pigment in the red cells are also capable of
Producing sulphaemoglobincythaemia. The former condition is
much less serious than the latter, because methaemoglobin,
although "inactive" (see page 165) is a potential oxygen
carrier iﬂ that it‘reverts to hacmoglobin in a few days; +this
recovery to active pigment is markedly accelerated by the
administration of methylene blue. Sulphaemoglobin camnot be
broken up in this manner, In sulphsemoglobincythsemia the
skin is leaden-coloured, whereas in methaemoglobincythsemia
the skin is dark brown. ‘[he foxmer condition need not enter

further into our summary.

In methaemoglobincythaemia, as the name indicates,

the pigment is intra-corpuscular, which is in marked
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contradistinetion to methaemalbuminaemia. The generally-
accepted explanation of the occurrence of methaemoglobin-
ocythaemia with administration of certain drugs is that auch
drugs are mild oxidising agents. It is advuntageous to
consider this problem further, taking as a typicaul and
possibly relevant example the methasemoglobincythaemia which
results from the taking of plasmoquine. Fischer and Weise
(1927 ) were among the first to investigute this aide-effect
of plasmoquine administrution. They consider that the
condition can generally be recognised to be present when the
blood concentration reaches 24%, and it certainly can be
detected when the concentratioh in the blood reaches four
per cent. The authors reported that plasmoguine dosages

of 0.05 grams intra-muscularly daily produced methaemoglobin-
cythaemia on the fifth to sixth day and that this remained
for five to six days. Daily doses of 0.1l grams intra-
muscularly produced methaemoglobineythaemia on the third to
fourth day, with the condition persisting for seven to fourteen
days. These are dosages much in excess of the present-day

therapegtic doses. Of much more importunce to us is the

finding of Fischer and Weise that doses of 0.02 grams
Plasmoguine daily did not produce methaemoglobincythaemia
€Xcept after long-continued administration, namely about
the seventeenth day; with such a dosage the changes in the

blood were so small as to be un-noticeable. the importance
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of this finding will become manifest later. The findings

of Fischer and Weise have recently received support from
Dimson and Melartin (1946) who failed to find methaemoglobin-
cythaemia in fifty patients who had each received a total
dosage of O.l grams of plasmoquine. The latter also failed
to find methaemoglobin in the laked cells of patients whom
the authors diagnosed as suffering from "plasmoguine haemo-
globinuria"; more probably those patienfs were actually
sufferers frem true blackwater fever, One practical point
to be mentioned here is that if hsemolysis should occur in

a patient with methaemoglobincythuemia then it seems reason-
able to presume that there is a period when methauemoglobin
is free and present in the plasma, even although this veriod
may be very short because of removal of the pigment by the
kidney and because of its conversion into methaemalbumin.

Some workers do not agree.

In patients showing methasemoglobincythaemia from
toxins the degree of change of haemoglobin into methaemoglobin
Varies in each cell. There is no uniform standard of change;
this accouhts for the occasional reports thst, when haemolysis
does occur in persons suffering from methaemoglobincythaemia,
the cells lysed first and in greatest number sre those with a
heavy methaemoglobin content. Admittedly it is conceivable

Yhat such cells are less able to resist haemolysis than are
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normal cells. It is doubtful, however, whether this is

any Jjustification for presuming that the presence of
methaemoglobincythaemia is related to the haemolysis which
sometimes occurs in patients so affected. It will be seen

later that this is not an academic point.

The spectroscopic appearance of methaemoglobin is
very similar inde@d tc that methaewmalbumin; this will be
discussed in the remarks, to follow, on the latter. It is
necessary to stress that when methaemoglobin occurs in a
patient it is practically always as the result of drug
administration, and is practically always intra-cellular;
practically speaking, it is only found free in the plasma as

a transitory phenomenon in an individual who develops haemo-
lysis when suffering from methaemoglobincythaemis. This, of

course, execludes the minute amount found in normal blood.

The next pigment to be considered is methsemalbumin.
The first point to n;te is that this pigment is never found in
the blood of normal individuals, even in the most minute
traces. The presence of this compound in any amount what-
ever is an indication of a pathological process at work. For
meny years, since the beginning of the systematic study of
heemolyses, this pigmeﬁt had been seen to be present in the
plasma of individualé suffering from any marked degree of

intra-vascular haemolysis, yet it hsd always been mistaken
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for methaemoglobin until 1934. Admittedly the differentia-
tion is difficult, well-illustrated by the story of its
diseovery. [Fairley and Bromfield (19%4a) were investigating
certain laboratory findings in nine cases of blackwater fever.
In one markedly-cyanotic case they found in the plasma a brown
rigment resembling methaemoglobin but ngt reduced by Stoke's
reagent. This new pigment was never found in the urine.
Samples were sent to Professor Keilin at Cambridge who con-
sidered that the substance was a peculiar hsemoglobin deriva-
tive with a normal prosthetic group, but with the globin
portion of the molecule modified, i.e. the new pigment had
the general appearance of methaemoglobin but the absorption
bands are shiited about 604 units to the short-wave end of
the speetrum; it was easily reduced by sodium hyposulphite.
It was not realised at the time that the protein moiety was,
in fact, albumin; this accounts for the name originally given
to it, namely "pseudomethsemoglobin'. Later, after experimenta-
tion, the pigmént was recognised as-a compound of hsem with
albumin and was given the name "methaemalbumin” by Fairley
(1938), This substance, when present in the plasma, imparts
%o it a brown colour. In any case of intra-vascular hsemoly-
8ls, therefore, the colour of the plasma may be compounded of
not less than three pigments, i.e. oxyhaemoglobin, imparting
%o the plasma a rosy-red colour; methazemalbumin, imparting to

the plasma a dirty-brown colour; and bilirubin, imparting to
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the plasma a yellow colour. Alsc, as already explained,
methaemoglobin may make a fleeting appearance in the plasma
under certain circumstances; +this pigment also has a brown

colour which is indistinguishable from that of methasemalbumin.

The identification of the new pigment by Fairley and
Bromfield was the first step in the solving of certain

puzzling findings in intra-vascular huemolysecs. As early as

1914 Barratt and Yorke, working with rabbits, found that even
when they increased the haemoglobin content of the plasma four
hundred times, the resulting bile-pigment increase was only
8ix-fold; thereafter it was repeatedly confirmed by various
workers that there is no uniform relationship between the
degree of haemolysis and the amount of bile pigment exoreted.
As has been discussed, the normal method the body has of
dealing with haemoglbbin is the reductidn of it to bilirubin
by the reticulo-endothelial system, the bilirubin then being
exereted by the liver. What seemed to emerge from the work,
quoted above, of Barratt and Yorke and of others, is that this
normal method of dealing with haemoglobin, i.e. by the conver-

sicn of it into bilirubin, has only a relstively limited capa-

city and can only meet demands reasonably near the nommal.
It seems that even a minor degree of haemolysis presents to the
body a problem guite beyond the normal functioning capacity of

the reticulo-endothelial method of dealing with free haemo-



191.
globin. One other obvious method remains whereby the body
can rid itself of excess free haemoglobin, namely the method
of exeretion through the kidney with resultant haemoglobinuria.
To Nature this must be a serious and extreme measure since it
represents a heavy loss of iron, that very necessary metal which
is so laboriously come by; <for example, even although the body
regards free circulating haemoglobin acs a foreign substance,
the kidney excretes it only after the level in the plasma has
reached a threshold level for the kidney.

Pearce et alia, as long ago as 1912, stated that s concentration
of 0.06 gms. haemoglobin per kilogram of body weight was
regquired to produce huemoglobinuria in dogs.

Lighty et alia (1952), working with dogs, suggest that the
level of haemoglobin in the plusma necessary to produce
haemoglobinuria was, on the average, 84 mgms. of haemo~-
globin per kilogram of body weight. This was the level
they found after repeated injedtions, however, which is
an important point.

Pairley (1940a), using stroma-free haemoglobin placed the renal
threshold level between 37-102 mgms. of haemoglobin per
100 ccs. of plasma. He did not claim this as definite,
however.

Gilligan et alia (1941) found haemoglobinuria did not begin in
patients until the plasma level was 130-150 mgns. of

haemoglobin per 100 ccs. of plasma (this is roughly
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the same level as that suggested by Lighty et alia).
Gilligan et alia did note one other point, also
noted by Lighty et alia, namely that once haemoglobin-
uria had started, it would persist until the level in
the plasma had fallen much below the initisl threshold
level, sometimes until the plasma figure was as'low
as 30-50 mgms. per 100 668. plasma.

a8 1s to be expected the available evidence suggests that
tubular re-absorption is responsible for the threshold
phenomenon. Yuile (1942) supports this view. He also
agrees with other workers that, following repeated injeetions
of haemoglobin sufficient to cause haemoglobinuria, the

renal threshold for haemoglobin may be lowered sixty per cent

O moree.

And, furthermore, even taking into acaount the
haemoglobin voided in the urine in such caées, there still
remains a large amount of haemoglobin unaccounted for, which
certainly had not been dealt with by the usual ochannels.
Stephens (1927) provides a simple guantitative illustration
of this. He found that the total amount of haemoglobin
Passed in the urine in a severe case of haemolysis amounts to
some 100 ccs. of red cells. But in such severe cuases four-
fifthé of the cells may have been destroyed, e.g. a fall in
the blood count from five million red cells to one igillion

red cells per cube.mm. of blood is not unusual. Now if the



193.

average total volume of blood in the body be taken as about
5,000 ccs. then, since the red cells form approximately fifty
per cent of the blcod volume, the total volume of red cells
in the body may be taken to amount to 2,500 ccs. We have

seen that destruction can occur of four-fifths of this;
therefore about 2,000 ccs. red cells had been destroyed. But

only 100 ces. of red cells have been accounted for in the
urine. Ihis has left no less than 1,900 cos, unaccounted for,
only a small proportiocn of which could have been dealt with by
the reticulo=-endothelial mechanisam. The rough figures of
Stephens are supported by Yorke et alia (1930) who claimed

that not more than ten per cent of the liberated haemoglobin

is exoreted in the urine even in cases showing polyuria.

The identification of the new pigment by Fairley
and Bromfield in 1934 went far towards solving the fate of
the remaining haemoglobin. In short the formation of
methaemalbumin by the body appears to be a process of con-
Servation of iron. We have said that when hsemoglobin is
set free in the plasma, the body treats 1t as a foreign
Substance and attempts to eliminate it as soon as possible;
wWith the identifidation of the new pigment methasemalbumin,
it was realised that there sre three ways in which the body
Yackles the problem of haemoglobin cireulating free in the

Plasma; these are:
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2.

de
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i.e. absorption by the reticulo-endothelial
system; the hacmoglobin is degraded to
bilirubin.

This method of excretion may be sufficient

to handle slight degrees of hsemolysis, e.g.
Fairley (1940a) suggests it can handle
injections of small amounts of haemoglobin,
say five grams. This mechanism, therefore,
is probably able to cope with the huemolysis
in the average case of malaria. The result
will be hyperbilirubinaemia, but the Schumm
test will be negative. (For a note on the

Schumm test see below.)

Intra-vasoular katabolism of haemoglobin; this is

dhown by hyperbilirubinaemia, Schumm test
positive, and formation of methaemalbumin,
essentially an extra-corpuscular pigment.
The possible method of formation of methaem~

albumnen is discussed below.

Renal exoretion of haemoglobin; this, the third mechanism,

is an extreme measure. It represents the loss
to the body of iron. This only comes into
operation when the concentration of extra-

corpuscular circulating haemoglobin reaches
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the renal threshold. One suggestion is
that this occurs when about seventeen ccs.
of corpuscles have been laked.

Ross (1927b) estimated that if the hacmoglobinaemia is such
that it can directly be represented by a bilirubinaemia of
less than six indirect van den Bergh units then the renal
mechanism of disposal is not called into play. Actually
however the most important of the factors determining the

haemoglobinuria is the rapidity of the haemolysis and not the

degree.

There are aome differences of opinion as to the
degree of haemoglobinaemia which may be found in a severe
lysis. Among the earlier workers Christophers and Bentley
(1908) estimated the figure usually to be about one per cent,
although they reported one patient with a plasma value of
3.75 per cent haemoglobin. Barratt and Yorke (1909) found
Plasma values much the same range. Generally the opinion is
that the values of haemoglobin in the plasma of patients with

8évere haemolysis are between one per cent and three per cent.

One point to be kept in mind is that, since jaundice
takes about twenty-four hours to develop, in any severe lysis

haemoglobinuria will appear some time before jaundice.

It is repeated that the formation of methaemalbumin

is €ssentially a conservation process, preventing the iron
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being lost by passage through the kidney. Fairley and
Bromfield (1937) suggested that there may be two stages
in the formation of this methaemalbumin in the body; firstly
a splitting-off of the globin from the ecirculating haemoglobin
by which haematin, haem, is left available; (this is not the
usual method of degradation of huemoglobin, see page 169.)
and, secondly, combination of this porphyrin compound (tri-
valent iron) with plasma crystalbumin resulting in the
production of methaemalbumin. Certainly this pigment
methaemalbumin can be synthesised in man and monkeys after

intravenous injection of alkaline haematin.

this pigment differs from methaemoglobin in having
an absorption band at 625?? . this band is not altered by
Stoke's reagent; it is dispersed by strong ammonium sulphide
with the production of a haemochromogen band at S508pp .
The reaction to ammonium sulphide is the basis of Schwum's
test. In practice, however, even with equipment available
the differentiation of methaemalbumin and methaemoglobin is
not easy. Furthermore, methaemalbumin has to be present in
fairly high concentration in the plasma before it can be
detected with any certainty by spectroscopic eXamination. The
only equipment of this type available in Waziristan at that
time was a difraction-type hsnd speetroscope by whish it would

have been impossible to differentiate the methaemoglobin band
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at 63967‘fr0m the 623}7u band of methaemalbumin. The
differentiation in our cases was made by « chemical ohange,
Schuan's test. This is a useful and delicate method of
identifying the presence of methaemalbumin; it was originally
meant to serve for the detection of haematin. The test is
a simple one; to the serum to be tested there is added a

layer of ether, then a measured quantity of concentrated

ammonium sulphide, and, later a few drops of ammonia. The
result is the formation of ammonium haemochromogen, with an
easily-identified band at 558uy, . Unlike methaemoglobin,
methaemalbumin is not affected by Stoke's reagent. To
summarise the gualities of methaemalbumin; it produces a
brown serum; it is never found in the corpuscles; it is
formed from haemoglobin, oxyhuemoglobin, and methaemoglobin
after the liberation of these pigments rrom the red cells;

it cannot function as a respiratory pigment, and it never
appears in the urine in demonstrable quantities. The produc-
tion of methaemaibumin is evidently a stage in a process by
wWhich the body disposes of circulating extra-corpuscular blood
pigments; its appearance is to be anticipated in any intra-
Vascular haemolysis of sufficient magnitude; 1its appesrance

is entirely beneficial, because it conserves iron.

The brown pigment found in the urine in huemoglobin-

uria is methaemoglobin, which is derived from oxyhaemoglobin;

the transformation tzkes place in the tubules of the bladder;
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this methaemoglobin is not the result of methaemoglobinaemia.

Methaemalbumin is formed fairly rapidly in the body,
having been found within four hours of the beginning of huemo-
globinuria. (It should be remembered, of course, that the
beginning of haemoglobinuria is not necessarily the same as
the beginning of the haemolytic proeess.) The methaemalbumin-
aemia is dependent on the extent and duration of the hsemolytic
process, e.g. if the process is of small degree and of short
duration the liberated haemoglobin will be dealt with by the
reticulo~-endothelial system as explained above. But if the
haamolysis.has been large, or zcute, or long-continued then
the body will form methaemalbunin; in the latter type of
case hyperbilirubinsemia will also be present since the two
mechanisms are not mutuslly exclusive. The first-fruits of
this discovery of methsemalbumin by Fairley and Bromfield was
that it provided a method orf establishing whethcr or ndt any
rarticular haemolytic anaemia of any degree was intra-vascular
or not, because any degree other than a very minimal one of
intra-vascular haemolysis leads to the production of methaemal-
bumin which is not found in other types of haemolysis. Typical

of the findings in intra-vascular haemolysis are those ,uoted

by Fairley and Bromfield (1938) in some ilacedonizn cases of

blackwater fever. The pigments in the plasma were:
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Lfotal  oxyhasemo- oXyhaemo- methaemul-  methaemo-
cases globin globin and bumin globin
positive  pethsemsl- positive positive.
bungn posi-
tive
14 2 10 2 nil.

The two patients who showed oxyh.emoglobin only
were two children in whom the haemolysis had been mild and of

less than twenty-four hours duration.

One other result of the finding of the new pigment
was that it explained puzzling features of certain cases of
hsemolysis in which the fall in the red cell count continued
and in which there were repecated attacks of fever, but no
haemoglobinuria. Investigation of such cases showed that
the bouts of fever and the continued fall in red cells were
accompanied by a rise in the value of the plasma methaemal-
bumin, or a re-appearance of this piguent in the plasma of
those patients whose plasma had become free of it. Ihis
finding indicated that there hsd been a recurrence of the
haemolytic process, but not of such degree as to produce
haemoglobinuria. In such cases transfusion of blood may be

a8 life-saving messure. Blacklock (1923) had previously put

forward a similar theory on clinicel groundcs.

The best summary of the value of this finding by
Fairley and Bromfield (1934s) is that given by Fairley himself.

Talking of the discovery in connection with the haemoclysis
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of blackwater fever he said that the discovery had illuminst-
ed the mechanism at work even though it has nothing to do
with the fundamental cause of the haemolysis.

It has been seen that the mode of formation of
methaemnalbumin is not clear; similarly the mode of degradation
of the pigment is also obscure. The breakdown follows a
somewhat different course from that of haemoglobin, with
produstion of coproporphyrin III which is excreted via the
liver. This was adumbrated by Yorke and Nauss in 1911. The

matter will be dealt with at more length in later chapters.

This completes the brief summary of the metabolie
pProcesses of hasemoglobin, and of the quantitative and qualita-
tive changes in the pigment derivatives which are found in
haemolysis.

Jaundice.

This is a convenient stage at which to discuss
Jaundice, a problem intimately bound up with the subject-
matter of the preceding paragraphs, and a problem which will

require our attention later in this chapter.

In man the bile pigment is bilirubin, yellow in

colour and normally present in human serum in small amounts,
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usually not more than 1.C mgns. per cent. When excess of

this pigment appears in the blood-stream for any reason,

then it may escape into the tissues of the body; after

some hours of this, usuwally within twenty-four hours, the
tissues may become yellow, l.e. there will appear the

clinical condition "jaundice". I'rom previous paragraphs

it may be gathered that excess of bilirubin in the blood- ]

stream may arise either from over-production of bilirubin,

typically seen in haemolysis, or from a damming-back of
bilirubin because of malfunction of the liver. In practioce,
clean-cut division into the two types is rarely encountered; 5
some workers, for example, claim that icterus rarely occurs )
with blood destruction alone, and consider that when blood
destruction is accompanied by Jjaundice there must be a

superadded element of liver malfunction, e.g. due to Bnoxaemia
(Rich, 1930) or to & flooding of the liver with pigment

(Hills, 1946).

An important point, and one already mentioned, is that
the degree and onset of jaundice differ markedly in the two
types of hyperbilirubinaemia. For example, in the Jjaundice
found with liver malfunction not only does the bilirubin spill
Over more readily into the urine (ssid to occur with a serum
bilirubin concentration of anything over eight unita) but it

appears to diffuse more readily into the tissues. On the
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other hand, in jaundice primarily the result of blood
destruction the bilirubin escapes into the urine only when
its concentrstion in the serum is relatively high, said to
be about twenty van den Bergh units, i.e. this slow escape
into the urine is paralleled by an apparently slow escape
of the staining pigment into the tissues. A8 a result,
the jaundice in the latter class of patient is lster in
onset and very much less in degree than that found in individ-
uals with the same concentration of bilirubin in the serum

but in class 1, i.e. individuals with obstructive jaundice.

Jaundice in Malaria.

This is relevunt to the discussion on the haemoglobin-

uria of the Razmak patients.

The disease malaria well illustrates the remarks in
the above paragraph on jaundice. In mslaria there is haemo-~
lysis, both intra-vascular and in the reticulo-endothelial
system. The intra-vascular hsemolysis may range in degree
from mild to severe, e.g. in severe attacks of malignant
malaria as many as half a million red cells per cube.mm. may be
destroyed in a single paroxysm; Voigt and Voigt (1938)
6Xamined the level of plasma haemoglobin in seventeen cases of
malignant tertian malaria and found that in four of the cases
the plasms hzemoglobin levels were as high as 22-60 mgms. per

cent. A8 a result of this considerable destruction of red
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cells it is common to find muddy-yellow discolouration of
the skin and the sclerge: van den Bergh himself, in 1924,
was among the first to refer to an inoreased value of the
indirect reaction in malaria. Ross (1932) also reported
that in malignant tertian malaria he invariably found the
indirect van den Bergh reaction to be positive. This
opinion was generally accepted that malaria causes intra-
vascular haemolysis of such a degrece that there is hyper-
bilirubinaemia. With the giving of modern chemotherapeutic
remedies early and in sdeyuate dosage, tne disease 1s
nowadays brought much more rapidly under control, with
plood-destruction reduced to a minimum; as a result the
muddy-yellow appearance of chronic mslaria is less commonly
to be seen in malarious areas. An eXample of this is seen
in the paper by Hills (1946) who opens his article with the
statement that jaundice is uncommon in malaria; presumably
he was only in contact with individusls treated early and
adequately. Hills was reporting the findings in an investi-
gation of the incidence of jaundice in 8837 cases of malaria
treated in an American general military hospital in Assam
over a period of twenty-eight months. The patients treated
were all imerican and Chinese soldiers. The author was
investigating individuals with a raised van den Bergh

Quantitative reaction, or with a raised iecterus index, or

Showing overt jaundice. He took as his standards of minimal
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abnormality, a standard of not less than 0.6 mgms. per cent
for the van den Bergh reaction, and an icterus index of
ten. He collected 321 patients from the 8837. The author
concluded that only in twenty four of those cases could the
changes be blamed upon malaria, i.e. in all the 8837 individ-
uals treated for malaria only twenty-four showed "malarial
jaundice"; +this is an incidence of 0.27 per cent. In
twelve of the twenty-four cases the method of investigation
was the ieterus index, in seven the method used was the van
den Bergh reaction, and in five cases both methods were used.
The van den Bergh values were low, which may be explained by
the fact that the author reports a direct reaction; this direct
reaction was confirmed by the finding of liver damage in three

fatal cases who came to autopsy.

Lhis discussion on jaundice and malaria will later be
8een to have some bearing on the problem before us, nauely the
establishing of the cause or causes of the haemoglobinuria in

the six cases of malaria in Waziristan in 1938.

For easy reference we shall abstract and discuss
at this point those laboratory findings in the six Razmak
Cases which are relevant to the above paragraphs; such

findings to be discussed will include the results of the van

den Bergh reaction, jaundice, icterus index results where
8pplicable, spectroscopic analysis of the plasma, spectroscopic

analysis of the washed lysed red cells.
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(speotroscopic analysis or the urine will be discussed in
Chapter V), and the depth of colour of the blood pigments
in the plasma; this last will be estimated by comparing
the plasma with solutions containing varying quantities of

lysed red cells.

i.e. Relevant laboratory findings in the Razmak cases.

The first of the laboratory findings to be
discussed is the van den Bergh reaction, and the values shown
by our patients. The findings are tabulated in figure No. 2

below. Where Jjaundice was found this has also been shown in
the same table.

Figure No. 2.

Quantitative and qualitative Results of the van den Bergh

reaction.
Key. Qualitative: B=biphasic positive (¥ mild; +epresent
D=direct positive (++marked; +++=severe

I =1indirect positive
Juantitative: figures in brackets give the v.d.Bergh
values. (All quantitative reactions were
carried out using indirect technique.)
J = Jaundice. -ves Llest negative.
+vee vest positive.
WHeises Test not carried out.

)
)

Casc Number of days after coming under observation with
No. 7lysis R.B.Ce

1lst 2nd 3rd 4th  5th 6th 7th 8th 1 month.

I B¥(6) Ber(5] DH 10 D+(9) Nei. N.i. Death
J* J+r Jesr J+ Jr+ I+
2. B+(9) B+(10) B+(9) B¥3) Vved.RB.
J-ve Jt Jt J+ J+ J¥ J¥ J-ve neg
3« I (5) I (10) I(8) % (4) I (5] ditto

J¥+d+ J++ J++ T+ J+ J+ J+ Jt
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Figure No. 2. (contd.)

Case Number of days after coming under observation with i

Noe. . ?lyﬂis ReB.Coe !
st 2nd 3rd 4th Sth 6th 7th 8th 1 montA

4. I (4) I (5) v‘d‘gég;
J® J4 J¥ I I+ J4  JHEill 12th day !

5. B (9) D (8) D (2) B (3.8) ditto ’
J4+ Ja4s JE44 THE J¥+ T+ JFtill 18th day @

6. I | ditto |

J -ve J*

Cases Nos. 3 ané 4 were actually first detected by

the appearance of overt jaundice when they reported for plasmo-

quine treatment.

The gbove table shows that there 1s no close direct
relationship between the onset and degree of jaundice and the
height of the van den Bergh quantitative reaction. It has
already been pointed out of course, that when the hyperbili-
Tubinaemia has an indireet van den Bergh reaction, then the

Jaundice is of relatively slow development.

In the Razmak cases the quantitative van den Bergh
findings, given above, were surprisingly low, and yet the
Patients developed jaundice; in some cases, also, that Jaundice
%8s quite marked in degree. This finding of jaundice consist-

ently present, sometimes in severe degree, in individuals
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showing low quantitative values for the van den Bergh test
suggested that the eciroculating bilirubin might be, at least
in part, that type of bilirubin which had been changed by
passage through the liver and had then been re-absorbed
into the blood-stream because of malfunction of the liver.
This probably is the correct answer; +the one patient who
came to post-mortem examination certainly did show acute
necrosis of the middle two-thirds of each liver lobule.
Furthermore, as will be seen later, traces of bilirubin were
found in the urine of some of the cases at times when the
blood bilirubin levels were below the level at which un-
changed bilirubin passes the kidney threshold, although they
certainly were above that level at which changed crystallisable
bilirubin can escape through the kidney.

Therefore the van den Bergh results, quantitative and
qualitative, found in our patients do support the c¢laim that
haemolysis had occurred; they do not give any indicaticn,
however, of the site of the haemolysis or of the cause. The
quantitative findings were low, very 1little above thosé found
in uneomplicated malaria; those low values, in the presence
of marked jaundice of some of the ecases, and in the presence
of positive direct and biphasic gualitative reactions, are in
keeping with the suggestion that part of the circulating bili-
Tubin had been regurgitated into the blood-stream after passing

the liver barrier.
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Jaundice is the next of the findings which requires
discussion; this naturally follows upon the study of the van

den Bergh findings.

From the table of results given above it will be
Seen that every patient showed jaundice at some time or
another after the beginning of haemolysis. In fact this was
the first symptom in two of the patients. The dégree of
tissue staining varied considerably, as did also the duration
of the staining. Both the degree and the duration of the
jaundice bear only a very approxXimate direct relationship to
the severity of the haemolytic processes as measured by the
haemoglobinuria, e.g. the fautal case, No. 1, was not the one
that showed the most severe degree of staining. At the
other extreme the least severe of the haemoglobinurie
Processes was found in case Hoe. 6 and here the Jjaundice was
fleeting and minimsl. The jaundice was most marked and
persistent in case Ho. 5 even though this case was by no
means the worst zs measured by the course of the haemoglebin-
uria. In this patient the jaundice was found tc be well-
€éstablished within & féw hours of the patient's reporting that
he had passed urine of a suspicious colour; the staining
became intense by the second day, and persisted until the
eighteenth day after beginning of haemcglobinuria, i.e. it
bersisted for fifteen dajs after the ccssation of haemoglobin-

uria, It i3 realised tnat this persistence of jaundice
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does not necessarily indicate continued haemolysis.

In case No. 4 the jaundice was also persistent; it
lasted for twelve days, disappearing nine days after the last
attack of haemoglobinuria.

After the discussion on urinary changes, Chapter V,
it will be of interest to correlate the Jjaundice with the

finding of bilirubin in the urines.

leterus index is the next point for discussiocn.

dctually, however, there is little to be gained in discussing
this test further; as has already been explained, page 177,
this is a rough method of estimating the bilirubin content by
a method of acolour mateching. Haemoglobinaemia invalidates
it, consequently it was used only on one of our cases and ’
that after the hasemoglobin hzd cleared from the plasma. This
was in case No. 2, in whom the test was carried out one month
after haemoglobinuria had stopped, and twenty-four days after
the jaundice had faded. As might have been expeoted, the

reading was within normal limits, namely four units.

Spectroscopic analysis of plasma and of washed red

cells (including evaluation of the plasme colour change, using
equivalent percentage solutions of red cells): so far, on the
evidence submitted, it has been possible only to say that

heemolysis hei occurred in ocur six pstients. In this
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paragraph it is hoped to settle the next important question,

namely whether or not the haemolysis was intra-vascular.

It has already been pointed out that intra-vascular
haemolysis is marked by haemoglobinaemis and methaemalbumin-
aemia, both of which give specific spectroscopic f£indings.
With these facts in mind it is a sultsble time to review what
the findings were when spectroscopic analyses were carried out
on the plasma and on the washed red cells of the six Razmsk
cases of haemoglooinuria. Lo recapitulate brieily, plasma
normally contains two pigments in small amount, namely
bilirubin and haemoglobin; the latter is part oxidised and
part reduced. It is possible that metrauemoglobin is present
in normal plessma but in amounts so minute as not to colour
the plasma. In mild haemolyses, whether intra-vascular or
reticulo-endothelial, there is an increase in the value of
the plasma bilirubin which causes a deepening in the cclour

of the plasma; this is the basis of the icterus index test.

If the haemolysis be intra-vascular and of a degree
Such that the reticulo-endothelial system caunnot cope with
it, then the level of plasma haemoglobin also shows an
increase; this latter pigment lends to thé plesma a tint
Which varies from light pink to burgundy depending on the
amount of haemoglobin present. In such csses, however, a

third pigment makes it appearance, namely methsemalbumin;
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this last pigment has a brownish tinge and its presence in
the plasma in any demonstrable amount leads to a further
deepening of the colour which may go as deep as very dark
brown. Lastly, the situation may be further complicated
by the presence, in certain cases, of methaemoglobin in
significant amounts. In such cases the methaemoglobin is
intra-corpuscular and therefore is not found in the plasma
except for a very short period of time, as the result of
lysis of red cells containing methaemoglobin; this has been
explained already, on page !§5. The aolour of methaemo-
globin is the same as methaemalbumin, therefore it lends no

oharacteristic tinge to the plasma.

On pages 205 and 206, Figure 2, it was shown that
hyperoilirubinaemia was present in our patients; it now

remains to consider the findings on spectroscopic analysis.

Our patients were all receiving plasmoquine at the
time of onset of haemoglobinuria. As will be seen later,
Plasmoquine is a drug with a narrow margin of safety, with
8 marked tendency to form methaemoglobincythaemia even in
doses only a little above the therapeutic level; haemolysis
is also to be found with such doses. In all our patients,
however, the dosage was small and the total given in each

case was not sufficient to produce cyanosis according to the
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standards set out by Fisoher and Weise, see page 186.
This problem of the part played by plasmoquine is discussed
in Chapter VIII.

The problem at this stage is two-fold; firstly,
it is necessary to establish the site of the haemolysis, and
secondly it is necessary to identify the pigments present
in the blood. Before contihuing with this problem, we
shall interpolate a short note on cyanosis, which has a
practical bearing on this problem of pigments. A few notes
on methaemoglobinaemia are to be found on page 184. It was
seen that when any drug is administered which is capable of
producing methaemoglobincythacmia, then cyanosis is usually
%o be found when the methaemoglobin resches a concentration
of 24%. In none of our patients was there ever any trace of
oyanoéis, which was to be expected in view of the very small
dosage used of plasmoquine. The appearance of c¢yanosis
after the onset of haemoglobinuria is of little differential
importance since this will occur with methaemalbuminaemia. For
completeness sake, however, we give a record of the findings

of opanosis in our patients, see figure No.3 below.
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Figure No. 3.

Record of the findings of eyanosis in the Razmak cases.

{Case " Number of days after coming under observation with
No. . ?lysis R.B.C. | J |
f 1st 2nd __ 3rd | 4th 6th 6th _Tth ’
ST R S S L LAk T
2 T4 +
3 + + ?
4 - L
5 + + |
6 |
Key: 4+ trace of cyanosis. #+ oyanosis present.

4 4 cyasnosis moderate.

rrom the above it is seen that case No. 1 was the only one who
showed any degree or persistence of cyanosis; 1t is probable
that in that patient much of the oyanosis was secondary to a

bneumonic condition of the lungs. In the other uncomplicated

cases cyanosis was found only occasionally and in mild degree,
and in such cases was of course due to the presence of

meéthaemalbumin. The heavy natural pigmentation of the

Indian probably masked several cases of minor degrees of
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cyanosis and our findings shouwuld therefore be taken as only
approXimately correct. If any cyanosis was present before
the onset of the haemoglobinuria then it was so minor in
degree that it escaped detection; this would indicate that
any plasmoquine poisoning which might have been present was
of slight degree and would support the contention, to be
made later, that in fact our plasmoquine dosage was well
within the limits of safety and that plasmoguine poisoning
was not the major factor in the production of the haemoglobin-

uria in the six cases under consideration.

The presence or absence of cyanosis really helps
very little, however, in the identification of abnormal blood
pigment; +the only satisfactory method is by spectroscopic
eXamination. So far the only pigment identified with
certainty is bilirubin. But since the patients were receiving
Plasmoquine, then with any haemolysis at that time theoretically
at least three more pigments may have been present in the blood
at the time of the haemolysis. These are: haemoglobin with
OXyhaemoglobin, methaemalbumin, and possibly transitory
methaemoglobin., It was hoped to establish which of the three
Were present in our patients; wnfortunately the methods of
éXamination at our disposal were insufficient for our purpose.
We were working in a remote part of the country, several days'
journey from large centres of medical research, and the only

type of spectroscope available in Waziristan, or for that
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matter the only type available in North Indla, was a
hand-type spectroscope; this instrument could not differ-
entiate methaemoglobin and methaemalbumin by direct examin-
ation. The only alternative was to use Schumm's test,
whicih was done. This provides & more easily identifiable
substance when the pigment under test is methaemalbumin.
Using this method, our findings were such as to suggest that
in all the patients the brown pigment present in the plasma
was methuemalbunin, and we have reported it as such in our
summary of spcectroscopic findings. On no occusion were we
able uwnequivocally to identify methaemoglobin in the plusma.
The results of the spectroscopic analyses of the plasma

Specimens are given in figure lio. 4.

In the interests of acouracy, however, it must be
stressed here that at the time the examinations were made our
exXperience was limited, consequently I cannot deny the possib-
ility that methaemoglobin may have been present on occasion

and may have escaped identifigation.

The foregoing remarks apply to examinations carried
out on specimens of plasma. Similar spectroscopic examina~
tions were also made in each case on solutions made by the
lysing in water of washed red cells. The results are tabula-

ted in figure No. 4 below.
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Figure No. 4.

Results of spectroscopic analysis of plasma and of
washed lysed Re.Be.Co

1

Case liaterial No. of days following onset of lysis
No. eXamined. ‘ 1

lst 2nd 3rd 4th 5th 6th 7th mnth

—

1®  Plasma m-alb m-alb m-alb m-alb m-alb
Sol.wash- X
edR.B.C. HbOO HoOO HbOO HbOO <9©HDLOH
Trace
2. Plasmg m-alb m-alb m=alb HbOO
Sol.wash-
ed ReB.C. b0d Hb0O HbOO Hb0O
7
B Plasma m-alb m-alb m-alb m-alb m-alb HbOO
Sol.wash-
ed R.B.C. 1DbOH HbOOQ Hb0O0 HbOO HbLOO HbOO
‘ Trace
4, Plasma m-alb m-alb m-aldb HbOO
Sol.wasn-
ed R.B.C. KbOO HbOO  HbOO ‘ - HbOO
Trace
Se Plasma m-alb m-alb m-alb m-albdb - HbOO
Sol.wash-
ed R.B.C HbOO HbOO HbOO HbOO ‘ - HbOO
6. Plasma Hb0O0 m-alb ! ' Hb0OO
Sol.wash- , , ‘
ed ReBe.C. HbLOO HbOO } j . HbOO
Key: m-alb = methaemalbumin present.
HbOO ¢ OXyhaemoglobin present.
HbOH = methaemoglobin present.

X See remarks on case No. 1, page 217.
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Remarks:

Case No.l. Showed the presence of methaemalbumin in his
pPlaama until his death. uwxamination of the
washed lysed red cells showed oxyhaemoglobin
except on the fifth day, two days before
death, when he showed what was interpreted
to be small amounts of methaemoglobin but
may actually have been methaemalbumin adhering
to lmproperly washed red cells. In theory,
differentiation between the methuemoglobin
and methaemalbumin should have been easy by

the use of Schumn's test, but in this cuse the

results were equivocale.

Case No. 2. In this case the plasma showed methaemalbumin
in the three specimens taken on separate days.
On examination, the lysed washed red blood
eorpuscles showed the presence of oxyhsemoglobin
absorption bands on the second and fourth days;
on the first day, however, the absorption bands
appeared to bs those of methaemoglobin. This
may have been methaemoglobin originally formed
inside the corpuscles, or may have been
methaemalbumin adhering to improperly-washed
cells.

One month later, the plasma showed traces
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of oxyhaemoglobin which is, of course, a

normal finding.

Case No. 3. Methaemalbumin was present in each of the
plasma specimens examined. The resultis were
doubtful in the fifth-day specimen.

The same remarks apply to the specimens of
lysed washed red cells as in gase No. 2, i.6.
the specimens all showed oxyhaemoglobin bands
except on the first day when the pigment found
may have been methaemoglobin or adherent

methsemalbumin.

Case Noe. 4. In this case cach sample examined of
plasﬁa showed methaemalbumin present, and each

sample of red cells showed oxyhaemoglobin.
Case No. 5. Findings as in case No. 4.

Case No. 6. In this patient the lytic process was very
short-lived and of mild degres. Only one
specimen of plasma showed methasemalbumin, and
all specimens of lysed cells showed oXyhaemo-

globin.

The results of the spectroscope exXaminations are of much

importance; they enable us to take the diagnosis of our

Cases one step further in that they show that in each case




the haemolysis was intra-vascular.

This at once narrows considerably the possibls

causes of the haemolysis.

The next table, figure No. 5 shows the degrees of
colauration of the plasma by circulating blood pigmentsa.
The estimate is a crude one, the standards being solutions

of varying quantities of red cells.
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Figure No. 5.

Plasma colour changes, measured against % equivalent

solutions red cells.

No. of days alter coming under
Case| Investigations obgervation with ? lysis R.B.Cs.
No. |made i |
1st ' 2nd | 3rd | 4th | 5th | 6th | 7th
1 |% equiv.sol. |
RBCY plzsma 1.2 | 0.8 0.9 l.1 | 045 1.8 ?
Blood count, ! 'S '
RBCs. millions 2464 2474 2446 1.96| 2.04| 1.32| 1.45
db. estim. % 48 48 47 40 41 30 27
2 |y equivesol.
RBCs plasma- 1.8 0.9 l.0
Blood count,
RBCS. millions. 208 1.9 3.22
Hb. estim. % 64 | 49 72
-
S ‘,U equiv. sol.
RBCs. plasma. 1e2 | 1.0 | 241 | 2.0 | 0.6 04
Blood count,
RBCs. millions. 2.76 2.5
Ho. estim. % 65 66 :
4. | equiv. sol.
RBCs. plasma. 0.6 | 0.8 | 0.2
Blood count,
RBCs. millions. 2435 2.89
Hb. estim. % 38 40
5. |% equiv. sol.
RBCs. plasma. 1.0 | 0.8 | 0.6 | 0.2
Blood count,
RBCs. millions. 217 1.8 1.7
Hb. estim. % 50 43 40
6. 1% equiv. sol.
RBCs. plasma. ?
' Blood count, |
}RBCS. millicns. 5.0 }
Ho. estim. 90 {

Transfusion 500 ccs. fresh blood on the day preceding this

red cell count.
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For ease of reference the red cell estimations and the haemo-

globin values are given in figure No. 5 also.

The figures in tuble Noe5 for the haemoglobin levels
in the plasma near to the times of lysis show thet the values
found by us are much lower than those reported by other
workers. This may be explained to some extent at least by
one dirference in technique. Yrowm the reports of other
workers it scems that the great majority used solutions of
red cells lysed in distilled water as the gauge for estimasting
the haemoglobin content of the plasma. The use of distilled
water would seem to give too high a value for the haemoglobin
content of the plasma, because such a method fails to make
any allowance for the other substances colouring the plasma,
€eg8e¢ bilirubin. To obviate this error, the red cell solutions
for odmparison were made up by lysing normal washed red cells
in a solution of tartrazine of strength equivalent to a serum
with an ieterus index of fifteen, i.e. a colour which would
eliminate the part playved by bilirubin in the colouring of the
Plasma. The tartrazine solution was matched against a 1/700
solution of potassium dichromate, which is roughly that of an
icterus index of fifteen. Varying amounts of red cells were
then added to this substratum to provide a range of coloured
Solutions against which our specimens of plasms were matched.
This test cannot be rezarded as anything other than approximate.

The matching was by direct comparison; no colorimeter was
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available.

In view of the wide margin of error which is
likely in tests such as this, our values in figure No. 5
are very approxXimate, although they were made as carefully

as possible with the equipment available,

It is to be seen from figure No. & that, roughly
speaking, the rises in the values of free blood pigment in
the plasma run parallel with the phases of lysis as indicated
by falls in the red cell counts. This will be further
confirmed when we correlate.the phases of hsemoglobinuria and

plasma haemoglobin levels; this will be done in Chapter V.

It is necessary at this point to discuss, in brief,
the red blood corpuscle, since any consideration of the
laboratory findings in haemolyses necessarily includes the

question of the red cell.

The Red Blood Corpuscle.

Compared with those of the living cells of the body,
the functions of the red cell appear simple; yet there is

still much that is not clear about the cell and its functions,

The opinions of Thorpe (1944) are typical of those
of the majority of workers. Thorpe states that chemically
it is convenient to picture the red cell as essentially a

droplet of a red sol enclosed in a membraneous bag, although
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no limiting membrane has been demonstrated histologically.
He suggests That the surface membrane may be formed by
surface concentration of a molecular layer of protein and
lipide (lecithin-cholesterol); this cell boundary behaves
like a membrane which is normally impermeable not only to
colloids but also to orystalloids, although it is readily
permeable to solutions of guses. It is further suggested
that the shape of the cell is determined by the stroma.

Another suggestion is that the red cell is not a

cell in the generally accepted sense, but is a gel.

Other workers who have discussed this problem of

the corpuscle and its functions include: Hvans, C.L. (1945)
stated that the red corpuscle has an external limiting pellicle
resembling that found in most living cells, being formed by

8 lecithin-cholesterol ccmpound, and it is the solvent power
of this which determines the permeability of the red cell by
foreign substances. Zinsser et alia (1944) hold much the ssame
opinion, stating that the permeability of the cell membrane may

change in various conditions and that part of the process of

hypersensitivity may be an incressed ability of the injurious
Substances to get into the cell. Whitby and Britton (1946)
Support the gel theory, when they state that when red blood
corpuscles are placed in normal saline they may be cut into

S8everal pieces without the escape of haemoglobin; therefore
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gaocording to this the mechanism of haemolysis is not
necessarily a simple destruction of the cell envelape.

Also, as long previously as 1929 Christophers was thinking
along the same lines when searching for a common exXplsnation
of the haemolysis produced by acids and bases. He regarded
the haemoglobin in the red cell to be present normally as a
gel, and suggested that acids and bases produce haemolysis
by an effect on the iso-electric point of the haemoglobin
and not by their effeet on the stroma. Haemoglobin 1is
normally a gel at the iso-electric point, and any oharge,
either positive or negative, tends to produce huemolysis;
this theory, therefore, holds that it is the haemoglobin
rather than the stroma which is chiefly concerned 1m
ordinary haemolysis. Whatever the explanation, "ghost"
cells are found in the blbod-stream following anyAintra;
vascular haemolysis; these "ghost" cells appear to be
haemoglobin-free protein remnénts of lysed cells. These
cell remnants will be more fully considered later in this
work, as some workers hold them to be a possible casue of

some of the more serious results of intra-vascular haemolysis.

In the absence of more precise methods of investiga-
tion, in any search for abmormalities in red cells, we are
limited to erude and unsatisfactory investigations like the
following: the behaviour of the red cell in a wet preparation,

the appearances oi the red cells in a stained film,
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the red cell count,
the haemoglobin estimation,
the fragility of the cell in hypotoniec saline,
the sedimentation rate,
and to certain related phenomena as bleeding

time and coagulation time.

These examinations were carried out on all of our
vatients; +the results are tabulated and discussed seriatim,

see below.

Our object in carrying out these tests and investi=-
gations was to establish whether or not any abnormalities
were present in the red cells of our haemoglobinuric patients
which would account for the development of this haemoglobin-
uria. 4 full haematological investigution was carried out
on each of our patients only after the beginning of the
haemolysis, and one serious oriticism which we cannot ignore
is that if any abnormalify is found in the haematological
éXaminations, then there can be no guarantee that this abnorm-
ality is not a cuase but an effect of the haemolytic process.

This will require to be kept in mind.

Red cell sppearsnces in wet films: the only abnormality seen
was a mild degree of clumping into masses of the
red cells, i.e. auto-agglutination. Spherocytosis

is said to occur, but was not seen in any of the
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specimens exXamined.
This auto-agglutination cannot be taken as

indicating any abnormality existing in the red
cells previous to the onset of lysis, because such
auto-agglutination is seen in many haemolyses in
whioh the red cell is not abnormal. Important work
has been produced in the last few years by Knisely
and various co-workers, e.g. Knisely et alia (19456)
and Xnisely et alia (1947); these authors have
found that in many unrelated conditions there is
found to be present an aggregation into masses of
the red cells; as a result of this a;gregation
the blood ceases to flow readdily and becomes what
the authors have termed "eirculating sludge". iven
trauma is capable of produeing this sludginé of the
blood.apropos of the last point, the authors have
suggested that in the case of crush injuries, the
crushing of the smooth and striped muscle releases
substances capable of diffusing in through the
vessel walls, and capable of reacting with the con-
stituents of the blood. This does not explain the
phenomenon of sludging in all the conditions in which
it has been found to occur, e.ge. in malaria where in
certain monkey experiments a thick glassy precipitate

was seen to form around the red cells all through
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the body simultaneously within twenty minutes. This
precipitate was thought to be fibrin.

Whatever the cause, we are Justified in presuming
that in our cases the foming of masses was not
necessarily an indication of any abnormality in the
red cells which had existed previously to the onset

of haemolysis and which could have been the cause of

the haemolysis.

Red cell appearances in stained films: from stained blood
films it is possible to identify in the red cells
chang:8 in the shape, the size, the staining reactions,
and to identify any nucleated or other early forms of
red cells., Leishman's stain was the one used in all
the films. In each case the original blood films, on
which the diagnosis of malarie had been made, were
available for comparison with the stained films made
at the time of lysis.

Our findings were that each blood film showed
abnormalities in the red cells except in case No. 6
in whom the lysis was very mild. In the remaining
five patients, during and immediately after the time
of lysis the blood films showed much irregularity in
the shape of the red cells, the picture resembling that

scen in s severe untreated case of pernicious anaemia.
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This abnormality of shape was not found in the
original blood films of the patients.
The size of the red cells also showed ochanges
which had only come on at the time of the lysis;
some of the cells appeared larger and some appeared

snaller than norxmal. There was no equipment

available for the measurement of the cells, and

therefore no figures can be given of the astual
sizes of the cells. The terms "larger" and

"amaller"™ are relative.

Figure No. 6 gives a summary of the findings so far disocussed;

it also includes the results of other exéminations which are

discussed later.

gt
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Figure No. 6.

Results of haematological examinations. (Red cells only.)

: Noe. of days after coming under observation
Case Hxaminations with ? lysis of RBCs.

No. made
1st 2nd 3rd 4th b5th 6th %®th one month

® ®
1 RBCs mllns/cmm 2,64 2.74 2.46 1.96 2.04 1.32 1l.46
Hb., % (Sahli) 48 48 47 40 41 30 27

Col.Index. 0.92 0.92 0.9 1.056 L.02 1.1 l.1
I{ean corp.vol. 102 98 100 100 98 101 102
Macrecytosis + ++ ++ ++ ++ ++ ++
icrocytosis + R e T =

Immat. cells few nn++ n++ n++ n+ n+ nt
Reticulocyte ;- 30 35 41 35 21 12 7

2, RBCS mllns/cum 2.8 1.9 3.28 6.0
Hb. i. (Sahli) 64 49 78 11
Col.Index 1.1 1.3 1.1 0.9
Mean corp.vol. 114 11 91
lagrocytosis + +
liicrocytosis + few
Imnat. red cs. few n
Reticulocyte % 6 8 0.5

é. RBCs mllns/cmm 2.76 2.5 3.0
Hb. % (Sahli) 65 66 90
Col.Index. 1.2 1.2 1.6
liean corp.vol 96 104 11
sacrocytosis  +t+ ++ »
Microcytosis = ++ few few
Imm.red cells
Reticulocyte 5% 14 21 1.5

4. RBCS mllns/omm 2435 2.89 4.46
Hb. ;. (Sahli) 38 40 87
Col.Index 0.8 0.7 0.98
Mean corp.vol 75 89
ldacrocytosis +
Microcytosis s

Imm.red cells _
Reticulocyte % 24 11
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Figure No. 6 (continued)

| No. of days after coming under obaervation
'Case Examinations with ¢ lysis of RBCs.
No. made 1

: 1st |2nd | 3rd | 4th | 5th| 6th | 7th | one month
5 RBCs mllns/cmm| 2.17!1.8 | 1.7 3452

Hb. 5 (8ahli) |50 (43 |40 ' 80

Col.Index 1l.181.3 1.3 l.14
1 llean corp.vol | 100 | 104
? Macrocytosis + : +

Microcytosis | few i | few

Imm.red cells | few ! | |

Reticulocyte 4| 15 ‘ ' 13
6. ‘RBCs mllns/crm| 5.0 5.3
. Hb. ;5 (Sahli) |90 | 108
| Col.Index 0.9 1.0
1 Mean corp. volp 90 96

Macrocytosis few |

iierocytosis |few |

Imn. red cells j

j#eticulocyte | 84D i | 0.5

L

i

Rey: t : very few: += abnormality present

++4+ = abnormality marked ; n = normoblasts.

"

% - blood transfusion 500 ccs. fresh blood given in
preceding 24 hours.
It should be noted that polychromasia has not been
mentioned in the above table. It was present immediately after
the onset of lysis in every case, and disappeared within a few

days of the stopping of lytic process.

It nss been noted in the preseding paragraphs that
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auto-agglutination and poikilocytosis were present in relation
to the lytic phases but that such appearances could not be
taken as proof of a pre-existing abnormality of the red blood
cell. This interpretation of the abnormalities, that they
were an effect and not a cause of the haemolysis, is also the
interpretation put upon certain abnormalities noted in the
above table. Abnormalities to be discussed in detail are:
variations in size of the red cells; immature red cells;

red cell counts; the percentage value of the haemoglobin;

the colour index, and the mcan corpuscular volume.

Variations in size of the red cells: it has already been noted
that variations were Iound in the shspe of the red
cells. With any significunt degree of poikilocytosis
there is always to be found some degree of anisoccytosisa.
This was so in the six cases under review. All the
patients showed deviations from the normal in the size
of their red cells. In all cases both macrocytosis
and microcytosis were present. ixact measurements
could not be made.

Neither macrocytosis nor microcytosis were so
consistently or predominantly present to permit of our
drawing any conclusions; these abnormalities in the

size of the red cells were not in themselves of any

gignificance.
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Immature red cells: the same remarks apply to the presence
of nomoblasts as were applied to the variations
in the size of the red cells. There was no form
of red cell seen more immature than the normoblast.
Normoblasts were found in small numbers in certain
of the blood films of four of the six patients;
the normoblasts when present were in numbers within
that to be expeceted immediately following any
haemolysis, especially with the marked degree of
reticulocytosis that was present in our patients

at that time.

Four examinations remaining to be considered are: the red cell
count, estimation of haemoglobin, the colour index, and the

mean corpuscular volume.

It is proposed to discuss these as a composite picture,

patient by patient, rather than value by value. Before we do
80 it is necessary to give a few notes on the techniques used

since there is much variation.

The red cell count was estimated in each case and on
each occasion by means of & standard Thoma type haemocytometer
using standard red cell pipettes; the blood was drawn at the

bedside and was counted within five minutes of being drawn.

astimation of the haemoglobin was made by means of a

Sahli h_emoglobinometer; this method was introduced by
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B

Sehli (1931): in it the haemoglobin is reduced to acid

i

hae&étin, then the solution is measured against a glass
gtandard after about helf an hour. Ve were never in a
position to check the readings of our glass standard. We
can only say that in a very large series of blood estima-
tions made on routine hospitsal patients we found the
average haemoglobin values to be ninety five per cent. We
were then living at a height of seven thousand feet; it is
presuned that our glass standards used in haemoglobin
estimation gave readings that were too low. The error is

of little importance in this investigution.

The colour index in each case is obtained from the
two above measurements, i.e. the red cell count and the
hsemoglobin value. The colour index is only an indicator,
and if either of the two measurements concerned are inexact

then the colour index is also inexsct.

The last of the four measurements is the mean
corpuscular volume. This is obtained by calculation, using

the formula given here:

m.c.v = Volume packed cells in ccs/1000 ccms blood ocm
Red cell count/millions per cmm.

The figure ior the top line was obtained by the method of
@introbe (1933). The result is expressed in cubie microns,

i.e. & .  Uhe nomal sverage mean corpuscular volume is
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about 86 c.pm , with a range of from 80-95 o.u .

Let us now consider our findings for these examina-

ticns.

Case No. 1.

Caze Ho. 2.

Qur resultsa show that the continued lysis over
geveral days led to a steady fall in the number
of eireulating red cells, this fall being un-
chesked by blood transfusion. The red cell fall
was accompanied by a parallel fall in haemoglobin
percentage; as a rcsult, the colour index varied
otnly slightly from normal, with an initial value
of C.92 and a value at death of 1l.1. This mild
degree ¢f swing towards macrocytosis was confirmed
Py a rise in value of the mean corpuscular volume,
whdeh resched a maximun of 102 G . Some re-
matrks on this will be made after the findings of

other ¢sses have been reported upon.

Shiowed a pieture similar to that of case No. 1,
wamely & maerked fall both in the red cell count
and i®m the haemoglobin values, with the colour
index §lightly above unity, and a mean eorpuscu-
la¥ voluwme significantly above normaly +the highest
valwe fo¥ HHe mean corpuseular volume was 114 Copd o

Within one month the red cell picture had
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returned to within normsal limits.

Case No. 3« The haematological findings here were as osase
No. 2, excepting that the blood regeneration
was poor, ©.g. one month later, and after heavy

parenteral dosage of liver the blood picture

showed only 3.0 million red cells per cmm. with
90% haemoglobin, and with a mean corpuscular
volume of 110 Of/‘ . This is more fully

discussed below.

Case No. 4. The findings in case No. 4 differ from those in
the three preceding eascse. Here we see that the
blood picture following haemolysis showed a
marked microcytic ansemia, with a low colour
index and with 2 mean corpuscular volume as low
at one time as 75 c.m .; even after one month's
treatment this tendency was still present to a

mild degree.

Case No. 5. Like the first three blood pictures, case Noe. &
- is that of a mild macrocytosis, with the colour

index above unity and with a high mean corpuscular
volume . Like Case No. 3, this patient proved

refrasctory to treatment; one month after re-

adnission he still showed only 3.52 million red
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red cells, with 80% haemoglobin and with the

mean corpuscular volume 104 o./; .

Case Nos. 6. In this patient the lytic process was mild in

degree and there was no significant change in the

red cell findings.

With the exception of the mild case, No. 6, and of case No. 4,
in each patient the lytic process produced an anaemis which was
asscciated with large heavily-pigmented red cells which had a
mean corpuscular volume abow e normal. The type of picture
produced, therefore, was fairly uniform; this must lead to a
consideration of whether this fairly uniform change, with
macrocytosis, is indicatiye of a pre-existing abnormality of
the red cells which abnormality may have played a part in the
production of 1lysis, or at the least may have rendered the
abnormal red cells more easy to lyse. Such a possibility
requires careful consideration because of the prevalence of
blood dyscrasias in the Tropics. A similar finding waa
reported by Fairley and Bromfield (1937) who found "megalooytic"

a8naemis in certain cases of llacedonian blackwater fever; the

8uthors then presumed that the cause was a deficiency in fooda

containing the extrinsic factor.

Both macrosytic and microcytic ansemias are very common

throughout India, and were found to Some extent in the pre-war
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army; this question of anaemia in the Indian srmy was the
éubject of a two-years investigation by me in Waziristan;
as a result of that investigation marmite became an issue
in Waziristan. In that investigation, from 1938, the
large ma jority of my patients were found to have macrocytioc
hyperchromic anaemia, a finding which has recently been
confirmed by Thomson and Freedman (1947), by Walters (1947)
and by Passmore (1947). The reasons for this "tropical"
anaemia occurring in the Army are well brought 6ut by
Thomson and Freedman, who describe conditions in a camp
near Razmak. In the passing it should be emphasised thuat
the deficiencies mentioned have now been supplied and that
the diet in the Indian Army now is satisfactory. Patwardhan
(1947) of the Indiun Nutrition Research Laboratories
deseribes the present-day diet as "adequate'. This change
in the diet, which took place in 19+%, may éxplain why
Hynes (1945) reports findings at variance to those of other

workers.

It would seem from the above, then that tropical
anaemia was quite common in the Indian Army at the time of
occurrence of the haemolyses in the six patients. But even
taking into account the faet that ansemiaz was not an uncommon
disease, we cannot presume, on the evidence given, that any

Or all of our six patients were suffering from such anaemia
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before the onset of lysis. In fact the macrocytosis and
the other related red cell findings in the four cases are
within the limits of the abnomalities to be found in any
acute lytic anaemia with fast regeneration of red cells;
the reticulocyte percentage estimations showed that fust

regeneration of blood cells was occurring in our patients.

Confirmatory evidence that marked anaemia was not
present in at least two of our patients before the onset of
lysia is found in patients Nos. 5 and 6 in whom blood counts
taken before the onsct of lysis were found to be within

normal limitse.

We may proceed with the discussion still of the
opinion that on the evidence as yet produced we are not
entitled to assume that there was any abnormality present

in the red-cell picture before the onset of lysis.

Other observations dealing with red cells which still
remain to be considered are: the sedimentation rate, Donath-
Landsteiner reaction, bleeding time, cozgulation time, and
the fragility of the red cells in hypotonic saline. In these
investigations any deviations from the normel will provide
less direct evidence of pre-existing red cell abnormality than

deviations in the haematological investigations already con-

sidered, out if found may serve as a pointer to further work.
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Figure No. 7 tabulates the results of the remaining

Figure No. 7.

Results of further haematological examinations.

Case| Mxamination | No. of days after coming under observation
No. | made ' for ? lysis R.B.C3. '
. lst ' 2nd  3rd 4th 5th  6th [ 7th [ 1 mnth
1 [Sed.Rate, ; :
mns. per hr 17 /46 67 72 59
DsLe test . Hege | ‘ Neg
Bleeding time : | ! |
(Duke) mins. | 1.9 4 | i
Coagotime ! i 1
(Wright)mins. | 3.4 8 | :
o saline to | | i ; | |
;_Lvse R.B.C8., Q.30 0.3# - . r
2 Sed. Rate 66 | 46 2
D.L.test Neg. i | leg.  Neg.
Bleeding time | 2.6 3.5 1 4.5
Coag. time 3¢9 6 ; 6
Vo sal. sol. 0.4 0°44£ 0.3
DeDe Test Neg . Neg.
Bleeding time | 2.4 3 ! 5
Coag. time 4.6 6 | 5
Lo sal. sol. 0.4 0.4 j 0.3
4, |Sed. Rate 78 14
D.L. test Neg. I Nege
Bleeding time 1.5 | 4
Qoag-time 3.8 5
3) sal. sol. 0.3b 0.3
5. |Sed. Rate 69 9
D.L. test Neg
Bleeding time | 2.0 1.5
Coag.time 5 246
;‘0 3310301. 0055 0'3
‘6. |Sed. Rate 25 4
' DeL. test Heg Heg.
Bleeding time | .0 - ¥
Coag. time. 4eb P 3.0
‘]_:7 sal. sole. 0.35 i N-‘Ot
~ | done.
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These findings are most easily considered seriatim.

Sedimentation rate: The rate of sedimenting of the red cells
serves as a rough method of measuring the rate of
destruotion of tissue, e.g. in tuberculosis. This
sedimenting of the cells is also acaselerated by
anaemia. The investigation 1s not a measure of
any abnormality of the red cell itself, but the
findings have been recorded here for completeness
sake. The method used was that of Wintrobe (19:3),
i.e. the figures given above are the rate of fall
of the red cells, the measurement being made at the
end of one hour. With this method the upper limit
of normal is accepted to be about 15 mms. fall in
one hour.

i‘he ssdimentation rates of the six patients are
considerably above normal. This marked aceeleration 3
in fall is only partly explained by the anaemia
present. A second factor explaining this accelera-
tion is the process of lysis which was present at or
immediately before the mezsurements were made. During,

£

this lysis there had been much destruction of body
cells. It is seen that the sedimentation rate had
returned to normal within one month, except in
patient No. 3 in whom the persistence of the fast

sedimenting is explained by the persistvent anaemia.
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The high sedimentation rates .re, therefore,
explained partly by the anaemia and partly by the
lytic process. ‘The high rates do not indicate
any pre-existing abnormality of the red blood

corpuscles.

Donath-Landsteiner reaction: This test was introduced by
Donath and Landsteiner (1904). The test has
already been mentioned, see page 126; when the
result of the test is positive it indicates the
presence in the blood of an autohuemolysin resulting
from infection by syphilis.

In our cases the reaction was negative on all

occasions.

Bleeding time: IEstimates of the bleeding time of individuals
are made to detect whether or not any scarcity of
platelets is present. The method used was a simple
one, that of Duke in whiech the test is that of
finding the time taken for the patient to stop
bleeding from a needle puncture of the ear; in
normal individuals the time taken varies from three
to five minutes.

In our patients the bleeding always stopped
within the nomal limivs, suggesting that there was

no shortage of blood platelets in the six patients.
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Coagulation time: Like the previous test, this investigation
is not a measure of red cell abnormality; 1t is
one more of the necessary investigations of any
full haematological examination. The measurement
is that of the time taken for blood to coagulate
after being drawn from the body. The method used
was that otf Wright, using a water bath with water
at 37°C. By this method the normal time taken for
blood to alot is not more than nine minutes.
Lengthening of the time taken is found in several
conditions, e¢.g+. in haemophilia, vitakin X short-
age due to liver disease, abnormal stability of
the platelets, etc.
In each of our patients the time taken for the

blood to coagulate fell within normal limits.

Fragility of the red cells in solutions of hypotonic saline:
Some of the above testsldo not have much application ;
to the problem under discussion, and have been
included to ensure that no svenue of investigation
was overlooked. This last test, red-cell fragility,
is important however, in that it has a prsctical ?
application to the matter in hand.

The ptinciple of the test is a simple one, nsamely
that of ascertaining howc%ar dilution of a saline

solution reguires to be carried vefore it is
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hypotoniec enough to lyse any red cells placed
therein. With normal red cells, lysis in hypo-
tonic saline generally begins in a 0.5% saline
solution; 1lysis generally is found toAbe complete
in hypotonic saline of strength about 0.3%

The importance of this test lies in its use in
detecting whether or not there is abnormal
fragility of red cells in a paitient, e.g. as is
found in acholuric jaundice and following burns;
by "abnormal fragility" is meant that the cells
areﬂlysed in saline solutions which do not lyse
normal red cells.

Pigure No. 7 results show that the fragility
of the red cells was normal in each one of the
six patients tested.

It is pointed out that, as is customary, we
tested only the fragility of the red cells in
hypotonic saline. Recently some authorities have
claimed that in certain conditions the fragility
of the red cells may be normal when tested against
saline solutions, yet may be abnormul when tested
against other substances; for exsmple Koy and
Kondi (1943) claim that in blackwater fever the
patient's red cells show increased fragility to

lyso~-lecithin although they arc normsl when tested

i
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in hypotonic saline. ‘his finding, if confirmed,
may later be linked with a lytic substance report-
ed by various authors to be present in the tissues
of the body and possibly to be concerned with normal
cell lysis. This problem is more fully discussed
in Chapter IX. It is only mentioned here. ie
did not test the fragility ot the patienta' red
cells to anything other than saline and cannot

exXpress any opinion on lyso-lecithin fragility.

This brings to a close the sumasry of these investigations
which directly or indireotly give information about the red-
blood corpuscle. A similar summsry will now be given of the

white cell findings.

The white-cell picture: So far in this chapter we have dealt
only with pigment changes and with red cell ch.nges
in certain conditionse. It is now proposed to
close the chapter by recording the total white-cell
counts and the differentisl white-cell counts, and
to see whether or not the figlires show any
significant deviations from the accepted normal
standards, deviations which may act as a guide to
the aetiology of the conditicn which produced lysis
in our six patients.

Figure No. 8 summarises the findings.
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White cell counts,

total and difrerentiasl.

1
—

Laet.cells

ase hxamination Ho. or days after coming under
No. |made observation with ? lysis RBCS.
1st | 2nd | 3rd 4th 5th 6th 7th 1 mhth
Total WBCs per omuyl1000Q 118600} 16000 12600
18200 17 00 13400
DLC. neutrophils i 61 88 90 48 79 80 81
eosinophils | 3 1 1 1 1.5 1
basophils ” 2 1 1 1 0.5 1
lymphocgtes jo| 19 T 4 5 186 13 11
monocytes » 15 4 4 b 4 5 6
Immat. cells lieta idyel liyel liyel Myel Myel Ilyel
. : |
2 Total WBCs per cum|7800 8200 7600
DLC. neutrophils | 60 67 79
eosin. e, 6 5] 1
baso. 70 1 f 1 2
lymph. Yo 24 3 19 14
mono. % 9 : 8 4
Immat. cells i
! Lo i T
3. | Total WBCs per cmm|8400 6000 ’ 7200
DLC. neutrophids ;| 80 66 61
eosin. 7 1 & 7
baso. /o 1 1 1
lymph. % 14 28 23
mono. ye 4 ] 8
Inmat. cells Meta | Mono
, -
4 | Total WBCs per omm - 7200 8600
DLC. neutrophils p 7% 50
eosin. p 1 4
i baso. Vi 1 2
| lymph. 7 | 20, 38
3 mono. v § 5 6
lImmat. cells § Meta,
; I Z
5. Total WECs per cumm 6600§ 7000
|DLC neutrophils | 61 . 64 |
| eosin. % 3, ¢ 2
| basoc. %' 1 2
‘ 1ymph. P B3 28
mono. 7 2 4




246.

Figure No. 8 (continued)

No. of days after coming under

Case |@xamination observation with ? lysis RBCs.
Nos |made Ist [ 2nd | ord |4th |bGth [ ®th| Tth| I mnthp
. |Tot WBCa pe .
6 otal \{BCsogn;r 8000 8600
ILC. neutr. % 67 63
eosin. p 1 2
baso. % 1 1
mono. o 6 4

Immat. cells:

Key: D.L.Cs mdifferential leucocyte counte.
lleta. = metamyelocytes

fyel.

Mono. = immature monocytes

myelocytes.

[

¥ = few in number
+ = present

4+ + = moderate numbers.

In each differential count not less than 200 white cells were
counted.

The figures given in the above should be compared

%with the normal values. The figures given by Osgood et alia

(1939) are tyvicsl of those generally accepted. The values

are given in figure No. 9 below.
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Figure No. 9.

Normal values, total and per cent. of the white cells of

the blood.
|
- Type of cell totals per cub.mm. | percentage
|
Polymorphonuclear neutrophils| 1500 ---» 7500 33 --> 75
n eosinophils 0 -==» 400 0 --> B
" basophils 0 -==» 200 0O -=-» 2
phooytes -——> -=3 60
Lymphooyt 1000 4500 15 6
ionoaytes 0 --=» 800 0 == 9

Figure No. 9 shows the findings in the usually-
accepted nomenclature of the white cells, i.e. the granular
cells, with its three subdivisions, and the lymphocytes and

the monocytes.

Pstient No. 1 is the only individual of the six in
whom the white cell findings showed a significant deviation from
normal. In this patient,the only fatal one, there was found
8 marked increase in the total white cells; the marked increase
began almost immediately after the lysis hed started and per-
sisted throughout the last days of the patient. In addition
to this absclute increase in the total count there was a
relative increase in the neutrophil leucocytes of the blood;
in other words the white cell picture showed a polymorphonuclear
nNeutrophil leucoecytosis from The begianing of lysis until the

deatn o: The patient. Yhis type of picture is one commonly
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found in sepsis; the only explanation for its being found
in this patient, and in none of the others, is that this
particular change was probably produced by the pneumonies

process which was found to be present in this patient in the
last days of his life.

In the other patients the findings were within the
limits of normal; this in itsely may be significant; each
of the six patients was under treatment for malaria at the
time of onset of the haemoglobinuria, and one question to be
discussed later is whether or not malaria was still present in
an active form, and whether the malaria played any part in
the production of the haemoglobinurias. spropos of this,
-there is general agrcement that one of the findings in any
attack of malaria is a monosytosis, e.g. Stephens and
Christophers (1904) consider that a figure of over fifteen per
cent mononuclears in the absence of kala-azar is diagnostic of
malaria, and this is the general opinion in luter reports. The
function of these monocytes is thought to be concerned with the
engulfing and destroying of malaria parasites, e.g. Nocht and
liayer (1937) confirm the very old observation that monocytes
may engulf whole parasites. TWhatever the function of the
Donocyte, its presence in a markedly-increased degree appears
%0 be a constant finding in active malaria. But in our patients,

88 shown in the differential counts in figure Ho. 8 there was no
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monocytosis; +this point should be noted for future

reference.

From all the above investigations two important
findings seem to be evident; these are:

1, In each patient the haemolysis was intra-vascular.
Ihis considerably narrows the field of likely
causes of the haemoglobinurias.

2. There is nothing to suggest that there had been any
pre-existing abnormality of the red cells which may
have played a part in the production of the lytic

process.
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5UililaRY. CH.PDER IV.

At the end of Chapter III the diagnosis of the
8ix cases of haemoglobinuria had not been advanced beyond
the estaplishing that in each case there had been haemolysis;
there still remain the problems of the site of the haemolyses,
e.gs intravascular or reticulo-endothelial, and the cause

or causes of the haemolysis.

fhe next step, therefore, in the establishing of a
diagnosis is that of establishing the site of the haemolysis,
since by doing so we should thus greatly reduce the number
of conditions requiring to be taken into account in the

differential diagnosis.

In the establishing of the site of the haemolysis
the laboratory findings are of primary importunce, and it is
to a consideration of certain of those findings that Chapter IV
is devoted. The particular laboratory findings wnich have
been dealt with in this chapter include those related to the

blood and to the blood cells. These are summarised below:

Blood pigments: the study of the blood pigments is the study
of haemoglobin and its derivatives, The
function of haemoglobin is the transport of
oxygen to the tissues, and haemoglobin possess-

es certain distinctive properties which enable
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it to do so. It is a conjugated protein,
made up of a porphyrin-iron portion (haem)
plus a protein of the histone class (globin);
this protein moeity makes up more than
ninety-five per cent of the hasemoglobin
molecule; the reactions of the haemoglobin
molecule suggests thst it is a compound
molecnle, with molecular weight about 68,000,
made up of four molecules of 17,000 in which
the iron is held linked to nitrogen atoms.

This blood pigment haemoglobin is apparent-
ly synthesised in the body from simpler
substances which include a porphyrin compound.
Porphyrins are substances with a marked ability
to combine with metals and proteins, hence
their presence in the haemoglobin molecule.
The porphyrin derivatives of importance are
the series III derivatives, so~called because
they are the third of four possible derivatives;
these series III derivatives are tetrametnyl
porphyrins with the methyl groups in positions
1, 3, 5, 8, see plateXII, page 113. Porphyrins
of series I. are tetramethyls with the methyl

groups in positions 1, 3, 5, 7. This latter

type is found in small amount as a side-product
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in the synthesis of haemoglobin, and is
found in excess in certain pathological
conditions.

Porphyrin III, although a stage in the
synthesis of haemoglobin, is not a stage in
the degradation of this pigment; therefore
when found in the excreta in anything more
than the normal minute amount it probably
indicates a blocking of the synthesis of
haemoglobine. On the other hand a derivative,
coproporphyrin III, is excreted as a product
of the breakdown of certain abnormal blood
pigments, e.g. methuemalbumin.

The most important of the series III
porphyrins is protoporphyrin III; when treat-
ed with a ferrous salt this substance forms
haem, the pigment portion of haemoglobin; the
formula for hsem is given on plate XIII page
160.

The types of compounds which protein may
form with haem are:

haemochromogens; 1i.e. denatured protein

linked to iron.
haemalbumin ;7 1.e. native albumin linked
only to the porphyrin

oY haeme
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haemoglobin : i.e. protein bound both to
the iron and the
porphyrin of haemn.

The various relationships of the pigments
are shown on plates IV and iV, pages 144 and
170.

Free circulating haemoglobin is not found
in the blood except in minute amount; when
present in any amount in pathological conditions
it is treated by the body as a foreign sub-
stance.

Oxygen is transported to the tissues by the
haemoglobin in the form of oxyhusuemoglobin, a
loose union of oxygen and haemoglobin with the
iron in the ferrous state. there is another
oxide of hsemoglobin found in very small amount
in the blood of normal individuals, namely
methaemoglobin; in this, however, the union
is a stable one, with the iron in the ferric
state; this small amount of methaemoglobin is
thought to be in equilibrium with haemoglobin
in the normal individual; this equilibrium is
upset in the rare condition of familisl idioc-
pathic methaemoglobinaenia.

‘ransport for the oxXygen-bearinz haemoglobin
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is provided by the red cell; the method of
carriage of the haemoglobin in the red cell
is not yet fully understood. Yhe red cells
undergo severe buffetting in the performance
of their duties; they are thought to have a
life of about one huﬁdred days. There are
three ways in which the red cell may be
deatroyed; destruction by the cells of the
reticulo-endothelial system:

destruction by huemolysis; and
destruction intra~vascularly by
wear and tesar.

The first was thought to be the method, but

recent work suggests that the reticulo-endo-
thelial system may be the graveyard and not
the slaughterhouse; this problem is not yet
settled.

In the metabolism of haemoglobin in the
normal body the degradation of it follows a
different pathway from that of the synthesis,
€e8e a8 already mentioned, porphyrins are not
produced during the degradation of haemoglobin;
it is suggested that this degradation of haemc-
globin (which takes place in the reticulo-

endotinelial systeunl begins by opening of the
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porphin ring, see plate XIJI.,page 11l3; the
next stage is removal of the protein and a
rearrangement with loss of iron. The iron
is conserved as haemosiderin; the end-result
of the degradation is bilirubin, plate XIII,
pagae 160. There is, however, an alternative
route of breakdown, via the porphyrins, but
this route is only brought into operation to
deal with abnormal pigments such as methaemal-
bumin.

Bilirubin, the end-product of the degrada-
tion of haemoglobin, is withdrawn from the
blood-stream by the liver cells, and is
exXereted in the bile; a small amount of the
allied pigment biliverdin is also present in
the bile. During this passage through the
liver cells the bilirubin undergoes some
change, probably physical, and the two types
of bilirubin, thet which has not passed through
the liver and that which has passed through
but has found its way back to the blood, can
be differentiated by the van den Bergh reaction.
This reaction, therefore, enables a distinetion

t0 be made between the high blood level of

biliruoin due to over-producticn (producing
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"retention jaundice") and the high blood

level due to liver malfunction (produsing
"resorptive Jjaundice"). In the second

%ype of jaundice the~high blood bilirubin

is acaompanied by a high lewel of bile-salts,
which is not the case with the first type of
jeundice. The vun den Bergh reaction may
be used quantitatively, the unit being 0.5
mgmse. bilirubin per 100 ccs. plasua; the

use of this quantitstive estimation shows
that the kidney threshold for unchanged
bilirubin is about 20 units, compared with
the low kidney threshold of from 5-8 units
for bilirubin which has passed through the
liver and has been regurgitated into the
blood-stream. This finding has some practical
importance.

In a short note on Jaundice which was inter-~

polated at this point, it was seen that jaundice

is the result of a staining of the tissues
by yellow bilirubin; this takes about twenty-
four hours to appear afterlthe Sserum bpilirubin
has reached the critical level.

The ictérus index is another cuantitetive

test for the messurement of blood bilirubin
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level; this estimation is by a matching of
.the serum against a colour standard, in
which the standard is a 1/10,000 solution of
potassium dichromate; the index of the serum

is the number of dilutions of the unknown

serum which are recuired before the colour

of the serum matches the standard; the index
of normal serum is not wmore than six; overt
Jaundice is found with icterus index vaulues

of more than fifteen. This test is seriously
interfered with by any ingra-vascular hsemoly-
gis and therefore was not of any use in our
investigations.

The bilirubin passes to the large bowel
without incident; there it is reduced by
bacteria with the production of urcobilinogen
(stercobilinogen), plate XIII, page 160; in
turn this pigment dhanges to brown urcbilin
by oxidations It is urobilin which colours
the stools. Part of this urobilinogen is
re-absorbed in the large bowel, and reaches
the liver; again the liver cells pass this
out, either as urobilinogen or as bilirubin;

a small amount oif this re-absorbed urobilinogen

escapes excretion by the liver and is
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exereted in traces as urcbilinogen by the
kidney. This urinary urobilinogen becomes
urobilin on standing. Bilirubin does not
nomally appear in the urine. 4ny significant
inerease of serum bilirubin keeps the liver so
fully occupied that much larger quantitics of
the re-absorbed urobilinogen escape re-exsretion
by the liver, with resultant marked incresse in
the level of urinary urobilinogen; even bili-
rubin may appear in the urine when the serum
bilirubin level is high, esnecially when some
of the bilirubin is of the regurgitated type.
Hence bilirubinurias occurs much more reaudily
with resorptive jaundice then with retention
Jaundice.

Increase@ red cell destruction leads both
to quantitative and qualitative changes in hsemo-
globin derivatives. The two abnormmal blood
pigments which may be found in such cases are

methaemalbumin and methaemoglobin.
As already recorded, methaemoglobin is found

in minute amount in normsl individusls; it is
commonly found to be markedly increzsed in the
red cells after the ingestion of certsin toxic
substances. This pigment is brown in colour,

with physical properties very similar to those
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of methaemalbumin; it is essentially an
intra~-corpuscular pigment, however, whereas
methgemalbumin is never found inside the red
cells., Another important distinction between
the two is that methaemalbumin is never ex-
creted by the kidney, in contra-distinction to
the ready exoretiocn of methaemoglobin by the
kidney. Plasma and serum have the power of
producing methaemalbumin from methaemoglobin
or from haemoglobin. In this discussion it
was noted for future reference that although
plasmoquine is one drug with marked ability
to produce methsemoglobincythaemia it does not
do so in the very small dosages that were
administered in our six csses; none of the
8ix patients showed cyasnosis except Noe. 1.
In patients with methaemoglobincythaemis the
pigment conversicn is not uniform throughout
all the red cells; it is a moot point whether
cells showing methasemoglobin are more readily
laked than normzl cells.

Methaemalbumin is formed only when haemo-
globin is circulating free in the plasma; this
former pigment is never found in the blood of

normal individuals. In physical properties it
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S0 closely resembles methaemoglobin that it
was not identified until 194. It is always
formed in the plasma in any intra-vascular
haemolysis of other than minimal degree.
The discovery of this pigment was the first
satep bowards solving what happens to the
haemoglobin which is freed in haemolysis of
red cells. ZPreviously much of this freed
haemoglobin had been unaccounted for; only
a fraction of it had been identified in the
urine, and only a fraction of it had been
converted into bilirubin, Obviously ex-
cretion of freed huemoglobin by the kidneys
represents loss of iron, hence although the
body regards free circulating heaemoglobin as
a foreign substance, the kidney has a high
threshold value for it; this is a line of
defence against the too-ready escape of iron.
And the formation of methaemalbumin is one
more form of defence against iron loss, since
it cannot be excreted by the kidney.
Methaenalbumin is probably formed by the
haemoglobin éplitting invo globin and hsen,
with a linking-up of the haem with plasma
albumin. i‘he eassiest method of differentia-

tion of methaemslbumin ana methaemoglobin is
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by Schumm's test.

It has already been noted that the mode of
formation is not yet fully established; this
can also be said of the mode of degradation.
This degradation follows a different course
from that of haemnoglobin, and in it ocopro-
porphyrin III is a product.

At this point a short note was given on
Jaundice. It was emphasised that the degree
and onset of jaundice differ markedly in the
two types of hyperpilirubinaemia, occurring

more quickly and more deeply with the

resorptive type of bilirubin; as an example
of a blood-destroying diseuse which prodauccs
jaundice, chronic malaria was quoted; in
this dieecase there is both intra-vasculear
and reticulo-endctherial haemolysis, and as a
result such patients show low-grade jaundice
with muddy complexions; in fact, with
falciparum malaria the plasma haemoglobin
levels may be as high as 50 mgms. per cent.
This haemolysis and secondary changes can be
prevented by early and adequate treatment,
e.ge one author reports only tventy-four

cases of malarisl jaundice in 8837 cases of
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malaria,

This finishes the summsry of the general
discussion on plood pigment changes in the
normal individual and in patients with intra-
vascular haemolysis. The relevant tindings
in the Ragmak cases are discussed seriatim

below,.

a. van den Bergh reaotion: the Razmak cases showed surprising-
ly low values for the van den Bergh quantita-
tive estimations, although jaundice was
present in each of the patients and was marked
in some; this suggested that some of the

circulating bilirubin was of the resorbed tyve,

due to liver damage.

bs Jaundice: every patient showed Jjaundice at some time or
A another after the beginning of hsemolysis;
there was no direct relationship between the
degree of the jaundice and the degree of red

cell lysis.

¢. Ieterus Index: this test depends upon a colour-matching

and is invalidated by intra-vascular haemolysis.

d. Spectroscopic analyses:
l. plasma: in all cases the plasma showed

metnaemalbunin tc be present.
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2. washed red cells; when washed red cells
were lysed, cases Nos. 1, 2 and 3
showed ? methaemoglobin; this may
have been adherent methaemslbumin.

The results of the spectroscopie examinations

enable us to state that in our six patients

the haemolysis was intra-vascular.

e. ZISstimation of the degree of plasma colour change due to
haemoglobin: solutions of red cells in tartrazine were used

as standards, with which were matched the
colours of serum specimens. Tulis was a crude
test and the results were of doubtful accuracy.
They showed that the plasma contained h:uemo-
globin in solution in amounts never more than
that equivalent to a two per cent solution of

red cells.

f. The red blood corpusele: in each of our patients certain
investigatibns were carried out on the red
cell and on various related problems; the aim
was to establish, if possible, whether or not
any abmormal findings were present such as
would suggest that pre-existing red cell
abnormality had been the cause of the hasemo-~

globinuria in our six patients. among the
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Red cell appearances in the wet films; in
each of the patients the wet prepurations
sh;wed clumping of the red cells; this
appearance is also found, however, in
patients suffering from wvarious conditions
in which the cause of the disease is not

an abnormality of the red cells. dccording-

ly, the agglutination which was seen in the

red cells of our patients is not of itself
an indication that red cell abnormality had
existed previous to the onset of the huemo=-
globinuria.
Red cell appeusrances in the stained films;
with the exception of patient lo. 6, stained
films of all the patients shoved much
poikilooybosis and anisocytosis which had
not been present in the original blood iilms
ﬁhioh had been retained after the original
diagnosis of malaria. Polychromasis was
also found, together with small numbers of
normoblasts.

In all the cases however the stained

film appearances were not different from that

wiich would be found immedistely following



265,
upon any severe intra-vasculsr haemolysis;
these appearances certainly cbuld not have
been taken to indicate that there had been
any pre-existing abnormality of the red cells

3. Red cell count, haemoglobin estimation,

colour index and mean corpuscular volume,

are all considered together because of
their inter-relationship. With the excep-
tion of patient Wo. 6 in whom the lytic
process was short and mild, each patient
showved an ansemia as the immediate result
of the haemolysis. ‘his anuemia wus
&lways associated with large he.vily-
pigmented red cells, and with & high mean
corpuscular volume. i‘his type of picture
is to be found in patients suffering from
intra-vascular hszemolysis of any aetiology
and therefore is not necessarily indicative
of red cell abnormality present vefore the

onset of the haemolysis.

8+ Related investigations:
le Sedimentstion rates; markedly increased in
all patients, due probably to the lytie

process and to the severe anaemia present.
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Donath-Landsteiner ieaction; negative in
each case proved =180 by the negutive
serological reactions for syphilis.
Bleeding time; normal in each patient.
Coagulation time; normal in esch patient.
Fragility of the red blood corpuscles; the
fragility of the red cells was tested
against hypotonic saline; in cuch of the
patients the cc¢lls did not show amy
inereased fragility to the saline solutions.
Unfortunately the fragility of the cells to

lyso~-lecithin was not tested.

The above investigations, direct and indirect show that

there is no proof that there existed in any patient any

abnormality of the red cells which may have played a part

in the production of the haemoglobinurias.

g+ White cell picture: in the total and differential counts of

the six patients the only abnormality noted was a

polymorphonuclear neutrophil leucocytosis in

patient No. 1. This "septic™ type of white cell

picture in this patient was probably the result of

a broncho-pneumonic process present during the last

days of the patient's life.

‘he only c¢ther significant finding was that there

was no inerease, total or relative, in the monocytes
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of any of the patients. ‘his negative finding
is one pointer suggesting that sctive malaria
was not present in any patient at the time of
onset of the haemoglobinuria. This 1is noted

for future reference.

From all the investigations in this chapter it is presumed

therefore that:

l. The haemolysis was intra-vascular in each

patient.
2. The lysis in the six patients was not dune to

a pre-existing blood dysorasia.
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CHAPLLR V.

Renal Lesions in Intravascular Haemolysis.

The Physiology of the Kidney:

Gamble (1937) sums up the performance of the normal
kidney by saying that the description of the kidney as an
organ or excretion 1is very inadequate. If removal of waste
products were the kidney's only function a much simpler
mechanism would be sufficient. Gamble stresacs that the
complicated functioning of the kidney, with its consequent
complex design, is necessary for the produetion and mainten-
ance of the extra—cellular‘fluid which is of such vital
importance for the continuation of intra-cellular processea.
This "constancy orf the internal environment" is obtained by
selective re-absorption from the glomerular filtrate. Best
and Taylor (1943) give details of this complicated structure
necessary for the maintenance of the internal environment.
The functional unit is the nephron of which there are esti-
mated to be about one million in the human. The components
of the nephron are an invaginated glomerulus and the renal
tuoule. The renal tubule has several clearly demarcated
divisions, these being the proximal convoluted tubule about
Iourteen millimetres long; the loops of Henle with descending
and ascending portions, totel length about sixteen millimetres;

and the distal convcluted tubule about .ive millimetrss long.
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Thesc componenti portions diffcr in the character of the
component cclls, and on the basis of the fact oif structure

usually subserving function, the éomponents are held to difrfer
“in their functions. The blood supply to the kidney is unusual
in certain respects, e.gs the blood is delivered to the glomeruli
at high pressure and by large afrercnt vessels, whereas the
efferent vessels are small. ~Gamble (1947) suggests that about
one=quarter of the total cardiac oufput ver minute passcs
through the kidney per minute. Smith, HeW. (1943) estimutes
the amount of blood passing through the kidney each minute to

be about twelve hundred millilitres which 1is close to the
estimate of Gamble's; John Shaw Dunn (1940) suggested a con-

servative estimate of 1080 litres of blood to pass through
the kidney in twenty-ifour hours. The sutonomic nerve supply
to the kidney does not appear to give any secretory fibres to
the kidney cells. Such effects upon urine formation as do
ocour on stimulstion of the renal nerves are nrobably the
result of vascular changes. This question of the blood flow
through the kidney hass recently come into prominence, and is

more fully discussed belowe

Hormones also play some part in the control of kidney

fuhction but cannot be discussed in this section.

lHodern theoriss on the control of kidney function are

largely based on the work of Cushney who considered the two
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ma jor factors operating to be blind physical force, glomerular
filtration, and the vital aetivity of selective re-absorvtion
of the kidney tubules. In Cushney's opinion the process at
work in the glomeruli is that of simple filtration; variations
in pressure cause alterations only of voluwae NOT variations in
the composition of the filtrate. The diastolic is the
important pressure; much of this pressure is expended in
overcoming the antagonistic effects of the plasma protein
pressure and of the intra-capsular pressure; gencrally
speaking a pressure of forty millimetres of mercury remains
as the effective available pressure. The strongest evidence
in favour of the above is that by special technique, e.g.
the work or Richards (1988), 1t has been found possible to
draw off fluid from Bowman's capsule and to analyse this
fluiqd; the fluid so obtained is found to have the composition
of protein-free plasma. Foy, altmann, Barnes and Xondi (1943)
consider that one of the most importasnt factors in the produc-
tion of urine is the body fluid intske. The average daily
output of waste by the kidneys is about thirty-five grams;
the authors suggest that the minimum fluid to exerete this,
€ven when the urine is strongly concentrated, is about 500 ccs.;
this is probably an under-estimate, the figure being nearer
900 ccs.; as has already been said, the chief factor in the
transudation through the glomerulus is the hydpostatic pressure

in the capillaries; where this exceeds that of the colloid
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pressure of the blood, rluids will pass out of the capillaries;
it follows that changes in the hydrostatic pressure and in the

osmotic pressure will cause changes in the amount of filtrate.
This effect of the colloids can be shown by the escape of
fluids wnen protein is defiecient; +the colloid osmotic pressure

is largely due to the proteins.

Tubular re-absorption is the second of the two factors
at work; +this is the vital function of the kidney and ocan
only be explained by specific activity on the part of the
tubule cells. Obvicusly there is re-absorption of fluid and
of contents since the filtrate bucomes greatly reduced in
volune in its passage down the tubules, and the composition
changes by selective re-absorption of certain substances 1in
whole or in part. Certasin of the substunces are clussed as
"high threshold substances" and others as "low threshold
;ubstanees". i‘he high—thréshold substanceé are those of use
to the bod&, e.g. amino acids, sugars and bases, which only
"spill over" into the urine when the concentration in the
5100& is abﬁormally high. fThe low-threshold substances are
largely excretory products of little importance to the function-
ing of the vody; such include urea. It is estimated that
ninety-nine per cent of the filtrate is re-absorbed in the

tubules. The cells of the tubules are also reported to have

the power of excreting ceriain substances into the lumen of
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the tubules, shown best by experiments with diodrast; this
last funetion of the tubules is of little practical import-
ance. One lmportant problem is whether there is selective
re~absorption at different divisions of the tubule. Best
and laylor (1943) consider that there is active re-absorp-

tion of sugar and sodium in the proximal tubule, together
with what they call "passive re-absorption" of about twenty

per cent of the water. Agtive re-absorption of most of
the water is said to take place in the ascending part of
Henle's loop and in the distal convoluted tubule; this
question is more fully discussed velow. Chlorine and base

are also absorbed along this portion of the tubule.

One other important problem is that of the plasma
proteins. Plasma proteins are molccules of relstively large
size, yet in certain conditions they are found to be present
in the urine, very often in amounts which vary inversely to
the size of the molecule. One suggestion is that certain of

the pores of the glomerulus are large enough to allow the
Passage of relatively large molecules, e.g. lonke and Yuile

(1940) state that three per cent of the glomerular pores are
large encugh to allow the passage of undissociated compound
haemoglobin molecules which have a molecular weizht of 68,000.
This is alsc the moleculer weight of serum albumin.  These

Workers further state that the passage through the pores is



273,
governed by an electric charge on the pores; this charge
normally prevents the escape of protein. One finding in
favour of the theory of pores is that normal urine contains
ninute traces oif protein. As long ago as 1895 lloerner
demonstrated this minute amouwmt of protein, and suggested
a limit of 78 milligrams per litre in normal urine; such
amounts are not detectable by ordinary clinicecal methods.
Proteoses are sometimes also found, e.ge in anaphylsotic and
other conditions as suggested by Oriel and Barber (19Y30).

The minute traces of protein in normal urine, like the great
bulk of the proteins in proteinuria, enter the tubules via
the glomeruli. This seems fully proved by the interesting
work of Bieter (1931) who failed to produce proteinuria in
those fishes whose kidneys do not contain glomeruli.

Fishberg (1934) agrees that the evidence is very strongly in
favour of molecular size being one of the important determin-
ants of whether or not a circulating protein passes through
the healthy kidney into the urine. He also considers that
the evigence equally favours this view in cases of albuminuria,
€+g¢ "the predominant ‘mechanism in the causation of albumin-
uria in renal disease is an increase in the permeability of
the kidney to blood protein which results from injury to the
glomerwlar membrane™; it is not known, however, Jjust how
injury to the glomerular filter actually produces increase in

the permeability. The sbove notes do not apply, of course,
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to the cases of "false" albuminuria where the protein is added
to the urine aftér it ieaves the kidney, e.ge as in inflamma-
tion to the urinary passages. As ye¢t there is no definite
proof to support the theory that a greater or lesser number
of pores are big enough to allow passage of molecules up to
about molecular weight of 68,000. Neither is there any
support yet for the refinement whieh suggests that the permea-
bility of such special pores is controlled by an electria

charge.

One other theory which does not attempt to explain
the passage into the urine of proteins in general but is
concerned only with the passage of haemoglobin in the urine
is that which suggests that a certain proportion of haemo-
globin molecules may dissociate from haemoglobing to
haemoglobiny; this would bring the much smaller components

Practically within the limits of glomermlar permeability of
about 15,000 as suggested by Yuile and Clarke (1941).

At present the position is that there is no satis-

factory explanation of the phenomena of proteinuria.

The last part of this short note on kidney function
and structure is by nc means the least important part; in
fact it may well prove to be the most important; this portion
is that dealing with the circulation of the blood through the

kidney, This has been brought sharply into Zocus in recent




275,
ycars by Trueta and various co-workers; the more important
relevant references are given below. These workers them-
selves poiut out repeatedly that for over one hundred years
there have Dbeen recorded isclated observations adumbrating
their work, but in each case the significant observation or
finding was not followed up. It is interesting to look bugk
over that century and see how the significance of certain
observations appears to have escaped notice. Irueta and his
co=-workers report a number of such observations; the first
group are those suggesting that there is a central nervous
system control or partial control of produetion of urine.
e.ge Laycock (1838) talks of hysterical anuria.

Charcot (1877) considered hysterical anuris to be the
result of a central nervous system inhibi-
tion of urine production.

Plehn (1903b) claimed that in blackwater fever the anuria
is certainly of cerebral origin induced by
the toxic properties of metabolic and
retention productse.

Porak (1918) strongly supported Plehn's xiew.

Neuwirt (1922) reports "reflex anuria in relation to
a left-sided renal colic.

Barrenscheen and Glaesner (1923), talking of a twenty-
four hours anuria following quinine ad-
ministration in s patient, suggecsted that

this snuria could be explained as a reflex
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spastic condition.

There are many other similar reports; Fishberg
(1944 ) for example suggested that the albumihuria following

epileptic fits may be the result of angiospaam.

Hints of the possible implication of altered blood
supply to the kidney in the production oi certain cases of
anuria might also have been obtained from the reaction of
such cases to certain lines of treatment, the rationale of
which abviously was not understood at the time; e.g.
Wallace (1921) suggested rectal irrigations in the treatment

of blackwater fever;

Neuwirt (1922) produced diuresis by splanchnic block in a
casa of reflex anuria following left-sided
renal colioc;

Ross (1932) suggested lavage of the renal pelves in the
anuria of blackwater fever;

Peters (1942) desoribed a case where splanchnic block was
deliberately used in the treatment of anuria
following haemolysis; this was repeated by
0'Sullivan and Spitzer (1946); spinal
anaesthesia as a treatment was suggested by
the results obtained by Dobbs (1947);

Lyons and Raines (1945) suggested that the succesa got

with decapsulation of the kidneys for anuria,
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a treatment lmown since the early nineteen-
twenties, may be due not only to the relief
of tension but also to the removal of tonic
nerve fibres; Abehouse (1945) supported

this view,

Still further observations of signifiocance included
certain findings concerning kidney structure and blood supply;
such findings go far back,
eege Bownan (1842) noted that in the human the juxta-

medullary glomerull are larger than the
cortical glomeruli;
Bernard (1858) was the first to describe red blood in

the renal veinsa.

lMore recent findings are those of:

Dunn and Montgomery (1941) in discussions on a heterogeneous
group of cases showing renal necrosis,
noted that the arrest of the circulation
was incomplete in the proximal part of the
interlobular arteries, and they went on to
make the significant remark that this is
due to the easier escape of blood through
the deep glomeruli whose efferents pass

not to the cortsx but by short routes direct

to the medulla; ilsegraith and Findlay

(1944 ) supported this, and suggested that




278,
one faoctor which may play a part in the
production of oliguria in blacikwater fever
is a redistribution of the intra-renal
blood flow, with depression of glomerular
filtration;

Maegraith and Havard (1946) went further when they claimed
that in certain conditions producing renal
syndromes similar to bluckwater fever there
is a reduction of the renal blocd i1low and
a redistribution ol the blood flow within
The kidney, with resultant failure of the

glomerular flow and with resultant anuria.

By this time, however, Trueta (1945) had decided to
investigate the renal anoxia found in certain pathological
oconditions. In his initial communicution on this problem
the author mentioned the possibility that the kidney lesion

is the result of over-stimulation of vascular nerves; during

his work as a surgeon, with all the opportunities for observ-
ing living pathology, he had often remarked upon the effect
of stimulation of the vsscular nerves, =nd in the preliminary
note mentioned above Yrueta stated that a team of investiga-
tors h:d already begun a detailed study of the problem. By
1946 Tructa et slia were in a position to give a short

ieview of their findings to the Physiological Society, and

lastly Drueta et alia (1947) published a full report of the
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work they had done. In a foreword to the 1947 publication
Ellis truly says "one of the most dramatic and disconcerting
medical emergenciés is the development of anuria due to

'acute interstitial nephritis' ... which may occur in blood
transfusions, obstetrical shock and acecidental haemorrhage,
blackwater fever, and certain other conditions; in suoh cases
those who die do not show changes in the kidney to explain the
anuria. rhe most marked change is tubular epithelial necro-
sis, ususally accompanied by a variable amount of pigment cast
formation". Idaegraith (1946a) described the condition as a
renal oomﬁlex of oliguria or anuria associated with nitrogen
retention and inability to concentrate urine, and freguently
acoompahied by degenerative changes in the renal tubes, but
not necessarily related to the passage in the urine oi blood
or muscle pigument. Ellis and Maegraith agree that the smount

of pigment cast formation cannot explain the anuria.

It is these kidney lesions that Trueta attempts to
€Xplain; his work is & contribution to medicine in general
and to the above-mentioned problem in particular; in view of
the importance of this work I shall quote fully fram it, with
the kind permission of the senior author. I caunot improve
upon the earlier paragraphs in the monograpnh, and give the

extract herewith.




. - 280.

"The blood reacning the kidney hus two potential
routes through that organ and, esccording to circumstances
it may pass almost exclusively by one or other of
these routes or in varying proportion through cuc. of
theam.

"The two routes diierge where the afferent
arterioles of the juxta-medullary glomeruli leave the
interlobular arteries. One route, the medullary,
continues through the juxta-medullary glomeruli S the
effcrent vessels or these glomceruli und their deriva-
tive vasa recta 9 to the interlobular veins. +he
other route, the cortical, continues through the inter-
lobular arteries - the afferent arterioles of the
remaining glomeruli -« tihese glomcrull tuemselves ¥ their
efierent vessels and the cortical intertubular capillary
network intc which these break up, and rinally through
the veins draining this metwork into the interlobular
veins. The rest of both routes, like their beginning,
is identical and is throuzh ever larger venous trunks
to the main rensl veine.

M eeees in extreme conditions the blood may pass
either almost exclusively tarough one or otaer of the
two pathways, or, in less abnormal circumstances, tc a
varying degree through bcth.

"Ihe vessels making up thne pathvway oi the. greater
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circula.ion are those assceiated with the corticul
glomeruli; +the channels of the lesser circulstion

are those associcted with the juxta-medulluary glomeruli.!

The experimental work leading to the aoove conclu-
sions was carried out on rabbits and rats, but the anatomical
structures which provide a foundation for their consent are
present in all the mammalian kidneys including those of the

human.

It is reasonable to believe that the redistribation
of the intra-renal blood flow, seen under experimental con-

ditions in the animals, occurs also under certain conditions

"
in the kidneys of other animals including man.

The authors had previously reported, in 1946, that
the alternative cireulation through the kidney could be well
shown by clamping the hind limb of an animal.  When this was
done it was found that the renal circuilt time on the affected
S8ide was much shortened; the blue colour of the blood in the
renal vein of the affected side partially or wholly changed
%o red; red stream lines appeared in the renal veins after
the cortex nad paled and while it still remained pallid; und

drugs injected into the arterial side of the circulation

g8ndeared in the renal veins but did not stain the surfsce of

the kigney. Jnis last finding was coniimned at autopsy, wren
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the cortex was found to be unstained, with the medulla deeply
stained with dye. In unstimulated kidneys no difference was
noted in the distribution of the pigment on repeating of the
experiment. 2rom these findings the only reasonable
explanation was eee.... a vascular short-circuiting; i.e. as
a result of appropriate nerve stimulation blood may be diverted
wholly or partly from the cortex, and short-circuited through
medullary blood channels; it was suggested by the suthors

that the vessels involved are the vasa rectae.

The éuthors then drav. the. further and very importunt
conclusion that the appropriate nerve stimulation can be
produced centrally or peripherally by a variety of noxious
agents and that the picture seen in many loosely-related
Syndromes such as “sulpha kidney", blood transfusion kidney,
eﬁc., IS THs R4ASULY O A DwPLNCE DLVICE by'which the cortex of
the kidney is excluded from the circulating toxin or other
noxious agent and is thus protected. Loo~prolonged operation
of the device resulis in permanent damage. The authors slso
suggest that the same mecnanism may fulfil another role in
haemorrhage and shock and c.nditions with decreased blood
vVolume, by preventing the blooa from reaching the filter of
the kidney, and thus conserving fluid. also, from the above,
the mechanisus of hysterical uraemisa, emotional anuria and

Post-avortion and post traumatic araemia are readily explsined,
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as i9 also the response of the two last-named conditions

to splanchnic blocke.

The Lancet (1946) pointed out certain important
physiological and pathological implications from the work
reported aoove, e.g. the physiological diminutions in urinery
output may be adjusted (e.z. when the bedy is eliminating fluid
ih other ways) without greatly diminishing blood 1low through
the kidney ..... and this work may provide gn explanation tor
a type of renal lesion common to a variety of conditions,
including such important conditions as crush syndrome,; income~
patible transfusion, blackwater fever, etec. Ilaegraith (1946a)
also had noted that many diverse clinical conditions show a
renal complex of oliguria or unuria asscciated with nitrogen
retention and inability to concentrate urine, and frequently
accompanied by degenerative changes in the renal tubules, but
not necessarily related to the passage in the urine of blood

pigment or muscle pigment.

In view of the importance of the work it is necessary
%o mention at length certain of the findings quoted by Trueta
et alia (1947) to support their contention of alternative
circulations through the kidney. These findings are of
Particular importance to us in our attempts to establish the

Benesis of the kidney lesions in our series of patients, and

in our attempts to establish a reascnable approach to the
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the treatment of such patients.

The following excerpts will appear somewhat disjointed
since they are taken from their context in different parts

of the monograph.

The first point of importance made by the authors is
that considerable parts of all loops of Henle, including in
every case the thin segment of the loop, are supplied by blood
circulating through the medullary pathway. Ihe authors are
not prepared to accept the generally-held theory that the
function of the vasa recta is a nutritional one; instead they
bring forward the interesting suggestion thut the vasa recta

are concerned with the re-absorption of water; this is in

agreement with the generally-held view that the vasa rects do
play some »art in the re-absorption of water from the tubule
into the blood. 48 has been said, a large number of vasa
recta are adjacent to loops of Henle, and both the vasa recta
and the thin segments of the loops of Henle are lined with
flattened cells, suggesting that the transference of fluid is
Passive in nature. Such passive transference is within the
bounds of possibility because of the proximity of the thin-
walled vasa recta to the thin segments of the loops of Henle;
it is conceivable that the pressure may be hydrostatic or

Csmotic or both. This cuestion of whether water transference

takesg Place at this level is not an academic pcint; in fact
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it may we¢ll prove of considerable importance in our search
for an explanation of the formation of pigment casts in
haemolysis. The thick sezments of tine loops of Henle, and
the convoluted tubules with their cells of secretory type

are relatively ill-fitted for the role of water re-absorution,
although they may play a minor part in this process. This
diversion of blood flow in the kidney may also explain certain
anomalous findings in the hypotension following hsemorrhage;
Corcoran and Page (1943) foreshadowed this explanation when
they suggested that during hypotension the rensl blood ilow

is distributed unevenly through the renal vascular bed,

being greatest in the sites ot least resistance; Irueta et
alia point out that this supports their work in that the

sites of least resistance are the ones found at the entrance
%o the medullary by-pass, because the efferent vessels of the
justa-medullary glomeruli and the vasa recta into which they
flow are much larger in calibre than the corresponding vessels
in the cortex; if this opinion of Corcoran and Page is correct
then part at least of the shunt may be physical. Trueta and
his co~-workers make it clear that the nervous system is an
essential faator for the maintenance of s constant fluid
balance in the body in all circumstances, and particularly
under conditions of stress. This regulation may be arfected

by direct nerve control or through the intermediation of

liberated hormones or both.
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It follows that any significant degree of shunting
of blood will lead to a reduction in the amount of glomerular
filtrate snd therefore of urine; one other factor also
tending to produce such an effect is that of re-absorption
of water from the tubules; it has already been pointed out
that the most likely place for the re~absorption of water is
at the area where the thin segments of Henle's loops are in
close proximity to the vasa recta with their relatively large
calibre and walls composed only of a single layer of pavement
epithelium. One other point oi importance in this connection
is that the blood passing through the vasa recta does not
traverse a dapillary network since the asmaller vasa recta
constitute the "arterial components" with the larger vasa
recta acting as‘the "venous components". Compare this with
the situation of the.blood supply tc the cortical glomeruli;
the efferent vessels are of small calibre and eupty into a
network of cortical capillaries or small cslibre. Heggle
(1947), the tirst to use the term "JjuXkta-medullary glomerulus",
estimates that in the rabbit thesenmake up fiften per cent of
the total glomeruli in each kidney, and alsc considers that
they can accommodate the whole normal glomerular capillary
blood volume. o summarise the differences consider in brief
again the route taken by blood which is diverted from the

cortex through the medulla; the route is:
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The most proximal parts of the interlabular arteries

———  the atferent arterioles of the juxta-medullary
glomeruli

——  the juxta-medullary glomeruli themselves, in the
deepest zone of the cortex

— the efferent vessels of the juxta-medullary
glomeruli; these vessels lie partly in the
cortical zone of the medulla

~—  the arterial components of the vasa recta, lying
in the medulls

——— the loaps of the vasa recta, with offshoots to
neighbouring capillaries.

—— the venous components of the vasa recta system.

—~——  the proximal parts of the interlobular veins.

The striking differences in the channels through
which the two blood flows pass are paralleled to a certain
eXtent by differences in the nephrons; this variation in
nephrons was noted as long ago as 1909, resulting in an outer
and an inner zone in the medulla; the outer zone was subdivid-
ed into an outer band and an inner band. In this connection
Trueta et alia (1947) state that there are two types of
Dephrons, one with a long Henle loop and the other with a short
Henle loop; the tubule with the long loop arises from a

Juxta-medullary glomerulus and this type alone passes into the
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inner zone. further, it i3 agreed that there is no difrerence
in the vascular pattern of the capillary network surrounding
the convoluted tubules or the cortical and of the juxta-
medullary glomeruli; it can be inferred from this that with
the short-looped tubules from the cortical glomeruli the
greater part of the short loop of Henle lies in the cortex in
a close-meshed capillary network, and only a short length of
it reaches out into the outer part of the medulla in assccia~
tion with the vasa recta; compare this with the distribution
of the tubules of the juxta-medullary glomeruli; with such
nephrons the position as regards the loop of Henle is

reversed, i.eeo only a short length of the Henle loop lies
in the cortex. The remainder of the extremely long loop,

composed almost entirely of thin segment, lies in the medulla
in close juxtaposition to the vasa recta. Here it is pertin-
ent to stress again that Trueta et alia do not accept the view
that the role of the vasa recia is nutritional and it is
nertinent that it is the opinion of these authors that the
vasa recta serve as the main conducting chamnels for the intra-
renal blood rlow when it is diverted irom the cortex; we have
stressed already their view that part at least of the function
of the vasa recta is the absorption of water, even when the
£idney is iunctioning nommally and particularly when the blood
is veing "shunted"™; as the authors repestedly point out, in

the .edullas = large number of vasa recta lie in Juxtaposition
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with the thin segments of the long loops of Henle; in this
area the walls of both are morphologically well suited for the
transference of fluid. One inference from the variations in
findings of experiments on individual animals is that made
by #1lis (1947) who points out that sensitivity to stimuli
varies greatly from individual to individual, and suggests
it is possible that excessive stimulation of one type or

another applied to persons unduly sensitiwve to that particular

type of stimulus might result in excessive operation of the
normal mechanism by which the blood flow is diverted from the
cortex. another paper with a bearing on this problem is that
by Llaegraith et alia (1947) who confirm earlier work and state
that malaria may injure the liver; they found the injury to
be mainly in the central zone of the lobules, and suggest that
the cellular changes develop primarily from stagnasnt anoxia
because of active obstruction to the wvenous outflow from the
liver; +they suggested that this obstruction arises from
constriction of some part of the heaptic wenous tree «...
mainly by nervous reflexes. This would bring the processes
at work into line with the kidney changes under discussion,

but as yet ldaegraith's work is not confirmed.

This endg our brief consideration of what may prove
to be a fruitful contribution to medicine; it certainly is a

fruitful contribution to part of our problem, namely the
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problem of the kidney changes following upon severe intra-
-vascular haemolysis and other conditions producing a similar

picture in the kidney.

It is relevant now to consider in some detsil the
pathological changes found in the kidneys in blackwater fever,

and in other conditions giving a like kidney picture.

i.e. Pathology of iransfusion Xidney and of Similar Kidney

Lesions.

This ccnsideration includes kidney changes found in
sulpha drug poisoning; in blackwa.er fevér; in crush kidney,
and in the various other conditions differing in aetiology
yet producing much the same picture in the kidneys. This
consideration is of importance because very often the kidney
chénges are the cause of death in the diseases enumerated
above; e.g. fifty per cent of the deaths in blackwater fever
are caused by the kildney damage. In blackwater fever the
total death rate is about twenty per cent of individuals
affected, therefore in this disease alone the kidney lesions

are of great practical importance.

The kidney lesion Iound common to all the above
conditions is well described by Liaegraiti (1946a) who describes
the condition as a renal complex, with oliguria or anuria,
associated with nitrogen retention and inability to concentrate

Woine, and frequently accompanied by degenerustive changes in

the renal tubules; mslly aiverse conditions show this ccmplex
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which is not necessarily related to the passage in the
urine of blood pigment or of muscle pigment. i+he renal
function may become affeoted at any stage of the disease,
with failure first being indicated by a reduction in the
urinary flow — . anuria. If the patient recovers the
anuria is usually followed by polyuria which may last for
several days; during this period the concentration of the

urine is greatly reduced, indicating renal tubular dumage.

Lucke (1946) reports the largest series of cases
so far; he investigated 938 fatal cases of kidney failure
collected at the United States army Institute of Pathology
during the war years; the renal lesion was essentially the

same in all, namely a lower nephron nephrosis; t{he causes

were: battle wounds 221. burns 48
sulpha intoxication 47 orush injuries 46
transfusion reaction 456 abdominal

' operations 36
poisons _ 20 heat stroke 19
blackwater fever 14 haemolytio
anaemias 4
miscellaneous 38

This reslisation of a kidney picture common to a
variety of unrelated diseases and conditions has largely
resulted from work stimulated by a report by Bywaters and
Beall (1941) of what they thought to be a specific and

hitherto-undeseribed syndrome, namely erush injury followed
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by renal complications. Later however it was reported,by

Bywaters among others, that Minami (1923) had previously

described three cases of crush injury with seaondary degenera-
tion and necrosis of tubular epithelium; Iifinami, in turn,
makes it clear that he is describing a syndrome which had been
repeatedly seen in the hostilities of 1914-1918. It is
surprising that this piceture had not been seen in those cascs
of severe crush injuries found in civilians in motor accidents
and in miners in crush accidents before the second outburst

of hostilities in 1939. In this connection Bywaters and
Beall suggest that such patients died of secondary shock or
had hag early amputation which prevented the onset of the
kidney lesions. In the cases of Bywaters and Beall the

findings were those of widespread cattarh of the tubules,

with a granular deposit in the glomerular capsules; the
Proximal convoluted tubules showed desquamation and cellular
mitoses with debris in the lumina (this is not confirmed by
others). In Henle's loops the pigment appeared to be con-
densed and pigmented with eosinophilioc granular casts which
were later identified by Bywaters et alia (1941) as myoglobin.
This report was later amplified by Bywaters and Dible (1942)
Who discussed renal changes in twenty-two fatal cases of crash
Syndrone. In brief their findings were:

marked catarrh of the whole nephron, especially marked in

the sscending limb of Henle and in the second
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convoluted tubules;

first convoluted tubules showed in all cases & catarrhal

condition with detritus in the limbs;
Henle's tubules showed changes chiefly in the wide part of

the ascending limb (in the boundary zone of the
medulla);
second convoluted tubules showed severe changes with pigmented
casts and leucocytes.
The characteristics of the urine (fluid of low concentration,
with practically no evidence or absorption of chlorides) agree
with the interpretation of the histological picture, namely

an abérration of tubular funetion allowing of excessive and

unselective re-absorption of glomeruluar filtrate, It is

interesting to read in 1948 that Bywaters is now of the
opinion that in crush syndrome the lesions affect the distal
convoluted tubule entirely. Another early paper on this
problem was by Dunn who was so well-qualified to sgpeak on
renal pathology. With Dunn, Gillespie and Niven (1941) he
further amplified the findings of the above authors and
described one change, tubulo-venous anastomcsis, which had not
been deseribed by Bywaters and Beall; the pathological
changes found by Dunn et alia included:
Gortex: t..e0cceances general arrangement not disturbed,
slight separation of the tubules us

by oedema.
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glomeruli: sseceesese normal, spheroidal masses of

homogeneous material in many of the
Bowman's cspsules (albuminous exudsates);

first conyvoluted tubules: epithelium of normal appearance
(of. the findings of Bywaters and Beall
in the original paper)

second convoluted tubules: all suow the same pathological
changes; the degree of change varies
greatly. In the majority of cases the
alterations are slight with moderate
dilatation of the lumina but in occas-
ional tubules there are appearances
which correspond to those seen in re-
generated tubules after a mild tubular
exXperimental nephritise.

Many tubules also show slight casts

of orange-brown material like haemoglobin;

the most remarkable histological pie~
ture is observed, however, in the

region of the boundary zone where the
straight descending limbs of the first
convoluted tubules in the medullary rays
of the cortex are changing to narrow

“aescending limbs of Henle: at this

“gite large numbers of severe focal lesions
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are found, affcoting the broad
aseending limbs of Henle's loops, the
segments which lead to the second
convoluted tubules in the cortex.
These lesions often occcur in groups,
and each group is surrounded by a
d#efinite recent growth of interstitial
tissue; in some cases it is easy to
agcertain that each flocus implicates not
only a tubule but also the thin wall of

an adjacent venule; the tubule can be

traced from comparatively normsl con-
ditions above and below to a level where
there occurs an aneurysmal bulge of
40-80,.diameter, and this is usually
filled by a dmmse muss of albumincus
coaguluwi. The bulging part of the
tubule indents the wall of the small |
venule and often protrudes into the lumen |
of it. It may actually rupture, i.e.
the authors imply that the communication
is formed by a break-through from tubule
into vein. DBywaters and Dible (19:2)
agree with this view. The significance

of this finding will be made manifest
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later in this chapter.

There are also definite epithelial
alterations vhich appear to be restrict-
ed to the asocending limbs of Henle end
to the second conyvoluted tubules, very
much like the appearances reported by
Dunn and YPolson (1926) in experimental
uricg acid poisoning of rabbite; in
this experimental nephritis the lesion
ig determined by precipitation of the
agent from a harmless soluble form to
a destructive solid. Duniu, Gillespie
and Niven then continue by making the
highly signiiicant remark that in the
two cascs of kidney damage under dis-
cussion by them the site of the most
intense damage is at points where the
lower nephron segments lie in close
proximity to veins; they consider that
the frequency of the association is so
remarkable as to suggeat a definite

causal nexus.

In contradistinetion to the findings of Bywaters and
Beall (1941) and of Bywaters and Dible (1942), Dunn, Gillespie
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and Niven failed to observe any significant change in the
glomeruli or the first convoluted tubules, other than

albuminous aggregates in many of the capsules of Bowman.

The findings of Dunn, Gillespie and Wliven have been
repeatedly confirmed by other workers, especially in regarad
to the absence oi any serious abnomality in the glomeruli
and the first convoluted tubules. Their report of the
anastomoses sometimes to be found between the tubules and the
veins has also been confirmed, e.g. icLetochie (1943) and
Woods (1946). In the report by the latter author he records
three fatal cases of carbon tetracnloride poisoning in which
the kidney lcsions bear a marked resemvlance to those of the
erush syndrome. The description of the pathological changes
in the kidneys as recorded by Woods does not add anything
to that of Dunn et alia given above, except that Woods remarks
upon the great snd uniform enlargement of the vasa recta, many
of which contained portions of mural thrombosis, often closely
continguous to adjacent renal tubules mppparently at the
ascending loop of Henle; the author describes these thromboses
in detail, and coniirms them to be the same as the anastomoses
reported by Duan, Gillespie and Niven. In Woods three cases
only one showed these thromboses in any number; a second case
showed only one such thrombosis, snd the third case did not
Show any, Woods does not accept Dunn, Gillespie and Niven's

theory of the genesis of such communications; iis views will




be discussed later.

It was not long after the appesrsnce of the paper
by Bywaters and Beall (1941l) before it was realised that the
kidney lesions described by them are also produced by other
diverse conditions. ' For example, such lesions had been
repeatedly reported to be a common finding in the kidneys of
individuals dying of anuria following an attack of blackwater
fever. In fact we can go further and say that the tubulo-
venous communications reported as a new finding in 1941 hsad
been recorded certainly not less thun twenty-five years
previously as a rinding in fatal cases of bluckwater fever.
In fact, as will be seen later, two of the earlier workers on
olackwater fever used these self-same anastomoses as a basis
of a theory to explain the mechanism of haemolysis in bluck=-
water fever; +these workers were Plehn (1920) and Revenport

(1928).  The changes in the kidneys, and the other relevant

findings in blackwater fever have been studied so carcfully
over so many years that.we may with advantage consider some of
the more important work; e.g. Ponfick (1883) following
eXperimental work on animale mentions that, following haemo-
globinuria, the tubules of the animuals' kidneys showed

granular masses and precipitates; he thought the substratum

of these masses to have been passed partly through the glomeru-
11 and partly through the epithelium of the convoluted

tubules., The masses form within the labyrinth a quantity of
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large casts, and the author then proceeds to voice a
belief tnat has been accepted without question until very
recently, namely that "it is in this that we meet the chief
danger of any intense haemoglobinuria, that is in the blocking
of the numerous renal tubules by semi-solid casts «.... the
tubes are filled with wedged-in clots threatening a sudden
occasionally inevitable standstill of the whole exoretory
process". This description was written over seventy years
ago out\could well serve for the beliefs of certsin writers

even today.

From that time on the literature of blackwater fever

contains many papers on the pathology of the disease; e.g.

Ferrier (1896) in the examination of a fatal case mentions
that the convoluted tubules and straight
tubules contained exudate, grenular detritus,
and red cells agglutinated in the form of casta.

Barratt and Yorke (1909) discussed the composition of casts,
and talk of large granules of fragmented mater-
ial and epithelial casts.

Yorke and Nauss (1911) using laboratory animals, investigated
the part, if any, played by casts in the
production of anuria in blackwater fever; this
subject will be dealt with below, but the

observations of Yorke and Nauss are worth

recording here. These authors injected
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rabbits with intra-venocus huemoglobin

solutions which were stroma-free, and they

succeeded in obtaining hsemoglobinuria for the
first time with such animals. Some of their
animals died in convulsions a few hours after
haemoglobin injections, before the onset of
suppression. | In such animals the only
abnormalities found in the kidneys were brown
plugs in the tubules.,

In those animals in which the kidneys
were removed following several injestions of
haemoglobin the findings were wuoh more striking,
with large numbers of the convoluted tubules and
tubules of Henle filled with plugs of granular
material intermmingled with granular casts.

The next stage was found with animuals dying
of suppression; here the whole structure had
radically altered, with some of the glomeruli
enormously distended, and the tubules also
enormously distended in the subcorticsl zone.
liany of the tubules contained casts, with the
epitnelium in various stages of degeneratiin.
The epithelium had disappeared in some cases.
The findingzs of Yorke and Nauss of marked dila-

tation of the glomeruli and tubules have not

been reported in the human and are a striking
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eXample of the danger of applying to human
disease the results produced in animal experi-
ments. It 1s especially necessary to be
careful in this respect in work dealing with
intra~-vascular haemolyses because the pigment
methaenadbumin found always in mgan in haemolysis
is not found in any animal other than the
monkey «
discussing blackwater fever, suggests that in
its passage down the renal tubules the foreign
protein, haemoglobin, bccomes solidified by
extraction of water, and may cause stripping of
the bascment membrane; from the denuded surfaces
so produced inflammatcry dymph mgy exude and be

added to the urinee.

Fairley and Bromfield (1937) state that any severe intra-

vascular hsemolysis in man ordinarily leads to
blockage of the lumina of a proportion of the
collecting and other tubules with degenerative
changes in the lining epithelium; they claim
that their findings indicate tnat if a sufficient
number of nephrons be involved then oliguria,
anuria and nitrogen retention and uraemia all

follow; where the haemolysis is small then the

urea content orf the bloou csuses diuresis with
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polyuria.

There are maﬁy othef papers on the pathology of the
xidneys in blackwater fever but they add very little to the
notes given above, and a fair summary of the relevant litera-
ture is given by Stephens (1937).

- Kidneys; glomeruli .........0ften normal, but capsules may
at times show distension and des-
quamation, and their contents
may consist of granular matcrial
or blood debris or haemoglobin
granules;

tubuli contorti ...the author does not specify
which tubules are referred to,
e.ge first or second convoluted
tubules. He remarks that they
may be dilated (this is of doubt-
ful aceurary as already noted)
epithelium may be flattened,
normal, or show degeneration or
necrosis; this last change may be
local or may affect large tracts.
The contents of the tubuli may be
1. Albuminous matter tinged with

haemoglobine.

2. Haemoglobin granules, bdocks or

casts.
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3. Red cell debris, red cells.
4., dpithelial casts, granular
casts, or hyaline casts.
tubuli recti ... some dilatation. Iiuoh of the
| epithelium may be shed, exposing
the basement membrane; contents
consist of granular matter.
interstitial tissue; intense hyperaemia may occur,
with, here¢ and there, actual
haemorrhages; passage of blood
into the tubules is ddecribed, due
to fusion of the neorbtic capill-

ary and the tubular walls.

At this point it is relevant to report the kidney
lesions found at autopsy of our fatal case; the full report
of the post-mortem examination is to be found in the appendix,

pages to .

Kidnez changes: naked eye the kidneys showed no marked ab-
| normality; the capsule stripped reasdidy; no

irregularity of the surfaces which were paler

than normal. Strucgures of kidney not clear-

cut; pyramids difficult to detect.

microscopic ehanges:

glomeruli; normal, few capsules showed some desquamation

of cells with granular contents in the s.aces
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of Bowman.

convoluted tubules and loops of Henle; changes wide-
spread. uluch degeneration and disorganisa-
tion; in many places the lining epithelium
is stripped or shows no nuclei; degrece
varies considerably. iany of the tubules
and locps contain plugging with a mixture of
lining cells, casts, red cells and amorphous
debris; the amorphous material shows pigment
staining.
The parts most affected are the two limbs
of Henle, and the second convoluted tubule.
interstitial tissue; apparent hyperaemia with oedema.

The hyperaemia is due to dilsted vessels.

This completes the short note on the pathology of the

kidney in conditions such as blackwater kidney, crush kidney,

eta, Certain of the discussions on this syndrome claim that

it is necessarily associated with nitrogen retention and acido-

8is. It is necessary to consider this in detail.

Nitrogen retention: this undoubtely is a very common finding

in any degree of this condition; ZIucke (1946)

briefly sums up the findings as indicating "renal
shutdown". Azotaemia is invariably present; with
hypertenéion common. Low and Fairley (1942) con-

sider that the marked rise in blood urea is derived
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prartly from desiroyed ®ed cells and partly from renal
retention. The microssopical picture which such
kidneys present fully explains this nitrogen reten-
tion. The table given below is indicative of the

nitrogen retention so common in this disease.

Figura 10

Blood urea levels in the Razmak cases.

Case Ho.

Blood urea levels, milligrams per 1l0Oces
blood
Number of days after coming under observation.

1st &nd ord 4th oth 6th 7th 1 mnth

1 60 mmgs 80 120 200 230 290

2 50 " 80 70 100 40

3 60 " 80 130 150 60

4 70 " 60 110 45

5 90 " 130 100 110 30

6 ? . ? 7

If the patient lives, regeneration even of gravely

damaged tissues is remarkably rapid and ceomplete. There is
practically never residual nephritis and the nitrogen retention

is quickly brought under control, i.e. the nitdrogen retention

is secondary to and fully explained by the kidney lesions.

40idosis

: is less definite a finding; as will be seen later,
it is readily accepted that acidosis may occur, and
some workers consider this physical state to be

responsible for scme of the phenomena of the crush
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syndrome, etac. In pcint of fact however it is
doubtful whether this condition is a constant
finding; the fullest reports on this problem are
found in the literature on blackwater fever, tfrom
which we may draw in this discussion; e.g.

Fairley and Bromfield (1938) report a csse in which
the plasma carbon dioxide was 3.5 volumes per

100 ccs. They considered that this decreased
bioarbonate reserve had resulted from an inability
of the kidneys to secrete acid radicles .deguately,
with consequent decresse in the alkaline reserve
and a tendency to renal acddosis. On the other
hand other workers, e:g. Ross (1932) claims that

in a large series of cases investigated by him

the carbon dioxide combining power was normal in
all cases. Similarly kaegraith (1946a) considered
thét availsble evidence does not support the claim
that acidosis is common in blackwater fever.
Unfortunately we had no equipment availuble to allow
of our investigating this in our patients, and can
offer no evidence in support of either point o1 view.
fhere is no doubt that cuses such as that quoted bF
Fairley and Bromfield, above, are to be found in any
series of blackwater patients, but it is suggested

that they are not a usual finding ana, as will be
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seen later, it is possible therefore that the
excessive and uncontrolled alkalinisation so
common a feature of the treatment of blackwater
fever since 1926 may not only have been unnecess-

ary; it may actually have been harmful.

We may now pass to a consideration of the quantitative
and qualitative changes in the urine in patients showing the
kidney lesions described above; here =1so we shall use the
findings from the blackwater fever literuture to i1llustrate
our points, since such findings are of general application.

General remarks: Rogers and ilegaw (1939) deseribe the urine

of blackwater us first pink -—3bright red,
soon changing to dark-red, brown, or even
black, due to the presence of oxyhzemo-
globin, methaemoglobin and urobilin. <rhere
is albuminuria which persists for some days
after the pigments have disappeared Irom
the urine. Brown granular debris and
tube casts are found in the urine; usually
these are abundant.

In this description the authors fail to
mention quantitative changes.

One deseription states that the
characteristiec urine of blackwater is dark

brown, generally acid, and that ir it 1is
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stored for some time it will separate into
two layers, an upper of a clear though dark
port wine tint and a lower one-third or
one-half of a brown-grey colour and con-
sisting of a sediment in which an enormous
number of hyaline-haemoglobin tube custs
are to be Jound together with a large
quantity of brown granﬁlar material.

The above short general description of the urine in
patients with intravaseular haemolysis gives very little
detailed information on each of the abnormalitiess Since
certain of the abnormalities may provide clues to the pro-
cesses at work and to rational lines of treatment, it is
essential to consider them in detail, mnd the easiest way to
do so is to deal with thex seriatim, a few lines to each;
the more important abnormalities, and ones which shall be
considered, include albuminuria, character of the urine
(including the chloride content, colour, reaction and specific
gravity), casts and deposits, urine output, pigments, and

urea content.

albuminuria: this term is not correct but is of common
usage. The proteins found actually are serum
albunin and serum globulin. ribrinogen is
very rarely found. <The results or the testing

of the urines in our six patients are given
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in figure No. 11, below.

figure ilo. 1l.

Proteinuria in the Razmsk patients.

vase No. Number of days after coming under observation.
1lst end 3rd 4th ©Sth 6th 7th Remarks.

1 + [ Y > e Patient
. died.
2 } - + fraces of
++ e _ - protein tor
8 duys.
3 t4ek 4 tEes 4+, " "
*t -t - Te= L x¥e _ - + 15 days.
4 ‘+ - —-' | . + t " "
- - 8 days.
5] : | + 4+ @ t " "
6 + : : - pon ‘ "
‘ | j ; { 4 days.
Key: -= negative ;= trace 4 < present;

++ = yell-marked *¥¥+w loaded

vhe routes whereby proteins may find their

way into the urine have been discussed earlier
in this chspter (see above). They pass into
the urine via the glomeruli; it is not yet
settled whether this takes place as the

result of an increase in the permeability of

the glomerular membrane or whether there
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ogcurs some pathological change in the mem-
brane, caused by some unknown factors.
dogording to sishberg (1934) the general
opinion is that there are probably temporary
changes in the glomerularpermeability either
through toxic action or through a neecd to
eliminate undesirable protein products of
metabolism.

Ross (1932) suggested that in intra-vascular
haemolysis the passage of the foreign protein
derivatives of haemoglobin injures the tubule
cells which then become permeable to plasma
proteins; ‘his view of Ross may have been
derived from Yorke (1922) who thought that
the serum proteins which are found in the
urine in severe cases of blackwater fcver gain
aceess to the tubule through the lesions pro=-
duced by dislodgement of the epithelium a
point of view which will be discussed in
detail later in this chapter. It need only
be said here that we may proceed on the assump-~
tion that the proteins do pass through the
glomeruli.

It is generally agreed that the proteinuria

is not restricted to the huacmoglobinurie phase;
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1t may persist for several days after the
cessation of naemoglobinuria, snd in unusual
cases may be permanent. The amount passed is
considerable in quantity, e.g. it may "set
s0lid™ on boiling, with a content or about
sixteén grams per litre.

In our cases there was no departure from
the usual findings, naumely a variable amount
of protein for a varying period of days. <This
proteinuria is merely s secondary process and
will usually disappear if the patient survives
and the nephron returns to normal.

Character of the urine:

chloride content and specific gravity; Plehn (192C)
claims that the urine in blackwater fever is
always hypotoniec, this hypotonicity being
caused by an abnormally low content of sodium
chloride, which substance normally plays an
important part in the maintenance of the
specific gravity of the urine.

Plehn was wrong; sodium chloride values as
low as he claimed are not a usual feature of the
urines in blackwater fever. We did not mezsure
the sodium chloride content or the specimens

of urine in our patients and there are few
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references to such measurements in the

literature of cases of intra-vascular haemolys- |

es; Stephens (1937) does say that in blackwater

low values are commonly reported; Bywaters
and Dible (1942) say there is no evidence of
absorption of chlorides by the tubules; in
this connection we shall use the urinary
specific gravity as a very rough guide to
the level of the contained sodium chloride.
It is realised that the sodium chloride is
only one of the several substances which go
to make up the specific gravity values of
the urine, but it is such an important factor
that it is permissinle to use the specifiec
gravity as a measure of the contained sodium

chloride.
Some of the opiniona as regards specific

gravity in blackwater fever urines are a8

follows:

Stephens (1937) states that the specific
gravity in the reports varies from
1002 to 1033.

Ross (1932) claims that in the blackwater
type of intra-vaseular haemolyses a

low specific gravity is not an

egssential chsracteris.ic o1 the urine.

|
|

I
|
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Lucke (1946) in talking of his series of

538 oases states that the urines had

a fixed specific gravity of 1014.

Although this statement cannot be

aceepted literally, it serves to Show

that the values obtained for the

specific gravities, and therefore the

values of the sodium ehloridé content

were mush higher than thos: obtained

by Plehn.

Figure No. 12 below records the values of the specific

gravities of the urines in the Razmsk cases during and

immediately following haemolysas.

rigure No. 12.

Maximum and Kinimum Specific Gravity Readings of the

Urines in the Waziristan Cases.

Yase " jNumber of days after coming under observation for

JNO' ~ lysis. _ ,

o 1st end © Brd | 4th | 5th 6th |
1 -1024 ? -1030 | ¢ 7 7 5
2 1008 1006 1008 | 1012 | ;

— -1030 -1008 -1018 | -1014 = 1010 ;
3 1010 1010 1008 . 1008 1010 ;

-1022 -101s -1018 @ -1010  ? -1020

— » .
4 1010 1012 1004 !

. -1026 -1018 -1016 | B
9 1024 1012 1008 : 1010 4

-1030 -]o2¢ -1l022 ,  -1018.

6 1002
~-1018

?
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The figures are given in detail in the case reports
in the appendix, pages 734 to 788 ; from these, summar-
ised above, there is no doubt that the values are consistent-
ly lower than would be the case with a range of nomal urines,
especially in view of the oliguria present in the majority of
the cases during the period when the urine speeific gravities
were being recorded. It is to be seen from the detailed
case reports in the appendix that the Specific gravity valucs
in our patients did tend to be grouped round 1014 immediately
after the haemolyses; this is in rough agreement with the

findings recorded by Lucke, noted above, and are sufficient
to disprove Plehn's statement that in blackwater fever the

urine is necessarily markedly hypotonic.  And further, our
findings strongly suggest that the content of sodium chloride
in the urines is not greatly depressed as was claimed by
Plehn, above; these points are not only of academic interest;
they will come into prominence later in the chapter when ve

come to discuss Plehn's theories on the causation of the

haemolysis of blackwater fever.

Another point mentioned in certain repqrts on the
character of the urine in intravascular haemolyses is that in
certain orf the cases the urine may be almost like jelly; in
contradistinetion to this is the common finding that if the
Patient should survive then for several days after re-

establishing of kidney function the urine 1is like glomerular




- filtrate.

3l5.

We certainly:confirm the first point, thset in

gseverc cases, €.g8. our futal case in this series, the urine

may be like Jelly; this has also been my experience in other

gases not

reported heire. Unfortunately it is not possible

to speak sc definitely on the second point, that the urine

of recovering patients may be like glamerular filtrate; our

case records are not full enough to be of value. The only

indicators we have are the records made of the specific

gravity values.

colour:

in any intra-vascular haemolysis the aolour of the
urine necessarily varies with the content of

haemoglobin and its derivatives; the colour

~ changes of the urines of the siz Waziristan cuses

reaction:

are given in detail in the appendix, pages to
. Since these colour changes are not
significant of anything other than changes in the

contained pigments they need not be discussed in

detail at this point

the reaction of the urine in patients with intra-
vascular haemolysis is of more than academic
interest. It is of practieal importance, in that
some workers believe that the reaction of the urine
plays an all-important part in cast rormation in

the tubules of the nephrons.
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Stephens (1937) summerising the literature,
finds reports of pH values ranging from 5.8 to
6.8. Our rough findings in the Waziristan
patients are given in figure No. 13 belww; it
is regretted that the only information available
is that of the reaction, as measured by the use
of litmus paper; more detailed records could not
be made at the time.

Figure lo. 13.

Reaction of urines during and immediately
after haemolysis.

Case | No. of days after coming under observation for !
No. . lysis. 7 _ i
| _1st end  3rd __ 4th 5th 6th
"1 alkal. = *? " alkal ? S alkal.
. ‘ j T L

2 ‘alkal - acid ‘neut - ‘alkal ~alksl aclid

neut i acid
3.  acid acid- iacid- %acid iacid acid
f alkal | alkal | " alkal )

4 ‘acid- %acid- . acid- ;
: ~alkal | alkal ! alkal :
; 5 g !
5 acid ~acid - : neut - i

alkal f alkal <j

| » 5
6 ‘aeid - i i |
- alkal ! :

i
e

The detailed findings in the appendix show that

the majority of the specimens of urine were acid
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in reaction but that neutral and alkaline

reactions were also gquite common.

casts, including deposits: in this paragraph we shall still

draw extensively from the literature on blackwater
fever; there is no objection to this since the
statements are of general application and the
literature on this particular type of intra-
vascular haecmolysis is full and detailed.

From the beginning of the intensive study of the
urine of blackwater patients descriptions of the
deposits have been recorded, e.g. Ponfick (1883)

talks of "peculiar flakes, foming a slimy sediment

of a brown colour" which he likens to the material

found in the tubuies of the kidneys of fatal cases.

Plehn, #. (1898) stated that the sediment contained
an abundance of swollen epithelial cells
from the urinary passages, granular cells,
detritus, haemoglobin masses, and haematin
orystals.

Barratt and Yorke (1909) agree with the above, and
mention particularly granular casts,
hyaline casts, and epithelial casts.

Yorke and Nauss (1911) in experimental work, stated

that after intra-venous injections of

haemoglobin into rabbits, the later
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specimens 'of urine showed much solid
material, frequently soft masses composed
almost entirely of casts and granular
debris held together by mucoid material;
later large numbers of renal epithelial
cells gppeared; still later, specimens
showed much protein and many granular
casts and enormous numbers of small
degenerated renal epitheliasl cells and

aasts.

Plehn (1920) states that after re-establishment of
function of the kidneys in those who
survive the urine is loaded with albumen
and is very turbid, with a large deposit
about one-quarter of the volume, made up
of granular casts,epithelial custs,
granular debris and degenerated epithel-
ial cells.

Ross (1932) states that microscopically the
urine shows the sediment to be mainly of

granular material, partly amorphous and

partly casts, most likely derived from
haemoglobin which has undergone precipi-
tation during its passage down the

urinary passages; the earliest specimens,

Ross thought, usuelly show more amorphous
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deposit than oasts8; casts become more
numerous as the disease progresses, and
they may persist after the haemoglobin
clears from the urine. wspithelial and
hyaline casts are also common.

Fairley and Bromfield (1937) agree that casts are
not numerous at first but later in the
course of the disease there are found
amall clots of mixed leucocytes and custs;
these were identicaul with the custs
plugging the tubules as observed in
seotions of the kidneys of blackwater
fever patients.

Manson-Bahr (1940) states that the sediment in
urines of blackwater cases is bulky, one
third to one-half, brown-grey in colour
and consisting of a sediment in which an
enormous number of hyaline and haemoglobin
tube casts are found together with a large

quantity of brownish-granular material.

The above excerpts serve to show that the deposit in
itself does nothing other than mirror what is happen-

ing in the nephron.

The casts are of all kinds; e.g. Plehn (1898)
reports epithelial casts, granular casts, hyaline

%
J
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casts, and pigment casts. These are the findings
of many other workers. The casts also serve
only to mirror what is happening in the kidneys;
they disappear shortly after the restoration of
the kidney function to normal in those persons who
survive.

The relevant findings in our patients are given
in detail in the appendix, pages T34 to 16§ ;
it is unnecessary to repeat them here as they add
nothing to the excerpts given above.

In the five of our patients who survived custs
persisted in the urine for several days after the
apparent cessation of haamoglobinuria.

The only remaining point to note on this
quegtion of casts is that in crush injuries the
pigments concerned in the production of casts are

myoglobin and certain derivatives of myoglobin.

urine: here we shall do little more than record the
outputs in our six patients; this is done in

Figure.No. 14 below. The significance of our
findings will be the subject of discussion later;

it is unnecessary, therefore, at this stage to quote
extracts on this question of the output of urine in
individusls suffering from intra-vascular haemolysis.

almost from the time of the recognition of blackwater

4

i
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fever as an entity the marked changes in the
output of urine of patients have focussed atten-
tion on the kidney changes in this disease;

within very wide limits it is almost permissible
to say that the degree of oliguria is directly

proportional to the degree of kidney damage. Lthe
same might also be said of all forms of intra-
vascular haemolysis and for those other conditions
capable of producing lesions in the kidney similar
to the lesions found in "transfusion kidney" eta.
In a few of the individusls showing mild lesions
in the kidney there may be polyuria; cuse No. 2
ol our series is an illustration of this, as shown
in Pigure No. 14.

Figure No. 14

Showing daily urine output of Waziristun cases in
the first days of lysis. Output given in ounces.

|

Case Noe of days after coming under observation for ;
No. lysis. ' :
: 1st 2nd drd 4th 5th 6th
j 1 3 ? .3 nil nil nil
; 2 60 71 60 70 10
: de 25 21 26 ? ? 16
-4 16 16 39
5 14 20 53

6 66
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With all owr patients during the periods of
haemolysis and immediately rfollowing haemolysis
the fluid intake wus balanced against fluid loss,
therefore any variation in the amount of urine
passed is not the result or abnormal deprivation
or of abnormal supply of fluids to such patients.

The rigures given above contribute nothing new
to the problem.

A8 has already been said, the output of urine
is of great importance inbthat it refleots the
changes in the kidneysa; in conditions capable of
producing this type of kidney such as is found in
blackwater patients the onset of oliguria is the
first warning of that most dreaded of complications,

the severe kidney lesion.

pigments in the urine: Fairley and Bromfield (1938) report that |
the pigments deseribed as occurring in the urine
of blackwater patients include oxyhaemoglobin,
methaemoglobin, and urobilin and a brown pigment
generally regarded as acid haematin; they point
out however that the last pigment does not show
the same characteristics as artificially-produced
haematin and that it has not a typical spectro-

scopic pisture.

They state that the oXyhacumoglobin amounts
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range from 16 ---- 284 milligrams per 100 cecs.
urine, and methaemoglobin 90 ==-== 900 milligrams

per 100 cas. urine.

These authors found in an examination of
fourteen cases that the urine showed 0xXyhaemoglobin
in two, oxyhaemoglobin and methaemoglobin in ten.
These findings probably equally apply to other
forms of intra-vascular haemolysis.

In the case or crush injuries, of course, the
parent pigment is myoglobin, but its characteristics
so closely resemble those of haemoglobin that
general remarks may be takén to apply to both.

Our fihdings of pigments in the urines of our

patients are detailed in Figure udoe. 15 below.

Figure ilo. 1o

Abnormal pigments present in the urines of the Razmak
cases.

| No. of days after coming under observation for

‘Case ? lysis.
No. 1st ond  Zrd  4th 5th  6th  7th
1 HbOH 2 HbOH ? 2  B. HbOH
HbOO.U 000« U HbCO. U
2 HbOE  B.HbO4 ditto abOH U
Hb0O.U HbOO.U Hb0O0 .U
3 ait ditto ditto ditbto U  HDOH U
ditto HoCO .U
4 ditto HbOH ditto U
| Hb0O0 .U
5 B.H0OH B,H00d ditto U
- Ho00.U HbCO0 .U
6 GDOH U U

ab00.U
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Xey to Figure No. 15:
B = Bilirubin. HbOH = Idethaemoglobin.

HbOO=Oxyhaemoglobin. U = Urobilinogen.

Reference should be made to the detailed
findings in the case reports, appendix pagcs 73+
to 188 , where it will be seen that the relative
amounts of huemoglobin and mehhaemoglobin vary
according to the reaction of the urine, the oxy-
haemoglobin being marked in amount in alkaline
urine and the methaemoglobin being marked in amount
in the acid urines. It is seen from our records
in the appendix that we were never able to detect
the brown pigment spoken of by rairley and Brom-
field (1938).

fhe origin of the blood pigments and the pile
pigment has been discussed in detail in Chapter IV,
pages 5W to /84 . For fuller information refer-
ence should be made to that chapter, and particularly
to plate No. XVI, page 171. 4 short note is given
below, however, on each of the above four pigments.

urooilinogen: is the only derivative of haemoglobin
normally foudd in urine and even this pigment
is minimal in amount in normal urines. Plate

No. XVII, page 179, shows that the urobilinogen

which appesrs in the urine is that which has

egscaped re-excretion in the bile and whnich has
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Passed into the general oirculation. Best
and Taylor (1943) state that the daily
exoretion of urobilinogen amounts only to
0.5 - 2,0 milligrams. Stephens (1987) states
that this total is excreted in spurts, particu-
larly related to meals. Urobilinogen is
oXidised to urobilin after the urine has been
voided; normally this piguent plays no part
in the colouring of the urine which is due to
urochrome, & compound of unknown constitution
and of unknown origin.. soss (1932) says that
increased urobilinogenuria is found in many
pathologiocal conditions, e.g. pyrexia, cancer
liver, pernicious snaemia, and is a feature of
conditions characterised by increased blood
destrustion, e.g. malaria. When present in
such increased amounts urobilinogen may darzen
the urine. hoss certainly found increased
urobilinuria in malignant tertian malaria, and
quinine and plasmoquine aduinistration caused
an inerease in the urobilinuria; in fact Ross
states that he found the increase following the
above drugs‘to be as much as tnat recorded in
certain cases of blackviater fever: One
suggestion to explein the increased output of

urobilinogen by the body in hacumolysis is that
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the emount of bilirubin formed in such cuses
fully occupies the liver, which then ignores
the intestinal urobilin and this latter is ex-
creted by the urine; it must be remembered,
however, that the actual amount of both pig-
ments is markedly increused in haemolysis.
Whitby and Britton (1946) agree tuat hepatic
insufriciency plays some purt in the increuse
of urinary urobilinogen. Nocht and wayer (1937)
state that this increasedurobilinuria may con-
tinue for some days after an attuck of intra-
vascular haemolysis. Our findings are in
agreement with this, i.e. we found increcased
excretion of urobilin during and after the
haemolytic phsase.

bilirubin: wunlike urobilin, this pigment does not
normally appesr in the urine. In faot its
absence from the urine has been repeatedly
remarked upon by writers on blackwater fever,
e.gs Plehn (1903b) remerks that in spite of
severe icterus and bile vigment in the plasma,
bile pigment in such cascs is usuaslly absent
from the mmine. It has already been pointed out
in this work that the bile pigment which has
passed through thne liver cells appears much more

readily in the urine thsn doecs tuat type which
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has not done so; e.g. in the obstructive type
of Jjaundice bile pigment appears in the urine
when the bilirubin content of the blooa rises
above a certain low value, whereas in hsemolytic
Jaundice a considerable degree of bilirubinuemia
may be present without there necessarily being
any bilirubinuria; fLor example, Beaumont and
Dodds (1929) stated that the bilirubin which
has passed through the liver, i.e. crystallis-
able bilirubin, which they term "bilirubin B"
will appear in the urine with a serum valuec of
over four van den Bergh units whereas the
colloidal type of bilirubin iound in excess in
haemolytic disecse has a kidney threshold
value of not less than eighteen van den Bergh
units. Whitby and Britton (1946) think that
this high kidney threshold for the second may
be because the pigment is linked with plasma
proteins, Whatever the reascn the facts would
appear to be well-established, e.g. Ross (19%2)
tested eighty-six cases of olacxwater fever and
found only four to show even a trace of bili-
rubinuria; and in eacrn of these 1our patients
he alsoc found a positive dircct ven den Bergh

reaction of more thesn four units; eac. oI the
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four patients had anuria and we may reasonably
assume that each hsd some degree of liver
damage . One useful pointer in this connection
is that of the presence or absence of bile-
salts in the urine. ‘he excretion of bile
salts is independent of the retention or
excretion of bile pigument, therefore im uncom-
plicated intra-vascular haemolyses bile-salts
are absent from the urine; but in patients
suffering from intra-vasculer huemolysis with
concomitant liver dsmege bile salts may be
found in the urine and would then serve to
confirm that any bilirubin present in the urine
is of the crystallisable "B" type which had
been regurgitated back into the circulation due
to liver damage. Ross round bile salts in the
urine of one of his four patients with bilirubin-
uriae.

There is no question btt that liver damage
may occur in individuals suffering from intra-
vasoular haemolysis, and this is essentially
likely to be found in blackwater fever since
malaria itself may damage the liver. Lizegraith,
indrewes and Gall (1947), and icost (194C) state
that in severe cases (of blackvwater fever) there

ig liver involvement and associated anocXaemia
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with injury to many of the polygonal cells;
obviously this would permit oi the regurgita-
tion into the blood of changed (erystallisable)
bilirubin, and this would account for the
rositive immediate direct van den Bergh reaction
‘and for the presence or bile in the urine.
Some confirmation for this is found in the
sunmary by Stephens (1937) who states that in
blackwater fever bilirubin is absent from the
urine as a rule, and that when present it may
be associated with a direct positive van den
Bergh reaction of the plasma. Low and Fairley
(1942) also agree that it is only in the
geverest forms of blackwater fever that bile
is found in the urine; one author dces not
agree with the opinions quoted above; he is
Hills (1946) who discussed the question of
malarial jaundice; He reports that no less
than nine of thirteen patients showing
"malarial jaundice" were found to have bili-
iubin in the urine, and he concludes "apparent-
ly bilirubinuria is the rule in this éyndrome“.
Such statements are so at variance with the A
experience of others that they require to be
confirmed before they can be accepted.

The findings in my patients have been
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it is

seen from this record that in case Lio. 1, the

fatal case, bilirubin appeared in the urine

on the day before death; in patients lics. 2

and 3 this pigment made a fugitiwe appearance

in the urine on the second day only;

and in

ocase No« & it was found to be present in the

urine on the first and second days;

Figure

No. 16 below, shows the van den Bergh reac-

tions and the values present in patients

Nose 1, 2, 3 and 5 on the days when bile was

found in their urines.

Pigure No. 1l6.

Relationship between bilirubinuris and the van
den Bergh values and reactions of the sera.

|

i

Case ?Day of illness vVv.d. Bergh  v.d.3ergh

Our findings, given above, do suggest scme

I

No. & bilirubinuria qualitutive quantitstive
E 1 f 6th dircet +++ not done
: ? (one day
; | before)
2 2né biphasic 10
3 3nd ; 10
5 1st " 9
2nd " 8
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degree of liver involvement, e.g. in
case No. 1 the reaction was dircet +++.

The rtazmak patients showed a higher
incidence of bilirubinuria than that
reported by other workers, four of the
six patients showing bile pigment in the
urine; in each case however this”find-
ing was fleeting in time; this high
incidence of bilirubinuria may partly be
explained by the suggestion of Ross
(1932) that the tests usually employed
for the detection of bilirubin in the
urine depend on a colour change and that
suah tests are interfered with by the
presence of haemoglobin; he claims that
with the use of tests like thoée of
Gmelin or Hippert, small quantities
of pilirubin may be present and yet
remain undetectcd. Do eliminate possible
eriticism we used the iodine test suggest-
ed first by Smith (1876), and this may
écoount for our higher incidence of posi-
tive findings. Unfortunately we rfailed
to examine the prines for the presence of

bile saltse.
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In the main,our findings would support
the contention that bilirubinuria is not
a common finding in the urine of individ-
uals with intra-vascular haemolysis, and
that when such is found it may indicate
regurgitation of crystallisuble bilirubin
back into the blood-stream because of

damage to the liver. In the one patient

of our series who did come to autopsy,

and who had shown bilirubinuria, the liver

showed acute central neorosis involving

the medial two~thirds of each lobule.
oXyhaemoglobin: again we use blackwater fever reports

as the main source oi material Zor dis-

cussion.

One interesting point is that for
almost fifty years after blackwater fever
became recognised as a syndrome, the
colour change in the urine was thought to
be due to haematuris. Among the first
to reaognise the real state of affairs

were

Monestier (1873) usibg crystallisztion,
concluded that the
urine contasined dissolved

blood, & mixture of
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haemoglobin amd
methaemogiobin.

Louyet (1876), using sulphuric acid,
| cdaimed to have identi-
fied methaemoglobin.
Heinemann (1885) identified methsemo-
globin by use of a
microspectroscope.
It 1is now accepted that the oxyhaemoglobin
found in the urine in huemolysis is derived
from the same pigment circulating in the plasma;
this has already been discussed and it has been
pointed eut that there appears to be a renal
threshold level for this pigment, roughly
100 milligrams per 100 ccs. of blood (see
page 191 , Chapter IV). ihere are three obvious
ways by which this pigment can get into the
urine, through the glomeruli or through the
tubules or both. Ponfick (1883) suggested
both routes of excretion. Berthier (1896) re-
affirms the French view that the oxyhaemoglobin-
ria results from quite a different process,
namely that as the result of venous stasis and
resultant multiple haemorrhages into the urini-

ferous tubules. “his conceot guained much
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support from Plehn (1920) who was the first to
report the ocourrence of tubulo-venous anastomos-
€s as already explained; ZPlehn considered that
all haemoglobin in the urine finds its way there
through these anastomoses. fhe generally-
accepted view has long been, however, that hacmo-
globinuria is the result of escape of this
pigment through the glomeruli. 4s already
mentioned, Fishberg (1934) considers thut there
are probably temporary chunges in the permeability
of the glomerulus, possibly through toxic action.

The amount of blood pigment which doecs escupe
through the glomerulus is only a fraction of the
blood loss as measured oy the fall in the red
cell count. this has also already been dis-
cussed, see page /Y7, Chapter IV. The principal
factors governing the degree of haemoglobinuria
are the rate of the haemolysis and the degree
of the haemolysis; the rate of haemolysis is
especially important, a rapid rate of destructicn
bringing the level of free eirculating pigment

quickly to the kidney threshold level before
other more conservative measures can operate.

Stephens (1937) states that no matter the degree

or the rate of hacmolysis the maximmm concentra-

tion of pigment in the urine, as measured in
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terms of blood, never exceeds ten per cent;
he suggests that the amount of haemoglobin
in the urine at any one time is equivalent to

200 ocs, blood. iernan-Nunez (1936) considers

that in an average case (of blackwaier fever)
the blood pigments in the urine are equivalent
to that in 300 cces. blood, although the actual
blood destruction may be many times as great
as the haamoglobinuria woulu suggest. <Lhese
figures, however, can only be very approximatle
in view of the several factors involved, as
mentioned previously in a much fuller discussion
on this point (see pp.s /Y2 et segu.). Very
roughly speaking, the concentration of the
blood pigment in the urine depends on the speed
of the dysis, and the total blood lost through
the kidneys depends on the length of time the
lysis continues. In Pigure No. 17 below, the
values are given of the equivalent strengths

of the pigment concentrations in the nmines of

the Razmak cases.
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Figure No. 17.

% Haemoglobin derivatives present in the urines, measured

against equivalent solutions red cells.

Case No. of days after coming under observation for
- No. ? lysis

1st drd 4th 5th 6th
1 2.5% ? 148% T 1.6% P LBy 1.5%
2 Be250 Be 50 Bed;. 0ed%
3 2.8% % . Be2% 0.8 nil 3e1%
5 .05 2.7  lub
6 %1.65é

The figures given above for each day are
the highest values recorded on that day,
and give no idea of the marked fluctua-
tions th&t do occur in the values; this
can only be fully appreciated by reference
to the detailed records in the case
summaries in the appendix.

In the above discussion the term
"oxyhaemoglobAn" has been loosely used to

include other blood pigment derivatives,
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€.8+ the values given in Figure io. 17
above include all derivatives. It
naturally follows that if the true
value of oxyhaemoglobin be required
this will be much less than the figures
glven above, which also include methae-
moglobin.

We may at this stage again stress that
in blackwater fever the duration of the
haemolytic phase and the number of haemo-
lytic phases vary greatly from individual
to individual. [Ross (1932) founu that i:
118 cases of this disease ten per cent of
the patients had relapses; in this
author's series of cases the duration of
the haemolytio phase varied considersbly
from patient to patient; Rosa gives the

following times:

Up to 24 hours cecee 29 patients.
From 1-2 daﬁs eceeoe 28 "

" 2“5 " A se e 27 "

‘} 3""4 n soeo s 00 16 "

" 4 days or longer .. 8 v
Ross's experience was that the haemolytic
phase may last up to eight days; Ilanson-
Bahr (1940) probably was incorrect when
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he stated that the haemolysis may even
ocontinue for weeks. One factor which
helps to determine the duration of the
haemoglobinuria is the rate at which
other methods of excretion operate to
reduce the haemoglobin plasma level
below the renal threshold. In this
connection also, i.e. the content of the
pigment in the urine of our putients,
it is seen from the figures given and
the records of duration of hucmolysis as
given in the appendix, that our results
were much the sume as those reported by

other workers.

methaemoglobin: this pigment was first identified
in the urine in the late nineteenth
century; a few notes on the historical
agpect are given above.

The characteristics of methaemoglobin

have been discussed in Chapter IV, pages
184-200. The physical characteristics
of the pigment so closely resembl:c those
of methaemalbumin that the latter pigment
wasg not identified in the plasma until

1934. Previous to that identificaticn
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.the brown pigment commonly reported in
the plasma in intra-vascular haemolysis
was thought to be methsemoglobin, aud

at that time it seemed reasonable enough
to assume that the methasemoglobin in the
urine of such patients takes origin from
the methaemoglobin of the plasma, as is
the case with the oxyhuemoglobin found

in the urine, With the realisution that
the piguent in the plasma is methaemal-
bumin opinions as to the origin oi the
urinary methaemoglobin had to be revised,
because methaemoglobin does uvt appear in
the plasma ezcept fleetingly in those
individuals in whom methaemoglobincyth-
aemia is present at the time of haemolysis;
methaemalbunin is never excretcd via

t?e kidney. The explanation now gener-
ally accepted for the source of the
methaemoglobin in the urine is that it is
formed from the oxyhaemcglobin. Until _
very recently it was not clear where and
how fast this transformation occurred.
Maegraith quotes a communication from

oy and Xondi which throws some light on
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the above points. Foy and Kondi experi-
mented upon a patient with paroxysmal
haemoglobinuria; they had him empty his
bladder then they immediately produéed an
attack of haemolysis by getting the patient
to put his feet into cold water, and then
immediately to pass urine. ilethaemoglobin
was found in the second specimen of urine,
therefore ccnversion of the oxyhaemoglobin
to methaemoglobin tukes place, purtly at
leagt, in the urinary passages und in the
tubules. ilsegraith states that the ocon-
version may go further, to acid hsemutin,
and that this acid haematin is then taken up
by the tubules or is deposited in the
1uﬁina. The last part of this stateuent
should be carefully notede.

The prime factor governing the amount of
methaemoglobin passed is therefore the amount
of oxyhaemoglobin available, at least in
part, for conversion. lime is another
factor; probably the longer the urine is
allowed to lie in the bladder the more
complete will be the conversion.

There is one more factor tc be considered,
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namely the‘pH of the urine. This last
point will be seen to be of some importance
in the discussion below, on the cause of
formation of casts in the tubules, e.g.
Baker and Dodds (1925) laid great stress
on the importance or urinary .4 in deter-
mining the type of blood pigment present in
the urine; these authors claimed that the
highest pHd value at whieh methaemoglobin
was present was 7.0, i.6. this pigment would
only be found in urines in which the reasction
is on the acid side. Ross (1932) added that

"normally a certain amount of time is necess-
ary for conversion, already mentloned above,
and stated that the more acia the urine the
shorter was the time necessary for conversion.
In a series of 102 cases koss found

oxyhaemoglobin alone in 56,

methsemoglobin alone in 6 ’
and  both in 40.
Wright (1928) puts the limits of conversion
at much wider ranges, from pH 5.0 to 9.0;
reference should here be made to our detailed

urine reports, appendix pages T34-T788 .
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This problem has already been discussed
shortly, and may be sumuarised by our saying
that using the very ecrude method of litmus-
Paper estimation of the pH values of the
urines in the Razmak cases, then a change
in the reaction or urine from ascid to
alkaline was always accompanied by a change
in the predominant piguent from methsemo-
globin to oxyhsemoglobin and vifie versa;
it must be stressed, however, that the

reaction was never clean-cut and complete.

in the nommal metabolisu oi the body there
is much breakdown of amino-acids; this
takes place practically wholly in the liver.
The nitrogen released is converted into
urea, which is therefore the chief end-
product of protein metabolism. 4rginine 1s
now thought to be an important stage in the
process oi formation of the urea. This
waste product urea is eliminated irom the
body through the glomeruli, and pas.es into
the tubules. It is a substance oif little
value to the body, but a considerable
proporticn of it, possibly as high as forty

per cent of the filtered urea, is returned _



343,
to the body; one explanation of this is
that the process at work is one or simple
diffusion. Nevertheless, in spite or the
return %o the blood of this considerable
amount of urea, it is normally present in
the urine at a concentration very much higher
than that in the plasma, often showing as
much a8 a sixty-fold increuse.

In the type of kidney lesion now wuder
discussion the oharacteristic oi the lesion
from the point of view of functiun is what
Bywaters and Dible (194Z) described as
"aberration of tubular function" which
éllows of excegsive and unselective re-
absorption or glomerular tiltrate; an
immediate indication of this is a falling-
off in the concentration of the urea in
the urine, a finding well-marked in tuis
type of lesion. <The term "concentration
faetor" has %een applied té this relation-
ship uéinary urea;blocd urea. 48 already
gaid this may have a value as high &s
sixty in health, whereas in this "lower
nephron nephrosis" type of kidneyAlesion

the concentration factor shows values much
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below normal. Dunn, Gillespie and Niven
(1941) stress this point and quote ome case
in whom by the eighth day the concentration
faotor was only 2.7; Georgopoulos (1953)
had previously remaried upon the importance

of this as a measure of the failure of

efficiency. this change in the concentra-
tion factor is of interest in that it orten
serves to give a rough guide to the degree

of damage the kidney has sustained.
Unfortunately the urinary urea estimations

were not carried out in my patients and

therefore we are not in a position to give
any information about the degree of reduction
 of the concentration factor in the lszmak

cases.

This brings to an end the detailed consideration of

the pathological picture and the urinary changes found in

individuals suffering from that particular renal lesion common
Yo many diverse conditions such as incompatible transfusion,

olackwater fever, etc. etce

Jhis discussion may appear tc have been over-detailed,

but such detail was necessary since it is designed to serve us

8 basis Tcor what may well prove to De the nmost important part
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of the whole of this work, namely the attenpt to explain the
genesis of the various abnormal findings which go to maice up
the clinical and pathological pictures found in the condition

of lower nephron nephrosis. f©he most important of these
abnormal findings include:

1. Cast formation in the tubules;

2. Damage to the nephron, particularly marked in, ami
practically limited to, the
loops of Henle and the second
convoluted tubules.

3. <1The tubulo-venous anastomoses repeatedly repo;ﬁed.

4, Oliguria and anuria, with nitrogen retention.

5., Changes in the urine, which at first shovis protein-
uria and often blood pigment
or muscle pigment, then later
assumes the character of
"glomerula filtratve" together

with many casts.

ilany theories have been put forward to account for the
above. Some such theories attempt to explain only cne or some
of the abnormalities, while others attempt to explain the whole
picture, AS yet there is no one single theory which is
generally accepfed. “he need is pressing in view of the

8ravity oi the lesion with which we are dealing. Once we
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fully understand the processes at work we shall be in a much
stronger position to take the first hurdle, namely to find sa
satisfactory and efficient method of treating this particular

kidney lesion.

With this end in view let us oonsider in detail esuch

of the abnormal £indings enumerated above.

1. vast rormation; the presence of the casts in the tubulecs
hus dominated the problem until very recently;
the actual substances going to make up the casts
are derived partly from muscle pigment or blood
pigment, and partly from degenerated epithelium of
the tubules. The relative amounts of each of the
constituents will vary with the particular cause of
the renal lesion, e.g. in carbon vcetrachloride
poisoning there is unlikely to be more than a very
limited& amount of blood pigment present. In such
cases the fomation of casts is necessarily related
to the damage to the tubule, a problem discussed
below, and therefore the only method of treating
such cases is to treat the tubule lesicn. rthe
really important part of this paragraph lies in the
discussion on the question or the pigment csastsy in
the great majority of cases or this ty»ne of renal

lesion, €.ge. in the intra-vascular haemolyses and in
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crush syndrome, ete. a consideration of the
formation of these casts is oi great practical
importance since it is claimed by some workers
that 1t is these casts which cause anuria, and it
is also claimed by some workers that the formation
of pigment casts can be prevented. At this stage
we may interpolate that some ox the older workers,
e.g. Plehn (1920) claimed that the pigment custs
arise partly from the pigment secreted by the
tubules and largely from a rushing-in of the blood
into the tubule as a result of the formation of
tubulo-venous anastomosecs; these views are not
generally accepted, although Woods (1946) has

recently revived them.

We are basing our discussion on the generally
acoepted theory that the pigment escapes from the
plésma via the glomeruwli; if this assumption is
correct, as it probably is, then we have in the
first convoluted tubules a glomerular filtrate
containing quantities of pigment, whether blocd or
muscle pigment, an abnormal constituent of the
urinefwhieh has a kidney threshold value of about
100 milligrams éer 100 ccé. plasma. 48 iar back

gas 1903 Plehn (1903b) stated that the plugs were

secondary to oliguria, & mere depositing as it were
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from a super-saturated solution, snd Yorke and
Hausg (1911) indicated much the same when they
said that the precipitation of casts was merely
a factor of the concentration of pigment in the
urine. This very important problem of which came
first, the oliguria or the ocasts, remained in doubt
for a long time; then in 1926 Buker and odds
published results which seemed at the time to
settle the matter beyond question. the interest
of these authors had been stimulated by two fatal
cases of incompatible transfusion in whom Baker and
Dodds claimed death to have resulted from cast
occlusion of the tubules. The authors carried out
a few experiments with two rabbits and from their
results they drew the following conclusicns:

le if the urine reaction is below pH 6.0 the
blood pigment is converted into methaemo-
globin, and possibly even to acld haematin,

2. 1f at least one per cent sodium chloride 1is
present in the filtrate then this methaemo-~
globin is precipitated in the tubules to
form casts.

%, the authors had previously concluded from
their two fatal cases that death in such

cases is the result ol cast ocelusion of

the tubules.
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On the basis of their results Baker and Dodus

thereupon decided that the only proper treatment

Bor all cases of intra-vascular haemolyses is

alkaline diuresis.

Now in intra-vascular haemolyses oif all descrip-
tions the kidney lesion is the one that kills the
majority of the patients, and here we have a theory
that explains not only how oliguria arises, but
also provides a method oi preventing it. It is a
reflection on the uncritical attitude or the
lJedical Profession that this paper met with wide
and unquestioning acceptance, and that it led to
the introduction of intense alkalinisation as the
standard treatment in intra-vascular haemolyses.
Hanschell (1926) was the first to apply to the
human the findings of Baker and Dodds in rabbits.
He claimed that his results supported those of
Baker and Dodds, but his total number of cases
was small, an& he did not mske allowance for the
normal fluetuation of death rates in small groups,
It was not for nearly a decade that doubt hegan
to be expeessed as to the correcctness of the
conclusions and the recommendations of Baker and

Dodds. ind it is only very recently that these

doubts have crystallised intc strong criticism,
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reported later in the chapter. Ross (1932)
should have credit ror being among the first to
refuse to accept the theory of 1926; he pre-
ferred the older theory of Yorke and lauss (1911)
mentioned above. Since then criticism has
steadily grown, e.g., among the more recent
oritics Dunn et alia (1941) stute that the
presenne'of the casts in the tubules could easily
be explained by a diminution of filtrate as a
result of impaired oirculation or from some other
cause; it is to be remembered thut this state-
ment by Dunn et alia predates the stalements by
Lrueta et alia (1946); this latter work, with
its "mechanistic" explanation ror the oliguria
natuially lends éreat support to the suggesticn

that the casts are deposited from a saturated

solution, a theory propounded in 1903 by Plehn.
'On the other hand, Dunn and Polscn (1926) pointed

out that the site of the kidney lesion in exXperi-
mental uric acid poisoning, which also 1is the

site of the lesion in lower nephron nephrosis, 1is
the site at which there occurs a change in the
reaction of the filtrate; JLunn and Polson thought
that the dsmage done by the change or reaction of
the filtrate was due to this change and concentra-

tion of Ffiltrate serving 1o precipitatce a toxic
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substance at the site; this unrelated finding of
1926 is inserted here to show that the problem of
cast formation in lower nephron nephrosis may not
be a simple one. Whitby and Britton (1946) on the
question of cast rormation in crush syndrome ctec.
prefer the theory that the cause of the precipita-
tion of pigment casts is primarily vascular and due
to the failure of renal circulation. Yuile et
alia (1945) after animal exXperiments, concluded that
the precipitation of haemoglobin in the renal
tubules is not primarily dependent on the reuction
of the filtrate. Duin et alia (1941) add the
point that there is a possibility that the proximity

of the venous blood - which we now know to be

greatly increased by the engorgement of the vasa
resta - may have an iniluence on promoting a greater
swing towards an acid reaction in the particular
area of the nephron. Foy, Altmann, Barnes and
Kondi (1943) are definite that the evidence is
insufficient to justify any claim that alkalinisa-
tion is effective either in preventing or relieving
oligurisa.

The guestion or the method of formaticn of cuasts
in the tubules is not yet definitely settled there-

fore; undoubtedly they are rormed rrom the free
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blood pigment and to a lesser extent trom the

epithelium of the tubules. All that may be

said at present is:

a. 4 8swing in the reaction oi the tubule
contents to phe acid side undoubtedly
facilitates the conversion of pigment from
oXhaemoglobin (or from Oxyayoglobin) to
methaemoglobin (or to metmyoglobin).

b. This second pigment, methaemoglobin, is
less soluble than oxyhuaemoglobin and is
therefore more likely to produce casts.

o.. There does appear to be evidence that the
reastion of the tubule contents becomes
acid at the level where the casts are most
numerous, namely at the loops of nenle sand
the second convoluted tubules.

d. BUD, the site mentioned zabove is not cnly
thé gite of change in the pxH of the filtrate;

it is also the site at which there occurs

a great concentrating of the tubule contents

due to absorption of luild; thia factor has
especially come into prominence as the
result of the work oi irueta ana others
(1947 ) menticned above; these authors
éhowed the engorged vasa recta to be lying

in close proximity to the thin parts of
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the loops of Henle, and have shown that

in both structures the epithelium is

admirably designed for the easy diffusion

of fluids. |
We oan go no further than to say that oast formation
in the tubBles is due primarily to a simple deposi-
tion of material irom a solution over-satursted
with pigment; change in the reaction of the urine,
with the.resultant change in the type oi blood
pigment present, probably also plays some purt.
Fuxthar criticism of the theory of Baker snd Dodds
is given in the paragraph 4a below.

2. DNephron damage; the site und the character of this
damage has been dealt with in pages 29/ et seq.
above. Hesentially the lesions are limitcd to the
loops of Henle and the second convoluted tubules;
in these areas there is fooal’degeneration or
necrosis with varying degrees of cellular reacticn
in the strana around the more severely damaged
portioﬁs of the nephron; ‘the degree of focal
degeneration may be severe enough to show stripping
of the whole of the epithelium of the tubule.

Casts are present in 1arge nunbers where the

damage is commonest:
the problems are what are the factors producing

this renal damage, and what are the factors
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determining the marked localisation of the damage.
It will be remembered that at the area where the
damage is common several things happen, namely:

i. ochange in the reastion oi the filtrate to
acid.
ii. concentration cf filtrate contents due to
much absorption of water from the tubules;
iii. precipitation of casts, prcbably largely as
a result of concentration of .iltrate;
Now this pathological picture of "lower nephron
nephrosis" is common to many conditions markedly
differing“in the character of their aetiology, e.g.

intra-vascular hacuolyses (including blaclwuteri,

where the kidney is exereting blooa pigments,
and possibly elements of the stroma of the

cells;

orush injuries, where the kidney 1is excreting

muscle pigment and possibly other breakdown
products of muscle damage.
poisons, such as carbon tetrachloride which

can csuse this syndrome.

All of the above types or causes require considera-
tion, as does another problem now causing much
interest, namely the question ot the supply of

oxygen to the more distal porticns of the nephrons.
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What are the likely causes of this remarkably

 foeal damage? Several causes have been suggested;

among such are:

Casts:

the question of casts has already been
discussed and it has been decided that
thelr formation is probably a seconuary
factor; they are unlikely to play any
important part in the production of the
tubule damage; 1like such lesions, the
casts are an effest rather than a cause
of the disease process. <Lhis is not
necessarily the view of all workers in
this field, e.g. Yorke (1922) thought
that the dégeneration in the tubules is
a secondary matter and probably due at
least in part to mechanical csuses (in
which case the presence of casts might
conceivably play a part); this last view
has been supported recently by Bywaters
(1948) wao now considers that the lesions
in the second convoluted tubules are due
to the precipitation in them ol rigment,
which produces failure of abscrption of
filtrate in the distal tubule with & ranid

rise in pressure and resultant distensicn



356.

of the more proximal parts of the
. nephron, and, finally, rupture; this
suggestion ot Bywaters is very similar
to one made by Plehn (1920) which is
discussed on page 3TH- below; this
theory of Bywaters is so at variance with
the microscopic findings that it caunot
be accepted without much fuller proot,
and in the absence of fullcr proof it may
again be said thet it is unlikely thut the
casts are responsible for the tubule
damage; it does not necessarily fdllow
from this, however, the pigment itsely 1is
non-toxic. This aspect of the problem
is dealt with immediately below.
conaentration of filtrate ecntents; much or the

absorption of water from the liltrate
occurs ab the level or immediately proxi-
mal to the level at whichn the dsmage 1is
most concentrated; in view of this scme
workers consider that tuls water depletion
alone may play a biz part in the produc-
tion of the tubule dsmage, e.g. w&keman
et alia (1952} consider the volume oI the
urine to be more impertont inm Tols connec-

tion than the rescticn o the urine;
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Nicol (1940) states that in alkalosis
dehydration is the most important fastor
influencing renal damage; Rigdon and
Cardwell (1942) stated that they were
able to produce necrosis of tubules with
small doses ol intra-venous sucrose only
in dehydrated animuls. It is conceiv-
able that dehydration does play a part
in the production of damage in that it
allows to take placc a concentrating of
any toxic substances that may be present;
another way in which it could play a
part is by the productiocn of a partial
anoxaemia. Both of the above suggestions
will now be considered,;
concentration producing increase of toxin content,
a good example of how this is possible
in other conditions is that already
mentioned where unn and Polson (1926)
produced uric acid nephritis in the
parts of the tubules usually affected
in lower nephron nephrosis; the
authors considered that the damage in
this experimental condition had been

the result of the precipitaticn oi the
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substuiice as a aestruccive soiid from
1ts relatigely harmless soluble Torm;
the cause of the precipitation wus
thought by them to be the result of
pH change with concentration ci the
filtrate. Dunn et alia (1941) also
gstressed that the localisation of the
most intense damage to the nephron in
crush syndrome is at points where the
lower nephron segments lie in close
proximity to veins, suggesting, as
they said, a definite causal nexus.
If we accept the work of Trueta et
alia (1947) this is obviously the site

at which the greatest absorption of
watexr takes place; AND it 1is therefore

precisely the site at which we may
expect concentration of toxins in any
conditions in which such are present
and are being excreted from the body
via the kidneys. This theory of
doxin concentration has a great deal

to recommend it from tThe theoretical

point of view. Obviously however if
toxin is present and circulating in

the body in any of the conditions
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producing this type of kidney lesion,
then it must be present in very dilute
concentration since there is little
damage to be detected in the rest cof
the body at autopsy; therefore if
toxin is responsible for the kidney
demage then there must take place a
concentrating of the toxin at or near
the site of damage or the nephrons.

. 'his brings up the guestion or whether
any poisons can be implicated in the
conditions leading to the type of

kidney damage we are discussing; 1let

us oonsider these conditions in detuil
and see what, if any, poisons can be
implicated;

firstly;

intra-vasoular haemolysis; in this

eondition substances which are
present and are capable of acting
as toxins, at least theoretically,
include the pigment derivatives
themselvesa, and also products
resulfing from the breakdown of the
cells, e.g. the stroma and deriva-

tives of the strcma; probably also
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there are others as yet not identi-
‘fied. There are very few experiments
on record of investigations into the
effects of injections of stroma-free
homologous hsemoglobin. It is
well-known, of course, that large
intra-vascular huemolyses can and do
take place without development of
a kidney lesion, e.g. oy, Altmann,
Barnes and Kondi (1943) state that
within three-four days three quarters
of the blood in a human may be lysecd,
liberating 600~700 grams of huecmo-
globin into the plasma, yet there may
be no apparent ill-effects on the
kidney; one other point, held by
some workers to indicate that the
hsemoglobin is not the toxic factor
responsible for the kidney changes,
is the'fact that precisely the ssme
changes are to be found in the kidney
in conditicns in which there is no
passage of blood pigment in vhe
urine, i.e. the degenerztive chaiges

in the renal tubules are not
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necessarily related to the passage

in the urine of vlood or muscle
pigments. In contradistinction to
this, however, there are on record
some experiments in whicin the in-
Jection of homologous haemoglobin
did produce the type o1 kidney lesiou
under consideration. On this probe
lem Lucke (1946) considers that
"pure" solutions of huemocglobin and
6f myéglobin are not nephrotoxic but
that haeﬁatin may cause tubular
damage; hoviever he is merely cx-
pressing an opinion and prouuces uno
satisfactory evidence to support this
viewpoint. Yorke and Nauss (1911)
are among the few workers who have
gtudied this problem experimentally,
using injections of stroma-free
homologous haemoglobin. Using ex-
perimental animals they were able to
produce haemoglobinuria in rabbits.
In those of their experimental animuls
which did not develop anuria trey

found brown plugs in somec of the
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convoluied tubules; in the animsals
wihich did develop suppression the
authors found a picture not quite
in keeping with that seen in the
human in lower nephron nephrosis,
.8+ in the ex.erimental animals some
of the glomeruli were enormously
distended, as were alsc some or the

tubules. this 18 the ploture o1 a

true "blocked kidney" which is not
the picture seen in iower nephron
nephrosis; we have already indicut-
ed the dangers oif applying too
literally the findings of animal ex-
perimentation to huwan discase,
particularly in this type of conditioun.
However, the findings oi these authors
do support the suggestion that in-
jections of homologous haemocglobin

are capable or producing kidney
lesions. Yuile et alia (1945) also
discuss the guestion of the genesis

of the renal failure in the conditicn
under discussion. Yhey point out

that all intra-vascular hsemolyses
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have at least several points in
common, €.5. & circulsting pigment;
a faotor or a "vascular or chemical
nature affeutihg the orgsnism as a
whole; and a speciric kidney lesion
with varying degrees oy tubular de-~
generation and obstructiocn of tubule:
by pigmented custs in convoluted
tubules, colleccting tubules uand the
ascending loops oi denle; theae
authors also carried out expcrimentsal
investigations into the problen,
using rabbits into which they inject-
ed homologous haemoglobin; some of
the experimental animals had acid
urines and others had alkaline
urines; others or the animals had
had their renal tubules dama,ed
either by temporary clsmping or by
poisoning with scdium tartrate;
their findings were:

haemoglobin injcctions alone -

no renal dysfunction.
haemoglobin injcctions after

15 minutes clamping renal peaicle -
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hsemoglobin custs in the
urine, both acid and
alkaline.
( haemoglobin injeotions atter
( 25 minutes clamping -

transitory rise in blood

WPN with short periods

of oligurig and anuria.
( haemoglobin injections after
( sodium tartrate -

degree of damage maximal

after sccreting acid urine.
The authors' conclusions were thuat
brecipitation of haemoglobin in the
renal tubules is not primarily depend-
ent on the reacticn of the urine but
i1s dependent on functional abnormal-
ity of the individual nephrons. irom
the scanty amount of evidence avail-
able thereiore, it is not possiole to
say definitely that free circulating
haemoglobin is capable of causing
renal dysfunction unless some other
factor is present; all that may be
said at present is that it is poss-

ible that free circulating haemo-
zlobin may act in twc ways,
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indirectly by stimulating production of
a "vascular shunt", or
difectly in the nephron in combination
with the vascular shunt tc cause damage;
this latter is purely nypothetical.

It would seem therciore that there is

no prooif that rree haemoglobin acts

locally as a toxin to the tubules,

even when concentrated by the concen-

tration of filtrate which occurs in

the more distal parts ol the nephram.

This does not exolude the possibility
that this substance may uct indirectly
by stimulating the production oi a
vascular shunt.

Also the above findings dc not
exclude the possibility oi a toxic
action on the part of the stroma, or a
derivative of the stroma. It is held
by many that the bouts of fever to be
seen during each haemolytic phase are
due to the liberation of strome or
gtroma derivatives intc the circulatiocn
but there has been little exXperimental

worik on this problem of the toxicity of
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the stroma and we are not in a position
to give a definite reply to the gquestion.
Much work still remains to be done on
this problem.

Crush injuries; +vhis condition may be

a more frultful source of information;

in this condition also there is a pigment
free in the plasma and later in the
wrine; in this cuse the pigment is
nyoglobin, very wuch akin to hacwmoglobin
in its characteristics; one point is
that it is exftracted from the circulatin;
blood much more rapidly than is nuemo=-
globin because or its relatively small
8lze, molecular weight 17,500. In
addition to the circulating oviguent there
is theoretically present a circula.ing
substance which is held tc be derived
from the autolysis oi damaged muscle,

@egs Dunn, Gillespie and Hiven (1941) in
one of the early pavers cn the crush
syndrome, say "itv seems possible that a
substance of séccial toxicity 1s produced
in the presence oy acid™; (this reference

to acid is based on the beiiel that the
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site of damage to the nephron is at
that arca where the reaction oif the
filtrate changes). Nothing is known
yet of the nature or source of any
toxic agent which may be respounsible
for the renal damage in cuses of orush
syndrome,; the available facts, how-
ever, appear to support the view to
which most observers have adherecd,
namely that after release of the
affected tissue from & comprcssed and
more or less ischaeuic state toxin is
absorbed from that tissue into the
oirculation as the vessels reopen, and
that this toxic agent affects the
kidney in the course of excretion; the
authors go further and enter into the
realms of speculation when they suggest
that both uric acid and phosphoric acid
may well come under review as possible
toxic agents; they say that both of
these molecules have a well-reccgnised
origin in muscle tissue in the form of
inosinic acid; they then make the
further pertinent observation, based on

experimencal evidence, tuat renal
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tubular damage can be most surely
produced when the renal blood ilow is
normally abundant and the concentrating
power of the organ is unimpaired, the
reason being that there is a more in-
tense concentration or toxic agent in
that region than in other areas ot the
body.

No other author adds anything of
value to the above swumary of Dumu,
Gillespie and Niven.

In this disease, also, thercfore, we
are not yet in a position to muke a
definite statement as %o the method of
production of the kidney lesion in crush
injurieé, althouzh we are on surer
ground than in the discussicn on intra-
vascular haemolysis, in that in crush
lesions we can demonstrate a scurce of
abnormal and toxic substances, the
necrotic muscle. Zum, B8illcsnie and
Hiven go as far as to suggest the
identity of the subsvances involved;
therefore the findings in crusn injury
are not inconsistent with the suggestion

that it is a local concentrating of
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Texiu wanicu leaas Uo the lesions seen
in the kidney in this condition. o
definite prooi is as yet forthcoming

however.

Poisons, e.g. carvon tetrachloride and

potassium chlorate; in this type of

condition there is no free circulating
pigment; presumably, however, the
poisonous substance in some form or
another is circulating in the body.
Depending on the nature orf the poison
many oi the tissues of the body show
greater or lesser degrees of toxic
change; {for example in carbon tetra-
chloride poisoning practically all the
important organs show toxic changes;
this is in marked contradistinetion to
the findings with intra-vascular haemo-
lysis, where the only tissue afifccted
may be the nephron.

In this elass of condition a toxic
substance is necessarily present and
there can be no objection to the suggest-
ion that it is the excreting of this

toxic substance which produces kidney

damage .
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dnoxia; this is the mezt oF the faotors
suggested as playing a part in the pro-
duction of nephron damage; owb (1941)
claimed that the essential factor in the
renal failure associated with erush
injurics is lack of oxygen supoly to the
renal tubulvs. Rigdon (19-=2) olaimed
that the same is true in malaria in which
there is a state o. anoxia in the tissucs.
He suggested as possible causes either:
losses of red cells or interference with
thelr oxygen-carrying capacity; or
alterations in the capillary blood flow
through stasis or mechanical obstruction
or general vascular constriction or
collapse such as is seen in shoock.
Maegraith and Findlay (1944) are in favour
of the avove hypothesis, which is carried
further by liaegraith and Hdavard (1946].
Recently, however, this whole theory has
been strongly attaciked by Zywaters (1948)
who first tukes exception to the term
"penal ansxia', suggesting that if the
fheoryfis correct the proper description of

3 s il
the process at work is "renal ischaemia;
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he then gczs onm < say tiast in conditions
in which renal iscu.esia 1s definitely
present it produccs a patchy degeneration
of the proximal convcluted tubules. He
also attacks "reflex spasm" as a causal
faetor. Howe%er, the worix of Inisely et
alia (1947) on anoxia auc to "sludged
blood" may require us to consider this
poasiﬁility 0% anoxia more fully than hus
been done. At present it is not possible
to do anything other thsn to reccord the
opinions of various authors as huas been
done above; there is not sufficient
evidence on which we may come to a decision
on whether or not this condition of anoxia
does exist and does play a part in the
production of the type of kidney lesion

under consideration.

Anaphylaxis; ZPlehn (1920), talking of blackwater
fever, claimed that the renal lesion is but
one manifestation of a gene.al anaphylactic
reaction. There is no proof of tnis, and
there are two serious objecticns to it;
firstly such a suggestion places the kidney

lesion of blaciwater fever in a cluss



372,
separate from all the others as regards
aetiology, and secondly it is difrieult to
imagine an anaphylactic reaction in the
humen in which the damage is limited to
ﬁhe kidney. We canuot accept this theory
of Plehn's,

In diswissing this theory of anaphylax-
18 as a cause of the kidney lesions of
blackwater fever we most definitely do not
wish to give the impression thut anaphylax-
1s does not play a part in the lysis of
red cells round in this disease; this
possibility will be discussed in Chapter

IX and is only mentioned here.

In this paragraph No. 2, several suggestions have beep consid~
ered as likely causes of the tubular lesions found in the
kidney in lower nephron nephrosis; such suggestions have
inecluded:
pigment precipitation;
concentration oi circulating toxins; e.g. in intra-
vageular haemolyses the suggested
toxins included hzemcglobin deriva-
tives and/or stroma derivatives;
in c¢crusn syndrcme

the suggested toxin was from the
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damaged tissue;
in poisoning the
poison is self-evident.
If this theory be correct, and it is well worth
serioys consideration, then it is conceivable
that the damage results from a concentrating of
the toxin at the site of damagé due to escape of
fluid in that area, with resultant concentration
of the filtrate contentse.
renal anoxia; severul suggestions but no ocareful
eXperimental prootf of this, exXcept possible
indirect proof of "sludging" of blood.
anaphylaxis; very unlikély. |
Of all the above suggestions the one that most closely
fits the facts is that of concentration oif circulating toxin;
this would explain the locslisation ol the lesions most satis-
factorily; one indirect support is that in certain at least
of the conditions producing this type of kiduey lesicn a
vascular "shunt" is in operation, e.g. Woods (1946) reports
great and“unifofm enlargenent of the vasa recta; iz tais be
the case it would secem that the "shunt" is originally brought
intc operation by the boay toc protect éhe kidney cortex irom
tae circulaving toxin, but unfortunately in doing so it
increases absorption of fluid irom the tubules with resultant

concentration of the toxin in that ares.
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3e <Tubulo-venous anastiomoses; this finding has been reported
in detail by several authors in the last I'ew years, e.g. Duwmn
et alia (1941), ucletchie (19+3), and Woods (1946); the
impression given is that it had not been observed previously;
this is certainly not so. There are several doubtful early
references, e.g. Berthier (&896) who talks of wultiple
naemorrhages into the uriniferous tubules, but the first
definite eclear-cut report is tmut of Plehn (1920) who in
discussing the renal lesions in blackwater fever, reported
among other findings that he had found that the portions of
the tubules above the plugs became enormously distended with
fluid, a fact not acocpted by any ol the more‘modern workers
gexcept Bywaters (1948), whose opinion 1s given on page 355.
Plehn claimed that vils pressure 8o dsmaged the tubules that
Serum proteins and red cells could secep through into the urine.
By this method he explained the proteinuria o1 blackwater
fever; FPlehn continued by saying that if the plugging cylinders
are followed backwards towarus the glomerulus a point is

reached where the renal tubule appears to communicate directly

with a capillary at a poini where the eplthelium has completely

disappeared; the author added that it is eusy to overlook
such communicstions. Plehn was sc sure of his iinuings that he
based a theory or huemolysis in blackwater fever on such
anastomoses, claiming that a direct asdmixture ta.ues place

between the contents oi the blood vessels and the contents of
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the renal vessels, and that owing to hypotonicity, because
of low sodium chloride content, the renal filtrate has a
haemolytic action on the blood which enters the tubule.
Yorke (1922) agreed only to the extent of admitting that the
serum proteins and red cells found in the urine in severe
cases of blackwater guin access to the tubules through the
anastomoses. This was an ingenious attempt on Plehn's part
to link the microscopic and olinical findings; his theory
rather reminds one of Proerustes' bed however. The theories
of Plehn next received support from Rapoport (1928), who on

a series of one case in loscow confirmed Plehn's findings of
anastomoses; in Rapoport's case many such tubulo-venous
anastomoses were present; this author also supports Plehn's
theory that the haemolysis of blackwater fever takes place in
the tubules. It was not until 1941 that this fubulo-venous
anastomosis again appeared& in literature, in a report by Dumn,
Gillespie and Niven. Dunn et alia inferred that the break-
through was from tubule to vein; such is also the view of
Bywaters and Dible (1942); MoLetchie (1943) reports the same
microsecopic appearances in a male, aet. 33, with frequent
vomiting due to pyloric stenosis; MoLetchie suggested that
the ansstomoses are determined on a functional basis and
depend on blood/filtrate readjustment which is particularly
active at the areas where the break-through occurs. Woods

(1946) reported three cases of carbon tetrachloride poisoning
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in whom the kidney lesions were very localised and much like
those found in transfusion kidney. He particularly stressed
the great and uniform enlargement of the vasa resta; he diad
not agree with the suggested formation of the anastomoses as
given above; in his opinion the lesions begin as thrombi in
dileated veins and that in some parts these thrombi have broken
through into the tubules. In the three cases of Woods one
showed many anastomoses, one showed only one, and one patient
showed none at all. Obviously, therefore the condition is
not necessarily of devere degree in all kidney lesions of the
type we are considering; in faot in many cases it may not be
possible to identify any anastomosis. In view of this the
anastomosis cannot play an important part in any lesion which
is found; Woods does not agree with this; he considers that
these lesgsions are tc be regarded as of fundamental importance
in the development of the renal picture ss a whole. Wooas
accepts the theory of vascular "shunting", and olaims that
this defence device of a switch of the blood through the vasa
recta leads to a sudden lowering of the relative pressures in
the yeins and tubules in the medulla, and rupture then occurs
where the walls of these two structures are in close apposition.
48 a result blood enters the tubules; Woods claims that the
casts in the tubules come from this blood, his theory being

much the same as Plehn's; he holcs that this would explain the

position of the casts and would explain the immunity of the
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first convoluted tubule. Professor Dorothy Russell
assisted Woods in his interpretations of the kidney picture,
therefore his theories must be reccrded although they are at
variance with those of the great majority of workers.
Bywaters (1948) takes the opposite view to Woods; the former
contends that the initial lesion is that of precipitation of
pigment in the distal convoluted tubules; he claims that
this produces failure of absorption of filtrate, with a rapid
rise in intra-renal pressure, and distension of proximal parts;
this distension finally results in rupture of the tubule (not
necessarily into a vein) and a pouring-out of the glomerular
filtrate into the interstitial tissue, lymph puthways, and
veins. It is very diffioult to accept Bywatera' opinions
because in all reports of microscopic findings there is no
mention of any indication of increased pressure in the more

proximal parts of the nephron

Such is the position as it stands today; there is no
doubt that in this type of remal lesion anastomoses are to be
found. The percentage of kidneys so affected, and the
number of anastomoscs in kidneys so affected has not yet been é
worked out. Furthermore the mode of formation of these
anastomoses is not celear, one group of workers claiming that
the anastomosis is a break-through from vein to tubule because
of inereased intra-venous pressure, and another group claiming

that the break-through is in the opposite direction as the
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result of increased intra-tubular pressure.

Whatever the method of iormation, it is quite unlike-
ly that these anastomoscs play an all-important part in the
production of the specific lower nephron nephrosis as 1is the

contention of some workers.

A final decision on the points above enumerated must

be left until more exact information is agailable.

Oliguria-anuria, with nitrogen retention; one point of value,
even though it is of negative value, which has alreudy result-
ed from this detailed discussion is that we have been relwmetant- °
ly compelled to accept the conclusion that the body of available
evidence does not support the view that the formation of custs
can be prevented by alkalinisation; had we been able to

accept that view, which is still accepted by some workers, we
should have been in a much stronger position to agree upon a
line of treatment. This question of treatment brings us to

the most-dreaded of the signs of kidney involvement, namely
anuria. This problem of apparent cessution of kidney function

in intra-vascular hsemolys&s is one which has long exercised

‘the minds of all individuals responsible for the treatment of

patients with this dread complicstion. illis (1947) rightly

describes it as "one of the most dramatic and disconcerting of

medical emergencies™.

In the discﬁssion of this problem we are again forced
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to draw from the literature on blackwater fever for much
of our information on the earlier approach to the problem.
Unfortunately, tropical medicine has been so divorced from
general medicine that this earlier work is not well-known,
with the result that workers in other fields where the
problem has become pressing are now tending in some oases
to repeat the mistakes of the earlier workers on blackwater
fever.

There is no lack of theories to explain the renal
shutdown with resultant anuria; among the causes given for
this shutdown are: mechanical blockage by casts;

low blood-pressure, with a failure to
sedrete urine;

damage to renal tubules; and

"shunting of the renal circulation”.

This problem 6f the cause of anuris is of such ﬁara-
mount importance that it is necessary for us to consider
the above possible explanations in detail; the simplest

way to do so would be to consider them seriatim; oconsider

4a. Mechanical blockage by casts; to earlier workers the
presence of casts in the urine and in the tubules
gseemed to provide a reasonable and simple explana-
tion for the renal shutdown, e.g. Ponfick (1883)

talks of the "blocking of the numerous renal

tubules with semi-soclid masses; the tubes ar:

f£illed with wedged-in clots threatening a sudden
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occasionally inevitable standstill of the whole
exoretory process". [This view was generally
accepted, e.g. de Haan (1905), and Werner (1907)
agree. Since that time support for the theory
of mechanical blockage has continued, although
latterly oriticism of this theory has grown. This
theory of cast formation causing blockage in whole
or in part received great support from Baker and
Dodds (1925); their paper hus already been fully
discussed above, pages 348 et seq. Briefly,
working with three rabbits these authors obtained
reaults from experiments which led theg to conolude
that cast formation in the urine ocours only in
acid urines with a sodium chloride content of not
lesa than one per cent; they further oconcluded,
from the findings in two fatal cuses of transfusion
kidney, that it is the formation of casts in the
tubules which leads to renal failure and anuria.

It was the uncritical acceptance of their theories
which led to the adoption of intense alkalinisation
ag the standard method of trcatment for this renal
lesion, although in point of fact treatment by
alkelies was not new. Wright (1917) had suggested
bicarbonate and glucose because he thought acidosis

to be an important factor in this condition. Aas
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has already been said, ceriticism of this theory and
of the treatment has steadily grown with the years,
beginning with the criticisms offered by Ross (1932).
For example, taking one point alone, Ross pointed
out that in his large series of cases in Southern
Rhodesia the chloride content of the urine was
much below one per cent in almost all patients,
partly due to restricted diet and partly due to
pyrexia. Since then evidence of various types
has acoumulated which strongly suggested that
Baker and Dodds were wrong in their assumptions.
For examplé Bridges and Mattice (1940) point out
that indiscriminate alkali therapy can produce
alkalosis in a patient whilst the urine is still
acid, therefore the pH of the urine is not
necessarily an indication of the state of affairs
ingside the body. Similarly Ziegler and Brice
(1937) suggested that phylogenetically the human
kidney is adapted for excretion of an acid urine
and that the kidney can more easily excrete solids
in an acid than in an alkaline urine. Foy,
Altmann, Barnes and Kondi (1943) are also highly
oritical of this theory of mechanical blockage by

casts.

The most eomplete eriticism of the theory so far
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produced has been a paper by Maegraith (1944) who
discusses the suggestion tﬁat renal failure is pro-
duced by mechanical blockage of the tubules, largely
as a result of scid urine with a high salt content.
Maegraith begins his criticisu by pointing out that
since the theory was introduced and treatment based
on it was begun the blackwater fever mortality has
inoreased from twenty per cent to twenty-five per
cent; he oonsiders that whether alkaline therapy is

successful or not in preventing renal failure - and

he thinks the evidence for that unsatisfactory - a
decrease rather than an increase in the total
mortality rate might have been expected. He then
brings forward eight points for consideration;
these are:

l. In many cases on record the urine is as frequent-
ly alkaline as it is uacid before the onset of
anuriae.

2. The sodium chloride of the urine in the usual
case of blackwater fever is about 0.5 per cent,
not sufficiently high to help precipitate the
blood pigment in the tubules.

3. Haemoglobinuria may occur without anuria, even

with acid urinese.

4. In some cases of blackwater fever oliguria,

kidney failure develops after haemoglobinuria
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has ceased.

5. Oliguria mnu anuria occur in conditions and in
oircumstances which exastly parallel the renal
failure of blackwater fever but in which there
is no passage of pigment in the urine.

6. The degree of blookﬁge found in the kidney
tubules at post-mortem examination is insuff-
icient to account for the anuria.

7. If bloockage were the primary factor it is to
be expected that whatever urine is passed,

coming as it does from unobstructed nephrons,

would be normal in its constitution; in point
of faet, however, it more resembles glomerular
filtrate. Dunn, Gillespie and Niven (1941)
had previously remarked upon the significance
of this failure of the kidney to concentrate
urine.
8. Although the urine passed in the immediate post-
anurie and recovery phases occasionally contains
- massive deposits, it often is perfectly clear of
casts and other debris.
Maegraith suggests that a better title for the kidney

lesion would be "tubulo-vasecular-renal syndrome”.

I feel that in all criticisms of the theory of

mechanical blockage not enocugh attention has been paid
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to the histo-pathological findimgs in fatsl cases.
There is a surprising lack of unanimity in one import-
ant wespect, namely the question of whether or not
there is dilatation present in the affeoted tubules.
Barlier reports occasionally speak of dilatation of the
tubules; certainly Yorke and Nauss found it to be
rresent in their experimental animals, and Plebhn (1920)
used the theory of increased intra-tubular pressure to
account for the formaticn of tubulo-venous anastomoses.
Bywaters agrees with Flehn. If such a finding of
marked tubular dilatation is slvays present in fatal
cases, such as is seen say in sulphonumide anuria due
to a blocking of the pelves of the kidneys by deposition
of crystals of the drug, then this would provide some
degree of support for the theory of anuria due to
mechanical blockage of the tubules, be the cause what
it may. But the fact is that this description of
enormously dilated tubules does not tally with the
descriptions given by the great majority of workers,
including workers of the standing of Shaw Dunn and
Dorothy Russell; and it certainly has not been my
expérience. It would seem, therefore, that there is
no microscopic appearance consistently to be found

which would suggest that there is greatly increased

intra-tubular pressure.

It is suggested, therefcre, that there is no prima
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facie evidence to support the mechanioal blockage
theory of Baker and Dodds; we have aslready refused to
support their theories on cast formation. In dis-
counting this theory of mechanical blockage I do not
intend to suggest that the tubules plugged by casts
are capable of functioning; it is feusible that they
are functioning only very inefficiently or not at all.
All that is suggested here is that cast formation by
itself cannot explain the remarkable, sometimes com-
plete, shutdown of the kidney which is to be found

even with relatively few casts in the tubules.

4.b, Low blood pressure; this alternative explanation of the
stoppage of urine production in "transfusion" kidney
and similar conditions was probably first braught into
prominence by Yorike and Nauss (1911); in their experi-
ments with fabbits they concluded that a decreased
filtering force in the glomerulus, resulting from a
low blood pressure, may play a part in the causing of
anuria in patients with intra-vascular hsemolysis.
Plehn (1920), who adhered to the theory of blockage by
passage of haemoglobin, alsc said that the haemoglobin
blockage is considergbly facilitated by any factor whioch
tends to lower the blood pressure of the patient.

Foy, Altmann, Barnes and Kondi (1943) also say that

in some cases of blackwater fever the blood pressure
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sinks to a level incompatible with the proper
secretion‘of urine, which is generslly taken to be
about 70-75 mms. of mercury; Maegraith (1944) states
that in the renal lesions of blackwater fever a
condition resembling shoock is seen, the blood pressure

generally being low, with oliguria developing, and

with the kidney unable to secrete a concentrated urine.
It is in this paper that Maegraith suggests the name
"tubulo-vascular-renal syndrome"™ for the sondition, to
&onvey the idea of a vascular eiement in the causation
of the disease. This is stated more definitely by
Maegraith and Findlay (1944) who suggested thut
peripheral vascular atonic oollapse occurs, with
subsequent re-distributicn of intra-renal blood flow
and depression of glomerular filtrate. Whitby ana
Britton (1946) have already been qucted as saying
that there is a failure of renal secretion.

The blood-pressure readings in our patients at
the onset of lysis, first day usually, are given below:

Case 1 Case 2 Case 3 Case 4 Case 5 Caseb

Blood pressure. 88/50 92/60 85/55 100/60 100/60 Not
done.

It is seen from the above figures that at the time
of development of oliguria some of our patients had
blood-pressure values relatively near the normal of the

Indian sepoy. Furthermore in Case No. 2 the slightly
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lowered blood pressure persisted for four days after
the onset of haemolysis, yet this patient showed
marked polyuria from the beginning, and lastly, it is
not an uncommon finding that in intra-vascular
haemolysis the blood pressure riscs pari passu with
the development of nitrogen retention yet anuria often
persists in such cases. All we can sgy is that low
blood pressure necessarily affects urinary filtration
and if it is very low then, as suggested by Foy et
alia above, urinary filtration canuot ocour;‘ but
values as low as that are unot commonly to be found in
intra-vasocular haemolysis, and even when present are
very temporary. Another point whioch must be kept in
mind is that there are other conditions, e.g. severe
wounding, in which the circulstory depression may be
relatively long-ccntinued and more severe than in
intra-vascular haemolyses yet renal lesions do not
result.

The evidence, therefore, is such that this
explanation'of low blood pressure cannot be accepted
as satisfactory to account for the onset and contin-
uance of oliguria-anuria in the type of kidney lesion

we are now discussing.

4. ¢. Damage to kidney tubules; it is conceivable that damage

to the kidney tubules could play a part in the
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production of oliguria; there are two ways in whioh
this could happen; one way is by a gross escape of
the glomerular filtrate through tubulo-venous
anastomoses, suggested by Bywaters (1948) among others;
the other way would be that inferred by Dunn, Gillespie
and Niven (1941) namely, an aolation of the function of
the tubular walls allowing of unrestricted absorption
filtrate; that failure of tubule function does occur
is of course well shown by the "glomcrular filtrate"
character of what urine is produced during the peridd
when the kidney is labouring under difficulties.
Bywaters and Dible (1942) also talk of an aberration
of tubular funotion allowing of excessive and unselec-
tive re-absorption of glomerular filtrate. And Plehn
(1920) had previously talked of a profound change in
the renal epithelium which he tnought to be the primary
lesion, an anaphylactic reaction.

It is very unlikely, for reasons given above, that
passage of glomerular filtrate through the tubulo-venous
anasstomoses plays any important part in the production
of oliguria; on the other hand excessive re-absorption
from the filtrate at the area around the loops of Henle
probably does play some part in the cutting-down of the
volume of fluid which has passed through the glomeruli;

in fact this re-absorption of fluid is one point whioh
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we are most definitely prepared to concede, though the
method of re-absorption is not necessarily either of
those suggested above. Other factors, however,
probably are more importunt in the production of
oliguria, for example more probably the fault lies in
the total quantity of blood which i8 allowed to reach
the glomerull; what happehs to the filtrate is

probably a less important point.

4. d. Vascular shunt; on pages 278 et seq. above, a summary
is given of a recent addition to our knowledge of the
kidney. FYor long it had been known that central
nervous system stimuli could influence the production
of urine; examples of this have already been given,
and Plehn (1903b) went so far as to state that in his
opinion the anuria found in intra-vascular haemolysis
is of cerebral origin, induced by the toxic properties
of metabolic products; Yorke and Nauss (1911) alseo
considered that one possible cause of the anuria in
blackwater fever is a nervous inhibition of glomerular
secretion. Porak (1918) took the view of Plehn that
anuria is of central origin, death being due to ana-
phylaxis. Barrenscheen and Glaessner (1923) talking
of anuria following quinine administrstion, alsc held
that the anuria can be explained as a reflex spastic

condition. In 1944 lsegraith and Findlay came near
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to the current teaching when they suggested that
one factor in the oliguria of intra-vasoular haemo-
lysis is a re-distribution of the intra-renal blood
flow with depression of glomcrula filtrstion. This
was a laudable effort, but without experimental proof
it could not be accepted, It remained for Trueta
and co-workers (1946) to supply that proof; the work
of the last-named has already been fully discusson
on pps. 274 et seq. From that work we see that as
a result of appropriate nerve stimulution a vascular
short-circuiting may occur in the kidneys, by which
the blood may be diverted wholly or partly from the

oortex to pass through medullary channels, the vasa

reata. The authors then draw the important conclu-
sion that nerve stimulation may be produeed centrally
or peripherally by a variety of noxious agents, and it
is concluded that the picture seen in many loosely~
related syndromes such as sulpha kidney, blood trans-

fusion kidney, etc.conceivably is the result of this

"shunting" mechanism, the device being a defence

ﬁechanism‘by which the cortex of the kidney is exclud-

ed from the circulating toxin.

Herein, I submit, lies sufficient justification
for the detailed consideration whioh has been given to
the problem in the preceding pages; herein, also,

concéivably lies an explanation of the problem of
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anuria in lower nephron nephrosis; and herein lies
an approach to treatment, the most logical and the
most promising approach yet produced for this grave
problem.

If this theory be correct, then the defence device
must be a mechanism called into operation against
circulating toxin or other abnormal substances; circu-
lating toxins have, of course, already been held as &
very likely cause of the renal damage.

In other words the oliguria and anuria are
primarily the result of a by-passing of the great
majority of the glomeruli by the blood being diverted
through the Jjuxta-medullary glomecruli to the vasa recta.
It is here suggested that a second factor in the pro-
duction of oliguria possibly is an increase in the
transudation of fluid from the loops of Henle to the
greatly dilated and engorged vasa recta.

Oblique support for this theory, and a guide to
possible lines of treatment, is given by that measure
of success which has been obtained in nephrosis anuria
by certain apparently unrelated forms of treatment
which, in retrospect, all probably owed their sucacess
to their having affected favourably the process causing
the gascular shunt; ezamples of such lines of treatment

are.
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Neuwirt (1922)

Wallaoce (1922)

Ross (1932)
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suggested splitting of the kidney
capsule fraom pole‘to pole; ocon-
welvably this may have relieved the
vascular shunt by its effects on
the merve supply to the kidney.
reported a case of reflex anuria in
a patient with renal colis; bilater-
al splanchnic block in this patient
was followed within a few hours by
diuresis.
suggested high rectal double-current
irrigations, using hpt saline; in
one case it seemed that irrigations
were directly responsible for the
beginning of urine flow.

The method of hot applications was
the one used in the treatment of my
8ix patients; in each case the hot
applications were applied to the
kidney areas posteriorly and in one
case we used warm retention enem:s.
suggested lavage of the pelves of the
kidney, using ureteric catheters. I
have personal exXperience of only one
case, not reported, during 1942 in a

station near Baghdad on whom this
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was tried, apparently without much
success.

Peters (1942) desoribed one case where he deliber-
ately employecd splanchnic block in the
treatment of anuria and he reports
that although his patient had been
anuric for ten days he passed 700 ccs.
urine within five hours of the bilater-
al block. 0'Sullivan and Spitzer
(1946) reported two cases similar to
that of Peters.

Burkitt (1943) reported a treatment for blackwater,
which he had used in Africa apparently
with much success, namely massive dosesa
of luminal by injection; wusing this
treatment Gregory had thirty survivals
in thirty patients; this is a signifi-
cant difference from the usual figure
of about twenty per cent deaths.
Burkitt was not referring specifically
to the problem of snuria in recommend-
ing this treatment.

Lyons and Raines (1945) thought the successes
reported in the treating of anuria by
decapsulation are probably due in part
at least to removal of the sympathetioc
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tonic fibres.
The results of the treatment of the Waziristan series
of patients were not such as would provide material

for discussion.

It is considered that the experimental evidence produced by

Trueta et alia (1947) makes it likely that the explanation of

the anuria in lower nephron nephrosis is primarily a vasoular

shunt which acts by bypassing the cortex; a secondary factor

of some importance may be increased transudution of filtrate

from the loops of Henle into the dilated vasa reata.

In view of the gravity of the process, with its !
twenty to twenty-five per cent death rate, at least in the |
blackwater type of this process, any promising form of therapy
must be fully investigated; there 1s as yet, however, no
report of any series of cases in which the patients have been
treated by methods designed to relieve the "shuntimg" of blood
in the kidney if such shunting be present. The results of

such a celinical trial are ecagerly awalted.

If the answer to the cause of anmria is that 1t is
the result of the operation of vascular shunting, then the
next question is why certain individuals escape and others are
picked out to develop this grave complication of anuria; the
answer may be that suggested by 4£llis (1947) when he points out

that sensitivity to a stimulus varies greatly from individusl
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~to individual and suggests that emcessive stimulation of one

type or another, applied to persons unduly semsitive to that
particular form of stimulus might result in excessive operation
of the normal mechanism by which the blood flow is diverted

from the cortex.

Changes in the urine; the quantitative changes have been
discussed in paragraph 4 abows,
qualitative changes ineclude proteinuria, blood pigment
in the urine, and changes in the specific gravity. The
proteinuria, haemoglobinuria, and casts in the urine,
have been considered already.

Two changes in the character of the urine have

previously only been mentioned and require further con-
sideration, although they are not of primary importance;

one change often remarked upon is the thick type of |
urine which is to be seen in cases of severe oliguria;
Stephens talks of one of his patients having urine like
jelly, and this has been my exXperience on several occas-
ions, not in the patients discussed here. The other
type of change is that in which the urine has the
characteristics of "glomerular filtrate".

It has always been difficult to explain the first
type of urine, thick like jelly. xven the suggestion
that there is much outpouring of mucus in the ureters and

bladder cannot explain it, and one explanation is that
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first propounded by Plehn (1920), and discussed above,
that this is the result of a blood admixture as one
result of tubulo-venous anastomoscs. Yorke (1922) is
less definite; he thinks that the serum proteins found
in the urine, and causing the mucoid charaster of the
urine, gain access to the tubules through lesions pro-
duced by dislodgement of the tubule epithelium. It is
probable that some exudation of serum does take place
into the tubules but it is unlikely that there is any
important degree of frank bleeding through the anastomo-
sea. The serum exudation probably is the answer, at

least in part.

The other type of trine commonly to be found is that
with the characteristics of glomerular filtrute; this
type is found generally even after re-establishment of
diuresis in those patients #ho survive. Dobbs (1947)
states that urine for the first few days after establish- ‘
ing of diuresis is little more than a glomerular filtrate,z
indicating little concentration in the tubules. This
strongly supports the suggestion that there is gross
aberration. AS Dunn et alia (1941) say "there is an
extreme degree of ablation of one of the ﬁighest functions
of the kidney". This damage is very extensive but

fortunately if is remarkably reversible; repair, howecver,

takes time especially since it is first necessary to get
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rid of the cellular debris, casts and other solid
materials in the urinary passages. Georgopolous
(1933) agrees that there is ablation of function and
suggeats that the polyuria so common after establish-
ment of diuresis is a forced diuresis due to the
kidney having temporarily lost its power to concen-

trate the urine.
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SUMILARY  CHAPT®R V.
This chapter began with a disocussion on certain
aspects of the pathological findings in transfusion kidney

and other similar oconditions.

Throughout the chapter there have been two principles

consistently before us.

The first principle was to attempt to gain from the
detsiled discussion any informution which might prove of value
in the treatment of such conditicns; it is submitted that we
have at least indicated a method of approach to treatment

which may yield valuable results.

Our second aim was to find whether there is any
particular finding in this type of lesion under review which
would effectively counter our suggested diagnosis of intra-
vascular haemolysis for the Waziristan cases. It 18 submitted
that the findings in our cases were fully in keeping with the
findings which this chapter shows us to be expected in cases of
intra-vascular haemolysis. The diagnosis remains therefore

as "intra-vascular haemolysis".

In slightly more detail, this chapter deals with the

following points.

The physiology of the kidney has been briefly summarised in
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the light of bhe recent work on alternstive circulstions
through the kidney. This finding of Trueta et alia (1947)
is regarded as a most important piece of research. In the
class of kidney lesion in which we are interested the detailed
patho;ogy has also been considered, using as subdivisions the
questions of cast formation, ﬁf the nephron damage, of the
tubulo-venoqs anastomoses, of the anuris, and of changes in
the urine in this condition. 4 krief summary is given below

of our findings:

1. Cast formation: it was concluded from the evidence
that the casts are formed by deposi-
tion of pigment frcm a solution whieh
has become supersaturated as a result
of concentration of tubule contents at
the level of the locps of Henle;
change in the pH at the same 8site,
with resultant fhanges in the predomin-
ant type of blood pigment present,
probably also plays a part in the
formation of the casts.

2. Nephron damage: several causes have been suggested to
explain the remarkable localisation of
the kidney damage, €.8e

a. pigment precipitaticn in the more

distal parts of the nephron;
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b. concentration of circulating
toxins, (e.g. haemoglobin or
stroma in intravascular haemo-
lysis, muscle breakdown pro-
duota in the crush syndrome,
ete), the concentration taking
place just below the site of
maximal absorption of fluid
from the nephron into the
neighbouring blood vessels and
lymph channels.

6. renal anoxia.

d. anaphyluxis.

0f all the above, the theory of con-~
centration of circulating toxins most
adequatly appears to fit the picture,
the localisation ot the lesion being
determnined by the filtrate concentra-
tion, and therefore toxin concentra-
tion, which takes place at this point.
The particular toxic factor differs

with the different ccnditions producing
this type of kidney lesicne.

%, Tubulo-venous anastomoses have repeatedly been reported
as a finding in the kidneys of

individusls dying of lower nepinron
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lesions. There are great varia-
tions present from patient to patient
in the numbers of anastomoses; some
show nil. The cause of the produc-
tion of such aneurysims is not
obvious. It is not even settled
yet whether the break-through is
from vein to tubule or from tubule
to vein. Further the significance
of such aneurysims is not clear.

It would seem certuin that they do
not play an all-important part in
the production of the kidney damage
or in the production of casts,
explanatiocns for both of which have
been given above. It is thought by
some workers that these aneurysims
are the cause of the thick jelly-like
urine found in severe oliguria.
4. Oliguria-snuria; several theorie¢s as to causation,
a. mechanical blockage by casts; not
accepted to be the likely cause;
there are many reasons why this
is unlikely, and the histopatho-
logical picture is not in keeping
with this theory.
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b. low blood-pressure; also fails
adequately to explain the
facts, although it probably
plays a minor pasrt in the
production of oliguria in a
small number of individuals
80 affeoted.

0. damage to the tubulesa; two
suggestions as to how this
would act, either an escape

\  of filtrate into the surroun-
ding tissues, or excessive
and uninhibited re-absorption
of filtrate fluid. It is
agreed that excessive re-
absorption of filtrate fluid
does probably take place,
see 4.d. below, but not
primarily because of renal
tubule damage although this
factor may assist.

It is considered that this
is insufiicient to explain
the anuria.

de vascular shunt; AN IMPORTANT

PARAGRAPH IN WHICH IL IS
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SUGGESTED THAT VASCULAR
SHORT-CIRCUITING IS THs CAUSE
OF THE OLIGURIA; THE SITIuU-
LUS PROBABLY IS a CIRCULATING
lTOXIN, A VIEW WHICH IS
SUPPORTLD BY THE CONCLUSIONS
REACHZD IN THi NOILi&S ON
TUBULAR DAMAGL, SiE PARA. &
ABOViu.
IT IS SUGGHSTAD THAT IREAT- !
MENT OF THE ANURIA SHOULD Bk i
BASED ON ATTEMPYS TO RLLILVHE
VASCULAR CIRCULATORY CHalNGwuS,
EeGe BY SPINAL ANAKSTHHSIA.
e. urine changes; the only two
ﬁrine changes which required
further discussion at this

point were, firstly a type of

urine like jelly, and second-
ly a type of urine like
glomerular filtrate. Both of
those were thought to be
merely indications of renal
dysfunction; in the first
the changes are propbably due

to seepage intc the tubules
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of serum from the lesions !
in the tubule walls; the
second type of urine provides ;
striking support for the |
theory of widespread toxio
damage to the tubules; until
this tubule damage has been
made good, which takes place
some days after diuresis, the
kidney cannot concentrate
urine, hence the polyuria,
with the urine like glomeru-

lar filtrate.




415

CogPilaRr VI

Quinine as a possible cause of the Razmak cases of

Haemoglobinuria.

his chapter properly should open with the closing
findings of the previous chapter, nsmely that so far, all the
evidence in the HZazmak cases having been submitted and anélysed,
the diagnosdis of the six cases now stands as "intra-vascular

haemolysis, cause unknown.

It is essential that we now attempt to define the

cause more exactly.

Yhe first suspect cause is quinine. Lthis drug was
given to five of the six affected individuals; case No. 6
received no guinine. If ig, therefore, not a constant factor,
but in view of its repuﬁation, probably greatly exaggerated,
as a potent cause of haemoglobinuria, and in view of the
possibility that case No. 6 had also been given gquinine unknown
to me - a very unlikely happening - it is necessary that we
should devote one chapter to a consideration of whether or not
quinine was the precipitating factor in the haemoglobinuris
seen in Razmak. With the intrcduction of paludrine all that
is written here may cnly be of historical interest but it is
pertinent to our inguiry, our attempts to establish an exact

diagnosis.
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History of wuinine.

A chapter in the history of medicine so enthralling
as this should not be allowed to pass unacinowledged,
unnecessary though it may be to the main purpose of this
paper; Scott (1939) rightly talks of the history of quinine
as containing much of romance. In an introductiocn to the
monograph of Duran-Reynals (1947) on this subject, Fulton
correctly states that malaria has caused more casualties
through the ages than has war; he might also have said that
malaria has been a decisige factor in many military campaigns
in the course of history. He estimates the figure of people
infected in the World today to be about 300,000,C00. This
is probably an under-estimate. Only those who have worked
in the Tropics, and especiaslly those who have suffered from
the disease, can appreciate how serious an obstacle is chronie

malaria to the well-being and efficiency of a nation.

According to Chopra (2936) cinechons alkaloids occur

in the barks of various species of two rubiaceous genera,
Cinchona and Remijia, which are indigenocus to the Hastern
slopes of the 4dndes in South Americas belween latitudes 10°
North and 20° South; actually their distribution is wider

than this; in a patchy menner they probably are to be found

from the Atlantic to the Pacific.

Prior to the introduction of the cinchona alkaloids

there was no specific treatment for“malaria, which ravaged
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unchecked great tracts of the earth's surface. Scott has
said (1939) that the history of the treatment of malaris means

the history of cecinchona.

This state of cocmplete helplessness against malaria
continued until the seventeenth century. By that time the
Spaniards had been in part possession of South America for
close on one hundred years. There is no evidence definitely
to prove whether or not thney brought malaria as one of their
gifts to the New'World; the balance of evidence suggests that
they did. Craig and Faust (1942) state that malaria was
non-existent or of no great importance (unlikely) in America
before the arrival of Columbus and before the arrival of the
Buropean colonists. The arrival of the latter, and especially
the importation of negro slaves carrying virulent strains of
the parasite from Africa, alloved the disease to become firmly
established. This is the view of Scott (1939) who points out
that prior to the Spanish Conquest the Gulf of Mexico was
well-settled and prosperous, whereas in more recent times the
area has been highly malarious. Peru was discovered in 1513
and within fifty years was firmly in the hands of the Spaniards;
Sgott points out that Peru was healthy until that time.
Scott's opinion is that malaria was introduced from HEurope or
with the slaves from Africa. He feels that the only outbreak
of disease even remotely likely to support the theory of pre-

existing malarda is the condition recorded as "Modorra'
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repofted to have been a problem to the expedition of
Pedrarius to Darien in 1514. 'here is one other report
existing which suggests that malaria was present and a curse
before the ccming of the Spaniards; it is that report culled
by Gray in 1737 from the notes of a Scottish surgeon, William
Arrot, who had lived and worked in the Loxa area of Peru; in
this report, as given by Stephens (1937) Arrot recorded that
the people living at Loxa in his time there, were of the
belief that cinchona bark had been in use before the Spanish
Conquest, and that it had been used for the treatment of
intermittent fevers which were frequent over all that wet and
unhealthy country. However, Scott (1947) states again that
he knows of no authentic record that malaria existed in
America before the arrival of the Spaniards, although he does
admit that it may have existed among the various fevers there.
In answer to the query of how the natives so quickly discovered
the efficacy of the guinine bark in the treatment of a new
disease Scott suggests that the bark mey previously have been
in use as a more or less general febrifuge; this may be the
explanation of what otherwise must have been a remarkable
performance, namely that in a short space of time after the
introduction of a new disease the natives were able to discover
a naturally-occurring substance specific against the disease.

There are on record various faneiful theories of how this

discovery was made, for example Geoffrey (1736) tells of a
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the powdered bark of which cures fevers. The next step

in the story is highly romantic but unfortunately is probably
apocryphals It concerns the Countess de Chinchon, wife of
one of the Viceroys of Peru. This noble, Lon Luis, Count of
Chinchon, was a Spanish Grandee who became Viceregent oi Peru
in 1629 (% 1631); the legend has it that the wife of this
Regent was responsible for popularising the use of the drug
in Europe after she had been cured of malaria by it while in
Peru. This belief is perpetuated in the name "The Countess's
Powder", and in the name "8inohona" given to thé tree. There
is little historical fact to support this belief.  Scott
points out in the passing that the woman supposedly involved
must have been the second wife of the Count, and not, as
thought, his first wife, ana de Osdrio, who had died in Spain
in December 1625; the Count later married Donna XFrancisca de
Rivera in 1628 before he sailed for Peru. At this point
Scott and Duran-Reynals differ in their record. Scott thinks
that the second wife remained with her husband during the whole
ten years of his tenure of office in Peru and that during that
time she was cured of malaria by the bark which had been sent.
to her by the Corr8gidor of Loxa, Don ILopez de Canizares; on
the return of the Viceregent to Spain in December 1639 the
Countess brought home with a supply of the bark. A4ccording to
Jeott this was in early 1640, and the Countess died in 1641,

said to be at Cartagena in Colombia; Scott thinks that this
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is a mistalke, the Countess actually dying at Cartagena in
Spain. Duran-Reynals differs on several points; she agrees
that the Viceroy held his post Ior tem years, but claims that
he took up his post in 1631, not 1629, and the author thinks
that there is nothing to support the theory that the Countess
was cured of malaria or that she took any part in popularising
the use of the drug. She further thinks that the Countess
did die at Cartagena in Colombia of an epidemic disease when
she and her husband were homeward-bound. However, Linnseus,
in his Systema Naturae of 1742, perpetuates the memory of the
Countess. It is possible that the Count was aware of tThe
properties cf the bark because, after his death in Spain,
large quantities of the bark were found in his castle; and
apparently alsoc there is a local legend to the effect that the
people of the castle were in the habit of dispensing treatment
for fevers. Duran-Reynals will have none of this; she claims
that the link between the natives of Peru and the World at
large was the Society of Jesus; certainly those missionaries
are much more likely to have been in intimate contact with the
natives than were the Spanish officials. The author thinks
that a Jesuit missionary from Peru, attending a conference of
the Society in Rome, brought the drug to the notice of John de
Lugo,at that time one of the leaders of the Society; de Lugo
obtained large guantities of the drug and attempted to popﬁlar-

ise it in Rome and in Europe. ZFrom this the powder takes its
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name of "Jesults' Powder". de Lugo had a certain measure of
success ét first, but the hostility of the medical profession
was such that before many years the drug fell into disfavour
in Burope. Ffortunately ungland was insulated to a large
extent against the wild swings of opinion in surope and
attempts to popularise the drug in ingland still continued,
largely through the efiorts of business men. According to
Baker (1785) around 1658 James ‘‘hompson (? Thomson) a merchant
of Antwerp, was advertising the sale of Jesuits' Bark in
London. The individual who did more than anyone, however,
to keep the drug in use was that shrewd business man, Jir
Robert Tabor (% Talbor); according to the Dictionary of
National Biography, he was an assistant to an apothecary

in Cambridge and he drew the attentioniof Professor Hott

in Cambridge to a better method of preparing cinchona.
Harvey (1683) refers to him as "a debauched apothecaries’
apprentice™! So great was the feeling against the drug at
that time fhat no physician could or would have dared to use
it. Tabor had no such limitations; he realised the value
of the drug and he also realised that he could not openly
use it. Accordingly he preparéd a "secret remedy", the

active principle of which was a decoction of the bark; he

proceeded to use this in the treatment of patients #uffering
Ifrom the ague. He went from success to suceess; he had to

be protected by Charles II from the wrath of the College of
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Physicians of London. His successful treatment of the
Dauphin of France made him a Chevalier and a pensioner of
france. He died in 1681 at the early age of forty-one;

he deseribed himself as "a singular physician' but actually
he was a singular man ofubusiness. Stephens (1937) publishes
some of the more pungent of iladame de Sevigne's remarks on the
success of the Chevalier Yalbot; according to her the only

thing that fabor could not do was "resusciter les morts'.

Interest in the problem of the bark grew slowly,
very slowly; the next step of igportance was taken in 1735
when a group of Irench scientists proceeded to South America
to investigate the problem. de la Condamine was one of the
semior officers, with de Juissieu as one of the juniors. In
1738 de la Condamine wrote a sketchy appreciation of the
genus, the first description of any note; it was on this that
Linnaeus classified the tree. On his return de la Condamine
attempted to bring back seeds which, however, were lost at
sea. It is this paper by de la Condamine which lends support
to the theory of the Countess and her malaria; he states that
his information is based on a Spanish manuseript which had
somehow strayed into the apothecaries' shop of the College of
Jesuits in 5. Paul de Lima; the author of that old manmscript
had written it in 1699, and he claimed in it that part of the

history is taken from individuals who were living in the areas
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concerned at the time of the "discovery" of the drug by

the Spaniards. de Juissieu, in the meanwhile, had been able
t0 identify four species, each yielding barks differing in
their content of effective zlkaloids; de Juissieu carried
on invegtigations for many years in the jungle, only toc lose
all his records by theft. He died insane afiter his return
to Irance. the next in the field was a Spanish botlanist,
iutis® by name; he also worked under great difficulties zfor
meny years and was an old man before he received recognition.
At the time of his death he had amassed great quantities of
specimens which he left to his assistant to pmblish and
classify. Yhis assistant was shot as a traitor and the
collection taken to iladrid. According to Duran-iteynals the

collection still lies there unopened.

In the meanwhile much time had passed and the
nineteenth century had begun; the opening-up of the Orient
was being attempted, and malaria was proving to be the
greatest stumbling block to this. By this time also Gomesz,
in 1816, had isolated cinchonine, and in 1820 Pelletier and
Caventou had isolated gquinine. ‘he fact remained however
that the only source of the alkaloids was the bark of the
trees in Peru, the best species being Cinchona calisaya.
This could only be obtained at a heavy price and with great
difficulty from the depths of the jungles of South America.

The obvious thing seemed to be to begin plantations in other
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parts of the World, especially those parts governed by the
great Uolonial powers, the British and the irench. buran=-
Reynals claims that the first perscn to bring back seeds and
to raise plants from them was Veddell, a srench naturalist,
sent out to South america in 1843. If this be true then
nothing came of it; the next move was by the Dutéh, who sent
Hasskarl to the West; OHasskarl did succeed in getting certain
samples out of the country and plantations spgang up in Java,
then it was found that the samples he had brought back were
useless, probably not even of the genus Cinchona. <The Eritish
then sent out ilarkham; wunlike his predecessors he was cuite
open and Irank about his intentiocns, and surprisingly he did
manage to gel some specimens, largely due to the efforts of an
wnglishman resident there. the specimens so obtained were
sueceésfully transplanted to Iravancore; the species obtained
by llarkham was not the best, being succirubras; The species

by far the best in its yield of the more potent alkaloias was
C.calisaya, which was limited pradtically to Bolivia and was
carefully guarded by the natives. according to Scott the

next person to take a hand in the game was Charles Ledger, a
London merchant, who was in South America on business. Ledger

did obtain seeds and sent them to his brother who was unable

to interest the British Government in them and was foreced to
sell half to a private buyer and half to the Dutch Govermment

for a nominal sum. There is no need to go further into the
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history of the transplantation of the trees.

For three centuries the cinchons alkaloids, particu~
larly quininé, held their place as the only form of treatment
for malaria, although they had many shortcomings. During all
that time atvention was focussed on efforts to find the best
methods of administration of the drug; tThere is ncthing now
to be gained in examining the many types of courses recommend-
ed. We need only say that the last and most complete of
such investigations were those carried out by Sinton over a
pericd of yesrs. In Sinton's opinion the best method of
administering qguinine was by inteimittent dosage'over a period
of weeks, the patient being given alkalies at the same time.
this standard course finally was abandoned in favour of treat-
ment by synthetic drugs; +this is discussed in Chapters VII
and VIII. This change-over toc the use of synthetic drugs
took place in the Indian Army in 1934, and in the army there-
after quinine had two secondasry rcles, firstly it was used to
control symptoms, being more effective than the. synthetic
drugs for this purpose, mnd secondly quinine was given in a
long combined course together with plasmoquine for the treat-
ment of patients with chronic malaria. In the first method

of usage the quinine was given as a short course before the

beginning of the course of synthetic drugs.

From this interesting by-way of the history of

quinine we must now return tc the main body of the chapter.
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The Fharmacology oi Quinine.

In the above notes on the history of guinine it has
been seen that it is one of a group of alkaloids which are
present in the bvark of two rubiacious genera, Cinchona and
Remi jia, originally indigenous to the umastern slopes of the
Andes around the level of the equator. Linnaeus was respon-
sible for the name "cinchona'; the term "quinine" is talen

from a native term meaning "bark of barks".

The discovery of the bark marked a great advance in
tropical medicine giving as it did substances with a powerful
action against a disease which had been responsible for more
ill-health and deaths than almost all other tropical discases
combined. The later identification of the various active
principles was the first step on that long road which has led

first to plasmocuine, then to atebrin, and sc to paludrine.

field (1939) in his review of the drugs available
at that time for the treatment of melaria, states that the only
drugs of proved value in the treatment of malaria fall into two
broad groups. The two groups were:
a. the alkaloids of cinchcna bark,
b. synthetic compounds based on arsenc-benzene,
anino-guinoline, or amino-acridine.
Although Wé are discussing quinine a few notes on atebrin and

Plasmo uine will be given at this point for convenience! sake,
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and for comparison.

The benzene ring forms a logical starting point. Its
structure is well-known, with its closed system of gix CH
groups. Addition to the benzene ring of a second ring contain-
ing an &tom of N provides a twin-ring system, the quinoline
ring, which is the basis of both gquinine and plasmoquine.

Plate No. X¥III, page 430, shows the graphic formulae of
quinine, plasmoquine and atebrin and illustrates the above
remarks. Although it is not pertinent to the subject in
hand, we may at this stage anticipate a little and mention
that a three-ring compound of much importance is that formed
by a pyridine ring flanked by two benzene rings as show, the
result being the acridine ring which is seen in Plate Noe.

XVIII to form the basis of atebrin.

One or other of the quinocline, or acridine rings is
the nucleus of practically every effective remedy know for
malaris. Compounds derived from the benzene ring are of
little importance; the quinoline ring is of much greater
importance; as has been said, it is the basis for quinine
and for plasmoguine. Ifore exactly speaking, it is not
‘quinoline itself but 6-methoxy quinoline which acts as the
nucleus of quinine and of plasmoguine; this compound is
formed by addition of a methoxy group (CHz0) in the position

seen in plate No. XVIII.
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At this point we may again anticipate a little,
and point out some of the similarities and dissimilarities of
the three drugs, factors which will be seen to be of practical
importance; reference should be made to plate No. AVIII for
information. It will be seen from the plate that quinine and
plasmoquine have the same common nucleus, namely 6-methoxy
quinoline. It is further séen that quinine is composed of
this group and a quinuclidine ring (with a linked vinyl group)
attached by a hydroxy group at position 4. Plate No. XVIII
illustrates this clearly. Plasmoquine differs from quinine
in that it has no quinucliding ring; it has instead a long
open-chain system which is attached to the quinoline base at
position 8; the metihod of linkage also differs from that seen
in quinine. One important point to be stressed here is that
the supplementary opeB-chain system seen in plasmoquine is
common to atebrin, in which it is attached opposite to the N

atom.

The above points are not merely of academic interest.
Structure subserves function, and does so in an amazingly
specific fashion. One need only think of guinidine, the
dextro-rotery stereo-isomer of quinine; this substance
quinidine has the seme empirical formula as quinine, with the
same molecular weight, and jet in spite of this closest of
relationships gquinidine shows distinetive behaviour with

polarised light and has pharmacological properties markedly
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differing from those of guinine. Obviously, therefore, the

points in common and the points of variance of structure of

quinine, plasmoguine and atebrin reguire most careful considera-
tion. Some of these will only be mentioned here; among these
are:

The marked ability of quinine to induce hypersensitivity; this
is not found with atebrin and plasmoquine;

The ability of guinine and plasmoquine apparently to reinforce
the effects one of the other, and the apparent reduction
in the toxic side-effects of both on their being given
simultaneously.

Apparent enhancement of the toxic side-effects of atebrin and

plasmoguine when they are given at the same time.

Quinine is generally administered as one of its acid

salts, namely: quinine hydrochloride which contains 81.7%

of base -

quinine bihydrochloride " " 81.6%

" 1) .

quinine sulphate " " 73.5%
. . " "

No matter which of the above substances is given by méuth; the
salt is converted into soluble HCL form in the stomach; this
soluble form is rapidly absorbed in the duodenum, then circu-
lates in the blood as quinine base; according to Field (1939)
the process is aided by bile. The maximum concentration of
quinine to be expected in the blood even with large medicinal

doses orally varies between 3-10 mgus. quinine per litre of



433
blood. 4 dose of not less than two grammes daily of gquinine
salt is necessary to get the above blood concentration. When
the concentration of guinine rises above ten milligrams per

litre of the blood then severe symptoms of c¢inchonism begin.

It is generally agreed that within a very short time,
a few minutes at the most, ninety per cent of the quinine base
disappears from the aeirculation. Field (1939) suggests that
most of this quinine is taken up by vaecular endothelium, to
re-enter the circulation later; <there is no experimental proof
for this, and the suggestion is based apparently on the prolong-
ed action of quinine. Chopra (1936) states that sixty per cent
of the circulating gquinine is taken up by the organs of the
body, he infers the reticulo-endothelial system, where it is
largely destroyed; Chopra thinks that the balance is to be
found in the blood, scme in the red cells and some in the plasma,
and this portion which escapes destruction is eliminated un-
changed in the urine. The process is rapid, the drug appearing
in the urine twenty to sixty minutes after the taking of the drug
by mouth. Ramsden et alia (1918) claim to have demonstrated the
drug in the urine as early as eight to eighteen minutes after
quinine had been taken on an empty stomach. They further state
that after a si.gle dose gquinine continued to be excreted up to
three days, and after multiple doses eXeretion continued for
seven and a half days. By comparison with the findings of

other workers the above are outside limits, for example Chopra
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(1936) who speaks with authority on this subject, considers
that after a single oral dose of quinine, exceretion of the
drug by the kidneys reaches its maximum in three to five
hours, maintains this level for four hours and he considers
that all the drug is sxcreted within sixteen to forty-eight
hours. And Chopra considers that if the daily dose is not

more than two grams elimination keeps pace with administration.

Let us consider here the details of the guinine courses
given to those of our patients who did have treatment by this
drug before the development of haemoglobinuria. This informa-

tion is given in Figure No. 18 below.

Figure HNo. 18.

Relationship in time and dosage of gquinine administration

with time of onset lysis.

Case Total dosage No. of No. of Minimum time interval in

Yo. quinine days doses. days between cessation

?iven. ) drug quinine administration
grains adminis. and beginning of lysis.

1 30 grains One day 3 doses at least nine days.

2 ditto ditte ditto at least eleven days.

3 ditto ditto ditto at least ten days

4 ditto ditto ditto at least eight days

5 120 grains 4 days 12 dos- at least nine days.

es

Case Noe. 6 did not receive any quinine.
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Prom the above table it is seen that in one case no
guinine was given, in four cases quinine was given in minimal
doses, only for one day, and that in all cases in which the
drug was administered the time interval between the cessation
of administration of drug and the beginning of lysis was out-
side the limits suggested as the time interval necessary for
the body to clear itself of quinine even if we accept the
findings of Ramsden and eo-workers (1918) whose findings are
much longer than those suggested by other workers. This point

will be referred to later. Thig is the firgt reason why we
are reluctant to regard quinine as the cause of the haemoglobin-

uria in the Razmak patients, no matter how grim the reputation eof

quinine in this respect,

A consideration of the action of gquinine in the body
and on the parasites of malaria may yield further information
on whether or not gquinine could possibly have been implicated
in the production of the haemoglobinuria in our patients. It
is necessary to begin this paragraph by stating that although
the cinchona alkaloids have been employed the World over for
three hundred years, and quinine has been employed for one
hundred years, their mode of action is still unknown. There

are several theories but none has a sound basis of experimental

proof. As already mentioned, with a daily oral intake of

thirty grains of quinine salt, the blood concentration doces not
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rise significantly above ten milligrams quinine base per litre
of blood; actually the level is probably below this maxXimum

level. Various authors suggest that with the dosage mentioned
a nearer figure of blood concentration is a maximum of about
seven milligrams per litre; iield (1939) puts the figure even
lower, about 1/250,000. Speaking on the general action of
quinine, Chopra (1936) claimed that it is a general protoplasmic
poison, capable of destroying all cells when present in
sufficient concentration; he thought that quinine, like

saponins, tends to concentrate on the surface of cells to such

an extent as to form almost a film; *this film interferes with
interface procésses with the result that catalytic phenomena

are hindered, with a resultant diminished metabolism; he stated
that this surface action is shown by the arrest of Brownian
movement, and a tendency to precipitate colluidaiksolutions such
as proteins. According to Chopra it is this fact that makes
quinine capable of producing anaphylactoid phenomena. He goes
on to state that in vertebrates the toxicity of quinine is
comparatively low. But he considers that the action of the
drug on an organism like the amoeba is quite characteristic,
causxng retardation of metabolic processes, for example
solutions as low as 1/50,000 may destroy amcebae and paramcecia
in a few hours, and the author especially noted that when

quinine and plasmoguine are mixed together their toxiec action
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on paramoecia is intensified. In the practical sphere he
claimed that a similar effect is.to be observed with certain
pathogenic protozoa, including the plasmodia; in such the
protoplasm in contact with guinine degenersted into granular
detritus in a‘few hours; Chopra claimed to have found that
solutions of quinine corresponding to thirty grains in the

blood of a 150-pounds patient kill P.falciparum in five to

twenty nine hours. It is possible that Chopra is basing his !
opinions on some of the findings of Bass (1922) who tried the
effect of quinine upon the growth of malarial plasmodia in

vitro; Bass took blood cultures of P.falciparum and added

quinine hydrochloride in a concentration equivaient to that

mentioned by Chopra, i.e. quinine in therapeutie proportions;
with such concentrations of quinine Bass found that no growth
had oascurred after five hours incubzticn; some parasites had
shrunk to small spheres and most stained badly; after twenty

nine hours the plasmodia were evidently dead.

Other workers report widely-differing ' résults.
Kirschbaum (1923) mixed in vitro blood infected with P.vivax
with an equal quantity of 1/5,000 guinine sulphate solution,
thus reducing the conceﬁtration to half; he then incubated the i
mixture for five to twenty four hours at 37 -39°C. yet even
with that concentration and treatment the blood was found still

to be capable of infecting paralyties. Ciuca et alia (1937)

dissected infected mosquitoes in a solution of quinine then
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injected the sporozoites intra-venously into mental patients;
from their experiments they concluded that under certain con-
ditions malarial sporozoites are able to withstand the direct
application of quinine‘(and of atebrin in 1/2,500 solution).
Much of this type oif work has been invalidated because of the
failure of workers to realise that gquinine has no apparent
effect on certain phases of the parasite, and that it cannot
be expected to produce sterilisation in vitrg in less time than
the duration of the schizogony cycle. The above ms®e reports
of in Eiggg experiments; what is the acﬁion of quinine on

malaria parasites in vivo. Reference should be made to plate

No. ZXIX, page 439; +this plate is taken from the monograph

by Field (1939), as isvplate No. XX, which also is to be seen
on page 439; plate No. XX shows the varicus types of prophy-
laxis possible in malaria. It will be seen from page 439
that the action of quinine is similar to that of atebrin in
its effects on the malaria parasite; they are both effective
schizonticides, and neither has any action on the erescents of
faleiparum malaria. In the passing it should be noted that,
in contradistinction, plasmoquine has little or no effect on

the asexual forms of P.falciparun but is active against the

gametocytes of P.falciparum. It should be remembered that at

the time Field drew up the diagrams seen on plate No. XIX, the

existence of the exo-erythroeytic cyecle had not been established.

Vhatever the results of in vitro experiments, there
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is no doubt that clinically quinine has a marked effect upon
malaria parasites; this has been adequately proved for over
three hundred years. 4nd yet, as already said, its method

of action is unknown. No one wWho has suffered from malaria
whiéh has been cubt short by guinine would ever doubt its
efficacy, at least in the controcl of the symptoms of the
disease. In fact, as a means of control of the imnpgediate
symptoms and signs of a malaria attack, quinine in my opinion
is superior to atebrin; +this also is the opinion of the

League of Nations Malaria Commission (see Fourth General

Repdrt of the Malaria Commission of the Health Organisation

of the League of Nations 1938). One of the interesting recoras
in support of the efficacy of quinine, certainly at least in |
the controlling of symptoms, is.thét record of the White Fathers
of Africa, quoted by Thomson (1934); according to him, in the
period 1878-1905 more than two hundred White Fathers died of
blackwate® fever in Central Africa, an appalling figure. In.
1905 a system of daily'prophylactic quinine was begun, the

| quinine administration beginning on the day of departure of the
priests from Marseilles; the dosage given was five grains daily,
doubled whenever anyone felt ill. Thomson stated that since
the time of‘adoption oi this scheme more than six hundred ;
Fathers had served under severe malarious conditions, yet from
1905 to the time of writing in 1934 not one death had been

reported from blackwéter fever.
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Quinine is effective, however it produces its
results. It is not possible tc record even a fraction of
the number 6f theorics on how quinine does act on the parasites.
We can only quote the work of some of the modern authorities.
The major problem is whether or not the quinine acts directly
on the parasite, or whether indirectly, or both. Some of
the opinions are:
Krishnan (1933), and later Krishnan and various co-workers in
 a series of papers, was of the belief that the
mononuclear cell is the important factor in the
control of malaria and that the action of quinine
is indirect, stimulating the natural processes
of immunity. '
Chopra, Ganguly and Roy (1935) alsc consider that the action
| of quinine is not direct but is probably synergistic
to other.mechanisms set up in the body; and yet,
however, Chopra (1936) states that quinine acts
first on the infected red cell and hsemolyses this,
causing disappearance of the parasites from the
peripheral blood; ahd, further, Chopra (1936)
states that in malaria the action of quinine is to
kill the parasite without injury to the host. He
also quotes, without references unfortunately, the
interesting fact that Binz, meny years previously,

observing the action of guinine on protozoa, had
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prophesied from this that the organism causing
malaria would be found to be one of that order.
Obviously therefore Cnopra would seem to support
the suggestion that quinine ascts both directly
and indirectly.

Noeht and Mayer (1937) state that in their opinion the
quinine treatment of malaria is not a therapia

magna sterilisans and that no matter how large

the dose of guinine, or how frequent the doses,
relapses are inevitable. They did not think that
there was enough proof to decide whether the

action of quinine was direct or indirect. By
"indirect™ action they meant action by the produc-
tion of oganges in the tissues and/or mobilisation
of antibodies; they think the action to be most
probably a combination of direct and indirect
effects, the direct most probably acting first.
They say, and very rightly, that a direct action
is suggested by the quick, ofteh life-saving effect
of intravenous quinine; no one can question this
who has Seen a man near toc death being brought back
practically to an apparent normal in less than an
hour following the giving of adequate dosage of
intravenous guinine. As regards the indirect

action on the parasite, Noocht and Mayer think it
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unlikely that such is due to a stimulation of
antibodies by quinine; they consider that if
this were the case why should quinine alone
produce the influences which activate the pro-
tective mechanism in the case of malaria whereas
in other infeations the most diverse agents, e.ge.
non-spesific proteins, can set the defence mechanism
in aetion. Admittedly this last objection is not
an insuperable one, nor is the statement by the
authors that in ape malaria the action of quinine
is not interfered with if the chief protective
organs in the body are eliminated by extirpation
of the spleen and by blocking the reticulo-endothel-
ial system; such steps do not "eliminate the chief
protective organs of the body".{

(quoted by Field 1939) suggeséed that quinine con-
centrates as a film on the surface of the red cells
and prevents the entry of the merczoites; this
theory of a surface film of guinine has alsc been

mentioned by Chopra (1936).

Bass (1922) suggests that the drug renders the red cell more

permeable to the blood plasma with the result

the parasites are exposed to its lytie action.

Yorke and Macfie (1924) consider that the action of quinine

on the malaria parasite is a direct one, snd that
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the destroyed parasites then act as an antigen r
and cause the production of antibody whieh
completes the cure.
Xingsbury (1926) thinks that quinine acts by haemolysing
infected corpuscles; he claims that there is an

initisl rise in bilirubin values following upon

the administration of quinine; Ross (1932) con-
firms the finding of increased bilirubin formation
after giving quinine.

Chopra (1936) has already been quoted; he also thinks that
gquinine may act by haemolysing the infected red

cells.

Nooht and Mayer (1937) have alac been quoted already. Their
opinion, in brief, is that malaria influences
certain stages of the parasite, namely the free
forms, and, in their opinion, the young parasites
8till attached to the surface of the red cells,
i.e. the youngest forms‘are the most susceptible
and the gametocytes practically not affected.

These authors further say that if the drug
be given over a long period in daily doses the
therapeutic effect of guinine becomes progressively
less marked; this is not accepted by many of the |

other workers.

Field (1939) discusses the problem at some length; he states
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that quinine owes its dominant position in
malarial therapy'to its remarkable effects on the
malarial parasite during\the asexual cycle. He
points out that the fever and otherYSymptoms of
overt malaria are associated with a rapid multi-
plication of parasites by schizogony, and that
quinine arrests this multiplication in scme way
not understood, probably by destroying the péra-
sites during segmentation when the host red cell
is degenerated and pervious to the quinine in the
bleod stream, and also at the meroioite atage when
even this protection is withdrawn. In other
words, the theory of Field is much the same as
that of Nocht and Mayer; the only time that the
parasite is protected from the guinine is during
the schizogony eycle in the red cell, and even
this ﬁratection becomes less marked in the late
stage of schizogony as the cell degenerates.

Field then points out a fact which has escaped

the ndtice of so many observers, namely that blood
infected with the malaria parasite may remain
infeeted for some hours after exposure to strong
solutions of guinine because there is some phase

of the eycle which is quinine-resistant. Although
effective destruction of merozoites may explain

the therapeutic potenecy of quinine this alone can
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hardly be expeeted to afford in vitrc sterilisa-
tion in less time than the duration of the
schizogony cycle. This failure of quinine to
affect certain phases of the parasite is shown
graphically by Field, see plate No, XIX, p. 439.
Field also thinks that during periodsAof latency
of malaria in the body of an infected individual,
then even those phases of the parasite susceptible
to quinine appear to lie deeply, sheltered from
the effects of the drug; in other words Field
agrees that not only dces guinine fail to affect
certain phases of the parasite; it may fail to
eradicate from the body those phases which are
susceptible to it. It is these factors which
account for the high ielapse rate following the
treatment of malaria by quinine.

Field summarises the position as follows:

a. Quinine administration during the incubation
period has little effect on the development
of the parasite or on the time of appearance
of the primary clinical attack. (When this
was written Field had no definite knowledge
of the presence of exo-srythrocytiec forms of
the parasite, forms which alsoc are not affected
by quinine. Pield's diagram plate No. XX has
been modified slighfly by me to bring it into
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line with recent discoveries.) This means, as
said, that quinine has no effect‘on the exo-
erythrocytic phase of the parasite.

b. Quinine given during clinical attacks causes
the disappearance of ascxXual parasites from
the peripheral blood.

¢. Quinine given during periods of lateney has
no effect; certain residual parasites lukking
in unknown sites appear to be unaffected by the
gquinine.

d. The persistent parasites, lurking beyond the
action of the drug may again show schizogony
towards the end of the period of latency, and
multiply by schizogony to an extent sufficient
to produce clinical recurrences of infection,

i.ee "overt malaria®.

-~

This question of recurrence of the disease following treatment
is, or rather was, a serious problem. One explanation offered
by Nocht and iayer (1937) is that given above, namely that the
parasite becomes gquinine-resistant; this explanation is not
accepted by the majority of workers, for example Pield (1939},
Chopra (1936), and Fletcher (1921) agree that there is no such
thing as quinine-resistance. There are certain individuals
however, who at times appear not to absorb quinine, as shown

by the failure to demonstrate the drug in their urine following
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administration to them of quinikne; these may account for a
small fraction of the failures seen with guinine, but it is
probably true to say that many if not practically all the
cases of "quinine resistance" or of failure of quinine to act
are due té the drug not beiné taken. All woricers have had
experience of that. Scott (1939) states that in the French
Army in Macedonia urine tests showed only two per cent of
the men to have quinine in their urine although all of them
were supposed to be receiving the drug; when discipline
was tightened it was possible to report a finding of 100%
positive. The most likely causes of "failure" of quiniﬁe
| are: adulteration of guinine, Geliberate avoidance of taking
the drug; non-absorption of the drug from the gastro-intestin-
al tract due to the drug or to complicating diseases; and

faulty preparation of tablets.

One other point to be mentioned in these notes on
the pharmacoclogy of quinine is that it appears edtablished that
quinine on administration causes well-marked contraction of

the spleen.

Excepting a few incidental remarks no mention has yet
been made of the toxic effects of guinine. The primary aim
of this chapter, however, is to ascertain whether or not
Quinine is llkely to have been the precipitating fsctor in the
production of haemoglobinuria in the Razmak cases. All other

problems of quinine and its administration are only incidental
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to this, and the short discussion given above on the
pharmacology of quinine had as its major aim the elucidation
of any effect which may throw light on omr problem of the
role, if any, of quinine in the production of haemocglobinuris.
The information that is available on this aspect of quinine
administration is sketchy and incomplete, and as yet only one
statement has been recorded which requires to be considered
more fully, namely the statement that quinine causes haemoly-
sis of parasitised red cells. This may con¥eniently be

considered in the next paragraph.

Toxic gide-effects of guinine, particularly haemolysis.
Quinine is a poison; Chopra (1936) talks of it as
a genersl protoplasmic'poison and infers that the
therapeutic dosage 1s one strong enough to kill the
parasite yet leave the host unafrected. This happy
result is not always attained. mven in the normal
individual with no idiosynerasy to the drug there
seems only a narrow boundary between the therapemtic-
ally-effective dose and the toxic dose. The mildes?t
toxic phenomena, those of cindhonism, appear in the
ma jority of individuals taking therapeutic doses of
quinine daily for more than a very few days. A blood
level over ten mgms. per litre of blood will produce

marked toxiec symptoms.

It is the aim of this chapter to ascertain if"




450.

possible whether or not toxic side-effects of quinine

were the cause of the haemoglobinuris which developed

in our patients; the diagnosis of those patients

stands at present as "intra-vascular haemolysisg,

cause unknown®.

In any diécussion on the toxic side~effects of a

drug there are two possible types of toxic effects to

be considered, namely:

1.

Those toxic effects due to simple over-dosage,
found to develop in normal individuals after
the concentration of the particular drug has
reached a lexic level in the body. This level
naturally varies with the drug concerned, and
varies also to a much lesser extent from
individual to individual. This toxic level in

the patient may be the result of administrstion

of one over-large dose, or the result of

accumulation as the result of a series of doses,
the latter being particularly to be found with
drugs which are slowly excreted or slowly
destroyed in the body.

Toxie by-effects produced in individuals hyper-
éensitive to the drug; +the actual dose of the
particular substance may be minimal in amount,

a dose which probably would not have the slight-

est effect on a normal indivigusl. This
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hypersensitivity is a state of altered

specific reaction capacity on the part of

the body cells, the process being an antigen-
antibody reaction in which the drug probably
acts as a haptene. Only a relatively small
nunber of drugs have this power of easily.
inducing a state of hypersensitivity, and only
a small number of individuals are unduly sensi-
tive to such stimuli.

When a drug is administered to an individual
hypersensitive to it, the reaction is quite
different from that seen when the same dose of
drug is administered to an individual not hyper-
sensitive to it. The reaction is almost
exXplosive in character, and the toxic phenomena
may bear no relation to the toxic phenomena
produced by a simple overdose of the same

substance.

Which type of toxic effect are we discussing therefore
when we talk of the "toxic effects" of quinine? Failure to
differentiate has caﬁsed much misuﬁderstanding. The answer
is that quinine shows both types of "poisoning", and we must
discuss both, beginning first with the toxie e%fects of quinine

overdosage in normal individuals.
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Toxic effects of simple guinine overdosage in normal peocple;
It has already been said that guinine is a general
protoplasmic poison, and Chopra claims, see above,
that the acid salts of quinine have a decidedly
haemolytic action on red blood corpuscles in vitre,
producing a faint tinge of haemolysis at 1/8,000;
this finding of Chopra's has little bearing on the
problem of the in vive behaviour of the drug where
the highest concentration in the blood with thera-
peutic dosage is not more than 1,100,000 at the
most, and where the drug circulates as quinine base
except in the first few minutes after intra-venous
injection of quinine salts; Chopra did record that
solutions of quinine base, even as strong as 1/2,000
produce no haemolysis in vitre even after twenty-
four hours. Another point which will have a bear-~
ing on our findings is the question of whether
quinine is cumulative when given in the ordinary
therapeutic doses; Ramsden et alia (1918) infer
that it is, and that it takes seven énd a half days
to elear the body of quinine after multiple doses
had been given. Field (1939) and Chopra (1936) are
of the opposite view; ‘they consider that with the
usual therapeutic doses of grains 30 daily there is

noe accumulation of quinine in the body, exeretion

and destruction keeping pace with ingestion; Fie1g
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considers that guinine is a drug with a powerful
action and little risk, a drug of remarkable
gafety although he does say that it has its own
clinical side-~effects. 0f course when Field talks
of "remarkable safety" he is referring to r