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INTRODUCTION

a - . r . .*'.
‘Atebrin and Malaria. - - Atebrin was prepared

in Germany in 1832 and was found to have marked
anti-malarial proPerties.l In 1967 it was
generally sgreed th 1t the drug was effective

in the treatmenﬁ of falcipafum, tertian, and'
gquarten malarias? and its‘gupériority over quiniﬁe
“as a preventive of malaria had &also been clearly

&

. G,4y5,8
established,”’ *7? 7

though it did not supplant
quinine because of sporadic reports of serious
effects folluwing its use as a prophylaoti07 and
therapeutio-agent.8 liore dafa on the toxicity of
atebrln were . Lequlreu before 1t could be recommend-
-ed on a large scale for malaria prevention. However,
a decision was forced by Jepen's entry into the war
ét the end of 1u941. ‘This event resulted in the loss

of natural sources of quinine and mscde 1y certaln

*Atebrin or atebr rin-like corx Uounas have different
names in almost every country in which they. are
produced. Synonyms are:— Atebr 1n - German,
Crinodora — Itelisn, wulnacrine - French, Acrigulne -
Russian, quinzcrine (previously Atabrine) - Americen,

Kepacrine - British.




that armies would have to be maintained in highly
malarious parts of the world. Since atebrin

could be prep&réd‘synthetioally end quinine could
not, the risk oif toxio'effects from atebrin had to

)

be welghed agoinst its advantazes as a mularial

B

preventive. Hxperience in the 1914-18 vorld war

was decisive: the risk of atebrin toxicity wa.s
9 .
wortih taking. Investigations on the synthesis

i

ot atebrin were made and methods for large scale
production were developed. A drug, named mepacrine,
was prepared that was claimed to be the same as

German atebrin.

Phie investlgations to be dealt with in this
thesis started in 1949, Iheir object was to.assess,

under controlled conditions, the value of mepacrine
: *

<

as-a preventuive of Falciparum malaria ané o deter-
mine the bes’ méthods of employing the drug for
this purpose. Falciparum.malaria was chosen for
experimental infection because this was tlie ﬁype:

military disaster.

g

of mslsria most likely %o cause a

The vork has entoiled the following:- eumployment

Synonyms are talignent tertian, and tertian




of héalthy volunteers who were.Willing to bea\
infected with malaria; provision of large -
nunbers of anopheline mosquitoes carrying spor-
ozoites;‘ hospital beds'fof observation and
'treatment; and laboratory facilities for micro-

scopic and biochemical examinations.

In previous work of this kind, dose of

drug has been employed as the reference index.

Barlier workers have sought to define, more or

less by trizl and error, the dose that would give

a desired:therapeutic effect without causing toxic
reactions.  The greater the difference’betweén
minimal therapeutic dose and minimal toxic dose -
the greater the therapeutic latitude in the empioy-
ment of the dfug. © But an inevitabie serious
drawback to this approahh is the variation in
¢linical response of different individuals to the
saﬁe dose of drug. Large numbers of observations
usually had to be made and years had to elapse
before the ﬁherapeutid limitsAof a new drug could

be properly defined. This method of investigation




was not suitable for the needs éf the Army in
1943 because time was of great importance. The
great advantage of the new approach to sulphon-
amide chemotherapy over the older empirical
mefhod outlined above, was pointed out by Shannonlo
and was largely responéible for ﬂhe method of
investigation employed in this work. Jamesll
considered that the morphological changes in
:malaria pafasites observed soon after administ-
ration of mepacrine was evidence of a direct
action of the drug on parasites. Shannon
cOncludéd that if mepacrine acted directly on
parasites, then this action probably depended

‘on the concentration of the drug in the body.

This conception offered a new approach to the
stﬁdy'of entimalarial drdgs and the introduction

of accurate methods for estimating minute amounts
of mepacrine in body fluidélz’l3 provided a
unique opportunity to investigate the chemothé%—

peutic action of mepacrine in reletion to its

concentration in body fluids and tissues. he




methods introduced were sufficiently sensitive
to allow ranges of concentration to be estimated
that were much lower.than had ever been attempted

before in chemotherapeutic investigations.

Uﬁder the new scheme the value of mepacrine
for malaria orevention has beeﬁ agssessed in the
iirsf place by giving varying doses of the drug
%é voluﬂteefs who had never pre&iously been eprsed
to malaria, and then éomparing their reactions to
experimental malarial infection with the reactions
of non-immune controls who were similar;y infected
but received no drugf The chemotherapeutic action
of mepacrine in relation to the concentration of
the drug-in the blood has been examined by comparing:
(1) - the blood mepaérine levels of volunteers who
took mepacrine but déveloped melaria with C?) - the
~levels of éimilar volunteers who escaped the»disease.
If the blood mepacrine should prove to be an index
of the chemotherapeutio aotipn of thg drug, then 1t
wes h0ped to define the .minimum concentration thet

.

. . e
would prevent melaria; and, by concurrent
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investigation of the pharmacology and toxicity

of mepacrine, to define the best methods of

naintaining an erfective blood level.

The investigqtions cre deséribed in five
.parts. Part 1 deals with the chemotherapeutic
acfion of mepacrine in falciparum mélaria;‘ éart 2,
“with the pharmascology of the drug; part 3, with
its toxicity; part 4, with the appliéation of‘thg
results in tﬁe prevenﬁién and treetment of malaria
with mepacrine; and part 9, with detailed results
in the form of %ables; graphs, and illustrations;
For ease bf reference ﬁhé.ﬁork is presenfed in two
.. volumes. The firét volume includes parts’l; 2, 3,

‘and 4; the second volume, part 5.

-




PART 1

ITHE CHEMOTHERAPEULTIC ACLION OF o .

WMEPACAINE IN FALCIPARUL MATARIAX®

rllty—flve healthy volunteers taking different
doses of mepacrine were experimentally infected with
- sporozoites of f@lcipérum malaria to investigate the
following:~ |
1. -, The reactions of volunteers taking mepacrine
to exéerimental malarial infection.
2. -~ The relation between dose of mepacrine
and the value of the drug‘aé s malarial preventive.
3. = The relationrbetween blood mepacrine and

the chemotherapeutic action of the drug in the prevent-

ion of falci iparum ma laria.

This part of the investigation weas carried out in
collaborstion with K.llellanby, D.Sc., #W.D.licol, F.R.C.P.,
and P.G.shute, F.R.E.S. .

The majority of ithe volunteers were members of the
Friends' Ambulance Unit and Pacifists' Service Unit and
were recruited and orgenised by Dr.liellznby. P.G.Shute
prepared batches of infected mosguitoes, infected ?he
volunteers,. and examined all blood films for parasites
at the Ministry of Heslih Leboratory, Horton. Dr.W. D Nicol
‘nzde clinical observetions and vas responsible for the

trectment of the first three zroups of volunteers who
We s Teleﬂulble for blood-

b=l

viere iniected. he writer
mepacrine . estivations thr ouﬁaoau, end for clinical
‘Observations snd treatment of the fourth and fifth
1

groups of volunteers.




Methods of Infection. - Seven volunteers were

infected with an Italisn strain of falciparum
malsria, end 48 with a Roumanian strain.,  Fifty
volunteers were infected by exposure, on 1 to 4
occasions; to the bltes of mosquitoes whose salivary
~glands' contained numerous sporozoites. " ihe other_
five volunteers were iﬁfecfed.by intravénous inject-
ion of & sporozoite;gland.suSPension prenared by

‘ . ‘ .
dissécting the salivary glands of infected-mosquitdes,
and af%er‘fup%ure, suspending them in Locke's solution.
Innediately after biting, the number of ﬂosquitoes
that had fed on a volunteer was counted by observing -
the presence -or absence of fresh blood ih fhé mos-
quitoes; large numbers of sporozoites were demonstrated
in the salivary glands of the majority of.mosquitqes
that had actually fed. Similarly, only glaﬁds that
contained numer@us sporozoites were used. to prepare

the sporozoite-gland suspension for intravenous

injection.

To ensure that the mosquito bites and the

sporozoite-gland suspensions were able 1o induce




o]

malaria, an untreated control'VQlunteer ﬁho had
never been exposed to malaria was,infé¢ted’along
with ecch group of volunteers taking mepacrine.
Without exoepfion the controls)developed'malaria .
7 to 14 déys citer sporozoite infection; so that

_it was feasonable ﬂo attribute absence of maléria

in the volunteers taking mepacrine to the action

of the drug.

Reactions to Sporozoite Infection -

- “hirteen of the 55 volunteers developed malaria. -
Twenty otliers had fever ranging from 100 to 103°F.,
but porssites were not found in thelir blood despite

careful search of thick end thin Tilms. . The malarias

)]

nd the fevers apneared ¢ to 21 days after the first

<k

T las

P

sporozoite infection. Fever with perasitaemia

was of one day's duration in 15 volunteers and was

tharccterised by a rapid rise of temperature and an

’

equally rapid fall. In the other 6 volunteers the
fever was remittent or intermittent, and 2 or 3

temperature nesks were recorded over a period of 2

a2 &
.

to 6 days. Representative temperature charts of ;

~
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ITevers and malarias are shown in Graph 1 (Vol.2 p35).
- The symptoms that accompanied the fever without |
demonstrable parasitaemia varied in severity from
ninor effects that did not require bed treatment

to incapacitating reactions that were indistinguish-
able clinically from an acute attack of malaria.

The miner effects were mainly mzlaise and headache,
often diagnosed by the men thenselves as the‘"start
of & cold in theihead", but a nasal discharge, the
usual sign‘of acute coryza, did not appear. The
severe reectlons were . chqucterlsed by seneatlons

of cold followed by feelings of -warmth accompanied
by eeeipital headache, pein behind the eyee, and
pains in the neck, back, and limbs. All grades

of severity 5etween minor and severe reactlons were

encountered.

The incidence of malaria, and of fever

without parasitaenmia, 1n five groups of volunteers

over a period of a year is shown in Table 1 (Vol 2 pl)

Fever without parasitaemia appeared ip all groups

although they were infected with sporozoites at
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different times of the year. Its incidence was
no higher in December 1943 when influenza was
prevalent than in June 1944 when the risk of

contracting intercurrent infection was minimal.

When first encountered, fever without

demonstraple parasitaemia was regarded as an
*

incidental event, probably due to an intercurrent
iﬁfection, because complete reliance was placed

.on proloﬁged examination of blood films to disclose
paraSites in all patients with melaria. But this

‘view had to be revised when fever kept reappearing

in volunteers taking mepacrine and other antimalarial

.
N

drugs after experimental infection with sporozoites
of falciparum melaria. Fever 1s now corsidered to
be a sequel to malarial infection. This view has
been strengthened by the successful transmission
of malaria to anbther individual by injecting the
blbod of a volunteér when fever without obvious

» ’ , N

parasitaemia developed.

Dose of Mepacrine snd Falciparum Malerid

The volunteers who remained at work, took -
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mepaofiné in the presence of a non~ﬁedica1 witness
and a signature in a diary was obtained fo? each
dose taken. There was no reaéon to believe that
the drug was not taken as prescribed. Two mepacrine-
‘dosage régimes were employed:-

(1) a daily dose of 0.1lg. mepacrine

(2) a loading dose of 1.0g. iﬁ three con-
- secutive days, (0.lg. on day 1, 0.3g. on day 2, and
0.6g. on day 3) followed by O.lg. daily for variable

periéds uptto 25 days (see Table 2 Vol.2 p2).

A 1oading‘dose of l;Og.vin 5 days, followed
by 0.lg. on the day of infectibh and for 24 days
thereafter, was found to be most effective in prevent-
ing malaria. . Hone of the volunteers treated in this
way develqped a frank attack of the disease;‘ When
a daily dose of O.lg. was given for 21 and 35 days
before infection, and for 28 and 24 days after infect-
- diomn, 1 in 25 infected volunteers developéd malaria.
On thé other hand when dosing with O.lg. daily for
20 days started on the day of iﬁfecﬁion, 2 of 6 infected

volunteers developed malaria. Similarly, when a




loading dose of 1.0g. was given for 3 days before
infebtion, folloﬁed-by 0.1g. oh the day of infect-
ion, and fof the next three days, all 5 volunteers
developed~malaria:

Fever without demonstrable parasitaemia
éocurred in volunteers teking each regime so that
no reletion could be established bgtween dose of

mepacrine and this condition.

/
These findings suggest that; in general,
dose of mepacrine is directly related %o prevention
Cof frank malaria but that assessment of results on a
doéage basis has serious limitations. In the'fifst
place‘thevnumber of volunteers is too Tfew to make
sound conclusions; secondly, no explanstion can be
given why some individuals develop melarie while
others taking the same doses of mepacrine escape fhe
disease; and thirdly, fever withoul demonstrable .
‘parasitaemia appears to bear no relation to dose.
For these reasons, blood mepacrines were employed
in the hone that they would provide a béﬁtér index

+0 aasess more precisely the chemotherapeutic action
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of mepacrine.

Blpod Mepacrine and FHalciparum Malaria

The relation of blood mepacrine %o the
chemofhérapeutic action of the drug in faloiparud;
malaria has been examined by giving volunteers
different doses‘of mepacrine, infecting them with
sporozoites of falciparum malaria, and then .compar-
ing the blood mepacrines of the volunteers who
developed malaria, with the blood mepacrines of
those who egcaped the disease. First, the method
of estimating blood mepacrine will be -outlined;
second, the findings willAbe recorded separately
for the occurrence.of malarie and fever without

parasitaemia.

Biood—mepacrine Estimation. - When the invest~

igations started, three methods of estimating
mépacrine in tissues and body fluids had been
develobed: the lasen method:,]'5 and the single-
 and double-extraction methods of Brodie and Uden-
friend.12 These methods required extraction agents

of a high stendard of purity. Suitable extraction




.

agents for Masen's method and for the single
extraction method of Brodie and Udenfriend were
obtainable. In both these methods small blank

values were obtained. The single extraction

method of Bfodie4and Udenfriend was selected
bebause it required only one extracting agent and
because 1t had been shown to combine high specificity
with excellent extrection recoveries over the range
of concentration likely to be encountered when small
doses of mepacrine are given. Estimations had to
be made‘oﬁ whole blood-as‘thé only instrument avail-
able'for measuring low fluorescent intensities was

a Hilger Fluorimeter.  After mbdification it was
capable of reading & concentration of mepacrine
equivaient to about 20 ug. per litre of blood. It

| was therefore suitable for whole blood but not for
plasma éstimationé, in men taking the small doses

of the drug employed in the prevention of malaria.
The following is a brief account of the method.
Blood is leked with distilled water. An alkali
buffer end ethylene dichloride are added and the

/
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nixture is-shéken. The mepécrine plus the
degradation products are selectively extracted into
the ethylene‘dioﬁloride. The eth&lene dichloride
is theﬁ sepérated énd vashed in a sﬁrong aikali 0
remove mepacrine degradation nroducts. The aqueous
phaée is removed by'aspiratidn and the ethylene
dichloride conteining pure mepacrine remains.
After transference to a oléan test tube a small .
amount of glacial acetic acid is added to stabilise
and-enhanoe the fluorescence. The blood mepacrine
is determined by coumparing the fluorescent iﬁtensity
of the acidified ethylene dichloride extract of
blood with fhat.of a standard ﬁrepared by the same
éxtraction‘piocedure from a stock agueous sdlution
of kmown strength. Small but fairly constent
reagent blank readings are obtained with this method.

" They are always subtrzcted from the standard and

unknown.

Later, a Coleman Fluorimeter was available
and its performance was compared with that of the

Hilger Fluorimeter. Both instruments had adequate




sensitivity fof the range of concentration
encountered in whole blood. The Coleman was

much more sensitive but it tehded to lose sensitiv-
ity over a périod of a year, whereas the sensitivity
of the Hilger remained more or less constant. But
even then the Coleman was more sensitive than the
Hilger.  The loss of sensitivity was not due to
discharge of the batteries. It may have been due

to changes in the photocell or in the amplifier.

The reproducibility of blood mepacrines,
gauged by comparing triplicate estimations from

the same sample of blood, are shown in Table 3 (Vol.2 p3).

Che difference in triplicate estimations
frém the same sample of blood Was‘fnsignifioant
over & concentratibn range of 66 to 286 ﬁg._per
litre.. This finding, together with the high degree
of specifioity and the excellent extrection recoveries
reported by Brodie and Udenfriénd,lz suggests that

the method is reliable.

Blood lienacrine and Malaria. - Blood was withdrawn

for mepacrine estimation immediately before the

.
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daily dose of drug was giﬁen, so that minimal
daily levels were determined. The inéubation
period of maleria in the volunteers taking mep-'
acrine varied from 9 to 21 days, but it was
reasonably constant in ezch group of volunteers
exposed to the same type and number_ of infections.
The relation between blood mepacrine and the |
occurrence of malaria has thereiore been examined
by comparing the bléod levels of the malorias in
Qach group within 24 hours of the onset of malaria,‘

' with the 1évels of the other volunteérs in the same

group at the same time.

The blood mepacrine %alues,of(lz volunteers
 who déveloped malaria, and those of compurable
volunteers who escaped the @isease, are shown in
Teble 4 (Vol.2 p4). If +he blood mebacrines are
compared group by grou@, itfwill be seen that the
‘levels in the malarias wefe always lower ﬁhan the
minimum levels of %he others. vThé blood mepacrines
of the 12 malarias‘ranged from 10 to\77 ug. pervlitre,

the vslues of the others ranged from 100 to 680 ug.




[io]
I

}..J

per litre. It would therefore appear that a .
minimal déily blbod—mepacrine level of 100 ug.
ner litre just befofe the onset of malaris was
necessary to ﬁrevent the disease.

Pypical bipod mepacrine curves of 4
volunteérs.ﬁhroughout the incubation period are
shown in Graph 2 (Vol.2 p36).  Two -\}olu.nteers‘
regeiyed a total dose of 1.0g. hepéorine in 3 ‘days
at different times1in-the incubation period; one
developed malarid, the second had no reuction. |
The other two volunteers were given 0.1lg. mepacriné
daily for 20 days beginning on the day of infection;
Qne'developed malaria, and the second haa a femp—
erature of IOOOF,\lz days aftef infection but
pafasiteé were not found in the Dblood and the fever
did not recur. The.blood.mepacrines of the two
malarias were less ihaﬁ the blobd,mepacrines of the
other two at the»ohset of the disease. = The levels
on the.day of infection end for 6 dayé'thereafter
did not apﬁear to have much influence on thé

subsecuent course of evenis. The blood mepacrine




berore the onset of malaria decilded whether

-

Mege results indicete that the prevention

elaria «with mepacrine depends enti rely on the

T»l

-
O 1

coneentration of the drug in the bloocd.

N
3

o

Blood Mzpocerine and Pever without Poragltaemig. -

Il'\ =
wle

celation of blood mepacrine to fever without

~aeitaemia has been examined by contrasting the

‘._:

blood mepacrines of the same volunteer before the
onset of fever and efter it had subsided. Blood
for mepacrine estimatlons was taken when the
temperature was normal. The results are shown

in Table 5 (Vol.2 p5).

The numbers are'small, but in general, the
@Idsef to the onset of Lever that estimations were
nade the lowevvwere the blood mepacrines, aznd
conversely, the clgser to the-day of subgidence of .
Tever thei estimations were made the higher were
the blood mepacrines.  7Thesé findings suggest that

fever without psrasiteemia may have some influence

ood mepacrine. Evidence supporting this view
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has been found in three othef—volunteers‘who develop-

ed malaria after mepacrine administration had been

stoppedi-—

;Voluﬁteer l. -~  When the temperature
returngd to normal after the Ifirst péak of fever
the blood mepacrine was 130 ug. per litre. Before
starting treatment with mepacrine and after the
température had resched a second end much higher
péak,~fhe‘blood mepécrine had risen to 500 ug. per

itre. "The spontaneoﬁs rise in blood mepacrine

coincided with the fever.

.Volunteer 2. - A first.relapse~of MoT.
mglaria was treated with mepacrine (3.4g. in 7'days).
A second relapse océuffed 12 days after the last
dose of mépacriﬁe. ‘The blood mepacfine at the
onset of‘the second rélapse_was 13 ug. per 1itre,
and the plésma‘mepacrine was 6 ug. per litre.  Twelve
hours later the teﬁper&ture was ZLOéLOE‘.,l the blood
mepacrine was 390 ug; per litre, and the plasma

mepacrine was 4C ug. per litre, though no mepacrine

had been given.




*

Volunteer 3. —l' wa attacks of fever
without parasitaemia were folloﬁed by an afebrile
‘period tﬁat preceded thé onset of a frank attack'
of mzlaria. The blood mépacrine curve throughout
the incubation périod,together Qith ﬁafa on infect-
iop, doses of mepacrine, and fever, are shown in
Graph 3 (Vol.2 957)./'_Fever was observed on three,
occasions. Parasites were not found in tﬁe blood
deépite'carefullsearch of thick and thin films
~during the first two attqcks, buﬁ they were found
the third time that fever appeared. Blood, taken

from the volunteer at the time of the first fever

when no parasites were found, caused malaria affer

s
N

injection into another individual. Spontaneous
rises in the blood mepacrine were found that coin-
cided withvthe first two aiftacks of fever;,and
fdllowing these rises, fever subsided. But after

the blood mepadrine hed fallen to a very low level,

<

a frank attack of‘malaria‘developed.

A pronounced rise in blood mepacrine assoc-

lated with fever was observed in three volunteers.




This rise was spontaneous and occurred long after

mepacrine dosing had' been. stopped so that drug
administfation was not responsible for the change.
The relatively high.mepacrinevcontent of tissues
end cells suggests that the spontaneous rise in
blood mepacrine way have resultéd from:-

(1) a transference of mepacrine from
tissues to the blood.

- (2) an increase in the cellular elements

of the blood, particularly leucocytes.

The magnitude of the rise, the simultaneous

" increase in the piasma ﬁepacrine of one volunteer,
and the fact that leucopenia is the usual finding |
-during malarisl.fever, suggest that the increase in
blood mepacrine was A%inly‘due to transference of
mépacrine from the fissues. - The cause of the rise'
is uncertain, but it méy fesﬁlt from the diminution
in alkali reservg‘tha% accbmpanies fever, as a small
’chénge in pH has been found to alter the partition
of mepnscrine in a simple protelin-water system in

1

. this way (Vol.2 p50). But apart from the precise
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cause of the rise in blood mepécpine, the nature of
the chonge explains the occurrence~of fever Withodt
parasitcemia. If parasites are present in the
blood when the oohcentrufion of mepacrine has
f@llen below tne parasiticidal level, then the
@arasiﬁes may be able to proliferate-and cause
fever. . The incréase in the blood mepacrine
fesﬁlﬁing from the fever may raise the level -
suffioientiy %o kill the parasites and so abort
tﬁe attack of malaria. Thus while cure of the
attack of malaria ultim&tely depends on the tisaué

mepacrine, the prevention of fever depends entirely

on the blood mepacrine.

Sumnery. - The chemotherapéutié sction of mepacrine
in falciparum walaria has,been found %o be relaﬁed‘
t0 some extent to dose of mepacrine but more precise-
ly %o the blood cqncentratiop of ﬁhe drug. Dose
was an infefibr chemotherapeutic iﬁdex because it
’offéred no ex?lanation why some individuals developed
malaria while\oﬁhers taking the same'dose escaped.

the disezse. Blood mepacrine estimations on the
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ofher hand, showed that those who developed
maléria invariably héd lower blood levels than
the others whofescaped the disease, and they also
providedba possible explanation for the occurrence
of fever without parasitaemia. Eor these reagons
blood mepacrine has been employed to define the

~aim of the preventive treatment of faleiparum

malaria with mepacrine.

A frank attack of falciparum malaria did
‘not develop in voluntéers ekperimentally infected
with sporozoites if %he minimal daily blood mep-
acrine was 100 ug. per litre or more towards thé
end of the incubation period; ‘The aim of prevent-
ive treatment_may‘thereforg be defined aé the main-
‘“tenance of a minimal daily blood—mépacrine level
6f 100 ug. per litre throughout‘the period of |
exposure to infecfion, and for one month thereafter
to deal with infection oontracféd just before leaving
%he,malarious‘area. Possible methods of maintain-
ing this minimal daily blood-mepacrine level are

dealt with in the pharmecological and toxicity

investigations.
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PART 2

”

THE PHARMACOLOGY OF MEPACRINE

Mepacrine is a yéllow bagic acridine dye»
that is soluble in water to the extent of about 5 ge
per 100 ml. at 379C.. It is stable in powder form
but in aqueoﬁs SOluﬁion it is slowly broken down
%o another compound that is almost insoluble in

- water. ‘

The dye-properties of mepacrine are res-—
ponsible for its unusual distribution in the human
 body. The mepacrine concentration of.tissues'and
cells has been found to be mﬁoh higher than the
concentration in plasma.  For example, the concent-
ration in leucocytes was more than 400 timestthat of
plasma and even in plasma 80 to 90 per cent is‘
rprobably:boaﬁd to proﬁein.lo As a consequence of
this distribution Shennon argued, that if mepacrine’
“acts directly on malaria parasites, “the free plasma

water mepacrine is of fundamental importance
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chemotherapeutical%ggand pharmacologically, because

the plasma water mepacrine is in equilibrium with

tissues, cel

, proteins, and malaria parasgites
whether they are intracellular or in the_plasma

water.

Since 1t is not practical to estimate

. plasma wajer mepacrine, blood mepacrine was taken
as a possible index to investigate the chemother-
apeutic action of the drug. Two important
observetions were made that have an importent

bearing on the pharmacology of the drug. They

were~-

1. - ‘he limitations of dose and the
‘advantage of blood mepacrine as o chemotherapeutic
index of the action of mepacrine in falciparum.
malaria. |

‘ 2;<— The rise in blood mepacrine during .
féver;‘pOSSibly resuléing from the transference of

the drug from tissues to the blood. .

The limitation of dose as & chemotherapeutic




index has made it necessary to‘ﬁefine the
relationship of blood mepaoriﬁe to dose, roﬁte

p . )

of administration, and period of administration.
Preliminary investigatibns on the degradation of
mepacrine in the body have 2lso been carried out

and the relation of blood mepacrine to urinary

mepacrine and plasma mepacrine has been investigated.

The rise in blood mepacrine observed during
fever in volunteers infected with fulciparum malaria
may reéult from the transferehoe of mepacrine from
“tigsues to the blood. This implies an alteration
in the tissue:blood paftition of the drug. Intrinsic
factors apart from dose that alter bldod mepacrine
may therefore be of great importance ohehqtherapeut-
4ica11y. Direct in?estigation of thé éffect of such
factors oh the tissue:blood partition was not pract-

- ical but the basic principles regulating the part- '

ition of mepacrine in a simple protein:water:mepacrine

system have been studied.

The relation of blood mepacrine to dose,

route of edministration, and period of administration;

1




and the relation of urinary mepacriné to dose -and
period of administration will first be described.
Then degradation of mepacrine in blood, plasma,
urine, and faeces ﬁill be considered and will. be
followed by an examination of the factors that
influence the protein:water partition of the drug.
Finally the interrelations of blood, plasma, and

urinary mepacrine will be discussed. -

Blood Mepaoriﬂe and Dose. - he relation of blood
mepacrine to dose has been ihvestigated by giving
grodps of healthy volunteers different aoges of
the.drug by mouth, over the‘same.period, and estim-
‘ating the'blood'mepaorines'at comparable intervéls.
The volunteers were all healthy soldiers taking the
JSame diet and were confined to bed during the five
days of the inveStigaﬁion. Mepacrine was given in
fablet form and.a half pint of water was taken with

" each dose€. The dosage regimes and the numberlof

individuals employed were as follows:-
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Regime Dose of Mepacrine - No.of Volunteers

1 Day 1 = Initial dose 0.6g.
Days 2 to 5 inclusgive 0.3g. daily 8
Total dose 1l.8g. in 5 days

2 Day 1 =~ Initial dose 0.2g..
0.5g. at 4 hrs. and
_ 0.5g. at 12 hrs. 7
Days 2 to & inclusive 0.6g. daily
Total dose J.4g. in 5 days

1

Day 1 - 0.2g. 4 hrly, 6 doses
Day 2 - 0.2g. 6 hrly, 4 doses v 8
Days & to © inclusive 0.2g. 12 hrly, 2 doses
Total dose 3.2g. in & days

The frequency of dosing and the total
amount of mepacrine given in 5 days was different
in the three regimes. In regime 1, single daily
doses were given throughout. In regime 2,
increasing daily déses were given in the Pirst 12
“hours, thereafter single daily dqses were given on
days 2 to 5. The single daily doses in regime 2
were twice thé déily doses given in regime 1. Iﬁ
 regime 3 an attempt was made to give approximatelj
the same total daily dose as in regime 2, but_in‘

émall doses given.more frequently throughout the




24 hours.

Regime 1 (1.8g. in 5 days). - Blood mepa.crines

were estimated et 4, 12, 24, 48, 72, 96, and 120
hours after the first dose. There were marked
variation in/the levels of different individuals
taking the same dose, but the group mean values
'proviéed a good index of the ﬁfend in each indiv-
idual. The group meen blood mepeacrines at the

above times were:- 213, 173, 84, 179, 225, 245,

and 264 ug. per litre.

Regime 2 (3.4g. in 5 days). - Blood mepacrines
were estimated at 4, 12, 25, 48, 72, 96, and 120
hours after the first dose. As in regime 1,

marked differences in the individﬁalsf values were

observed, but the group mean level reflected the

-

. trend in each voluntéer. The group mean values

at the above times were:- 105;.246, 384, 415, 560,

- 879, and 873 ug. per litre of blood.

i

Regime 3 (3.2g. in 5 days). - Estimations were




wade at 8, 16, 29, 55, 77, 101, and 125 hours after
the initial dose._ The corresponding group mean :
blood mepacrines were:- 131, 363, 387, 618, 604,
1665, and 858 ug. per litre. As in the previous

two. regimes, these values were indicative of the

trend in each individual. . -
Detailed results are given in Table 6 (Vol.2 p6).

Group mean blood'mepaérines for the three
regimes are shown in Graph 4 (Vol.2 p38). 1In
reglme 1, a.+ota1 dose of 1.8g. mepacrine was given
1n 5] dayovand the ¢roap nearn blood mepacrine curve.
24 hours after each dose was uniformly lower than
the curves for regimes 2 and&& in which total doses
of 3.4 and 3.2g. mepacrine were given respectively.
This suggests a direct relationship between blood

' mepacrine and dose in the initial days of dosing.

| In regimes 2 and 3 approximately the sanme

total dose was glven in 5 days but the frequency

. of d051ng was different. The values for both

regimes 24 hours after total doses of 3.4 and a,zg.
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were 873 and 8358 ug. per litre of blood respect-~
ively. fThat is, for prectical purposes the -
blood nepacrines were the same, and since the
differences in the mid-parts of the curves are
accounted Tor by differences in the total dose
given, freguency of doéing would seem to be legs
importent than the total dose in determining the
ninimel daily blood mepacrine level. However,
frequency of doéing méy be important in the first
day .of dosing when it is desirable that a particular
blood-mepacrine level should be quickly'atjained
and ‘then mointained.  In regime 1, a single dose
of mepaorine.was given‘on the first day, the group.
mean blood mepacrine at 4 hours was 213 ug. -per
litre and at 34 hours it had follen to 84 ug. per
litre. In the other two régimes; morekfréquent'
doses were givén and the levels progressively

incressed during the first 24 hours.

Urinery Mevscrine and Dose. -  The total amount

of mepacrine excreted in the urine of the volunt-

eers teking mepacrine dosage regimes 1, 2, and 3
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has been estimated. In regime 1 (1.8g. in 5 days),
urinaery estimetions were‘made on sémples colleoteé,

0 to 4, 4 to 8, 8 to 12, and 12 %0 24 hours after
the fi“sﬁ dose and therecfter at ihtervalé of

24 hours ﬁntil_the end of the investigation on day
In reﬁime 2 (3.4g. in 5 dgys), estlmutlons were made
on sumqleu collected ot O to 8, 8 to 16, and 16 to

24 hours after the initial dose and then at 24 hour
intervals until day 5. In regime 3 (3.2g. in 5 days),
urinary mepacfine vias eétimated in samples at O to -
4, -4 to 8, 8 to 12, 12 to 16, 16 to 20, and 20 to

29 hours after the initial .dose and then at intervals
of 24 Hbufs until the end of the investigation on

day 5.

The results are shown in Tables 7; 8, and 9
\(V01,2.p7,8.& 9) and heve been expressed as the |
fotal amount of mepacrine excreted in each period.
The varistion in urinary mepacrines of individuals
takinc the same doses of the drug was considerable

in each of the three regimes, but the group mean

urinary mepacrine provided a relisble index of the




general trend in each individual. The group mean
urinary mepacrine oﬁrves areréhown in Graph 5 (Vol.2 p39).
. : . ’ . o
The curves for regimesAZ and 3, in which the total )
dosage wa.s aypproxinately the éame, were almost
identical. Both were much higher than the curve
for regiume 1 in which the total dosage was a little
more than half that of the other two regimes. Uriﬁary
mepacrine would ﬁherefore seem to be related to the
amount of drug given in the early days of dosing,
énd because of the similarity in urinary mepacrines
Cof regimes 2 cnd 3, total dose would also appear fd
be more important than frequéncy of:dosing in deter-
mining the urinary excretion of the drug;

v

Comnarison of Tables 6 to>9; and of Graphs

4 and'5, revesl thet the minimal daily blood mep~
acrine is directly related to the amount of mep-
acrine excreted in the urine in the previous 24

hours. In each regime, the range of variation in

blood mepacrine and in urinary mepacrines was

considerable, but individuals with high blood mep-

acrines usually had high urinary mepacrines and




\

vice versa. This strongly suggests that the
same cause 1s responsible for the variation in the
blood and urinary mepacrines of individuals taking

the same doses of the drug.

Blood Mep=zcrine and Route of Administration. - The

. blood mepacrine after administra tlon of the drug
by different routes has béen'investigated; The
same dose was glven as & solution eontalnlng 0.,2g.
mepaoriﬁe hydrochloride in 10 ml. sterile disﬁilled
water to groupé of 4 to 6 héalthy volunteefs by
mouth, and by reétal; subcutaneous,;intramqsqulap,
end introvenous injection.. Blood mepacrines were
estimated at'intervals"during the following-éé hours.
In addition, two O.TG. mepacriﬁe hydrochloride tab-
lets were given by mouth with half a pint of water
té éﬁdther gfoup of volunteers to compare blood
mepacrines after orai administrajion of tablefs'
-and mepacrine in solutlon. The results are shown

in Tables 10 to 15 (Vol.2 plO t0 12)

The blood mepacrines after rectal, subcut-

aneous, intramuscular, and intravenous injections
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were for practical purposes the same. The blood
mepacrines atter oral administration of tablets,
differed from parenteral and rectal administration

in three important respects:-—

(1) in the time reQuired to reach a peak .
concentration. |

(2) in th§ mégnitude of the peak. -

(3) din the variafion between individual

blood mepacrines.

The group mean values in Graph 6 (Vol.2 p40)
show the difference between parenteral and oral
dosing in two respects - namely, in the time required
to reaéh a peak and in the magnitude of the peak
attained. Group mean pesk concentratibns of 565 -
“and 617 ﬁg. per litre were reached in 15 minutes
-afteriintramuscular and subcutaneous injections
respectively. A group mesn pesk of 632 ug. per
| 1itre was reached in 45 minutes after rectal inject-
"ion, and a group mean peak level of 226 ug. per
litre was attzined in the saﬁe time after oral

administration of mepacrine in solution. A group
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mean peak of only 162 ug; per litre was reached

in 2% hours after oral administration of tablets.

.

The blood-menacrine leveiS'fell, rapidiy
at first then more glowly, after attainment of
peak concentrations by mepacrine injections.
Minimal valuea‘were'uSually Observed 24 hours
after the dose. The grou§ mean blood’mepécrines

| at 24 hours after tablets by mouth, rectal inject-
ion, subcuteneous injection, intramuscular inject-
ion, and intravenous injection were 54, 47a 60, 92,
and 102 ug. per litre respectively. That is, the
post absorptive blood mepacrines were highei after

intravenous and intramuscular injection than after

ora1>administration of:tablets.

The variation in the individual blood-.
‘mepacrine values wes more pronounced after tablets
by mouth than after oral-administration of a mep=

acrine,solution and injection'by the other routes.

The delay in reaching a peak conoentratlonv

following the administration of tablets by mouth

is partly explained by the time reguired for




solution of the tablets,'but as the tablets employed
were not éoated, and as théy disinfegrated readily
in water, it is not likely that incomplete solution
of.the tablets was fesponsible for the diiferences
in Dblood mepacrines that were obsenved. Diminished
absorption due to other cauées geems a more probable
explenation.  But apert from‘consideration:of the
cause of the difference in blood mepacrine following
>6ra1 and parenteral cdministration, the observation
_may have a praotioal application in the treatment
bf melaria, particularly in seriously ill paﬁiénts
in whom a rapid chemofherapeutic effect is desired.
With this possibility in view, the blood mepacrines -
after repeated parénteral injectiohs, and after
combined oral and parenteral administration have
been defined in healthy volunteers who remained

in 5ed during mepacrine adminisiration. |

Repeated Parenteral Injections. - Four healthy

volunteers were given an initial subcutaneous
injection of 0.2g. mepacrine hydrochloride in 10 ml.

distilled water followed by two O.lg. injections by
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the same route, two hours and five hours later.
he blood mepacrines at intervals throughout the
24 hours after the first injection are shown in

Pable 16 (Vol.2 pl3).

Peaks in the group mean blood meﬁacrine
of 6883, 947; and 606 ug. per 1itfe were observed
fifteeﬁ minuteé after each injection. A group
mean value of more than 200 ug. per litre was
mainteined during the first O hours and at 24

hours the level had fallen to 117 ug. per litre.

Combined Oral and Parenteral Administration. ~-

Another eight>v61unteers were given an initial dose
of 0.2g. mepacrine hydfochloride_intramuchlarly
and 0.2g. (2 tablets) by mouth. Six hours, 14
hours, and,24 hours late$; gingle doses of 0.4g. |
(4 ftablets) were given by mouth. A total dose of
1.6g. mepacrine was given to each individual in

24 hours. The resulting blcod mepacrines at
»intervéls during the 72 houfs after the initial

dose are shovm in Table 17 (Vol.2 pl4).

The initial 0.2g. oral dose did not have




nmuch influence on the Crrou.p mean blood mepacrine
du¢1n~ une first six nours (Cf. Tables 15 and 17
Vol.2 pl2 & 14), but at 12 hours, affer a total -
dose oI 0.3g. mepacrine, the grdup mean valué

reached the very high level of 1798 ug. per litre

—

and then fell relatively slowly to 325 ug. per

litre at 72 hours

Maintenance'of a steady bldod mepéorine
by parenteral injection zlone is difficult, becéuse
of the rapid rise to, and the rapid fail from peak
levels. queﬁer, the rate'ofvfall is influenced
by combined oral and parenteral treatment, but
before this action comes into play}very high temp-
orarj levels may 5é reached. Parenteral injection
seems in some5unexpiainea way to poténtiate,ébsorpt~ .
ion of mepacrine ﬂrom the gut.  This may explain
why serious toxic eifects have been S0 frequently

reported after-combine@ oral and parenteral admin-

igtration.

~Blood'and rinG: z;gugacrine and Duration of Dosing. -

Ihe Dblood and urinery mepacrines have been defined




after administration of the drug for 25, 76, and
- 86 days to‘ﬁhree groups of'healthy volunteers who
were carrying out light duties; Dosagevregimes
were chosen %o iﬁvestigaﬁe the effect on blood
and urinary mepacrine of a preiiminary loading
dose of the drug, and also to«comﬁare daily doses
. of 0.lg. with weekly doses of 0.5g. The-doses
given and the number of volunteers employed were

as followgi—:

Regime  Doge of Mepacrine No. of Volunteers Period

. days
4 0.1lg. daily ' 11 , 86
5} Day 1i 0.1lg. 8 i 25
Day 2 0.3g.
.. Day 3 0.6g. B
"Days 4 to 25 0.lg. daily A
6 Day 1 " 0.lg. 6 " 76
Day 2 0.2g. . ’
Day & 0.3g. 4
Day 4 0.4g. : _ N

3

Day 5 0.5g. .
Day 11 . O. 5g and than
0.5g. at weekly lnterles
until Day 76.

In'regimé‘4 (0.1g. daily for 86 days), the

taking of mepacrine was carefully supervised from
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Monday toVSaturday eaoh’week. Oh Suhdays each
individual was responsible for taking the drug
himself and all but‘one_Volunteef fofgot to take
the drug on 1 o' 5 occasions during the invest-
lgation. In regime 5, it was possible to ensure
only that each individual took the drug in the
presence of & witness who attested in a diary that
the dose had been- taken. There was no reason to
believe that the drﬁg was not taken as prescribed.
in regime 6, dosing was carefully supervised
throughoat the'investigaﬁion.

Regime 4. (O.ig. daily); - Blood samples were
.taken for mepacrine esiimation about e&ery third
or fourth day. Samples were withdrawn immedia#ely
before the daily dose so that minimum deily blood
mepacrine levels were estiﬁaﬁed, Corresponding
uriﬁe samples were collected for mepacrine'estimaf—
'ion over the three hours\immediately preceding . the
daily dose.  The individual results and the group
ﬁean blood and urinary mepacrines are shdwn in

Graphs 7 and 8 (Vol.2 p4l & 42). Mepacrine dosing
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and blood and urinary estimations were continued
for a total period of 140 days in 4 of the 11

volunteers.

the group mean blood mepacrine increased
to 167 ug. pef litre on the 15th day of dosing,
then it fell to 109 ug. per litre'on-the 26th day.
The fall was followed by & sharp rise to 215 ug.
‘per litré on the 2vth day. The level again fell,
slowly to 195 ug. per litre on the 39th day and
then more rapidly to 94 ug. per litre on the 55rd
day. Thereafter the blood mepacrihe was much
B nore stable and varied between 100 and 120 ug. pér
‘litre until the end of the maiﬁ investigation on
day 88. fhe same level was maintained until day'
140 in 4 of the 11 volunteers in whom observetions

were continued.

The group mean urinary mepacrine curves
expressed either as a concentration (mg..per litre)
or a; the total amount excreted in 3 hours (mg.),
were for practical purposes the same.  Both

progressively increased to reach pesk values during
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the first 15-days of dosiﬁg. Then, after consider-
able flucfuations, the general tendency was fér the
urinéry mepacrine to decréase progreséively\until
day 3¢ “hen a relaiively stable level was'reachea,

and maintasined.

The changes in blood and urinary mepacrine

after prolonged administration of the drug were

- essentially the same. In general there wasg a

build up to peak concentrations, then a fall to
stable levels that were about half the peak values:

(Graph 9 Vol.2 p43). .

Regime 5. (Loasding dose 1.0g. then 0.1lg. daily

Qi Feve b

uwntil day 25). - Unlike the other volunteers
those employed.in this investigation were billeted
in another hogpital and other arrangemeﬁtskhad %o |
be made for collection of blood and urinary samples.
Blood for mepacrine estimation was taken 20 to 24

hours after a dose and the mepacrine concentration

in the corresponding night urine was determined.

Estimations were made over a neriod of 121 days,

that is for 96 days after the last dose of mepacrine.
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Detailed results are shown in Tables 18 and 19
(Vol.2 pl5 & 16). The group mean blood and

urine mepacrines, are shown in Graph 10 (Vol.2-p44).

The group mean blood mepacrine reached
a peak of 516 ug. per litre on day 4 - the day
after the 0.6g. dose. It then fell to 328 ug.
per litre on the day 11 and'remained at this level
until day 17. . Then the level rose to 479 ug. per
litre on day 24. On day R9, that is 4 days after
dosing had stopped, the level was 387 ug. per litre.
and on day 37 1t had.fallen to 151 ug. per litre.
_An.appr;ciable riée to 270 ug. per litre was recofded
-on day 58, and thereafter the level fell progressively

to 41 ug. per litre.on day 121.

‘The concentration of mepacrine in the night
urine reached a peak value on day 11, and then fell
‘shérply. 4 second peak was reached on‘day 29 and
then the level progressively Tell until the end of

!

-~ the investigation on day 121.

In general the chenges in blood and urinary

.mepacrine were of the same nature throughout the
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investigation. .The persistence of mepacrine in
~blood and urine long after dosing had stopped is’

notewdrthy.

Regiﬁe 6. (Toading dose of 1.5g. in 5 days, then
O.Sg; weekly).»— The blood mepacrine was estim=
ated 24 hours after the daily dosing period and
then immediately before each weekly dose so that
minimun blood levels Weré determined. The urinary
‘mepacrine was estimated on two consecutive days
each weelk. The first estimation was made on the
urine passed during the three hours immediately .
preceding the weekly dose, and the second estimation
Qﬁ a three hours' sample of urine from the 2lst to
the 24th hour atter the weekly dose. The intention
was to determine.the post absorptive minimum and
meximum urinary mepacrines‘each week. The results
are given in Ilables 20 and 21 (Vol.2 pl7 & 18).

The group mean blood and urinary mepacrines are

shown in Graph 11 (Vol.2 p45).

The group mesn blood mepacrine was 184 ug.

per litre on dey 6 after a loading dose of 1.9z,



in the previous 5 days. It then fell tb 62 ug.
per litre-on the 27th déy and rose to 117 ug. per
litre on the 34th day. Théreafter the level
remnained comparatively stable at about 100-ug. per

litre.

The urinary mepacrines, estimated 21 to
24 hours after the weekly dose (post-absorptive

..

maximﬁm 1evel),“1noreasea“from day 14 to day 42,
and then stabilised. The urinary mepacrines,
estimated on a three hours' sample immediately
preoeding the weekly dose (post-absorptive minimum:
level ), increased from day 13 tolday 27, and then
decreased to reach a stable level on day 34. The
" difference in post-absorptive maximun end minimum
~levels was slight after the first weekly dose. It
Was:greater after the third weekly dose-and contin-
ued to increase until ﬁhe 5th weekly dose. Therq;‘ -

after both urinary levels were relatively stable.

When the group mean minimum and meximum
urinary mepacrines were low and when the difference

between them was slight, the group mean blood
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mepacrine fell. When therdifference in thé
urinary levels increased, the blooed mepacrine
sta:ted to-rise. When the difference in urinary
levels waé pronounced but constant, the blood
levei was stvable.  These findings suggest that
oﬁly & suall amount of the First three weekly
doses of mepacrine was absorbed, or that the rate
of degradation of mepacrine within thé body had
témporarily inéréased wheﬁ the first three weekly
doses were given. ’ | : x
Blood and urinary mepacrines after admin-
istration of difterent doses of the'drug for 25,
76, snd 86 days heve been defined. Tn the. two
regimes tha;férﬁg'was given for prolonged periods,
three distinct phases in fhe group meaﬁ blood and"

urinary mepacrines have been observed:-

1. - an initial phase that may be termed
the build up period, in which blood and urinary
mepacrines ran in paraliel curves t0 reach peak

values. . The duration of the build up period,

» N £
and the peak levels atteined, depended on the

‘
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amount of mepéorine given. When C.1lg. mepacriné
was given daily with and without a preliminary
loading dose, é higher peak was reached in a
shortef'time with the loading dose than without

it (Cf. Graphs ¢ and 10 Vol.2 p43 & 44).

2. = an intermediate phase in which

the blood and urinary mepacrines both fell from
the pealk levels to minimum values. During fhis
time marked fluctuations in blood and urinary
mepacrines, even from.day to day, were observed{
and though the general tendency‘was-for both
levels to fall, the parallelism that had previously
been observed was not always aﬁparent. The fall
in both blood.and urinary mepacrine océurred in
spite of continuous mepacrine dosing, so that
dose had little cr no influence on the changes
during this temporary unstable phase. (Graphs 9

and 11 Vol.2 P43 & 45).

3. — & later phase in which the blood .

and urinary mepacrine curves were similar and
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reached COmparatively.stable levels that were
approximately half the peak velues. Fluctuations
in both blood and urinary mepacrines were not sd
pronounced as in the previous phase and there wés
much less varistion in indi?idual.reéults. * The.
difference in the group mean blood mepacrine
after'o.lg. daily énd 0.5g. weekly was slight;
 suggesting that total dose is more_ important
~than freguency of dosing in maintaining the

subsequenﬁ gtable level.

The simultaneous fall in Dblood and urinary

i

mepacrine affer the peak levels had been reached
was the most important change. That it occurred
in two investigations, corried out at different
times wit d'ff I t‘ gime uggests that it was
times with different regimeés, suggest :

more than & chance observation. It seems highly

probable that a powerful factor regulating blood

and urinery mepacrine comes into play when ‘the

drug has been given for prolonged periods. - More-

dVer, the chenges in blood end ‘urinary mepacrine

were essentially the same, 1t therefore seems
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1ikely thet they are due to the same cause.

Jiriction in ebsorption from the gut or veriation
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gracation within the body seemed

el

the moou.likely explenations. An attempt to
dsﬁeruine thelr relative iluportance had been made
.by estimating faeéal mepaorines of groups of
volunteers during %he build up period, and dufing
the later steble phese when blood and urinary
mepacrines were sbout half the peak values. It
would héve been preferable to have estimated

- i

faecal mepacrines in the same oroup at different

timés, ut the supply of,volunteers to take the

~

O

rug for long periods was limited and so observat-
ions had to be made on two different groups.

Before reporiing these investigations it is necess-
ary %o rvefer to the method of estimating mepacrine

in faeces.

stimation of Fsecsl lMepacrine. - The stool
s collected in a tared 1itrp‘beaker and
veighed. Anhydrous sodium sulphate was
“dded to dry the faeces, and the beaker +.
eces + sodium su*ﬁh,te was welghed again.

e contents of the beaker were then tprned
nto 2 large mortar end ground and mixed for
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20 minutes. The resultant mixture was like
very fine dry sand. 5.0z. of the mixture
were placed in a stopnered graduated 100 ml.
cylinder and distilled waver added to the
100 ml. mark. The ilesk was stoppered and

o

b

shalten vigorously for 5 minutes and then

H

2
placed on the bench to allow the insoluble
materials to separate.

Five ml. of the supernatant solution
were taken and the mepacrine concentration
estimated in the same way as in urine.

Iwo mejor factors reguired invegstigation
ﬁith this method of deacling with faeces. One,
thether 5.0g. of the fzeces - anhydrous sodium
sulphate mixture was & reﬁresentative sample of.
the whole mixture; and two, whether extraction
recoveries were adequate and were influenced by
the time Tfaeces ﬁere allowed o stand before
estimation. Mese préblems were examined by
adding kmown amounts of mepacrine to the faecesj-
of individuals who had never taken the drug. The
mepacrine content of duplicate and triglicaté
semples of the stool was then estimated by the
‘method outlined above. This practice was carried

.

out at intervals of 3, 24, 48, and 72 hours after



the addition of 50 mgm. mepacrine to the stools
of three individuals who had never taken the

drug. The results are shovm in Teble 22 (Vol.2 pl9).

. The difference in the esﬁimations of
duplicate and triplicate samples from the same
sto0l was sufficiently small %o indicate that
the mixing procedure was adequéie and that Bg.'
of the sodium Sulphate—fuebes mixtﬁre was a represent~

ative sample.

The rate of disappeafance of mepacrine
from the three stools was rapid and was approx—
imately the same for each stool. At 3 hours,
an average of 70% of the added mépacrine was
reeoﬁered; at 24 hdurs, 48%; at 48 hours, 18%;
and at 72 hours, 14%.  That ié, the more'mepaérine~
present the more rapid the rate of'disappearance.
Disappearance of mebaéripe has been interpreted
aé being mainly due 0 degradation of the drug by
féeces. This striking»finding made it necessary
to estimate the mepacrine content-of faeces és.

soon as possible after they had- been passed, but
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even then no indication of the amount bf mepacrine
degraded within the Dbowel oéuld be obtained.
However, since the rate of degradaﬁioh‘of mepacrine
in different specimens of fzeces seemed to be fair-
ly constant, 1t was considered worth-while estim-
ating faecal mepacrines of wo groups of volunteers
duriﬁg the build up of blood mepacrihe, and during
the later siable phase provided that the faecal

" mepacrine estimations of both groups were treated

in the same way.

Faecal Mepacrines. - In view of the rapid

' disappearance of mepacrine from faeces after they
héve been passed, faecal mepaofines wefe estimated
~ Wheneﬁer possible within & hours of the $ime of
defaecation. This was not always practicable
end a few estimations were nade 12 -~ 16 hours

‘after defaecation.

The faecal mepacrines of four volunteers,
during the first 6 days bf taking 0.lg. mepacrine
daily were estimated and compared with those of

seven ‘other volunteers who had taken the game dose



of the drug for the previous 62 days.’ The
seven volunteers belonged to fthe group of 11
men whose blood and urinary mepacrines were
defined over a period of 88 days.‘ At the time
. the observatiéns were made the grolp meaﬁ'blood

“end urinary levels were stable and had fallen

to about half the peak values.

The total mepaoriﬁe in the faeces of the
four men'during the first six days of dosing wéé
8.5, 11.8, 20.0, and 41.1mg. The total faecal
mepacrines of the éther seven men for a similgr
period were:i— 114.6, 119.4, 131.8, 146.3, 167.0,
167.0, and 172.2ng.. These‘valuésvdo not repres-
ent absolute faecal mepaérines, but as the invest-
igations were carried out under .comparable condit-
ions, the unifofﬁity of the individual results and
the'marked difference in faecal me?aorineé.of the
two gfoups strongly suggest that more mepacr;ne is
excreted in the faeces during the late stéblg phase
iﬁ‘blood‘and urinary mepadrine, than during the

build up period. The simultaneous fall in both
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blood &nd urinary nepacrine to about half thé

®

pealk levels, together with an increase in faecal
mepaorine‘suggesﬁs that diminished absorption of
mepécrine from the gut is at least nartly respons-
ible for the féll; The cause of Qiminished
absorption,is $%1k1 obscure, but én important clue
was obtained in the development of a suitable~
method Tor estimating mepacrine in faeces. In
this work mepacrine added to stools rapidly dis-
appeared. It is reasonable 1o pfesume thét gimilar
changes occur within the gut, so that,diminighed

absorption may,be in part due to degradation by

‘Antestinal contents. The differences in faecal

mepacrines at different times in the administration

‘of the drug may be accounted for by the fact that

during the build up period tissue mepacrine is

progressively increasing until a peak value is

reached. The attainment of a peak tissue mepacrine

coincides with peak blood and urinary values; and

then tissue, blood, and urinary mepacrines are in

equilibrium with +he dosege regime. Doses of
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mepacrine given after this-equilibrium come in
contact with an intestinal mucosa with which
they aré already in equilibrium, so that less
mepacrine is ébsorbed and a greater proportion
of the dose remains in the gut. But the 10hger
that mepaérine remains in the gut the grevter is
tﬁe amount degraded by the intestinal contents.

-

The fall in blood and urinary mepaérinés to stable

levels of about half the peak value may therefore

be largely due to diminishedAabsorption resulting

from this chain of events.

Mepacrine Excretion. - Blood and urinary mepacrines

were estimated in addition to the faecal mepacrines
of the 7 men who had taken daily doses of O.lg.
meﬁacrine for 62 days before the investigation. The

results are shown in Tables 23 to 29 (V91.2 p20 & 21).

’

In two volunteers it was not possible to

' estimate the 24 hours' urine every day but in the

- remaining five the totel mepacrine excreted in the

urine in 8 days by each individual varied irom 15.6 mg.

. ) : £ ’
" to 32.1 mg. The group mean urinary mepacrine 10T the




6 day period was 24 ﬁg.. | The total faecal mepacrine
of the same volunteers in 6 days ranged from 119.4 mg. *
to 181.2 mg. and thé groﬁp mean was 138.mg. That

is, the total group mean mepacrine excreted in 6 days
~in urine and fzeces wasri62 mg.. But the total’

dose given iﬁ this period was 600 mg., and the éroup
mean biood nepacrine was practically constant, so

fhat the remaiﬁing 458 mg. probably represents the

total amount oi mepacrine degraded in 6 days.

Similar investigetions were carried out on
another volunteer taking weekly doses’of~0.5g;
.mepaorine. Blood, urine, and fae¢31 mepeacrines
were esti@ated for 3 days before and for 5 days
after the weekly dose. Experimental conditions
were particularly good beczuse stools of approx-
imately the same weight were obitained abdgt the
same time each day throughout the investigation
hiand estimetions were madé immediately'after they -

“had been passed. The results are shown in Table 30

(Vol.2 p22).

The blood mepacrine was fairly stable




throughout the investigation. The total‘mepacrine
excreted in the urine in one week was abouf 14 mg.’
and the totel fuecal mepacrine in the same period
was 146 mg.. ,That is, 160 mg. of the total weekly
doge of 500 mg. were excreted in urine and faeces,
but since the blood level was practically constant

the remaining 540 mg. was probably degraded.

he relationship between the‘total urinary-
mepacrine and the total faecel mepacrine‘over the
period of investigetion is' noteworthy. “In the 5
‘men teking O.lg. mepzcrine daily from day 63 to 67
inclusive, iﬁdividuals vith 2 low total urinary
mepacrine had low total faecal mepaérines, and‘vicel
versa. .Iﬁ the volunteer taking'O.Sg. weekly the
relationship was even more. striking. The curves
for urinary and‘faecal mepacrine were practteally
parallel (Graph 12 Vol.2 p46). (These rindings
‘suggest that when the blood mepacrine is stable,
the urinary'aﬁd faecal mepacrines are proportional

-0 one snother.
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Blood, Urine, =znd Faecal lMepacrines. - The

relaticn between blood, urine, and faecal mepacrines
has been examined in the 7 men taking O.1g. mepacrine
daily Zor the previous 62 days. Complete results
were obtulned in 4 men over the 6 days' balance

N :"‘]1 . ‘ ! s
period. ‘he mean blood nepacrine of each man
during this period has been compared with the total

urinary and faecal mepacrine over the sazme period.

The following results were obtained:-

Mean Blood Total Urinary  Total Faecal

Mepacrine Mepacrine . Mepacrine
ug./litre ng. ; mg.

1 82 ) 15.6 119.4

2 g9 22.9 139.0

3 111 22.9 146.0

4

156 32.1 - lal.=2

The  urinary and faecal mepacrine tended to
increase as the blood mepacrine increased.  In other
| wérds the blood mepacrine, and by inference the tissue
mepacrine, controls the excretion of the drug in urine

and foeces after prolonged dosing.

Mepacrine Degradation. - When blood and urinary

- mepacrines were stable after daily doses of 0.l1g.
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of the drug, an average of about 30% of the total

jo]

ose yglven in 6 days was recovered from urine and
faeces,- the remaining 70% was unaccounted for; But

-

25 the blood level was constant, the tissue level

)

o

nay @lso be presumed to be constant,.so that 70%
of the dose was probably degraded. Degradation
of menacrine may therefore be importent pharmacolog-

ically.

When mepacrine_degradation is congidered,
it is necessary to distinguish clearly between
degradetion within the bowel, and degradation in
the'ﬁissues of the body, because mepacrine degraded
in‘the‘intestine has had no_oppqrtunity to exert
a chemotherapéuﬁio acﬁion'whereaghmepacrime degraded
" in the body has'had this Qpportunity, An indication
of the impértanoe of degradztion in the bowel is -
probably provided by the rate of degfadation of the
drug in faeces, but it is s%1ll impossible to measure
degredation of the drug in the_body, Investigations

of the rate of degfada%ion in incubated blood, plasma,

&V
b

nd urine were carried out to explore possible methods




of assessing degradation of mepacrine in the body.

Degradation of MegaorineAin Blood. - A volunteer [
was given l.5g. mepacrine in 3 days. A lérge |
volume of blood wag taken 24 hours after the last

dose of the drug end was divided into 5 ml. samples

that were placed in glass stoppered extraction |

bottles. PTeoautiqns were taken to avoid bacterial

contamination of the blood.  The extraction bottles

were placed in an incubator at 37°C. Blood mepaérine
~of duplicaté sanples was estimatéd soon after with-— .
.drawal of blood, and then at 24 hour intervals for
the next‘B.days. ihe results are shown in Table 31 -

(Vol.2 p23) and in Graph 13 (Vol.2 p47).

The initial mean blood mepacriﬁe vas 575 ug. .
pér litre. The mean values at 24 hour.intérvals-
for the next 8 days were 410, 320, 250, 200, 200,
.160, 160, and 150 ug. per litre. As with faecal
mepacrines, the rafé of;degradatiOnkwas rapid at
fifst énd,theﬁ it siéwed'down as thg total amounﬁ

of mepacrine diminished.



- B4 -

Desredation of Mepscrine in-Plasma. - Blood from
a volunteer who had been gi&en 1.5g. mepacrine in
S days was teken 24 hours aiter the last dose of
.mepacrine and the plasma was separated imuediately.
It was then divided into 5 ml. éamples in sterile
éXtraotiOﬂ bottles and incubated a% 37°¢. | Care
was taeken to avold bacterial contamination during
the separation and sampling of the plasma. Plasma
mepacrine estimétions vere made soon after withdrawal
of‘blood'and at intervals dﬁring the next week. The
results_aré shown in lable 32 (Vol.2 p24). The
initial plaéma mepacrine was 120 ug. per litre and

the final value 7 days later was 80 ug. per litre.

Degradation of Mgpaofine in Urine. - A knbwn
amount gf mepacrine in sqlﬁtion'was added to the
urine of a healthy subject. Fve ml. samples were
then added to sterile glass stoppered extraction
bottles that were placed'in an incubator at 5700;

Urinary mepacrine was then estimated at 24 %o 48

hour intervals during the following week. The

resul%s cre shown in Table 32 (Vol.2 p24). The
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initial urlnary mepacrine was 10.2 mg. per litre;.

one weel lﬁter it was 9.5 mg. per lltre.

verradation of lepeacrine in IFaeces. -~ When 50 mg.

.mépacrine were added %o iaeoes, the amount of mep-
acrine recovered during the next three days progress-
ively fell.” The fall was considered 1o be mainly
due to degradation of the drug in faeces (p.53).
Further investigatioﬂs aiter adding 10 to 500 mg.
megaofine_to the stools of two other healthy
volunteers have.confirmed,the previous findings,
but it has also been found that»degradation

depends on. the amount ofqmeﬁacfihe‘ih the faeces.
Degradation was‘minimal when 10 mg.amepaCrine‘were
added to stools, it was maximél when 90 mg. were
adéed; and it was minimal again When 1OO ng. o
500 mg. were cdded. (isble 33 Vol.2 p25). That
is; the general shape of‘the curve for degradation
of menaovlne in faeces in relatlon to the amount of
drug added resembles an- 1nverted "g", the tips of
the two limbs representing 10 mg.\and 100 mg.

respectively, and the highest point in the bend
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corresponding with SOrmg. This éuggests that
degradation of mepacrine results from enzyme

action. Small amounts of mepaorine may not be
degraded,becéuse,of strohg physico=-chemical cffinities
of the mepdcrine—faeces ﬁixture. Large aﬁounts

may not be degradéd because of "blockage" of the
enzyme system responsible for degradation‘of‘the

drug.

Mepacrine is degraded by blood, plasma,
urine, and faeces. The rapid rate of degradation
in blood &nd faeces sﬁppor%s the view that degrad-
ation of mepacrine.is important in determining the
blood<and tissue’ mepacrine levels after the drug
has been given for prolonged periods. But as the
excretion of mepacrine.is dependent on the blood
and'tissﬁe mepacrine levels, the amount of mepacrine
degraded is therefore proportional to the amount of
mepacrine absorbed, if constant blood énd t;ssue'
levels are maintained. In other words, if absorption

of mepecrine is constant, degradation of the drug

: may be assessed by chenges in the blood and tissue

mepacrine. An sttempt to test this hypothesis



hes been made by gziving a volunteér 1.5g. mepacrine
in 5 days and then stopping administration of the
drug. Twenty four hours after the last doge of
mépacrime, blood was taken for mepacrine estimation
and further ééﬁimatiohs were made at 24 hour intervals

- T~
1 Tiae

et 3 days. During this time no mepacrine

r

was givemvso,that abgorption wag nil and therefore
constant. ITf the vrevious argument isg dorrect

tisn the rate of fall in blood mepacrine would be
expected %o be mainly due to degradaﬁion of the drug
within the body. For comparison, the rate of
degradstion in incubated blood was also estimated.

4 large sample of blood wes taﬁeﬁ from the volunteer
24 hours after thevlast dose and was divided intko

5 ml. samples that were placed in stérile glags
stoppered extraction bottles. -Duplibate estimations
of blood mepacrine were made soon after the with-
drawal of blood, and then at 24 hour intervals for
ﬁ%ﬁ-next 8 days on both circulating and incubated
Blosds. The results are shown in Table 54 (Vol.2 p26).

The blood mepacrines of the incubated and

-



circulating blood were almost identical. That -
is, the rate of degradation in incubated blood
was the same asg the rate of fall in olrculatlng
blood mepecrine. Such a close correlation was
not expected. To eliminate\the posgibility of
a chaﬁce obgervetion, similar investigations were

mode on circulating and incubated blood mepacrines

o
Hh
fust
¢}
<
=
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T 4 men who were given different doses of
wenacrine before the test. ‘‘he results, shown in
fzble 55 (Vol.2 p27) were practically the same as
tlhose obtainéd’with the first volunteers. But in
addition to the paraileliSm between %he rate of full
in circulating biood mepacrine and the rate of
degrzdation in incubated blood mepacrine, both

-2

5 were proportional to the amount ol mepacrine

H
[¢)]

N,
b

riginally present in the blood. When the blood

t?

levels were high, the rate of fall and the rate of .
degr@d tion were more rapid than when the initdial
leVéES—Were low. 1(Grapﬂ‘1é Vol.zwpéa),“ These

“ fpdings are of fundamental importance in appreciat-

ing the relationship between blood and tissue



mepacrine on the one hand; and dose, absorption,
degradation, and excretion of the drug on the

other.

If the rate of foll in circulating blood
wepacrine eguals the réte of degradation of mep-
acrine. in incubated blood then the fate of fall in
circulating blood mepacrine may be considered to be
guulvalent o the rute of degradation of mepacrine
in circulating blood. = This relationship could
only hold if rate of degradation in ftissues was
proportional to rate of degradation in circulating

blood . That is, the rate of degradation in incub-

ated blood equals'tbe rate of dégrudation in
circulating blobd, and boih are proporiional to
the rate of degradation in tissues. But the rates
of- degradation in‘incubated>énd circulating blood,
within the limits described, are also proportional
t0° the conceniration of mepacrine in the blood.

The rate of degradation in tissues is therefore

provortional to the concentration of mepacrine in.

tiszues, that is:-
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rate of degradation in blood

rate of degradation in tissues
- . concentration in blood

concentration in tissues

= a constant

or rote of degradation in blood
concentration in blood

= rate of degradation in tissues
concentration in tissues

= a constant

Two important relationships may be deduced

from the equations:-

1. - Blood mepacrine in health is a reliable
index of tissue mepacrine, as the ratio of the two
‘is ooﬁstant. |

e = Chénges\in the blood mepacrine, and there-—
fore in tissue mepacriné, are avtributable to var-
iation in absorption because (a)_the blood mepacrine
level was previously found to depend on the ratio, -
" absorbed mepacrine : degraded mepacrine; and (v)
because the fate of degradation in blood and tissue
mepacrine is constant for a particulariblood or

tissue level.
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The full implications of'theée findihgs

will be discussed later.

When a possible cause for degradetion of
mepacrinerwithin the body is considered, it is
nrobably significant that fissues, cireulating
kblood, and incubzted blood, in additﬁon to having
proportional rates of degradation are also alike
in heving relatively high oxygen'tensiéns and riéh
supplies of oxidative_enzymes. This similarity
»‘is all the more significant when it'is appreciated
that mépacrine in aqgueous solution is degraded by
‘bubbling oxygen through it% and by adding oiidising

agents like hydrogen peroxide. It is therefore

probable that the first stage in the degradation of

mepacrine within the body is an oxidative. process.

‘Mepacrine Partitions. —  The investigations so far

deécribed/have dealt with blood mepacrine in health
and the poséible factors that may inrluence it.
When the chemotherapeutié actioﬁ'of the drug was
examinéd, evidence was found suggeéting fhat certain

o

pathological changes mey influence blood mepacrine
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profoundly. ;The rise iﬁ blood mepacrine that
accompanied fever was attributed %0 transferénce
of mepacrine from tissues to blood. In other
words'the partition of mepacfine between tissues
and blood was altered by fever. Possible factors
controlling the partition of mepacfine in a protein:
waterimepacrine system have beén examnined becauée
investigation of tissue:blood partition in man
was not practical. It w&s.oonsidgred thet qual-
itat@ve changes in mepucrine paritition in this
éimple gsystem probably also apply to the more
complex mepacrine pértitionsvwithin the human body.

Denatured egg albumen and mepacrine in
agueous solution were employed; The effect of
time, concentration of the mepacrine solution, pH,
.témperature, and eleotrolyﬁe concentration on the
protein mépacrine : water mepadrine partition has'
been exemined. The results of the individual
investigations are not comparable with one another
because the same preparation of denafured egg

albumen was not used throughout. This was probably



of little importance as the object was to define
cuslitative rather than to determine exact quantit-
ative changes. - The results are shown in Graphs 15

to 17 (Vol.2 p49 to 51).

=]

Staining Pime. -  The partition of mepacrine

between proteln and water over a perioa of 160
minufes has been investigated. At 2% minutes
nepacrine was almost ecually divided between
protein and water, at 20 minutés the protein mep-

acrine:water mepacrine ratio was as 3 : 1, and at

160 minutes it was as 6 : 1. (Graph 15 Vol.2 p49).

Concentration of Mepacrine Solution. - Mepacrine
Iy

solutions ranging from 8 to 1000 mg. per litre
were employed. When the original solution con-

tained 8 mgm. mepacrine per litre of water, the

1
o

- protein mepacrine:water mepacrine ratio was as 1 : 53

when it contained 16 mg. mepacrine per litre, the

. -

ratio was as 1 : 1; when it was 125 mgs per litre,
the ratio was as 3 : 1; and when it was 1000 mg.

per litre, the ratio was as 11 3 1. That is, as

the mepacrine concentration increased, the protein
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water mepacrine ratio also increased. (Graph 16

Vol.2 p50).

Hydrogen Ton Concentration. — The partition of

mepacrine over a pH range of 2 to 12 was examined.
from pH.2 to pH.8 the protein mepacrine : water
mepacrine ratio increased from 5 : 1 to 19 : 1.

Over the range pH.S to pH.12 the ratio remained
between 1v ¢ 1 and 13 : 1. The wmost pronounced
change.was observed betyeen pH.Giand pH.8. (Greph 17
Vol.2 p5l).

.

Temperature. - The efieots of tempezatures between

15° C and 70° C hes been 1nvesﬁ10uted and though the
protein mepacrine : water mepacrine ratio 1norease&
-from 1.7 ¢ 1 to 2.8 : 1, the change was insignificant
in comparison Wifh the previous observetions (Graph 17

Vol.2 p5l).

~

Electrolyte Concentration. - The protein mepacrine :

water mepacrine ratio was as 19 : 1 when the elect-
: § /

rolyte concentration'was\O.Bég. sodium chloride per

100 mi.. I+ fell 4o 17.: 1 when the electrolyte

concentration was 28g. sodium chloride per 100 nl..



Like temperature, electrolyte concentration has
1ittle influence on the protein : water partition

of mepacrine (Graph 17 Vol.2 p5l).

The steining time, the mepacrine concentration,
ant the pH of the system were found to be important
in determining the protein : water partition of

mepacrine. They probably also play an important

part in the pharmccology of the drug. ihe complete

f—)

N

dependence of the partition on tile mepaciine con-
centration and the marked change in partition that
may accompeny small pH changes between pH.S and 8
are noteworihy. ‘the flattening ou% of the curve

2% nH.8 to 12 may be related to the lower solubility

of the drug in an &lkall solution.

When these findings are transiated to the
?dministration of mepacrine %0 man, the staining
time and mépaorine concentration are represented
‘by dose and frequency of dosing;' the effect of pH
depends on the pH of tisSués and” body fluids. In
heslth, pH chenges in tissue znd blood of men in

sedentary occunations vary within narrow limits soO
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thet the mepacrine ?@rtition between tissues. and
body flﬁids would be expected to be fairly constant.
In Qiséase, greater variation in pH as evidenced by
changes in the alkali reserve may be found. " Féver
dimijishes the alkall reserve, so that the tissue:
vlood, or Gissuesplasma pertition of uepacrine may
be eunpected to decrense. In other words the blood
and nlasma mevacrines ma& be expected to rige at
the expense of tissue mepaorine. The rise in
blood mepacrine, that was obgerved ot the time od
fever without obvioﬁs pérasitaeg;a in volunteers
experimentally infected with malaria, may therefore

be due to the diminution in alkali reserve associated

with fever.

Hydrogen ionAconoentration ﬁay aléo be partly'

- regponsible fbr the striking difference in bldod

‘{' mepacrines after oral zmd pérenteral administration
of the drug{ fhe feid gastric Julce by decreasiﬁg

the vartition of mepacrine between the stomach wall

and the gastric contents may allow greater amounts

of the drug remain in solution within the.stomach,
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ate of absorption after oral administration
may therefore be expected to be slower than after

parenteral injection.

Blood, Plasma, and Urinary lMeoacrines in Health. -

In ordinary cilrcumsternces a discussion of the
relations between blood, plasma, and urinary mep-

crines’ would be superfluous in view of the previous

3

findings. But Sharunon's conclusion regarding the
respecti&e merits of blood and plasma mepacrine

in patients sy féring from malaria has unfortunste~
1y been extended by others to apply to healthy
indivi ualéle The result has been tha t blood mep-
acrine is considered, on the best interpretation,
to be inferior to plasma mepacrine; and on the
worst interpretation, to be valueless as a p@arma—

cological index. - It is éignificant that this
deduction has not so far been substantiated by
oouwaratlve Ilbures of blood and plasma mepacrine
in health. Nevertheless, so much confusion has

been caused by the opposed views on the respective

merits of blood @nd plasma mepacrine im healih,



that en attempt to decide the issue by direct

comparison has been undertaken.

411 aré agreed that plasma water'mepacrine
and tissue mepacrine are theoretically the best
- indices of pharmacological pfoperties bf the drug.
But since the one is directly proportional to the
other; either would be acceptable. Unfortﬁn&tely
no reliable method exists for estimating plasma
water mepac?ine, and tissue estimation as a routine
procedure is impracticable. A decisionjon the
respective merits.of blood mepacrine and.plasma
mepacrine. és an index of the plasma watér mepacrine
or the tissue mepacrine, would therefore seem to be'
impnossible. for lack of @ basis for comparison. But
as urine in health contains only traces of non-
diffusible constituents it seems reasonable t04
presumé,thaf urinary‘mepaorine is closely related
to piasma‘water mepacrine. Urinary mepacrine has
therefore been tentatively employed to compare blood
and plasma mepacrines of two groups of voluntegrs

~

taking the drug. In one group estimations were
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made during the period of dosing; in the other
group, éfter dosing had stopped. The single
extraction method of Brodie smd Udenfriend was
employed for all estimations and fluorescent

intensities were read on a Coleman Fluorimeter.

The first group of Seven volunteers were
given an initial dose of 0.6g. mepacrine followed
after 24 hours by 0.3g. daily for 4 days. Blood
end plasma mepacrines were estimoated on the sanme
samples of blood' taken 4 hours after the first dosge
and at 24 hours after each dose. Urinary mepacrines
| vere estim@ﬁed daily from 24 hour colleétions.
Detailed results are shovn in Table 36 (Vol.z p28).
The group meen blood, plasma, and urinary mepacrines
shovied essentially the same changes during the
dosing period. (Greph 18 Vol.2 p52).  When the
relation between blood mepacrine and urine mepacrine
on the one hand, and between plasma mepacrine and
urinary mepacrine on the other, was examined by
plotting the blood-and plasma mepacrines of'each

individual agzinst tihe urinary mepacrine, the
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varigtion in blood:urinary mepacrine ratios was
less marked than the plasmaiurinary mepacrine -

ratios. - (Graphs 19 & 20 Vol.2 p53).

The second group of ten volunteers were
glven S.4g. mepacrine in seven days. Daily blood
and plasma mepacrines were @ade on the same samplés
of blood for 27 days starting estimations 24 hours
after the last dose. Dail; urinary mepacrines
weré made on the 3 hours' urine imnediately preceding
the daily blood sample. Detailed results are shown
in Table 37 (Vol.2 ng).' The group mean blood,
plasma, and urinsry mepacrines from the 2nd to the
6th day after dosing were practically parallel.
Thereafter blood and urinary levels continued to
run parallel, but the plesma mepacrines showed wide
fluctuetions that had no relation to either the .
blood or urinary mepacrine values. (Graph 21 Vol.2 po4).
The correlation between blood and urinary mepacrines‘ |
‘Was.closer_than bétweenrthe plasma and urinary

mepacrines (Graphs 22 & 28 Vol.2 p55).

In these two investigations a relatively



wide range of blood, plasna, and urinary mepacrine
nas been covered and o recsonshle QO%T@l&ﬁiOn‘WaS |

- Tound to exiét between biodd, plesma, and urinary
meﬁ&crinés whenAplasma values were more than 20 ug.
per litre. But~below this level, plasma mepacrines
bore no constant relation either to blood mepacrine
or to urinary mepacrine though blood and urinary
levels continued to run in parallel. Over-all,
blood mepacrine wag more clogely and more cohsistently
related to ﬁrinary mepacrine than plasma mepacrine.
For this reason iv was conSidéred to be a better
phdrméoologioal index in health. Independent
5bservations on the degracdation ol mepacrine have
resulted in the conclusion that blood mepacrine is
directly prOportional‘fo tissue'mepaorine. But

as tissue mepacriné and plasma water.mepacrine are
directly related to one another it may be concluded
+hat the basis of comparison employed in this invest-
igétion was sound.

The nrevious generalisation on the value

of blood mepacrine and plasms mepacrine may therefore
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be reversed. Plasma mepacrines in heaith,
estiméted by single extraction methods are -
almost valueléss for reasonably accurate deter-—
mination of concentrations less than 20 ug. per
1itré. That is, in the rangé of concentra%ion
resulting from supﬁréssive dosés of mepacrine.

This conclusion is amply supported byithe erratic
fesults o triplicate estimetions of plasma mep-

' 14

acrine that have been reported™ = (Ci.*with triplicate
estimations of whole blood mepacrines Table 3 Vol.2
p3). But it is not incompatible with Shannon's
original observation on patients exhibiting wide
variatioﬁ in leucocyte counm.»\ The important fact
is that pgysiological varia%ion in leuéooyte count
is notlsufficient to vitiate results. A somewhat
similar conclusion was arrived at independently

by the American workers at Fort Knox who compared
plesma mepacrine and cellular mepacrine of the blood
calculated from blood estimations and 1eucocyté
.éounts. ‘They found that the cellular mepacrine of

heslthy soldiers bore a more'consistent relationship
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to dose than plasma mepacrine, and on this account
they advocated reconsideration of the whole prob-
lem of the best index to employ'in pharmacological

investigations.

he Pharmacology of Mepacrine: Conclusions. -

T'issue wmepacrine may be regarded as the dominant
factor in tﬁe pharmacology of the drug. It
controls blood mepacrine, the anount of drug
excreted, and the amount absorbed andAdegraged._
‘fhe specific relations of each of these factors

to tissue mepacrine will now be considered.

Blood mepacriné in health is direcfly
proportiénal to tissue mepacrine but the actual
‘partition between the two may very with the pH of
‘ the’ﬁissﬁes and blood. In healthy volunteers
engaged in sedentary work the partition remains
fairly constant; but in diéease characterised by

a diminution in the alkali reserve, a decrease 1n



the tissue : blood partition is expected and the

blood mepacrine increases at the expense of the

Y

tlssue mepacrine.

lepacrine is mainly excreted in the faeces
and urine.  whe excretion of the drug has been

Tound to be directly proportional to the blood

level and so t0 the tissue mepacrine. In other

’

words, excretlon or mepacrine is determined by the

blood and tissue levels of the drug.

Blood and tissue mepacrihe‘levels,ére
determined by the ratio - absorbed,mepaérine : degrad-
ed mepacrine. When absorbed mebacrine exceeds degrad-
ed mepacfine the blood and tissue mepacrines rise. When
abgorbed mepacrine is less than degraded mepacrine,

the blood and tissue levels fall. When absorbed
mepacrine equals degraded mepacrine, the bloéd and
tissue mepacrines are constant. These three phases

in blood and tissue mepacrine may be identified with
the build up, the fall avay irom the peak, and the

iate stable blood mepacrines that have been observed

after nrolonged administration of the same doses 01
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she drug. . The fall aﬁay‘from the peak blood
mepacrine and the assumption of a fiﬁal stable
‘bload~-mepacrine 1evé1 that is about half the peak
level reguires special considerat}on. The doses

of mepacrine given %o prevent malaria are.likely

%0 be rapidly degraded in the bowel. A little

‘nore than half the original amount of drug was
recovered Irow stoolg 24 hours after the addition

of 80 mg. mepacrine to 50 z. fueces. the longer
that mepacrihe remains in the bowel, the lesg will
be available for zbsorption owing to degrauation

by intestinél conteﬁts, During the build up phase
absofpﬁion is repid so that degradation within the
boviel is'miﬁimal. When equilibrium belween tissues
and dose is reached, absorption_is slower, and so the
opportunity for degradation within the boWel is
increééed. The nett result is that only a portlon
of the dose is now available iéf maintenance of a
tissue : dose eqﬁilibrium'that we.s determined‘in the
first place by the whole dose. The congequence

is that a new tissve : dose equilibrium has_to,be




established. This will necessarily be lower than
.
he original peak level -~ hence the f2ll in blood
nepacrine to a final level of about haif the.peak.
Degradation of mepaorine in faecges, tissues,
2ad blood is probably sn oxidative process in the
tirst place. The rate of degradation in blood =znd
foeces has, within limits, been found to be direct-
1y proportional to the amount ‘of drug pregent.
This means that the rate of degradation is conatont
for a particular blood, or fuecal mepacrine level.
~But it has also been found tha£ the ratio of the
rates of degradation in tissues and blood, is equal
%o the ratio of the total mepacrine in tissues and
blood;v Changes in the blood and tissue wepacrine
levels'méy therefore be considered to be mainly due

o

to varigtion in absorption.

An indication of the relative importance

of the varioug factors concerned in meintaining a

stable blood mepacrine level after prolonged admin-

i = 3 e - I - T T
tration of the drug, and an estimete of the totel

=
[o2]

. , ,
tissue menacrine may be obdained by oalcul?tions basged

’
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on known data and experimental results. In these
oalculatioqs fwo assumptiohs have been made, (1)
that no~mepacrine is degradcd‘}n the bowel, and (2j
thet maximal degradation in the bowel is the same
as the maximal degradation in faeces. In this
way, an estimete of largest and Smallest amounts

of mepacrine in the body has been mede. The

caleulations are bosed on the following datas-

i

Daily dose oi mepacrine
Average daily raecal mepacrine
Average daily urinary mepacrine
Dally blood mepacrine

‘Rate of degradation of 100 mg.

100 mg.

20 Ing.

O MG
100 ug./litre

o

mepacrine in 100gz. faeces = 50 ng./day
Rate of degradation of mepacrine
in blood; dinitial = 20 ug./day

concentration 100 ug./1litre.

It thé quantity of mepacrine degraded within
thé bowel each day is assuned %o be the same as that
degraded by fueces in the same time, then the toﬁal
) mepacrine lost each day amounts to 80 mg. of the
‘daily dose of 100 nmg. This dincludes 50 mg. lost
by degradation within the bowel, 25 mg_ in the faeces,

and 5 npg. in the urine. The remaining 20 mg. may
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be presumed to be necessary fo maintain the stable
"blood and tissue mepaérine level, and so are
- equivalent o thé total amounﬁ.degraded each day.
But the rate of degradation in blood is about 20 uge.
per litre per day whéﬁ fhe original concentration
is 100 ug. per litre. ”his=is»equivalenf to a
total degradation of 100 ug. ber day by the blood
the blood volume is assumed o be 5 litres. The
td%al amount of mepacrine degraded each day was
.considered %o be 20 mg., and the ratio - rate of
degradation in tissues : rate of.degradation in
bloéd is a‘constant, therefore the ratio;of thé
- dally rateé of degradation in tissues and blood is,
as (20mg. - 100 ug.) ¢ 100 ug., or as 199 & 1. But
this>ratio is equal 1o the ratio of the amount of
mepacrine in tissues and in blood; and the total .
blood mepacrine is 500 ug. with an assumed blood
volume of & litres. The total tissue mepacrine

during the late stable phase in blood mepacrine.is.

therefore 199 x 500 ug-; that is 99.0 mg.. This

'flgule is based on the probable meximum degradatlon

i




in the bowel that couid ocour." If it is now
assumed ;ﬂub no mepacrine is degraded in the bowel
then only 30 mg. would be lo&t dally - Zb mng. in
iaeces and 5 mg. in the urine. The Jmount degraded
each day would therefore be equivalent to 70 ng.

eand the ratio. of +the ratés of degradation in tissues
and blood would be as 699 : 1, aﬁd the total tissue
mepacrine J4J.0 mg. . The true tissue mepaorine |
during the late stable blood ﬁepacrine level probably
lies between the two exfremes, but 1t is»probably

nearer Y. thon 34v.5 ng

ﬁhenrmepacrine,is given by intravenous,
“intramuscular, subcutaneous, and recﬁgl injection,
~wvgry high blood mepacrine ievels are bbtained soon -
after the injéction. The blood levels after oral
admninistration oz the same dose are much 1owér;‘ Even
when allowance is mdde for differences in the 01rcu1~
ating system at the different sites of absorption,
it is considered that the slow rise in blood mep-

. , o . o T e ' ol after
acrine and the relatively low Levelg attained

. i R S ) i sbgorption
orael sdminisgtration are due yo diminished & Q
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- Ifrom the pH effect of the acid gastric contents

and then to degradation of the drug in the intestine.

An initial intramuscular injection of mep-
acrine combined with oral administration bf the
drug seems to increase absorption of subsequent
doses given by mouth. The blood 1evels‘attained
may be>&ery'high. The mecﬁanism of this change
is not undergtood but 1t is of interest that a
similar finding has been reported with another
antimalarial drug. Howie and_Murray—Lyonl8 found
that no gquinine appezred in the urine of certain
patients taking large doses oi the drug by mouth.

- After intravenous injection of guinine, large
amounts of the drug appéared in the urine of these
patients, and most important, large amounts continued

“to appear in the urine when subsequént doses of the

drug were given by mouth.




PART 3 -

MEPACRINE POXICITY

Headache, vomiting, diarrhoes, abdominal
. colic, muscle cramps, epilepsy, and psychosis
hove been attributed to the administration of

large doses of mepacrine to natients with melaria.

t 1z not posszible to decide to what

P

unfortunately
extent mepécrine, and to what extent the diseaSe,‘was
responsible. Undesirable eifects +that were most
probably due to mepacrine have been encountered

in a few healthy volunteers who Qere taking the drug.
The relation of these toxic manifestaﬁionéfto blood
and urinary mepacrine has‘beeﬁ examined by comparing
the blood and urinary values of volunteers who devel-
oped ﬁndesirable effects, with the values of symptom-
 free volunteers who tobk the same doses of the'drug

at the same times. If a definite correlation could

.

be established between twoxic effects and blood and

4

urinary mepacrine, then it was hoped to define the

minimm blood and urinary levels &t which toxic effects
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were encountered.

In addition to acute toxie effects
encounteréd dqring the administration of large
doges of mépaorine, the possibility of cumulative
chronic tokio effects resulting from prolonged
gdministration of small doses of mepacrine had also
to be borme in mind, because soldiers operating in
malarious'areas may nave to take the drug con%inuous-
ly for 1 t§ 2 years, or perhaps even ldngef. Both
asPecté,of‘mepacrine toxicity have ﬁeen studied and

they will be dealt with separately.

Acute Toxicity. — 7The acute toxic symptoms that

have arisen are convenilently divided in%o three .

(1) Mild symptoms such as headache, nausea,
epigastric-discomfort, and minor visual
disturbances that were entirely subjecl-
ive snd were not sufficiently severe 1o
interfere with ordinary duties.

(2) Alimentary symptoms like vowiting, colic,
and disrrhoea thet were temporarily
incapacitating.

(3) BSevere systemic efiects charazcterised by
marked lassitude end depression and
sometimes accompanied by neurzlgic pains
that were wholly incapacitating.




Mild Symptoms. ~ Headache,‘nausea, epigastric

discomfort, and minor visuml disturbances were
most freyuently encountered. They occurred
after administration of large doses of mepacrine
(0.5g.) and also after smll doses (0.lg.).  But
when small doses continued to bé‘taken, symptoms
disappeared and did not recur. Because of the
nild nature of the symptomé and their complete‘
~dependence on the subjeclive sensations of the
individual,-it was not possible to olassify them
satiéfuotorily. No further investigation was

therefore possible.

Alimentary Symptoms. - The effect of fluid intake

on tie appeareﬁce of toxic effects from mepacrine

has been'investigated. wa groups of volunteers,
each oon{aining 6 healthy men, were givenfthé same
doses of mepacrine at the same times. The fluid
intake of‘onevgfoup was restricted for 3 days
before, and on‘the day of taking meggcrine; The
fluid intake of the other group was liberal. Both

groups were coniined to bed in different wards on
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the day mepacrine was given. The doses employed

were &g ‘follows:-

Initial dose 0.2g. mepacrine
After 5 hours 0.3g. mepacrine
After 10 hours O.4g. mepacrine
After 15 hours - 0.5g. mepacrine-

Total dose l.4g. mepacrine .

The urinary output of the restricted fluid intake
group ranged from 240 to 900 ml. on the day of
%est; that of the other group ranged from 1,700

to 2,400 ml. on the same day (Table 38 Vol.2 p30).

¥ive of the six men taking a regtricted
fluid intake had abdominal oélic and loose watery
stools. Movement of the bowels relieved the colic.
These manifestations did not appear in- the men

taking a liberal fluild intake.

Blood'samples for mepacrine estimations
were.taken at + hour, § hour, 2% hours, & hours,
10 hours, 14% hours, and 23% hours after the
initial dose. The total mepacrine excreted in

the urine in the 24 hours after the initial dose

.was also estinmated. The results are shown in



A

Pables 3Y and 40 (Vol.2 p3l & 32). The group

mean blood mepécrin¢s~of the two.groups did not _
differ markedlyf\ For practical purposes they

may be regarded as the same. ~ The urinary mepacrines
on the other hand were much\lower in the restribted
fluid intake group than in the liberal fluid intake
group. That is, colic and diarrhoea were not
related to biood»mepacrine but appeared to be
associated with low urinary mépacrines. The only
explanation that can be offered for the similarity
"in’blood mepacrines of the two groups and the
diéparity in.ﬁrinary mepacrihes is~£hat,the tissue:
blood partition of the‘drug was lower in the res-

" fricted fluid iﬁtake group then in the liberal

fluid intake group. In consequence it seems
reasonable to suppose that less mepacrine was
absorbed by the restricted fluld intake group and
therefore more was 1éft in the alimentary tract.
Diarrhoea and coiio may therefore be due to
direct aetién of mepacrine on the bowel.  The

hinge on which this argument is based, namely,
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that the tissue:blood partition éf‘the'd:ug was
diffefent in the two groups, is supported by the
fact that dehydration is usually associsted with
a diminished alkali reserve; and a émali cﬁange
in pH has already been found to aiter the drug
partition in the manner described. |

-

~

severe Jystemic Effects. - Six medical officers

took a single daily dose of 0.5g. mepacrine for
o days whilst carrying out sedentary duties.
Two developed severe systemic toxic manifestations,

the other four were unaffected.

Blood mepacrinés‘of the six men Were
estimated immediateiy before and 24 hours after
the fifth end lasf dose. Thén estimations were
made every other day for the next week. Twenty
féur hour urinary mepacrines Were:estimated'during
the & days of dosing, and during the 6 days after

' dosing. Details of the foxic effects were as

followss—-

Tieut.I. had severe headzche a few hours after the
first two doses of mepacrine. The headache lasted
11 hours on the Tfirst day and 3 hours on the second
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9aij‘ Im@gdiﬁtglz‘aiter the drd, 4th, and 5th dosges
ne was perfectly it and had no complaints, but 18
hours 2fter the 5th dose at 3 a.m. on the 8th day,

he wakened with pein in both loins. He vias thirsty,
hed pain in his tongue, his mouth was dry, and he :
was sweating profusely.’ He quenched his thirst but
could not sleep s he felt very excited. At 9 a.m.
on the sare day he was much improved and reported ’
for exumination when he complained ol excessive
salivation, & bitter taste in his mouth, and thirst.
His urine was zlbumen-free and contoined no macro-
scopiec blood. He looked tired snd felt out of
sorts bul carried out his duties until the afternoon
of the 7th doy when he had to. return to bed.. He
wag Ioirly comfortable until evening when pain behind
the eyes, pain in the maxilla, and pain in the
lumbo-sacral region radiating down the left leg
developed. His pulse rate was 120 per minute and
his temperature was 101°F.. The muscleg of both
thighs felt tight and spasmodic tritching of

bundles of mugcle iibres was observed. He was
given two Codeine Phos.Co. toblets and slept fairly
well. Un the morning of the 8th day he noticed

an erythematious rash on the chest and flexor aspects
of the arms. He felt weak, but was comfortable in
bed. Un the morning of the 9th day he was allowed
up and walked with a percepiible liwmp. The rasgh
-was stil1l present and small erythematious patches
were observed on the chest and on the flexor aspects
of the arms (Illustration Vol.2 p56). On the 10th
day the rash was foding end had disappecred on the
11th day. On the 12th day ke was able to resume
duties. :

Capt.&. -~ During the first 5 days ol mepacring
dosing this officer complained of epigastric

discomfort, nauses, thirst, headache, and mental
confusion, but was able to continue ylth his duties. |
He wag perfectly fit on the 4th and 5th days but on 1
the forenoon of the 6th day her felt very weak,
depressed, generally out of sorts, and haq to g
%0 bed. Symptoms persisted on the 7th day, but on
the 8th dey he was it enough to resume his duties.

retire



The blood mepacrines of the two volunteers
who had severe reactions af%er~mepacrine administ-
ration, and the vaelues of the othef four men who
were unaffécted, are shown in Table 41 (Vol.2 p33).
The urinaryAmepacrines are given in Table 42 (Vol:z j9J5)
The blood mepacrine of the individuals‘with incapacit~
ating toxic eifects were higher than the values of
the others at the time symptoms were present. The
urinary ﬁepacrines were no differeant from those of
the symptom~free volunteers. Severe gystemic
toxic effects would therefore seem %0 be associated
with a high post absorptive blood mepacriné. A
-level of zbout 800 ug. per litre 24 hours after
‘the dose was not aSuOOluted with symptoms but a
level of more than 1,000 ug. per litre was.  Severe
toxic manifestations would therefore appear to Dbe

associzted with a high tissue concentration of the

drug.

InVeptlgatloas of acute mepacrlne toxiclity
are neces sarily 1ncomp1ete because toxic effects

develon accldentally and tnerefore few volunteers

4).

i
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were avallable for study. But the resﬁlts obtained
suggest that alimentary symptoms by themseives, are
due o local action of mepacrine on the bowel; and
severesystemib effects associated with a high blood
mepacrine\are due to & high tissue concentration of
the drug. From the na?ure of the symptoms, the
nervous system would appgar 0 bear the brunt of
the tpxickaction. The maximum safe post absorptive.
blood mepacrine is tentatively defined at 300 ug.

per litre.

Dehydration favours the oécurrence of
alimeﬁtary symptoms. A liberal fluid intgke with
.eaoh ddse of mepacrine will therefore prevgnt or at
ledst minimise vomiting, colic, and diarrhcea.

% 3 i .
Chronic Toxicity. - Experiments on laboratory

enimals have shown that large doses of mepacrine
19,20

cause necrosis of the liver. ;solaﬁed reporis

" of liver necrosgis in human subjects taking mep-

acrine have neither proved nor disproved that

*  published in The Iencét 2, 107, 1945. in .
collaboration with It.Col.W.R.M.Drew.
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‘mepacrine was responsible./ The yéllow staining
of the skin of white men that‘reéulté from taking

mepacrine may have lent Dupport %0 the bellef that

mepacrine was a liver poison beczuse of the early

difficulty in distinguishing it from jaundice.

:

At ‘the time this problem was being discussed, 2
British troops who had taken mepacrihe as a malarial F
suppressive for periods ranging from 4 to 18 months, 1
were returning home from West Africa. It was .

decided to examine a number of them to discover

whether or not liver damage or any other significant i
disability had developed during their stay in the
tropics. In these men positiverfindings would g

-

not necessarily implicate mepacrine, but negative

findings would provide good evidence that mepacrine,

%

e A A e

et T R L e e A
R R A SR et B A S

taken in suppressive doses for prolonged periods,

- did not cause serious 11l efiectus.

Investlgatlons. -~  One hundred and two men, Stillv

taklng O.1lg. mepacrlne daily were avallable for

study. Investlgaulons were carried out on the

following lines:-
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Careful inQdiry was made about the
_regularity with which mepacrine had-been taken,
abowk possibie symptoms fromvtaking'the drug,land
about aitacks of melaria and other diseases during

- the period of service in Wegt Africa.

Complete clinical examination was undertaken. - f

Particular attention was paid to the size of liver

and spleen. Liver function was assessed by the
hippuric acid synthesig test. It the test was
abnormel or if there was any other reason to suspect

‘liver involvement - such as hepatic or splenic

“enlargement - a further series of liver function

Ty

tests was carried out. Thege included egtimations

s

of serum bilirubin, plasma protein, and serum phos- !
| g1 | o, 22 é
phatase, and the sucrose tolerance test. i
o - 1
Histological examination of the liver was g

" -also carried out by liver puncture blopsy on. -

3,
N .

PR SO R T 257
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volunteers with hepatic or splemic enlargement or

_an abnormal hippuric acid synthesis test.

Other investigations were:i- blood-counts,
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including differential leucocyte céunt and an
examination of thick end thin films‘for mélaria
paraéites€ faecal cultures for pathogenic bacteria;.
microscopnic examination of stools for parasitic
cCysis, eggs, and. worms; cexamination of the urine
for abnormal constituents; and assegsient of renal
function by the urea-clearance test. = The results

are most conveniently congidered under thege headings.

v

Mepacrine Adminigtration. - The 102 soldiers

examined had been in West Africa for periods
G

s

ranginf'from 8 t0 36 months. All had been under
orders %o take mepacrine during the last 4 - 18

@Onths of their stay. Thirteen had been ordered
0.2g. twice weekly foy'an'inifial period of 1 - &
nonths; ’after this period all were ordered O.lg.
daily on six days of each week.  [he taking of the
drug was superviged with a degree of thoroughness .

that veried considerably in different units.
Tive menihadﬂeomplained'of vomiting during

. - s ers reported
the first week on mepécrine; sevenl ch p

P : : e afhar G rug had been
insomia =nd nighimsres aiter the drug o
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taken for several weeks; and two stated that

ot

hese syuwpwvoms were especially noticeable when
toblets were taken without water.  These Symptoms
were never bad enough to interfere with duty or

compel the men to stop taking the drug..

Incidence of lMalaria snd Other Diseases. - All the

men had been exposed to melarial infection from 2
- %0 91 mounths before mepacrine was taken. During -

this time quinine was teken in a daily dose of

grains O to reduce the incidence of‘malaria; on .
. Quinine suppression 70 men héd72§0 attacks of

malaria and one had blackwater fever. TFor a

comparable period on suppressive mepacrine, 40 men

e e s .

CEEE T A R s S e

had 79 zttzcks of malaria =nd none had blackwater

fever.

-

Next to malaria, dysentery was the commonest

x 12 e

cause of illness. Sixteen men had dysentery -

eight bacillary, five amoebic, and three of unspec— .

ified origin. The only other important diseases

Four of the 102 men

were jaundice and syphilis.

. . 5z . S . v
had jaundice; atitributed in WO to infectiv
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hepatitis, in one to yellow fever inoculation,

and in the fourth to arsenical treatment for

syphilis.

Clinical Findings. - Yellow staining of the gkin
from mepacrine was visible in all +the men. The

&L e

intensi ty of stdlning varied in different individuals,

being well merked in 26, moderate in 65, and sligh%
in 11. Colouration was most marked -on‘the exposed
pg ts of the body, and this may have been due to
mepao‘rine deposition plus natural tanning. = There -

were no skin lesions. Two men who showed staining

of the conjunoﬁi{rae had serum biiirﬁbin velues of
O.4mg. end O.5mg. per 100 c.cm. blood. The edge
of the liver was about tv}o fingers~breadth below
} the costal margin on full inspiretion in 9 men;

the spleen was palpable in thirteen.

. . . A ' . : i is
Liver ¥umction Tests. - The hippuric acid synthes

test s vias abﬂormal in 9 of the 102 men. The abnormal- -

ity was of moderate dep:cee in 7 and marked in two.

. . - e
The other liver fumction tests carried out on thes

’ . - . thi ormal
9 men on the following day were all Wlth An

&
9.
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limits. The hippuricracid synthesis test was
repeated afte? four months on 8 of the 9 men
whose first test had shoﬁn abnormel values.
During these four months fhey took no mepacrine.
On this second tést normal results were recorded
‘in 7 men, and an abnormal wvalue persiste@ in only
ones« ) N

Liver Puncture Biopsy. - Ten men, who had taken

mepacrine regularly for 6 to 17 months, were

transferred to the British Post-Graduate Medical
school for 1iver.punctgre to be performed by
" . Dr.d.MclMichael and Dr.S.E.V.Sheflock. Of these,
seven had slight hepé%io or splenic enlaréémént
or an abnormal hippuric acid synthesis test.
f\' : Clinical_and biochemical findings were normgl in
| the other three and they served as controls. No

111 effedts resulted from the liver puncture.

Professor J;H.Dible, vwho kindly examined

& the sections, reported as follows:i-

"The livers on the whole show no
; : departure from normal, with the exception
of some heemozoin pigment in the reticulo-
endotheliel cells, .and slight excess of




.

iron in about one-~half of the cases. The
tormer, I imagiae, is only 4o be expected
in men who have suffered from malaria in
the not very distocat past. The latter
‘may be associsted with ansemia. Apart from
these observations, the livers ¢ appear healthy
or show only slight variations such as one
would ‘consider to be within physiological
limits.®

Blood, stool, and Urine Ixsninationg. - The red-

cell count ringed from $.6 to 5.5 millions'per
Coelll. . ine leucocyte count varied from 4,000
15,000 per c.mm. cnd cverazed 6,000. The
diffe&ential leucoccyte coumt was within normal
1imits in 100 men. Two nen showed an eésinoPhilis,
one of 25% and one of 11%. TParasites of benign .
tertian malaria (Elasmédium vivax) were found in,
,
only one thick blood Tilm.

Cysts of Entamoeba hisgtolytica Wera"found
_in the stools of three men. No paﬁhogenic

bacteria were 1solated on culture from the stools.

No abnormal constituents were found in the urine,

"except a trace of albumen on one occasion. The

urea-clearence tests were =11 within normal limits.

. Conclusions. — Faleciparum malaria was by fer the
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mwost frequent disease encountered in West Africa.
Bighty—four men had 329 atticks in 8 - 36 months.
Zighteen men escaped a recognised attack of the

disease.

At first sight this may appear to be a
high incidence of malaria, but it must be remembered
&that in a hyperendemic area like West Africa, the
incidence of malsria would probably be at least

100% per month ii no anti-malarial precautions

- were taken. It should also be realised that the

malarial incidence varied enormously with the

quality of unit enti-malarial discipline, including

the administration of suppressive drugs.

3light enlargement oif the liver and spleen
has also been found in Australian soldiers taking
suppressive mepacrine after experimental infection

. 16
with falciparum melaria. -

The'finding of a moderately abnormal hippuric

acid synthesis test in seven men, and a markedly

cbnormal test in two men is not considered o have

much. significance, since other liver function tests




<nd the histological appearance of the liver
were within physiological limits. At mogt,
the defeetive hippuric acid tests might indicate

& temporary derangement in liver function, as

norfal volues were found in all but one man when

~

the test was repeated later. Moreover, this
~upset cannot be atiributed to mepacrine; for

other factors, such as wrlaria were involved.

Other findings wvorihy of note were: a

lovered red-cell count in an appreciable number

of men, an unexplained eosinophilia in two men,

and cysts of E.histolytica in fhe stbols.of three-

A

men. In 30 men the red-cell count ranged from
5.6 to 4.5 millions per c.mm. blood; but this
slight anemia, which is probably a legacy of

malaria, rapidly disappears after a therapeutic

~

course of mepacrine.

Regidence of from 8 to 36 months in West.

Africa need not of itselfl cause serious impairment to
o

heslth. The greatest hazard is falciparum

-

[ol]

its most serious efiiects may be

milaria, an
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efTectively prevented by strict observaﬁce of‘
all anti-mslarial precautions including the
reguler taking of mepacrine. In a proportién
0x men exposed for a long time to malarial
infection slight hepatic and splenic enlargement
may result while mepacrine is being taken.
Liver function tests and histological examination
indicate that no change in liver function or
structure results from tuking the drug. In shorﬁ,
there 1s no evidence that mepacrine in suppressive
doses taken for 4 —'1§ months has any cumulative
toxic action on the liver, kidney, or blood-forming
tissues. On the contrary, there is gbod reason
to claim that the drug can eliminate severe and
fatal forms of mélignant tertian malaria, as well
as serious complications like blackwater feyer and
much chropic i1l health resulfing from frequent

attecks of malaria.

Since this investigation, a skin disease -

resembling lichen planus has been reported im a

small proporiion of individuals who have taken
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mépacrine for prolonged periods; buf whether

the disease is incidental or related 1o .the

%
4

taking of mepacrine is still uncertain. N
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PART 4

(HE PREVENLION AlD UHSAUUENT OF MALARTA

WILH MErACRINE

Malaria Prevention. ~ - The prevention of malaria

with mepacrine has been found %o be related to the
amount of the drug in the blood. The minimum

effecctive post absorptive level has been defined as

100 ug. per litre. When the blood mepccrine falls -

below -this level, malarial fever may be expected in
- individuals infected with the disease.  Whether
fever is self-limiting or whethér:it develops into
a frank attack of mzlaria depends on the tissue
regserves of mepaorine and on the magnitude of the
rige in blood mepacrine that accompanies the |

"zcidosis™ of fever.

The blood mepacrines after prolonged
administration.Of daily doses of O.Ig., and weekly
doses of O0.0g. of the drug preceded by a loadlng

dose, have been defined. With both reglmes stable

.
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group mean blood mepacrines of about 100 ug. per
litre were reached after 40 to 50 days, so that
at any time after the sixth week about half the
'number of volunteers could be expected td have
‘blood mepscrines below 100 ug. per litre. It

these men were being continuously infected with

sporozoites in a hyperendemic malarious area they

vould be expected to develop a short term, self-

i

liniting fever, thut would not usually be assgocliated

with parasitaemic. It is difficult to decide the
practical importance of this fever because of lack
of information on the natural rate of infection -

and because of the zbsence of relitble figures on

‘the incildence of short term "Pyrexias of Uﬁknown
Origin® in the field. But in Zﬁlvolunteers.taking
O.1lg. mepacrine daily, who were experimentally
iﬁfected with sporozoites of faleciparum melaria,

12 volunteers devéiuped fever within 14 days of
infection. The 'fever was of 1 day's duration in

8 men, 2 days' duration int & men, and of 3 days'

duration in the remaining volunteers. That is,
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in 14 days about half the volunteers were fevered

for an average peviod of about 1} days. If it

]

i!

[0

3 assaﬁed‘that wile rate of infection in a hyper-
encemic crea is 100% per month, then with O.lg.
mepacrine daily, &boaﬁ half the number of men

would have fever for 15 days every month. Short
term pyrexia therefore deserves coreiul attention
because it will tend o undermine heulth and reduce
physical fitness rather than cause cn acute disaétér.
It will be difficult ii no¥ impossible to recognise
its essential connectilon with male ris in the fiela,
because other cuuses of P.U.O0. have to be considered.
But its occurrence in such a large proportion of
volunteers infected with malaria in, this country .

is most significant. Tne fever occurred regularly
a% about the same time after infection in different
groups of volunteers who were teking mepacrine and
other cntimelarial drugs. Subinoculation of
snother individusl, with blood from a voluntéer

with fever but no demonstrable parasitaemié, resulted

in the successful transmission of the disease.



subsidence Qf Tever coincided with a spont-
-eneous rise in blood mepacrine. Chese findings,
vogether with the fact tlist fever could not be
attributéd w0 any other cause, make 1t almost
certain that 1% is a malarial manifestation.
'Hany‘P.U.OS heve been, reported from hyperendemic
malarious aveas cnd it is’likely that the majofity

are walorial in origin.

The real incidence of short term P.U.O.
in hyperendemic malarious areas has not.been
determiﬂed because statistics have mainly been
prepared from the returns of hospital admissions,
and i3 1is the usual practice o allow 48 hours
to elupse belore cnn wcdmission is recorded. If
the patient is Tit within this time, no admission
is registered, 5nd since it may take several

ays o rewch hospital many of the short term
melerial P.U.Os will have cured themselves and
will not_haﬁe been repdrtgd. For t@ese reasons

a careful check of the real incidence of P.U.O.



in a hyperendemic malarious crea is advocated
80 that‘it$ effect on menpover may be properly
assessed. Moreover, as there is evidence to
suguest that a higher group mean blood mepacrine
may prevent short term fever, trials with larger
doses of mepacrine are algo recommended., In
this comnnection 1% is interesting to-noteAth;t
daiiy doses of O.ugz. mepacrine have been used by

small units in Burma without toxic efiects, and

with success in the yrevention of maleria.

It should be‘made\perfectly clear that
assessment‘of the value of Oflg. mepacrine daily
has been made under very siringent condiflons because
the issues 4o be decided were of vital Importance
and did not wvermit @ mofevelastic interpretation.
It may be argued tnat the empioyment of other
protectiive measures like nets, repellanis, and
ingsecticides, may so reduce the rate of infection
that short term fever will be of little importance.
This may be true under static conditions and during

guiet periods when these measures may Dbe properly
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carried out, but it hos not been the usuval
experience under conditions oi siress. Both

in Burme and Sicily vhen active fighting was in
prdgress nelaria rates increased.  The other
proteciive measures were lorgely discﬁrded by
fighting’soldiers because they were aligged to
interfere with wilitery efficiency. In an
SHersency reliance has 4o be placed almost entirely
on mepacrine. It 1s the most vcluable drug we
possess at present for the prevention oi malaria.
Nothing that has been sald is intended to detract
from this statement. It has effectively checked
falciparum malaria, a disease that if left uncon-
trolled would heve made sustained military operations
in hyperendemic malarious areas ilmpossible; 1t hag
undoubtedly prevented many deaths Ifrom malaria, and
-feduoed chronic disability from serious complications
of the disease. But, bécaﬁse it may be used to
even greater adventage the view that O.lg. mepacrine
‘daily will prevent malaria is considered to be
misleading. It is for pfactical'purposes true,

o

1 f Larasites have to be demonstrzted in & patlent's
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blood before maluria is diagnosed. Unfortunztely
Tallure t0 demonstrote parcsites does not alterv
the fact that an individual with fever is not

fit. furthermore, the statément has been taken
at its face value and the onset of malafia has
been consgidered to be evidence of a breach in
mepacrine diseipline, and therefore, a punishable
offence. It is difficult on the evidence available,
eveh on gréunds of expediency, to justify this
procedure. An open mind and further work are
still necessary before a final decision on the
‘ultimate value of mepacrine as a pfevenjivexof
malaria and its manifestations cun be nade. But
tﬁe indications are that if a group mean blood
level of about 200 ug. per litre can be maintained,
shoxrt tefﬁ'fever as vell as frcnk mélaria,may be

prevented.

Treatment of an Attack of Maldria. - A post

abserptive blood mepacrine of 100 ug. per litre
has  been found to prevent tlie occurrence of

Tsleisarun malaria aiter sporozoite infection.




e )

Lower levels are noit effective. It is also
Imovmn thet a more repid clinical response is
‘obitcined with large dosesg of mepacrine fhan with
small doses. ‘ The upper safe pogt absorptive
blood mepacrine has been'téntafively defined

»

as 800 uz. per litre. . The aim of treatment

of molaria with mepacrine is therefore to raise
the blood mepacrine to @ post absorptive level
of more than 100 uz. per litre, und as near %o
800 ug. per litre, as guickly aé possiblé. This
nay be effeoted’by parentéral or by oral admin-
istration of‘the drug." But as ﬁery high levels
»may bé éttaiﬁed with combined parenteral and
oral trectment, the combination is nbt reobm~
mended for genercl use untll further observations
nave been mede. Only in déngerously 111 patients
ishould parenteral irextment be given. In these
circumstances- an initial dose of 0.2g. mepacrine
followed by three O0.1lg. doses may.be given by

N\
intramuscular injection in the first 24 hours.

Subcutaneous injection should be avoided. No




111 effects resulted after injection of the
drug by this réute into healthy volunteers, but
when 0.2g. in 10 ml. distilléd water was given
by subcutaneous injection to = patient with |
malaria, & large ulcer developed at the site

of injection that took fully 6 weeks to heal

(Photosr;«ph Vo2 ]_:)5’? ) .

The maximal total dose that may be given
by mouth to a healthy adult mele without the
risk of incurring Serious toxic effects isg -
COnsi@éred to be 3.0g. mepacrine in 5 .to 7 days.
The following dosage\regime is recommended for
trial:~ .a maxiﬁum total of‘lng. in the Zirst
24 hours; divided into 3 doses of 0.5g., 0.3g,
and O.4z. at six—hourvintefvals; followed by
0.5g. daily for the next four days, either as
single doses or preferably divided into twice
daily doses of 0.2g. in the morning and 0.3g. in
the evening. A liberal fluid intake should be
presoribed and at least haelf a pint of water

should be given with each dose if the alimentary
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symptoms due t0 mepacrine are to be avoided.
These symptoms will ténd to be aggravated by

the dehydration .associated with malaria.

Befqre concluding, 1t may be useful to
@iscuss brietfly the methods of investigation
employed in this work to .decide whether they

have o more generﬁl epplication in testing other
drugs. Ihe first departure from the usual
practice was to underitale councurrent investigations
on chemotherapy, pharmacology, and toxicity. The
second, was to employ concéntration of the drug at
its probable site of asction instegd of dose as a.
reference index for these investigations. As a
result, it mey foirly be claimed that the value of
mepacrine as an antimalarial agent has been defined
in a shorter time, and with more precision than
would have been possible by thélolder empirical
method. Advences in biochemical technique, and
the introduction of sensitive fluorimeters and
colorimeters have made it possible to estimate
ranges of coﬁcentratiou of drugs in biological

.




flvids that were hitherto impossible. This has
enabled the grectest possible benefit to be
derived from a combined study of chemotherapy,

pharmacology, and toxicity.

Before the therapeutic value of a drug

is known, three properties have to be defined:-

1. - Uhe minimum concentration of the drug
at the site of action that will give a maximum
thérapeutic response.

2. - The concentration of the drug at
"its site of aétion iﬁ relation to dose.

3. = The maximum concentrgtion of the drug
at the site of ;ction thot 13 free from undesirable

toxic effects.

It is considered that the same technique
as has been employed for mepacrine may also be
‘applied to zlmost all diseases in which drugs have

a beneficial or curative action.

The advantéges of this approach over the .

older method of agsessing the value of a drug are

-




considerable. In addition to being a gquicker,

more precise, and more lozical approach, it is

less likely to be associated.with‘toxic effects

from overdosing, or protracted illness from under—'
ddsing - the usual accompaniments ol new drugs soon
after their introduction. These effects ﬁay be
avoided because treztment need not start and finish
with the administratiou of drugs, it may be con-
trolled throughout the course of the disease by
apperriateAestimétion of drug ooncénfration in
biological fluids. Inese are the obvious advant-’
ages, but there are others that.aré probably even
more important. In the work on mépaorime; opservat-
~ions on the chemotherapéutic action of the drug; on
the partition of the drug between blood and tissues;
on the absorption, degradation, excretion, and
toﬁioitj of the drug; have all been leading to

the same end, namely, the identification of a.
partioﬁlar biological reaction with the physicél

and chemical properties of mepacrine. Further

investigation aleng these lines is still necéssary,




but it is reasonable‘to hope that therapeutic,
pharmacological, and toxic ﬁroperties of drugs
may eventually be assoclated with particular
physical and chemical properties. When this
has been achieved 1% may be possible tb introduce

new remedies for the treatment of disease that

.

are not, as at present, wholly dependent on more
or less fortuitous discoveries in the general

field of biology.




SULIGARY

l. -~ Prevention of faleiparum malaria in volunt-
eers experimentally infectéd with sporogzoites has
been found to depend on the concentratioﬁ of
mepacrine in the blood. When the blood mevacrine
is 100 ug. per litre or more, malaria does not .
appear. But, when the blood mepacrine is less
than 100 ug. per 1litre, a fever develops that is
almost certainly malarial in origin, though par-
asites are not usually found in the blood. Whether
this fever is self-limiting, or whether it develops
into a frank attack of malaria, depends on whether
enough mepacrine is transferred from tissues to

the blood to raise the blood meﬁébrine to a
pafasiticidal level. The transference of mepacrine
from tissues to the blood is gonsidéred to be due
to a diminution in the tissue : blood partition

-0f the drug fésulting from the change in pH of

7

- tissues and blood that accompanies fever. -

2. - The dye properties of mepacrine are mosi
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important in determining the distribution of the
drug in the body. he drug tends to concentrate
in tissues rather then in internal body fluids..

Por this reason tissue mepacrine is the dominant

pharmacological factor. It is largely responsible

for the persisténce_of the drug in the body long
after dosing has beenlst0pped. Elood mepacrine
is directly proportional to tissue mepaérine, end
the partition of the drug between the two is
determined by;the pH of tissues and blood. In
healthy men engaged in sedentary occupeiions, the
tissue : blood parti%ion is practically constant.
In disease associated with diminution in pH of
tissues and blobd, the partition may be markedly
diminished, with the result that blood mepacrine

increases at the expense of tissue mepacrine.

-Thé,blood~ and_tiésue—mepaarine levels
of healthy individuels depend mainly on dose.

For each dose, an equilibrium between dose and

blood- and tissue-~mepccrine, is eventually reached.

The greater the dose, the higher the blood- and
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Abgorption of mepacrine is inverselj
proporfional %o the blood- and tissue-levels of

th

4

drug. Twat 1g, waen blood- and tissue~levels
are low, maximal absorpilon takes place; when °
bloed- and tissue-levels are in equilibrium with

dose, absorption is miniwel and ls uelermined by

the amount o1 drug degraded in the tissues.

JDegradation of mepucrine which occu?s in
tissues, blood,and alimentary tract ls probably
an oxidéﬁive procegs in the firet plége. fvidenece
heg been found suggesting that the réte ot degrad-
ation in blood is proportional to the rate of
cegracation in tissues, @nd tuet both are proportional
t0o thie regpective concentration in blood and tissues.
Degradation by'aiimentary contents is considered o
be mainiy regponsible for the fall .in blood mepacrine
iror the initial peak, to the lale siabie level that
has been observed after prolonged adminisbhratieon of

+the drug.

liepacrine is mainly exereted in urine and



Iaeces, and the total excretion of the drug is
~determined by the blood- and tissue-mepacrine
levels. When these are high, greater amounts

are excreted than when they are low.

After tablets bywmouth, the blood mepacrine
is much 16wer then after parénteral‘or rectal
injection of the same dose. The difference is
due, vartly to the time required for solution of -
the tablets, nartly o the »H effect of the gastric
contents, and paftly to ciminished absorption result-
ing from degradation of mepacrine in the bowel.
Combined parenteral and oral administration may
result in very high blood-mepacrine levels. Parent-
eral injectipn'seems, in a way that is not understood,

to- increase subsequent absorption from the bowel.

3. = Toxic effects from mepacrine méy_arise-sodn
after administration of the drug.- They may be

pild, temporarily incapacitating, or whb;iy incapécit-
ating. Mild symptoms; 1like headache, nausea,
epigestric discomfort, and minor visual disturbsnces -

are most freguent, and occur with large and small
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doses of the drug. They pass off 1f administration
of small doses is continued. Temporary incapacit-
ating symptoms - such as vomiting, colie, and
diarrhoea sre considered %0 be mainly due to local
action of uepacrine on the bowel. They may be
.avoided, or at,leaéﬁ minimised,_by ensuring a liberal
fluid intake. iholly incapacitating effects -
cheracterised by lessitude and dépression, and
gometvliues by localized neurologiéal symptoms -~ are

ssoclated with high blood- and tissue-uepacrines,

Qo

and arise only when large doses of the drug are

o)

ziven. The nervous systen seems to bear the brunt

¢

of the initial toxic action.

Prolonged administration of mepacrine in
doses of O.lg. daily does not appear 1o cause
damage to the liver, kidneys, or blood-forming
tigsues. A skin lesion, resembling.lichen planus,

has been reported after prolonged administration .

of the drug, but its specific conneection with
<

mepacrine is still uncertain.

4, - Doses of O.lg. mepacrine daily will prevent
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frank melaria in the majority of individuals
taking the drug. But, if infection is heavy,
a considerable proportion of those infected may .

be expected to develop a short~term, self-limiting

Tever that is essentially malarial in origin.

‘ -

Available evidence suggests that this fever may
also be prevented by maintaining a higher, stable

-

blood-mepacrine level. For this reason a careful
&Ssessme?tuof the incidence of "Eyréxia of Unknown
Origin" in hyperendemic reglons is advocated, as

well as preliminary trials with larger doses of the

drug.

‘5. - The aim of the treatment of malaria with
menacrine is to raiée the blood mepaerine above

100 ug. per litre, and near to 80C ug. per litre,
as quickly as possible.‘ A dosage reginme that wi;l
éive‘ﬁaximal safe blood meﬁ@orines has been put
forward for triai. Treatment by parenteral injeét-
ion of mepaﬁrine should, at present, be r;servéd for

seriously 11l patients.

6. - Ldventcge hes been taken of improvenents
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in biechemical technique o investigate the
chemotherapeutic, pharmacological, and toxic
action of mepscrine concurrently. “The concent-

ration of thie drugz in the blood has been employed

a3 the reference index insive.d of dose.  The work.

1

so far pompleﬁed; and investigations in progress,
suggéstAthat mepacrine achs direotly'on maldaricl
uayasijes. This action may depend on blocking
oxidative en‘yme systems within the parasite.

foxic action in men may also depend on the same

mechanisme.

The advantages of the methods employed
in %his vork over the older methods of assessing
the value of a drug have been discussed. The
same technique may be usefully employed tovaééess
the therapeutic value of almost any drug that has

a curative action in disease.
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~ PART o
Table 1.

MONTH OF INFEC”iON AND RuACTION TO INFECIION,

Total No. ' . No. of Volunteers
Group of Month of developing:~
Volunteers = Infection Malaria Fever No Reactlons
1 25  Sept.- Oct.1943 1 11 13
2 7 Nov.- Dec.1943 0 2 5
3 6 Feb.- March 1944 3 2 1
4 12 = -June 1944 -8 4 2
5 1 4 Sept.1944 . 2 1 1

Groups 1, 2, 3, and 4 were infected by mosquito bites.
Group 5 was infected by intravenous injection of a
sporozoite gland suspension.




DOSE 0F LEPACHING AND HuACLUION

Peble 2.

L0 sr00Z0I0y INFLCIION,

Total Wo. of Volunteers
No.of developing:«
~Group Volun+ . liepecrine Infection(s) o
teers Dosage lalaria Fever Reactions
A 25 O.1lg. deily R1 to &5 days 1 11 13
for 49 to 69 after start-
I days. ing dosing.
B 6 | O.lg. deily Hirst day 2 2 2
for 20 days. of dosing.
A 7 | Loading dose Fourth day 0 2 5
of 1.0g. in of
S days then  dosing.
1T O.1lg. daily
i1l day 25.
B 5 | Loading dose Fourth day 5 0] 0
of 1.0g. in of
3 days and dosing.
O.1g. daily
for 4 days.
Group IIA was infected with Italian M.T. nzlaria.
. The others were infected with Roumanian .7. malsria.

Group IA was 1n1eoted on 4 occasgions, the others on

one occasion.




}
oY
|

Pable 3.

TRIZPLICATE ESTIVATION OF BLOOD M=PACRINE.
tlon Method of Brodie and Udenfriend}.

Semple Blood Mepacrine Mean
Ho. ug./1itre
Sstination:-
1 2 3
1 71 an 65 69
2 70 83 - T3 69
3 87 30 57 - 71
4 75 71 79 75
S 20 30 5] 84
6 S3 o3 30 88
7 87 g1 87 88
8 84 100 84 89
g 84 107 34 92
10 131 138 123 130
11 137 133 137 135
-12 ~ 280 291 286 285




Table 4.

BLOOD IEPACRINE AND WMATARTA.

Malarias Others
Total
No.of Blood Blood
Group Volun-~ No. lLiepacrine { No. llepacrine
teers ug./litre ug./litre
i 6 1 7y 5 150, 230, 254,
’ : 225 and 337
B 3 2 853 1 113
60
C 8 6 - 10 2 100, 120
20 '
20
40
40
64
D 3 1 20 2 220, 260
E 2 2 26 e
70
Px 5 0 - 5 . 220,360,300,316,286 (7 days)
- 480,448,240,520 (l4days)
248,680 <~ 420,408 (20days)

Group T had né melarias but the blood levels at
7 days, 14 days, and 20 days after infection are

. shown for comparison witl the others.




Table 5.

BLOOD MEPACRINE AND FEVER,

' : Blood lNepacrine
Volunteer -
No. Before After
Fever , Pever
*No.of ug./L. *No.of ug./L.
Day(s) Day(s) :
1 1 15 5 100
2 1 52 2 228
3 - - 2 928
4 3 150 1 - 288
5 5 224 .2 760

*¥ No. of Day(s) before or after fever
- that the blood mepacrine estimations
were made. '
































































































































































