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PREFACE.

The thesis which is here presented is devoted to a
study of some metgbolic problems of disturbances of aéid-
base equilibrium in infancy and childhood. I have refrained
from including a consideration of blood chemistry except in
so far as it throws light on the underlying metabolism.

The work on which this thesis is based was carrled
out in the biochemical laboratory and wards of the Royal
Hosnital for Siek children, Glasgow durlng the years 1926-
1933. Some of the results have not yet been published but
mﬁchiaf‘it has already appeared in print in The Archives of
Disease in Childhood, Lancet, icta Paediatrica (Stockholm),
British Journal of Experimental Pathology, Journal of
Physiology, and Biochemical Journal. These papers with
others are bound in a separate volume which is sent heréwith.

I personally am entirely responsible for the composition
of the thesis and the conclusions containec therein and also
for the biochemical work except for assistance received from
Dr. 0. Xacrae in the performance of some of the calcium and
phosphorus analyses. I am deeply indebted to Dr. Leonard
Findlay/




Findlay, formerly rrofessor of Paediatrics in the University
of Glasgow, Professor}G. B. Fleming;: and Dr. Stanley Grahan
at present visiting physicians at the Royal Hospital for
Sick Children, Glasgow for affording me the fullest possibdble
facilitieg for investigation in their wards. To Dr. Graham
I would like specially to tender my thanks for his
encouragement throughout. Wie have collagborated in the

writing of a book on Acidosis and Alkalosis which was

published last year and much oﬁftﬁgf fk7f§bbited here was
initiated as a re u;t_gf,cﬁr ﬁiééuésions on the problems of
aCid-base;Qqaiiii?ium:'V'i‘also wish to acknowlédge ny
i#&éﬁ?ﬁdﬂesé to the Directors of the Hospital for their
ready help in providing laboratory equipment and to the

iiedical Research Council for a personal grant which I received

during the performance of this work.
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Chapter One

Introduetion
THE SIGNIFICANCE AND DETERMINATION OF DISTURBANCES
OF ACID-BASE EQUILIBRIUM.

There are three stages in the evolution of any scientific
advance. The firsf is a period in which it is either
entirely neglected or regarded with too rigorous = scepticism.
The second stage is one in which the over-sceptical attitude
is followed by an equally exaggerated credulity. Finally
comes the period in which it is estimated at its proper value.
At the present time the clinical conception of acidosis is in

the second stage with the result that many conditions are

cheerfully labelled acidosis, No state from debility to
rheumatism is safe from this diagnosis and this is especially
true for infancy and childhood. So much is this the case

that the scientific foundation on which is based the conception
of acidosis is likely to be lost sight of and ignored. This
would be a loss both from the practical and scientific aspects
of medicine, since the elucidation of the problems of acidosis
has thrown considerable light on many aspects of cliniecal
medicine/



2.
medicine and has led torthe adoption of valuable therapeutic
meagsures. The treatment of chronic nephritis and diabetic
coma has been considerably aided by making use of the
knowledge revealed by a study of acidosis, while the basis of
the treatment of tetany in children is derived from physiological
studies in acid-base equilibrium.

Normal life cannot be sustained unless the reaction of
the body and its fluids is kept practically constant.
Metabolic processes, however, lead to the formation of acids
such as carbonic and lactic and the diet contains varying
amounts of acid and alkali. The digestive Jjuices dispose of
both acid and alkali. The net result of all these processes
is the production in the body of a great excess of acid over
base. It is said that in the course of each twenty-four
hours the lungs get rid of the equivalent of 20-40 litres of
normal acid (carbonic), and the kidneys of 50-150 c.c. (chloride
sulphate, phosphatse). It is clear that even in health
adjustments must always be taking place. So delicate are
these compensastory measures thet changes during health can
hardly be detected by the methods at our disposal. Haldane
has stressed the point that this regulation of reaction is
not merely the maintenance of equilibrium of scid and base:

compensatory/



3.
compensatory measures are themselves the result of physiological
activity. The manifestations of disturbed acid-base
equilibrium should therefore be thought of not merely as
evidence of morbid funetioning, but as physiological adjustments
to alterations in the tissue fluids. Consequently, the
proper interpretation of signs and symptoms associated with
disturbances in acid-base equilibrium may become a matter of
extreme importance. These disturbances are of special
importance in the growing child. Not only are they more
frequently encountered in infancy and childhood, but the
ability to overcome the upset and re-establish normal
equilibrium is less perfectly developed. It is as if the
young organism lacked practice and experience.

Maintenance of a constant reaction of the blood, however,
is much more complicated than the mere regulation of excretion
of acids and bases. Respiration and urinary exeretion, by
which means practically all the acid is got rid of, are
influenced by many factors other than the presence of acid
substances in the blood. It is well, therefore, to remember
that a study of acid-base equilibrium throws light only on
one aspect of the problem of disease. Not only are other
factors of importance but they generally act and are reacted
on by the state of acid-base equilibrium.

There/
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There are two possible deviations of acid-base equilibrium

from normal viz., acidosis and alkalosis. Neither is a
disease entity any more than fever is a diagnosis.
Unfortunately many clinicians are satisfied with the labels
of acidosis and alkalosis, apparently oblivious to the fact
that only the first step has been taken in the consideration
of the condition. Actually the alteration in acid-base
equilibrium is generally a reaction of the body as a whole
to some pathological process. The signs and symptoms by
which acidosis and alkalosis aré detected mean little unless
there is an understanding of their mode of production and a
realisation that they form part of the body's adaptation to
disease. As L.J.Henderson has remarked - "Nothing is more
vionderful or instructive than the condition of an individual
who has long been suffering from a progressive disease like
chronic nephritis, who is approaching his end but who remains
adapted in every part and in every activity to the changed
and almost impossible conditions of 1life". Even restricting
one's outlook severely to the realm of practical therapeutics
it is advisable if at all possible to have a knowledge of the
underlying causes and take efficient counter measures and not
merely bring back the reaction of the blood to normal limits.
To take an example frequently met with in paediatric practice

there/
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there is the condition of acidosis encountered in severe
gastro-enteritis, The mere neutralisation of the acidosis
by alkall is per se of comparatively little value unless it
is recognised that the cause of the acidosis is a three-fold
one viz,., loss of fluid, loss of salts, and increased
production of ketones. With this knowledge of the pathogenesis
of acidosis in gastro-enteritis it is a simple matter to lay
down the practical measures to be adopted in such a condition.
These are the administration of abundant fluid, salts and
glucose. Such treatment by dealing with the factors
producing acidosis is usually sufficient to restore acid-base
equilibrium to normal just as the removgl of bacterial
toxins is the best antipyretiec. This is not to deny the
value of simple ant-acidotic measures in those conditions
about the etiology of which we know nothing. In this
connection it is necessary to remember that acidosis may
quickly become an emergency, that has to be dealt with
immediately in order to prevent a fatal issue. This is due
to the fact that a rapidly developing acidosis may cause such
a strain on the cellular processes that irreparable damage
may be produced if the strain is not quickly relieved.

There are, therefore, two aspects of acid-base
disturbance which have to be considered. In the first place

disturbances/
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disturbances of metabolism may lead to relative excess of
acid or alkali causing acidosis or alkalosis. In the second
place acidosis and alkalosls lead to attempts on the part of
the body to deal with and compensate for the disturbance.
Not infrequently these compensatory measures if pushed to
excess lead to further disturbances of metabolism which may
be of very serious import. There is a further advantage to
be derived from a study of acid-base equilibrium. From a
knowledge of the compensatory measures carried through by
the body it has been possible to use artificial inducement
of acidosis to obtain similar effects, Thus the fact that
acidosis leads to dehydration has been made use of in the

treatment of oedema.

CLASSIFICATION OF DISTURBANCES OF ACID-BASE BALANCE.
In 1921 Van Slyke showed that there are nine possibdle

varlations in the relationship of the three variables, cH,
HECOB' and BHCO3, of which only one is absolutely normal.
These have been classified in the following groups:-

(1) Uncompensated Alkali Excess. - The BHCO3 is inecreased,
the H2003 increased to a less extent, and the pH increased.

(2) and (3) TUncompensated Carbon Dioxide Deficit. -
The HpC0z is decreased, BHCO3 decreased to a less extent, and

the pH increased.
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(4) Compensated Alkali Excess. - The BHCO3 is inereased,
the HQCO3 is increased to the same extent, and the pH is
normal.

(5) Normal Acid-Base Equilibrium. - All three variables
are normal,

(6) Compensated Alkali Deficit. - The BHCOz is diminished,
the H2003 diminished to the same extent, and the pH is normal.
(7) and (8) TUncompensated H2003 Excess. - The H2003 is
increased, the BHCO3 is increased to a less degree, and the

pH is diminished.

(9) TUncompensated Alkali Deficit. - The BHCO3 is
diminished, the HyC03 diminished to a less degree, and the pH
is diminished.

From this classification it becomes apparent that by the
term compensated is meant an alteration in the combined
carbon dioxide without a change in the pH. For example, one
form of compensated acidosis (Group 6) is that in which the
bicarbonate is lowered but the pH remains unaltered, while
in a further stage of this type of acidosis (Group 9),the
pH is lowered and the condition becomes uncompensated.
Actually, however, in a compensated acidosis there must be
a change in the pH, but it is of a degree which is not
detected because the methods of estimation are mnot delicate

enough./
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enough. any fall in the BH003 is certainly followed by a
corresponding fall in the H2003 in an effort to maiﬁtain or
re-establish acid-base equilibrium. The fall in HgCOB,
however, lags behind the fall in BHCO3, and this must produce
a slight but certainly definite alteration in the ratio
whether or not it can be detected by present-day chemical
methods. If this lag in the fall of the free carbon dioxide
did not occur, i.e. if the ratio were immediately restored
exactly to normal but at a lower level of bicarbonate there
would be no stimulus for the bicarbonate to return to its
previous level. It is the alteration in the ratio which
affords a stimulus to the body to expel more acid and to call
more alkali into the blood and thus to restore the biecarbonate
to its normal level. It has been shown that a rise of 0.2,
volume per cent. in the H2003 without change in the BHCO3 is
sufficient to double the resting alveolar ventilation. Yet,
this acidosis, though sufficient to stimulate the respiratory
mechanism to increase its activity by 100 per cent.,
represents a difference in the pH of only 0.028 (say pH 7.401
to pH 7.373), a change which can just be detected by accurate
physico-chemical measurements. For this reason it would
appear that the use of the terms compensated and uncompensated

is/
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is of no particular advantage: the term comvensated is so
called merely‘because of the lack of delicacy in the methods
employed for the determination of the pH.

The following classification suggested by J.B.S. Haldane
seems much more helpful as it gives in each case an indication
of the particular procedure employed by the body in the
production of the change.

(1) Non-Gaseous Acidosis. - In this there occurs a
primary fall in the combined dioxide with a secondary fall,
but less marked,in the free carbon dioxide. This is the
classical acidosis, the acid poisoning type which occurs in
digbetie coma and gustro-enteritis. It is characterised by
a fall in pH and a diminished alkaline reserve. The elinical
manifestation of inecreased respiration is the result of the
necessity of getting rid of carbon-dioxide.

(2) Gaseous Acidosis. - Here the primary factor is an
increase in the free carbon dioxide with a comnsequent rise,
but to a less degree, in the combined carbon dioxide in an
attempt to restore the normal ratio. Here the pH 1s lowered
and the alkaline reserve or total carbon dioxide is also
increased. A disturbance of this nature occurs in morphine
poisoning where, owing to diminished sensitiveness of the
respiratory centre, the subject breathes more slowly and

thus/
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thus conserves free carbon dioxide which prowvides the
necessary increase in stimulation required by the
respiratory centre. In other words, the depressed
respiratory centre requires a bigger "head" of carbon
dioxide to stimulate it.

(3) Non-Gaseous Alkalosis. - There is a rise in the
amount of available combined carbon dioxide, followed by a
less marked rise in the free carbon dioxide. The pH is
increased and the total carbon dioxide is increased. The
breathing is slow and shallow, in an effort to conserve the
free carbon dioxide‘and thus to restore the normal ratio.

(4) Gaseous Alkalosis. - Here the primary factor is
a diminution in the free carbon dioxide followed by a
relatively smaller diminution in the combined carbon dioxide.
This gaseous alkalosis is seen in conditions where there is
"washing out" of the carbon dioxide as in cases of forced
over-ventilation or hyperpnoea, which has been observed as
a sequels of encephalitis lethargica and occurs at high
altitudes and in other severe anoxaemic conditionms. The
pH is increased and the total carbon dioxide diminished.

It is apparent that a non-gaseous acidosis and a
gaseous alkalosis are both associated with a low total carbon

dioxide/
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dioxide content and likewise a low alkaline reserve.
Similarly a gaseous acidosis and a non-gaseous alkalosis
produce a high total carbon dioxide and a high alkaline
reserve. This serves to illustrate the fallacy of using
the alkaline reserve or the total carbon dioxide figure alone
as an indication of the state of the acid-base balance.

There is no royal road to the diagnosis of acidosis or
alkalosis. There is no csingle clinical sign, symptom or
chamical test which is pathognomoniec of either condition,
Alteration in respiration, reduction or increase in alkaline
reserve and physico-chemical changes in the urine are
individually of little value. The only thing that will
clinch matters is finding an actual change in the reaction
of the blood. This, however, is likely to prove a help in
but few cases. Apart altogether from technical difficulties
which prevent it being used as a routine clinical test it
has to be remembered that although variations in pH are
ususally kept in the one person within limits that are
practically within experimental error, there is a fairly
wide variation of pH in different healthy subjects: thus, a
value which is quite normal for one person may be a definite
shift to the mcid or alkaline side for another. In many

cases/



12.
cases, therefore, it would be necessary to know the value
of the pH prior to the onset of the illness before one could
diagnose acidosis or alkalosis. It is therefore only by a
consideration of gll the evidence clinical and laboratory
that one can come to any definite conclusion. In many
diseases unfortunately, the kmnowledge of the nature of the
acid-base disturbance is still so scanty, that such a
procedure 1s likely to lead to fallacious conclusions.
Before the various tests can be used with any degree of safety
it is necessary that a thorough investigation be made of the
various manifestations elinical and biochemical of the acid-
base disturbance in these conditions. In a number of
diseased conditions, however, +the clinical and biochemical
findings have been correlated so that it is possible now to
label them acidosis or alkalosis.‘ In such cases single
findings may be of considerable value in determining the
severity of the condition and providing an index to rational
and successful therapy. Here, however, it is wise to utter
a word of caution that a return of the pH of the blood to
normal does not necessarily mean a return of health. Thus,
by the administration of sufficient alkali it may be possible
to restore the pH while the distribution of ions and the

water/
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wayer metabolism may be very far from normal. This shows
the danger of considering the disturbance in acid-base
equilibrium as the sole abnormality and forgetting the

changes that have been brought into being by the acidosis

or alkalosis.
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Chapter Two

METABOLIC REACTIONS TO ACIDOSIS PRODUCED

BY AMMONIUM CHLORIDE.

Acidosis is so frequently put forward as the underlying
pathological condition in such a variety of disorders that it
is important to appreciate what actually are the metabolic
manifestations of the acidotic state. Clinically one seldom,
if ever, has an opportunity of studying acidosis uncomplicated
by some other factor such as inanition or toxaemia. It 1is
therefore advisable in an investigation of the metaboliec
reactions to a disturbance in acid-base equilibrium to have
these secoundary factors as far as possible excluded. This
cen only be done when the acidosis is induced in a healthy
individugl with the minimal amount of upset especially as
regards food-intake, and such a condition is most nearly
attained in the acidosis produced by the ingestion of
ammonium chloride.

Haldane was the first to show that ammonium chloride
taken in large amounts led to a marked acidosis. Gamble
and Ross, Baird, Douglas, Haldane and Priestley, and
Gollwitzer-Meier/
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Gollwitzer-ieier confirmed these results,indicating that
after administration of ammonium chloride the bicarbonate
content of the plasma was reduced to a greater extent than
was the tension of carbon dioxide, producing therefore an
increase in hydrogen-ion concentration. Similar results
have been obtained with caleium chloride (Haldane, Hill and
TLuck) and magnesium chloride (Gollwitzer-lKeier). Ammonium
chloride is however, the most suitable for determination of
the effects of mild acidosis on the metabolic processes of a
healthy individual. Both calcium and magnesium ions have g
sedative effect whereas the ammonium radicle is very
rapidly changed by the liver into the inert substance urea
which is rapldly excreted (Stewart amd Haidane: Mainzer).
Furthermore, the acidotic effect of calcium and magnesium
gsalts depend upon the retention of a large proportion of the
cations in the intestine which probably leads to alteration
in the absorption of phosphorus.

Most workers are agreed that there is an increased
output of lime in the urine during acidosis. The effect on
the faecal excretion of lime and the influence of the
acidotic state on phosphorus metabolism have not, however,
been clearly determined. Steenbock, Nelson and Hart
pointed out the detrimental effect of acid-forming diets on
calcium/



16.
calcium retention and calcification in animals. Sawyer,
Baumenn and Stevens found an increased urinary output of
calcium and phosphorus in two children during a veriod of
high fat intake: 1in only one, however, was there an increase
in the faecal amounts of these substances, while in the other
there was a decrease. In a study of acid and base-forming
diets in adult Women Bogert and Kirkpatrick did not obtain
a constant change in the amount of fgecal calcium during the
period of acid-forming diet although the urinary lime was
always 1ncreased. In infants Flood found that administration
of deci-normal hydrochloric acid led to no alteration in the
retention of célcium, although this substance always appeared
in slightly increased amount in the urine. Rosg and Scriver
reported that an increase in faecal calcium occasionally
occurred after administration of ammonium cehloride to
children.

It has been shown by Haldane and Gamble, Ross and
Tisdall that salts such as calcium and ammonium chloride
produce their diuretic effect in virtue of their acid-
producing powers., This relationship between water-loss and
acidosis has frequently been commented upon in states of
dehydration accompanying gastro-enteritis. Gamble, Blackfan
and/
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and Hemilton, and RMling have shown the close relationship
between the extra loss of water by the kidney and the excess
excretion of fixed base. In this research it is hoped to
bring forward evidence as to the part played by calcium and
phosphorus and in general to attempt a correlation between
the various metabolic changes following on the production of

an acidosis by ammonium chloride administration.
PRESENT INVESTIGATIONS.

The subjects of the study were four apparently normal
children - N.G., female aged 11 years; W.C., male aged 9
years; N.M., female aged 10 years; and J.F., male aged 9%
years. Each had recovered from a mild attack of rheumatism
and appeared gquite well. The diet throughout the period of
the investigation was constant, consisting of cow's milk with
sugar sufficient to satisfy the caloric requirements of the
child. After at least fhree days on the arranged diet the
urine and faeces were collected with the usual precautions for
periods of seveh or six days as stated. Thereafter one gram
of ammonium chloride was given five times daily in capsule
form. The excreta were again collected for a period of
seven days. In the case of N.M. and J.F. the ammonium

chloride/



18.
chloride was continued so as to include a third period of
five and six days respectively. In the case of II.l. 4 cec,
of cod-liver oil was given thrice daily during this last
period.

CLINICAL FEATURES.

No apparent change was produced in the appearance of
any‘of the children during or following the ingestion of the
ammonium chloride. In two cases the administration continued
for a period of eighteen days without any sign of respiratory
or other disturbance although the daily intake varied from
0.166 to 0.247 g.per kilo.of body weight. In several other
subjects the dosage was as high as 0.40 g. per kilo. daily
for ten days without the appearance of any symptoms.

Haldane produced in himself marked respiratory distress by
talking one dose of ammonium chloride equivalent to 0.25 g. per
kilo.body weight. Koehler found that administration of

10 - 15 g. of ammonium chloride daily to well-developed

adults produced definite symptoms of listlessness, thirst,
diuresis and muscular aches: these subjects, however, were
all patients recovering or recovered from lead-poisoning.
Three explanations may be offered for the absence of symptoms
in the subjects of this investigation. First, children may
not be as susceptible as adults to the action of ammonium

chloride./
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chloride. It is well known that children tolerate a
relatively much larger dose of such a drug as salvarsan than
do adults. It seems strange, however, that this should be
the case with an acid-producing substance when the peculiar
susceptibility of the young to disturbances of acid-base
equilibrium is remembered. Secondly, the milk diet umed in
this study may be of importance since it contains an excess
of fixed base over mineral acid. It 1s possible that this
excess base enabled acidosis to be more effectively withstood
than would otherwise have been the case. Thirdly, the
division of the daily dose into five portions may have
allowed the compensating reactions of the body to come into
play before there was any necessity for visible extra effort
on the part of the respiratory or other system. The last
seems the most likely explanation; but whatever the cause
may have been, the absence of clinical manifestations of
acldosis in no way invalidates this study for, as will be
shovn later, the blood analyses were indicative of a disturbance
of the acid-base equilibrium towards the acid side. The
principal object was to study the changes over a period of
at least several days, and it would have been manifestly
impossible to have accoﬁplished this in the presence of

respiratory/




TABLE 1.

20

Changes in Chemical Composition of Blood following

Administration of Ammornium Chloride.

T !
Name Stage P (1) (2) (3) (4) (5) ()
€O, Cl' Fixed base|il.r.l.|Calcium|Phosphorus
Vol.% [lg.% C.Cll, mg .5 mg.% mg.s
/109
.G. |Normal 55.1 | 300 158 36.5
7 days NH4C1| 38.7 | 350 154 4o.1
W.C. |Normal 68.2 | 340 148 37 10.6 5.2
4 days WHyC1l| 41.4 | 360 157 - - l -
g n " 40.% | 340 157 44 10.1 6.5
| J7.F. |Normal 66. 240 154 35.5 9.1 -
" 9 days NH,C1| 49.1 360 159 43.5 g.l
9 " n 45, 220 154 40.1 .80 -
N.M. |Normal 50.%5 | 285 147 35 9.25 4,2
3 days NH,Cl 45,1 290 - - - -
6 " " 41.8 - - - -
g " " 4%.4 | 230 132 46 9.8 4.1
13 " " 41, 320 137 32 - -
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respiratory distress or other evidence of acute acidosis.
CHANGES IN CHEMICAL COMPOSITION OF THE BLOOD.

The changes in the chemical composition of the blood
found during the ammonium chloride period are in close
agreement with those reported by Haldane, and Gamble, Blackfan
and Hamilton. The changes in the individual constituents
which are detailed in Table 1 will be discussed in turn.

A, Carbon Dioxide. The total carbon dioxide of the

blood was reduced in every case. Keith and “helan found that
the plasma carbon dioxide dropped about the fourth or fifth
-day of the administration of ammonium chloride. In three
of the subjects of the present investigation the carbdbon
dioxide content was estimated two or more times during the
ammonium chloride period. I'rom these results it is evident
that the reduction in the carbon dioxide content reached what
was practically its maximum, comparstively early in the
regetion to ammonium chloride. Continued administration
of the acid-producing substance had but little further effect
on the carbon dioxide content of the blood. This is probably
due to the fact that the other regulating mechanisms came into
play, and thus protected the carbon dioxide content and almost
certainly the pH, from further reduction.

B, Chlorine. The chlorine was moderately increased.
The inecrease in chlorine when calculated in milli-equivalents

(Table 2)/



TABLE 2.

Showing Compensatory Decrease and Increase of Chlorine
and Bicarbonate Ions Respectively.

Name Stage HCO'3 cl’ HCO', C1° Change of Change in
ec.cm? | c.cm. c.cm. HCO'z # c1') fixed
N/10% | N/ 10% N/ 10% from” normal base
N.G. Normal 24.6 8405 10901 - -
7 days NH4Cl| 17.3 | 98.6 115.9 + 6.8 -4
W.C.| Normal 30.4 | 95.7 126.1 - -
4 days NHyCl 18.5 | 101.4 119.9 -6.2 +9
8 n n 1800 9507 113.7 "1204 +'9
J.F.| Normal 29.8| 70.0 99.8 - -
9days NH4CL 21.9( 101.4 123.; + 23.5 +5
19 ©» ® 20.4| 90.1 110. + 10.7 0
N.M. Normal 2701 8003 10704 - -
3days NH,C1 20.1| 81.7 101.8 5.6 -
nou 12.4 80.3 99.7 =TT -15
33 non 18.5| 90.1 108.6 +1.2 ~10
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(Table 2) did not compensate for the decrease in milli-
equivalents of bicarbonate. Baird, Douglas, Haldane and
Priestley found that the carbonate ion of the plasma and
tissues is partly replaced by the chlorine ion in conditions
of acidosis. Gamble, Blackfan and Hamilton also reported
similar results with both ammonium and calcium chloride.
Mainzer and Joffe showed that the change in the carbon
dioxide content of the blood was always less than what would
be expected if only fixed base, chlorine and carbonic acid
took part in the equilibration. In the present series,
however, this replacement was by no means exact even when
allowance was made for the change in fixed base. In W.C.
there was an actual increase in fixed base accompanied by a
deficit in the sum of bicarbonate and chloride. In J.F., on

the other hand, the increase in chloride over-compensated the

% loss in bicarbonate: in this case the control period was

characterised by a very low chlorine content. An objection
may be raised that these analyses were performed on whole
blood and not on plasma, but it should be remembered that
the cell walls are equally permeable to chlorine and carbonie
acld. It would seem, therefore, that all the acid ions take
part in mutual compensation. As will be indicated later,

there/
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there was but little change in the inorganic phosphorus of
the blood. Indeed, the possible limits of variation of the
amounts of this substance and sulphate render a change in
either almost negligible as a compensatory factor. It is
probable that the organic acids of the blood play an important
part in balancing excess or deficit of the other acids, as
has been suggested by Gamble and his co-workers in alkalosis
resulting from experimental obstruction of the pylorus. o
data are presented here on the change in base-combining
power of the plasmg proteins. The findings of Keith =nd
Whelan, and Félling suggest that such change is trifling.

H%Mainzer and Joffe, however, on the strength of calculations

Vmade by Van Slyke on horse's blood suggest that concentration
and dilution of blood by altering the base-combining capacity
of the protein is sufficient to explain the difference
between the expected and actual amounts of carbon dioxide.

c. Fixed Base. Gamble, Blackfan and Hamilton state

that there is a very slight reduction in the fixed base of

the serum, but Félling reports a fall of 15.4 milli-equivalents
Per litre in calcium and ammonium chloride acidosis. In two
of the cases there was a decrease in the fixed base content

of the serum: in one of these (¥.1f.) the reduction amounted

to/
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to 15 milli-equivalents per litre, resulting in a value
outside the normal limits. In the other two cases there was
an increase in fixed base but the raised values fell within
normal limits.

D. Calcium and Phosphorus. 1Im 1924 Stewart and Haldane

noted a 10 per cent. rise in the serum calcium of a healthy
adult, following the administration of 25 grm. =smmonium
chloride. Haldane, Wigglesworth and Woodrow found no
significant change in the inorganic phosphorus of the serum
during acidosis but observed a slight fall as the acidosis
was passing off. In the results recorded in Table 1, where
the estimations were made after a variable period from the
commencement of the acidosis, no constant change in either
calcium or phosphorus was observed. In another two subjects
more frequent analyses of the serum calcium and phosphorus
were made during the administration of ammonium chloride
(figs. 1 & 2). In both, the serum calecium showed an initial
rise which persisted till the fifth day, thereafter falling
below the normal level: on the cessation of ammonium chloride
administration the caléium immediately rose somewhat gbove
the "control" level and then returned to normal. The serum
Phosphorus moved in the inverse direction to calecium.

E. Non-protein Nitrogen. In every case this was found

tos



TABLE 3.

Blood Analyses in Cases of Clinical Acidosis.

Hame Condition COoVol.% |N.P.N.Mg.%
J.H. |Acidosis;cyclical vomiting 36.5 60.0
Recovered 2 days 48.8 40,0
H.P. |Gastro-enteritis %7.6 76.4
Recovered 7.0 38.0
H.F. |Acidosis; ?gastro-enteritis 28.7 78.0
Recovered 89.0 47.3
Mc.P. | Acidosis;gastro-enteritis 26.8 52.1
E.J. |[Acidosis 36.1 109.1
E.F. |Gastro-enteritis 28.7 78.1
C.K. | Ileo-colitis 32.7 53.1
J.McG.| Gastro-enteritis 27.5 86.1




24.
to be increased. in the two cases in vhich it was determined
twice during the administration of ammonium chloride, the
value had fallen at the second estimation. Xeith and t'helan
have shown that there is no increase in the ammonia content
of the blood after ingestion of ammonium chloride. In the
present series if the inerease in non-protein nitrogen had
been due to ammonia there would have been a rise of 8.5 to
15.8 mgrm. per cent. in the ammonia value. Such an amount
of circulating ammonia would almost certainly have produced
marked symptoms of poisoning, as ammonia is a very toxiec
substance. It is)therefore,highly improbable that the
inerease in non-protein nitrogen is due to ammonia nitrogen.
A more reasonable explanation is that the rise is the result
of inereased breakdown of tissue proteins consequent on the
disturbance of acid-base equilibrium. This view is
supported by blood analyses in some cases of frank clinical
acidosis (Table 3.) It will be seen that in three cases
during the stage of acidosis the non-protein nitrogen was
increased, to fall to normal in the post-acidotic period.

In cases of alkalosis where it also rises the suggestion has
been put forward that the cause is renal inefficiency.
This can hardly have been the case here since, as will be

seen/



TABLE

4

Showing Intake, Faecal and Urinary Outputs, and

B6alcium and Phosphorus .

Retention of

(grams) .

a 7
7 S
e

L T % of total Total | Retention per
Period otal [intake | Faecal Output| Urimsr¥ output joutput in Retention kg, per day .
Hame urine
Intake | Days [Cal P205 Cal f205 Cal P205 Cal P205 CalO} P205 Cal P205
N.G. Normal | 7 [20.16(27.72 |9.508 |6.818 |1.406 11,55 [12.8 |62.8 | 9.246 2 52 .05 .05
NH,C1 7 |20.16(27.72 [12.445 {8.984 |2.949 12,222 |19.0 |57.6 | 4.766 . 14 .025 | .034
W.C. [N 1 20.16(27.72 [14.98% |14.390 |1.520 = $.464 | 9.2 | 39.7 .66 13.87 .018 | .019
N%ZIS:? $ 20.16 23.?2 15.833 14.%%4 2.20 - 12,600 |14.0 | 46.4 | 1.62 |6.56 .008 | .002
J.F. |[Normal | 6 [13.44(18.48 | 8.621 7.424 0.683 7.686 | 7.3 [50.6 | 4.136]%.30 .034 | 027
NH4C1 6 {13.44118.48 |11.158| 9.564 [2.133 _ 7,812 |16.0 |44.9 | O 14g 1.104 .001 | .00
NH4C1 6 [13.44118.48 | 8.823 | 7.728 |2.099 7.392 116.0 |48.9 | 2.518({3.36h .021 | .02
N.M. |Normal | 7 [19.60(26.95 [10.959| 9.627 |1.78 ' 11,102 |14.0 |53.5 | 6.857|6.121 .0%33 | .029
NHAC1 7 [19.060]26.95 |19.649 1%.445 3.192 - 11.928 |13.7 | 40.7 |-3.241|-2.759 | -.015 [-013
NH/C1 5 [14.00]19.25 [17.799 16.425 |2.829 = 10.212 [1%.7 | 38.3 |-6.608]-7.%367 |-.044 |-.050
& cod-
liver
. oil ;“"“‘ -




TABIE 5

Showing Ash, Calcium, Phosphorus and Fat

Content of Faeces.

Daily Figures (g.)

Name Period 1 (normal Period 2 (NH4C1)
Total gquantityl® in Total quantityl|® in
in faeces faeces in Taeces faeces
grm, grm.
N.G.|Faec.wt.(Dried) 8.%4 - 9.51 -
Ash 2. 42 31.8 3.44% 35,2
Ca0 1.35 15.0 1.7?5 13.0
P05 0.974 10.9 1.283 13.0
Total fat 3.105 34,75 2.7:4 29.28
Comb.fatty aclds 2.542 28.45 2.237 23.53%
Free fatty acids 0.170 1.9 0.234 2.46
Neutral fat 0.%93 4.4 0.31% 3.29
W.C.|Faec.wt.(Dried) 12.24 - 12.63 -
Ash 4.993 40.8 5.178 41.0
Cal 2,140 15.0 2.277 18.0
P205 2.056 14.0 2.001 14.0
Total fat 4,218 33.7 3.520 27.?4
Comb.fatty acid 2.491 20,6 2.000 15.04
Free fatty acid 0.976 3.19 1.041 0.24
Neutral fat 0.594 4,91 0.437 3.86




TABLE 5 (continued)

Fame Period 1 (normal)] 2 (NHACL) 3 (NHAC1)
Total % in Total % in Total % in
quantity |faeces |quantity |faeces |quantity |faeces
in faeces in faeces in faeces
grms. grms. grms.
WP, |Faec,wt.(Dried) 9.39 - 13.29 - 10.14
Ash 3,117 33,2 4,186 31.5 3.326 |32
Ca0 1.437 18.3 1.860 14,0 1.4@1 14
P05 1.249 13.3 1.594 12.0 1.238 |12
Total fat 3,45 30,79 | 5.504 41.89 3.33%3 |32
Comb.fatty acids 2.335 24.95 | 3.03 22,81 2.10 20.
| Free fatty acids| 0.315 8.652| 2.174 16.37 0.92 9
~ |Neutral fat 0.300 3,188 0.360 2.71 0.297 2
M, |Faec.wt.(Dried) | 8.65 - 13.69 - 18. 05
Ash 3.529 40.8 6.119 44,7 7.334 | 4%
. |Ca0 1.565 18.0 2.807 20.0 3.556 | 19.
o |Re0s 1.375 16.0 2.492 18.0 3.205 |18
© |Total fat . 2,585 33.0 3.936 28.75 6.58 36
- |Comb.fatty acids| 2.204 25.4 2.909 21.25 5.008 | 27
 |Free fatty acids| 0.236 3.43 | 0.602 4,40 0.826 4
Neutral fat 0.376 4,12 | 0.424 3,10 0.743 4,
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seen later, there was a definite increase in the urinary
output of ammonis, a good indication of unimpaired renal
function.

METABOLISM OF CALCIUM AND PHOSPHORUS.

The intake and output of caglcium and phosphorus in each
case is detailed in Table 4 which also shows the retention and
the partition of these substances between urine and faeces.
In Table 5 are given the results of the faecal anulyses for
celcium, phosphorus and fat. It will be convenient to give
a brief account of the results in each case, and thereafter
t0 summarise and discuss the bearing of these findings on
the general problem of mineral metabolism.

N.G. The retentions of Ca0 and P05 were reduced. The
output of lime in the faeces was increased as the result of
an increased percentage of Ca0 in the faeces and also a rise
in the weight of the dried faeces. The urinasry execretion of
lime was also increased. The output of PpO5 by the urine
was likewise raised, but the decreased retention of P205 was
mainly the result of an increased faecal content of this
substance. As with lime, the rise in faecal phosphorus was
congequent on an inereased percentage output together with a
rise in thé faecal weight. The percentage of ash was also

inereaseds
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increased, while the percentage and absolute amounts of total
fat and combined fatty acids were decreased.

VWeC. The results here were practically identical with
those recorded in N.G. One point of difference may be
noted, - namely, the fact that there was but little increase
in the faecal output of P205, the lowering of the retention
value being due to a fairly marked rise in the urinary
content.

J.F. In this case there were two successive periods on
ammonium chloride. The retentions of Ca0 and P205 were
reduced during the first of the two periods but returned
practically to normal in the second. There was a rise in
the urinary Ca0 in both periods, and the urinary P205 in
each was practically unchanged. The reduced retmntions of
lime and phosphorus were dve entirely to the increased
faecal output resulting from a rise in the faecal weight;
the percentages of ash, calcium and phosphorus were all
reduced. The percentage of total fat in the faeces was
increased during the first period because of the marked
increase in free fatty acids, while in the second period the
Vvalue for total fat was slightly below that of the normal.

The percentage of combined fatty acid was reduced during
both/
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both periods.

N.M. With this subject there were two periods on ammonium
chloride, the first for 7 days and the second for 5 days
during which time 4 c.cm. of cod-liver oil was given three
times daily in addition. A negative balance of both lime
and phosphorus was found during each ammonium chloride period,
being much more marked on the second. The urinary output of
lime and phosphorus was increased on both occasions, the
increase in urinary phosphorus being much more marked in the
second of the two periods. The percentages of lime,
phosphorus and ash in the faeces were incregsed, but the
marked rise in the total faecal output of Ca0 and P205 was
chiefly the result of the striking increase in the weight
of the dried faeces. In the first period the percentéges
of total fat and combined fatty acids were reduced but in
the second, during which cod-liver oil was also administered,
these percentages were increased slightly above those in the
normal period.

A survey of these results indicates that there was a
reduction in the retention of lime and phosphorus in all
four cases. Increased exeretion of calcium was apparent

in both urine and faeces, in two instances being more marked

in/
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in the latter aund in one in the former. The increased
output of phosphorus was more marked in the faeces in three
cases.

In spite of the large amount of work done in commection
with cglcium metabolism there is as yet no definite
ihformation as to the extent of absorption of this element,
and it is still a matter for conjecture how much of the
faecal calcium has been absorbed and excreted through the
bowel wall, and how much has passed through the gut unabsorbed.
Grosser found that subeutaneous injection of calcium salts led
$0 an increased excretion by the bowel, and Salvesen showed
that in parathyroidectomised dogs, of calcium chloride
injected intravenously, nine-tenths was exereted in the faeces
and one-tenth in the urine. Percival and Stewart isolated
the large intestine in cats and found that the intravenous
administration of caleium chloride was followed by a marked
increase in the excretion of calcium by the large intestine,
but no change in the urinary output. Mainzer showed that
intravenous administration of calcium chloride led to
acldosis presumably because the bulk of the calcium was
excreted by the gut, Bauer, Albright and Aub have
published the results of an investigation of the calcium

metabolism on a very low caleium intake in 13 normal adults,

on/
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on whom there were 4G threc-day periods of investigation.

With the exception of a single period in one case, they found
in all a negative balance of calcium, and with the exception
of three periods there occurred in the faeces a greater amount
of lime than had been ingested. In one case (N.M.) of the
present series during each of two periods on ammonium chloride
there was a greater amount of calcium in the faeces than had
been ingested. From these results it is justifiable to
conclude that in ammonium-chloride acidosis, excretion of
calcium through the bowel wall ean occur.

In one period at least (N.M., 2nd period) there was
unequivocal evidence of calcium excretion by the bowel wall.
As there was no alteration in the lumen of the gut other
than the temporary presence of ammonium chloride which will be
shown was practically completely absorbed, it seems reasonable
to assume that absorption of lime was unaltered during the
ammonium chloride period, so that the excess of faecal calcium
must have been the result of excretion by the bowel wall.

On similar grounds it would appear that the excess of faecal
Phosphorus in the ammonium chloride period was the result,
not of decreased absorption, but of increased excretion

through the wall of the intestine.
Goto/
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Goto reported an increased excretion of calcium by the
urine in acidotie conditions. Indeed, the investigations
of Nelson on the mineral metabolism of diabetic patients
and of epileptic subjects fed on ketogenic diets have shown
that the kidneys are capable of excreting large amounts of
lime, so much so that more than half of the total output of
calcium may take place through the urinary systemn. Keith
and Whelan, however, observed but little change in the urinary
caleium during administration of ammonium chloride. In the
present series the percentage of total output of calecium

appearing in the urine was increased in three cases while

- the actual amount of lime excreted in the urine was greater

in the ammonium chloride period in all four cases. Albright,
Bauer and Ropes and Bernhardt, who also found an increased
renal excretion of calcium concluded that this increase was
due to diversion from the faeces but attributed this effect

to a systemic acidosis rather than to any change in the
reaction of the intestinal contents. In all four cases
recorded here,the actual amount of caleium found in the faeces
was increased during the ammonium chloride period so that
diversion from the faeces could not have played a part in the

inoreased renal excretion. In Nelson's cases also the rise

i/



TABLE 6.
Showing Intake, Output and Retention of Chlorine (c.em.N/10 Cl).

Output Retention
Name |Period Intake _ _
Urine Faeces Total |Per kg.
per day
N.G, |[Normal 41 585 36 512 +2.8
NH4C1 106’% 8518 40 :1117 +6.1
W.C. |Normal 41 815 15 +30 +1.6
NHyC1 lOG%% 3853 17 530; +4.3
J.Fl N I‘ 1 2 5 282 - - 4 —0.6
¥H, C1 8122 729% - T1o66| 1828
NE4C1 8365 | 765 - +709 | +5.8
N.M. |Normal 4018 3706 - +312 | +1.5
NH4CL 10560 10040 - +635 | +3.0
NH4C1 7545 7678 - -133 | -0.9
(5 days)
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in urinary output was accompanied by slight increase in the
faecal calcium, These results indicate, therefore, that
the presende of acidosis induces an increased excretion of
lime either by urine or faeces or both.

Fitz, Alsberg and L.J. Henderson and J.B.S. Haldane (1925)
have shown that administration of ammonium chloride leads to
an increase of phosphate in the urine. This has been
confirmed by the present results which show that as with lime-
the excretion of phosphorus by the faeces is also increased.
It would appear therefore that when there is a state of
acidosis without alteration of the reaction of the intestinal
contents both the urine and faeces may act as vehicles for the
transport of excess minerals.

CHLORINE METABOLISH.

The excretion of chloride normally takes place through
the urine and the sweat; the faecal output is practically
negligible. The latter was estimated in two cases, and as
will be seen from the results in Table 6 the faecal excretion
of chloride was relatively minute both during the control
and ammonium chloride periods.

During the control period there was a small retention of
chlorine except in the case of J.F. where there was a very

slight/



TABLE 7.
Percentage Exceretion of Chlorine in First 24 hours following

Ingestion of Sodium Chloride.

Amt,of NaCl given|Form in which Diet % Excretion of extra salt
(&) NaCl given during lst 24 hrs.
4.5 Saline Salt poor 53
4.5 Saline Salt rich 62
10.0 Solid in capsule| Salt poor 50
10.0 Solid in capsule| Salt rich 67
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slight negative balance. "hile ammonium chloride was being
administered the retention was increased in every case except
during the second period of N.M., which was characterised by
a sligpt negative balance.

¥fihen one comes to examine the daily figures it is plain
that all the subjects reacted immeciately to the extra chlorine
by the excretion of a greatly increased amount of this
substance in the urine. In N.G. the output was doubled on
the first day, so that only about 30 per cent. of the extra
chlorine huad been retained. This corresponds to what
happens when sodium chloride is given. Table 7 indicates the
percentage excretion of chlorine in the first 24 hours
following ingestion of sodium chloride: the subject was a
healthy boy aged 11 years.

With the exception of N.M. the daily curve of NaCl
output (Fig. 3-6) during administration of ammonium chloride
shows that the peak of chloride excretion occurred on the
second or third day. This was followed by a drop lasting
two or three days, which was succeeded on the fifth or sixth
day by a peak reaching almost to the level of the first. In
the case of N.M. there was a complete absence of the first
peak but the second was gquite marked. It will be noted in

every/
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every case that this second peak corresponded with the
maximum rise in the output of ammonia. It is therefore fair
to conclude that this secondary rise in the excretion of
chlorine was associated with the increased ability of the
kidney to supply ammonisa. Indeed, a glance at the chlorine
and smmonia curves following this second peaﬁ shows in every
case some parallelism, indicating a correlation between theée
two substances. This parallelism is not noticeable during
the first five days of ammonium chloride administration.
There is also a fairly marke( correlation between the amount
of urinary chloride and fixed base both during the control
and the ammonium chloride periods, with the exception of the
control period of N.G. The urinary volume and chlorides
also show some parallelism especially during the ammonium
chloride periods.

URINARY VOLUME,

Gamble, Ross and Tisdall reported an increase of urinary
volume in children during the administration of either
calcium or ammoniuin chloride. Keith and Whelan, however,
found no change in the volume of urine excreted by a normal
individual during ingestion of ammonium chloride. During
such gdministration there was in all the cases except the

first/



Table

8.

Showing Intake, Urinary and Faecal Outputs and Retention of

Fixed Base (c.cm.N/10 Monovalent Base).

Name | Period | Intake Output Retention
Urine Faeces Total Total | Per kg.per day
N.G. | Normal | 16254 | 7172 4561 11733 4521 24.5
NHyC1 16254 | 9105 5397 14502 1752 9.4
W.C. | Normal | 16254 442 | 6579 12021 423 22.4
NH4C1 16254 434 | 6695 15129 112 6.0
J.F. | Normal | 10836 | 4494 | 4135 8629 | 2207 18.1
NH,C1 10836 | 5465 | 5036 9501 1335 11.0
FHfC1 | 10836 | 5841 |40t9 9910 926 7.5
W.M. | Normal | 1580 5726 | 558 1128 4514 21.5
NH,Cl 1580% 8%29 8033 1626 -465 -2.2
NEFO1 | 11290 | 6615 | 7617 14233 |-2943 -19.6
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first period of N.l[, an increase in urinary volume, not,

however, as marked as might have been expected. The daily

output of urine varied greatly, frequently falling much

below the maximum observed in the control period (Figs. 3-6).
AMMONIA AND TITRATABLE ACIDITY OF THE URINE.

The output of ammonia and titratable acid was increased
in every case during the administration of ammonium chloride.
(Figs. 3-6). The maximum output of titratable acid was
reached by the second day, following which there was usually
a very gradual decline in the output. The ammonia content
of the urine did not attain its greatest value till the 5th
or 6th day, and in the case of J.F. the 9th day. Thereafter
the output of ammonia remained at a constant level, except in
the case of N.M. where considerable variations were observed
from day to day. The ammonia output was not estimated in
the days following the ammonium chloride period, but Gamble
and others have shown that the output remains definitely above
normal for some days following the administration of acid salt.

FIXED BASE.

The output of fixed base (Table 8) was with the
exception of the control period of W.C., and the second
ammonium chloride period of N.M., somewhat greater by the urine

than/



TABLE 9 .
Showing Relationship of Outputs of Calcium and Total Fixed Base.

i
| Name Period % of calcium to output of total
fixed base

Urine Faeces

N.G. Normal 7.0 g4.3

NH4Cl 11.5 2.4

W.C. Normal 10.0 89.8

NH,C1 11.0 99.0

J.F. Normal 5.4 74.1

NH,C1 14.0 79.0

NH,C1 12.8 )

N.M. Normal 11.1 gO.l

NH4C1 1;.8 7.6
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than by the faeces. The faecal output of base was chiefly
composed of calcium which constituted from 70 to 90 per cent.
in the control periods and 77 to 99 per cent. in the ammonium
chloride periods (Table 9). Thus, not only did ammonium
chloride increase the output of fixed base by the faeces,
but it also raised the proportion of calcium to other base.
In the urine the calcium formed 5.4 to 11.1 per cent. of the
fixed base in the control periods and 11 to 15 per cent. in
the test periods. The urine, therefore, showed during
administration of ammonium chloride an increase in total
fixed base, and a slight rise in the relative proportion of
calcium to other base. The urinary fixed base reached its
maximum within three days of the commencement of administration,
thereafter falling to slightly above the average level of the
control period (Figs. 3-6). This is in agreement with the
findings of Gamble, Blackfan and Hamilton with several acid-
producing salts. The retention of fixed base varied from
18.1 to 24.5 c.cm. N/10 per kilo of body weight per day during
the control periods. It was always diminished during
ammonium chloride administration, and was negative during
both the periods of N.M., the loss being entirely accounted

for by calcium.



METABOLIC REACTIONS TO ACIDOSIS.

Against the production of s non-gaseous acidosis such
as is produced by ammonium chloride the organism has the
following general defences:- (1) an increase in the
available base of the blood; (2) an increased excretion of
volatile acid by the lungs; and (3) an incressed supply of
base for neutralizing acids that are to be excreted.

(1) INCREASE IN AVAILABLE BASE OF THE BLOOD. - The
fixed base is maintained at a fairly constant level. By a
reduction in the carbon dioxide content of the blood a
certain amount of base is freed and rendered available for
the neutralization of other acid radicles. it has been
shown that the base-combining powers of protein and inorganic
phosphorus are reduced with a fall in the pH of the blood,
but‘the amount of base released by these changes in such a
condition as prevails in the experiments detailed here is
practically negligible. The fgll in the blood carbon
dioxide, therefore, undoubtedly constitutes the chief
immediate response to acidosis of the non-gaseous variety.
In the subjects of this study the increase in available base

Produced/



37-

produced by the reduction in carbon dioxide could not have
amounted to more than 230 c.cm. N/10 (on the assumpiion that
the blood-volume was one-thirteenth of the body weight).
One gram of ammonium chloride (i.e. one-fifth of the daily
intake) contains 187 c.em. N/10 acid so that two such doses
were much more than sufficient to use up all the base made
available by the reduction in carbon dioxide. The relief
afforded by this means could only have been temporary, since
prolonged administration of gmmonium chloride did not to any
extent further reduce the carbon dioxide content of the blood.
In clinical acidosis figures for total carbon dioxide
have been noted much lower than the lowest in the present
series. Such low figures supply definite evidence of an
inability of the other compensatory mechanisms to deal with
the situation either beczuse of the suddenness of the demands
(as in Haldane's case with an avalanche of 25 grams of
ammonium chloride), or because of the functional inefficiency,
relative or absolute, of the other defensive reactions, as in
diabetic or uraemic coma. One point of practical interest
arises from a consideration of the results of this investigation.
It will be remembered that the reduction in the carbon dioxide
content of the blood reached its maximum very shortly after

ammonium/
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ammonium chloride administration was commenced, due in all
probavility to efficiency of the regulating mechanism outside
the blood. Accordingly if in any .case of clinical acidosis
the carbon dioxide content of the blood falls persistently
from dsy to day, it may be taken as an indication that the |
other regulating reactions are unable to cope with the amount
of acid and that it is essential to supply fixed alkali in
the form of sgodium or potassium salts to neutralise and
transport the acid.

(2) INCREASED EXCLETION OF VOLATILE ACIDS BY THE LUNGS. -
Respiratory chunges leading to an increased output of carbvon
dioxide must naturally follow its displacement from the
" union with base. Otherwise the temsion of carbon dioxide
in the blood would increase and lead to the lowering of the
PH of the blood. In the present series there were no
marked respiratory alterations so that the excretion of the
extra carbon dioxide must have been of such relatively small
amount that no apparent strain was put on the respiratory
system.

(3) SUFPLY OF BASE FOR THE EXCRETION OF ACID. - The
kidney is undoubtedly the principal organ for the excretion

of the non-volatile acid radicles. The sweat glands may play

an/
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an important part in the metabolism of chlorine when large
amounts of sweat are produced, although Schwenkenbecker and
Spitta conclude that not more than one gram of sodium chloride
is excreted daily even during profuse sweating. In the
absence of hyperidrosis, at any rate, it is justifiadble to
assume that the amount of electrolyte lost in this way is
practically negligible. The bowel certainly plays a part in
mineral metabolism, but as far as the actual excretion of
chlorine is concerned the intestinal output is negligible.
Katzenstein has shown that administration of either acid or

alkali has no effect on the pH of the faeces although the

. urinary reaction is immediately affected while Scheer concludes

that the acidity of the faeces in infants is not due to excess
of acids over bases in the diet but to processes such as
bacterial action in the intestine. Accordingly one may
conclude that the extra acid supplied in these experiments
must have been excreted by the kidneys.

At the lowest possible value of the urinary pH chlorine
cannot be excreted as a free acid, so that it requires a full
equivalence of base. This base can be obtained in three
ways. (a) Base may be released from weak acids which can
be excreted either free or with only a partial complement of
base. (b) Extra ammonia may be formed. (e) Fixed base

. may/
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may be supplied from the tissues and tissue-fluids.

(A) Release of Base from weak Acids. - This is, of

course, an accompaniment, if not the result, of increased
acidity of the urine, which decreases the base-combining
powers of the weaker acids. Change of phosphate from the
mono-hydrogen to the di-hydrogen variety forms the best
example of the saving of base effected in this way.

If it is assumed that during the control period the pH
of the urine was 6.81, and during the NH4Cl period 5.91, the
amount of base saved by change of phosphate from NagHPO4 to
NaH,PO4 may be calculated as follows:-

"% at pH 6.81 - 50 per cent. of phosphorus is in the form of NaH2P04

n n 5 . 9 1 9 0 n 1] " n " " " " " n
0f 1000 mgrm. phosphorus,
at pH 6.81 500 mgrm. are present as HaH2P04
""" 5,91 900 " " " " n

In changing, therefore, from pH 6.81 to 5.91, 400 mgrm.
are converted from the mono - to the di-hydrogen variety.
Since one H-ion is involved in the change of each phosphate
molecule it would require 1 litre of normal acid to change
1 litre of normal phosphorus (i.e., 31 grm. phosphorus) from
the mono - to the di-hydrogen phosphate.

To/s
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0.400X1000
To change 400 mgrm. P. would require 31 c.cm, N/1

acid, (1.£&£., 13 c.cm. N/1 acid).

By change of urinary pH from 6.81 to 5.91 there will be a
saving of 130 c.cm. N/10 base for every gram of phosphorus
excreted.,

This saving i1s indicated by the increase in titratable
acidity. The response of the urinary system in this
direction reaches its maximum within a very short time of the
commencement of ammonium chloride administration. The base
80 released amounts, however, to only a small part of that
1likely to be required in any but the very mildest forms of
“iincreased acid exeretion, and it certainly would be hopelessly
%inadequate to meet the requirements of even the smallest

degree of acidosis that could be recognised elinically.

(B) Increase in Ammonis Formation. -  The work of

Benedicet and Nash has shown that ammonia iz formed in the
kidney. In cases of marked renal inefficiency the ammonis
output is low: +this must play an important part in the
Production of renal acidosis. In the subject with normal
renal function the supply of asmmonia forms a most important
'buIWark against acidosis. The increase in ammonia

formation takes some time to reach its maximum. Some

mechani sm/



Fig. VIIA,

Showing Dally Output of Ammonia Before, During
and After Administration of Ammonium Chloride.
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Fig. VIIB.

Showing Daily Output of Ammonia Before, During

and After Administration of Ammonium Chloride.
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mechanism is therefore required to tide over the needs of the
excretory system for more base until the supply of ammonia is
gsufficient to meet the demands. This mechanism will be
discussed in the next section, but before 1eaving the question
of increased ammonia production it is well to remember that
the increase in ammonis outpuf is continued after the need
for increased acid excretion has ceased. This is well shown
in the accompanying graphs (Figs. 7 A and B) where the output
of ammonia before, during and after asmmonium chloride
administration is plotted. It is evident that the fall of
urinary ammonia to the normal level does not take place till
the fifth day after the cessation of ammonium chloride
ingestion. As Gamble and his co-workers have pointed out
this continued formation of ammonia is of vital importance in
restoring the depleted stores of body to normal.

(C) Supply of Fixed Base from Tissues and Tissue-Fluids. -

This method provides the chief immediate means whereby excess
anions are excreted. The base may be derived from the bones
or from the other tissues in which latter case it must be
accompanied by fluid 1ﬁ order to prevent disturbances of
osmotic equilibrium;

In the bones calcium is found as phosphate with a small

amount/
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amount of carbonate. Accordingly the release of calcium
entails the freeing of phosphorus which must also be excreted.
In this transaction, however, there is a distinct saving of
base. In bone two molecules of phosphorus neutrslize three
molecules of calcium (i.e., six equivalents of monovalent base).
As excreted, however, the phosphorus in the urine is monovalent
while in the faeces it has probably about the same valency as
in the plasma, namely, 1.8. Accordingly for every equivalent
of bone phosphorus excreted in the urine we have the saving
of two equivalents of base, while for every equivalent in the
faeces the saving effected is 1.2.

If it is assumed that the excess of calcium excreted is
derived in proportionately equal amounts from the;carbonate
and phosphate of the bone, then one-fifth of this excess
comes from the carbonate. Therefore the amount of base
rendered available by the release of calcium carbonate may be
calculated as the equivalents of monovalent hase contained in
one-fifth of the total excess cglecium found in the excreta.
The amount of base obtained from the phosphate may be
calculated from the excess phosphorus as follows:-

(Excess urinary P. in c.cm.N/10X2.0)+(Excess faecal P.in c.cm.
§N/10 X 1.2)

It may be objected that not all of the extra calcium and

Phosphorus/
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phosphorus come from bone. As the calcium content of the
non-osseous tissues is relatively minute, bone must form the
chief source of caleium. Phosphorus, however,plays an
important part quantitatively in practically all metabolic
processes. In three of our cases there was more extra
phosphorus than extra calcium found in the excreta, thus
showing that bone is not the source of all the extra phosphorus.
The amount of extra phosphorus excreted from the extra-osseous
source probably forms, however, only 2 small fraction of the
total, and can only modify slightly the saving of base as
calculated from the above formula.

The fixed base from the non-osseous tissues consists
almost entirely of sodium and potassium, the former derived
chiefly from extra-cellular, the latter from intra-oellular
constituents. Both, however, are associated with an
equivalent amount of acid. If this base is excreted, some
means must be found for dealing with its anions. Of these
carbon dioxide is excreted by the lungs, while protein
which holds about ten equivalents of base is probably
catabolised. With the exception possibly of some of the
organic acid, the remaining anions demand their full quota

of base for neutralising purposes. The water carrying the

base/



TABLE 10

Showing The Means Employed in Neutralising The Excess Acid.

o

&)

N (1) 1 (2) (3) (4) (5) (6) (7) (8)
ame .
Incr. |[Incr. Incr.| Incr., base derived from| Tissue [Incr. Calculs
in Cl1l' {in T.A. in fluid lin c.cm,l
NHy Ca003 Faecal |[Urinary base fjurinary {B.Cl p
P! P volume |100 e,
excess
H20
N.G. [5933 917 3298 | 320 370 |192 837 1850 98.4
W.C. [6038 |1172 2452 | 145 30 |[896 1343 1475 91.4
J.F. [4470 527 3051 | 285 55 6 216  |231 93.5
4827 503 3670 | 116 340 n?.l 498 536 92'L‘
N.M. [6334 |1150 2768 | 721 |[1340 |236 121* |nil -

+This amount of fixed base was Probably supplied without the

accompaniment of fluid by the reduction of the fixed base content of

the blood by 15 c.cm., N/10 vper 100 c,cm.
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base must also be ot rid of in order to prevent an upset of
osmotic equilibrium. Accordingly for every 150 c.cm. N/10
base there will be rendered available only about 40 c.cm. N/10
for neutralising extra acid. This 40 c.cm. is made up of

24 c.cm. from B, H003 and the remainder from B. protein and
organic salts. The efficiency in supplying base is thus

only 26 per cent. even when blood plasma is the fluid called
upon, and must be less in the case of the tissue-juices

where the protein content is lower. Accompanying this

150 c.cm. §/10 base will be 100 c.cp. water which will contain
its normal quota of fixed acid (Cl', SO"4). The amount of
tissue fluid excreted during the ammonium chloride period is
indicated by the increase in urinary volume. The chlorine
content of this excess in urinary volume should, if the
hypothesis put forward be correct, approximate to that of the
Plasma.

In Table 10 are given the figures indicating the methods
whereby the excess of excreted acid (chlorine) has been
neutrglised. Column 1 gives the values for the excess
exeretion of chlorine. Columns 2 to 7 indicate the amount
of base derived from the sources indicated for the
neutralisation of this eXcess chlorine. The figures in

colunns/
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columns 2 to 6 are calculated from the results of the analyses,
but those in column 7 have been obtained as follows:-
€1 - (T.A.+ NHy+ Base derived from bone). The results do
not contain values for sulphates and organic acids which, as
has been shown by Gamble, are also excreted in excess during
acidosis. These acid radicles probably come from tissue
Juices and carry down with them their quota of base from the
tissue-juices. Thus the calculation of the figures in
column 7 in the manner stated obviates any error due to the
presence of excess sulphates. The figures for base given in

column 7 indicate the amount of tissue-fluid base combined

- With chlorine, in other vords the amounts of B.Cl. Accordingly

if these figures are divided by the corresponding increase in
urinary volume (Column 8) the results obtained should give
the value for the percentage of B.Cl in the tissue fluid
(Column 9). It is evident that these values lie between 90
and 100, therefore within the normal limits of chlorine in
Plasma and presumably in tissue juice. Despite the fact
that the method of caleulation 1s,and must be,one of
comparatively rough averages, the consistency of the values
S0 obtained is sufficiently striking to afford strong support
to the thesis which has been advanced. |

Several/



TABLE 11.
Showing Output of Cal0 and P205 in g. per day before , during
and after Administration of Ammonium Chloride.

i

kame Period Urinary | Output Faecal [Output Total Output

J.McF,| (1)7 days 0.247 1.884 0.899 [1.082 1.146 | 2,966
(2)3 n 0.299 1.950 - - - -
(3)7 0.284 |1.517 | 1.506 |1.759 1.790 | 3.276
(4)3 n 0.152 1.560 - - - -

E.Cr.| (1)7 days 0.216 1.24 0.188 |0.265 0.404 | 1.508
(2)3 0.247 | 1.36 - - - Z
(3)7 " 0.282 1.364 0.838 |1.043% 1.120 | 2.407
(4)3 » 0.140 1.133 - - - -
Period (1) Diet only.

" (2) Diet + NH4C1l gm.v 1st 3 days.
" (3) Diet + NHgC1l gm.v 4th - 10th days incl.
" (4) Diet only,1st 3 days after cessation of NH4Cl administr.
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Several further points may be noted. If the view

proposed is correct, one would have expected that the bulk of
the excess phosphorus would have been excreted in the urine,
since output by the kidneys effects a saving of two
equivalents of base per equivalent of phosphorus, whereas for
faecal excretiqn the economy achieved is only 1. 2. The
fact that the bulk of the excess phosphorus is not excreted
in the urine is probably related to the fact that there is a
close association between the calcium and phosphorus in the
faeces.

Another point of interest is the different extent to

.. Which the various mechanisms are brought into play in reacting

to excess acid. For the immediate supply of base both bone
and tissue-julces are called upon. The one exception to this
is the ammonium chloride period of N.M., where practically all
the necessary fixed base was derived from bone; less urine

was passed than in the control period indicating a lack of
response on the part of the tissue fluids. As to the

rapidity with vhich the osseous tissue responds to the stimulus
of an acidosis, the urinary calcium and phosphorus output was
determined in two children on constant diet before and during
the first three days of ammonium chloride administration.

The results (Table 11) indicate that extra calcium and
Phosphorus/
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phosphorus are found in the urine during the first three
days of ammonium ¢hloride ingestion. They also show the
fall in the urinary output of calcium and phosphorus
immediately after the administration of ammonium chloride
had ceased. H.L.White obtained an increased urinary output
of phosphorus within four hours of the administration of
acid, but considered this merely a temporary phenomenon.
Haldene, Hill and Luck, however, found a definite increase in
the urinary output of phosphorus for 24 hours following the
ingestion of large amounts of calecium chloride. On the
other hand Gamble, Blackfan and Hamilton observed no
significant change in phosphorus excretion gfter the intake
of moderstely large amounts of acid. These divergent results
would appear to be due to the fact that in some instances a
large proportion of the extra phosphorus is excreted through
the urine while in others it appears almost intirely in the
faeces. Occasionally, as in Case J.McF., during the height
of the acidosis produced by ammonium chloride the urinary
output of phosphorus is decreased below the normal level
although the total output is greatly increased.

A consideration of the evidence adduced shows the onset
of acidosis is resisted by three main reactions, which may be
termed (a) Haemato-respiratory, (b) Call on fixed base of

the tissues, (¢) Increased production of ammonia.
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The haemato-respiratory defence meets the first onslaught
of excess acid. It consists of various buffering mechanisms
in the blood itself, resulting in the neutralisation of the
strong acid and its replacement by one which is very poorly
dissociated, carbon dioxide. The excess of free carbon
dioxide is dealt with by the respiratory system. It is clear
that the store of available carbonate is limited so that
this defence must be very speedily reinforced to prevent
severe acid-poisoning.

Very rapidly the kidneys respond with an increased output
of un-neutralised acid but owing to the limits of hydrogen-ion
concentration within which the kidneys work, such an increase
can only account for relatively small amounts of acid.
Accordingly the two other defensive processes must be called
into play. ¥While the two are probably brought into asction
almost immediately, ammonia production takes some days before
it reaches its maximum. Accordingly the fixed base provides
a temporary means of dealing with the excess acid. That it
is only temporary is demonstrated by the fact that when renal
efficiency is seriously impaired as in chronic interstitial
nephritis, acidosis frequently ensues indicating that the

amount of acid produced, although not excessive, has depleted
the/
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the store of fixed base.

The call for base is met by withdrawal of lime Tfrom the
bones and potassium and sodium from the soft tissues and
tissue fluids. In conditions associated with long continued
excess acid production there often ensues decalcification
and in the growing child dwarfism. Of more immediate
urgency is the fact that withdrawal of sodium from the fissue
fluids entails the removal of large amounts of water which
generally leads to dehydration. This constitutes one of
the chief dangers of acidosis and must be remembered when
therapeutic measures are undertaken, especially when
associgted with the acidosis there is loss of fluid by the
bowel. An attempt to mske good the loss of tissue f£fluid is
possibly the cause of the increased tissue catabolism which
results in increased production of acid.

Last of all to reach its maximum is the increased
production of ammonis. In a sense this defence is the most
important and powerful of all since not only easm it deal with
relatively emormous quantities of acid but it can and does
vermit of the strengthening of the other defences. It has
been pointed out that excess production of ammonia obviates

the necessity of excreting large amounts of fixed base the

store/
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store of which can therefore be replenished. The importance
of ammonia as a defensive agent against acidosis emphasises
the importance of a plentiful supply of fluid. The
beneficial effect of ammonia production can only be realised
when it 1s excreted and the amount excreted depends in

great part on the volume of urine.

SUMMARY.

The effect of prolonged administration of ammonium
chloride on the metabolism was studied in four apparently
healthy children. In none was any clinical manifestation
of acidosis produced.

The changes in the blood consisted of:-

(a) Reduction in carbon dioxide content occurring early;

(b) Moﬁérate increase in chlorine content which did not
exactly compensate the deficiency in carbon dioxide.

(e) Slight increase in serum caleium and reduction in
serum phosphorus.

The changes in metabolism consisted of:-

(a) Increased urinary output of titratable acid and
ammonia, The latter did not reach its maximum till the sixth
day/ -
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dey of ammonium chloride administration or later.

(b) Increased output of chlorine. Two peaks were
apparent one on the second and one about the sixth day, the
latter usually coinciding with the first maximum output of
ammonia.

(e) Increased output oflcalcium and phosphorus by urine
and faeces and decreased retention. Short term experiments
on other subjects indicated that the increase in output of
calecium and phosphorus probably occurred within three days
of the commencement of ammonium chloride administration.

(4) Increased excretion of fixed base by urine and faeces.

—eQ=e
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Chapter Two.

Appendix A.

A TOTE ON THE EFFECT OF
INGESTION OF HYDROCHLORIC ACID ON THE EXCRETION AND
RETENTION OF MINERALS.

It has long been stated that diets in which mineral
acid elements exceed fixed base tend to produce
decalcification (Berg: TFerrier). Givens and lendel, Goto,
Stehle and lMcCarty, Fiske, Goodall, Hathaway and West, and
Aub, Fairhall, Minot.and Reznikoff have all shown that
-ingestion of mineral acids such as HCl leads to increase in
urinary output of calcium and phosphorus. This has been
attributed to the more acid reaction of the intestinal
contents which as Telfer has shown causes a better absorption
of minerals. The statement has béen made by Bernhardt,
Givens and Mendel and Irving that hydrochloric acid increases
urinary calcium at the expense of the faecal content. Stehle
and Shohl and Sato, however, found an inecreased faecal output
of lime after the ingestion of hydrochloric acid.

Moreover/



TABLE 12

Showing Intake, Faecal and Urinary Outputs

and Phosphorus

and Retention of Calcium

(g).

i

Yerioda [lfotal Intake | Faecal Output . Urinary Output T % of total Total Retention
output in urine
Name [Intake Days| Ca0 | P,0g Ca0 [P20; | Cad 505 Cal P05 Ca0 P205
MeI | Milk | 7 [16.80 [24.64 |13.754 [13.869 0.608 | 8.512 | 4.2 | 38.0 2,438 | 2,259
Milk 7 15.58 (24,08 13.350 |11.92 1.766 |11.408 11.6 43.9 1.460 0.752
HC1 -
Ww. Milk 7 115.75]23.10 | 12.378 |13.268 0.924 | 7.238 6.9 35.3 2.447 | 2.594
Milk | 7 |15.44(22.58 | 9.448 | 8.851 4.165 [15.47 | 30.5 53,7 1.R27 | 1.746
Hel




TABLE 13.

Showing Ash, Calcium, Phosphorus and Fat

Content of Faeces.

o

Period 1. ’ Period 11.
(normal) ; (HC1)
1
Total % in i Total % in
in g. Faeces i in g. Faeces.

R.McL | Faecal wt. (Dried) 57.55 - § 59.6 -

Ash 55.1 @ - 48.4

Cao 23.9 13.350 22.4

g 24,1 11.92 20.0
Totgl Fat 1o .95 18'04 11.795 |19.79
Combined Fatty Acids| 5.013 .71 7.4%32 |[12.47
Free Fatty Acids 3.403 5.74 2.736 4.59
Neutral Fat 2.642 4,59 1.627 2.73%

D.W. Faecal wt.(Dried) 80.9 - 54. 3 -

Ash 27.8 40.0

Ca0 12 378 15.3 g 448 l%'

P305 . 268 16.4 851 |1 .g
Total Fat 848 19.53 10.061 | 18.53
Combined Fatty Acids 8.882 10.9 5.560 | 10. 24

Free Fatty Acids 8.242 6.48 2.05% 3 78
Neutral Fat 1.723 2.13 2.450 4.51.




TABLE 14

Showing Titratable Acidity, Ammonia and
Sodium Chloricée Output in Urine.

Neme |Period Volume | Titratable Ammonia Sodium Chloride
ce. Acidity ce. ce.N/10,
cec.,N/10 N/10
R.McI|1(Normal) 7440 1067.6 1762,4 2342
2 (HC1) 8155 2691.6 9596.0 13551.
D.W. | 1(Normal) 7295 841.6 1334.4 2428
2. (HC1) 8880 2501.0 8989.0 13636
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Moreover the results obtained in ammonium chloride acidosis
indicate that even without apparent alteration in the reaction
of the intestinal contents the presence of increased amounts
of acid in the body will lead to an increased excretion of
minerals by the kidney. The following investigation was
undertaken to determine whether the increased renal output
of calcium and phosphorus could be entirely attributed to

better absorption in the gut or whether the action of the

* inereased amount of acid on the metabolic processes of the

body also played an important part.

The effect of ingestion of hydrochloric acid was
determined on two children who were kept on a constant milk-
diet throughout the investigation. During the last seven
days they were given 20 cc. of N/1 hydrochloric acid five
times daily.

The results detailed in Tables 12, 13 and 14 correspond
well with those obtained after ammonium chloride ingestion
except that the faecal excretion of both phosphorus and
calcium is reduced. The mineral retention is markedly
diminished due to the very greatly increased output in the
urine. Figure 8 which shows the daily excretion of ammonia

and chloride indicates that as in ammonium chloride acidosis

it/
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TABLE 15.

Showing the Means Employed in Neutralising the Excess Acid

Excereted by the Urine.

Increase |Base Base derived Increase| Tissue |[Incr.in [Calculal
in Cl. released from in fluid | Urinary |cc.N/10
Name by inecr. Ca003 Phosphate |[Ammonia Base [Volume BC1l per
in T,.A, . 100 ce.
Excess
Urinary
Water
R.MeI.|11208 1559 54 271 7655 1569 [1585 99.0
D.W. |11209 1552 22 1090 7834 711 715 99.0

All figures indicate cc.N/10 except those for urinary volume

which are in cec.
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é@ it requires about six days for the ammonia output to reach
its maximum. The first peak of chloride excretion ocecurs
on the third or fourth day, later than was observed with

ammonium éhloride:hzt on the day of maximum ammonia excretion

there is a Bendency for a second chloride peak. Furthermore,

when the source of supply of the base required for the

transport of the extra acid is investigated in the manner

previously suggested similar results are obtained. It is

apparent from Table 15 that the calculated molar concentration
~§$ of BCl in the excess urinary water excreted during the H C1l
Vperiod falls within the normal limits of the chlorine
concentration of the plasma.

Undoubtedly the diversion of much of the mineral excretion
from the intestinal to the renal route is due to the increased
acid reaction in the gut which renders the minerals more
readily absorbed but in the light of the results recorded here
it seems reasonable to suggest that the faecal and urinary

outputs of minerals must be considered together and the

inereased total excretion referred to the call on the osseous
‘“-tissues for more base, It is clear that the mechanisms

involved in the transport of excess écid are similar whether

- the acid is given in the form of free acid or a neutral salt.

é —e-0---




Showing Effect o

TABLE 16.
f Acidotic Conditions onm

Urinary Excretion of Calcium.

“Name Nature of Urinary Output of Cal. (mg.per day)
Acldosis
. Normal Acidosis
N.G. NH4Cl 201 421
W.C. NH,C1 217 371
J.F. NHyC1 114 356
N.M. NH,C1 283 456
McF. NH,C1 247 284
Cr. NH401 216 2832
R.McI HC1 87 252
D.W, H C1 132 595
JoG. Diabetic + 103 700
Ketosis
J.MeK. | Diabetic + 386 520
Ketosis

Y The normal period in these two subjects was obtained by

administration of sufficient insulin to prevent glycosuria and

acetomuria,

I am indebted to

Dr. F.J.Ford for these figures.



Chapter Two.
Appendix B.

A NOTE ON THE
URINARY EXCRETION OF CALCIUM AND ACID-BASE EQUILIBRIUM.

Effect of Administration of Alkali on liineral lMetabolism.

A survey of the effects of ammonium chloride or
hydrochloric acid ingestion shows that a constant feature
is the increase in the output of calcium by the urine. The
accompanying table (16) summarises the results already
detailed in the previous sections. In addition it contains
figures for the urinary calcium of output of two diabetiec
children on constant diet during two periods in one of which
no insulin was given, thus causing a fairly well-marked
ketosgis. It is obvious that in acidosis produced by excess
ketone-production there is also an increase in the exeretion
of calcium by the urine. These figures suggest that the
amount of calcium eliminated by the kidneys is dependent on
the amount of acid substance to be got rid of by the body.

If this hypothesis has mny basis in fact the administration
of/
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of alkali by lessening the amount of excess acid to be excreted
ought to produce a definite decrease in the urinary output of
calcium.

Dagois and Stolte attributed the favourable effect of
malt soup on the calcium retention by infants to the alkali
in the soup but Sato showed that any such effect was not the
result of contained alkali and indeed that addition of alkalil
led to poorer retention. Shohl and Sato found that the addition
of sodium bicarbonate to the diet decreased the urinary excretion
of lime and phosphorus and Bogert and Xirkpatrick obtained
similar results by the use of a diet containing excess of
base. Zucker found that the addition of 15 g. of sodium
bicarbonate to a diet containing 1.5 g. calcium led to the
appearance of 22 per cent. of the exereted calcium in the
urine whereas on the same diet without the extra alkali the
urine contained 29 per cent. of the calcium output.
Farquharsoh, Salter, Tibbets and Aub observed but little
change in the elimination of lime after the administration
of large amounts of alkali. The problem, however, is
complicated by the fact that alkali in large amount causes
a rise in the pH of the intestinal contents which will

impair the absorption of minerals. ‘Thus Irving has shown
that/



TABLE 17

Showing the Effect of Intake of Alkali on the Excretion

and Retention of Calcium and Phosphorus.(g.)

Name Period Total Intake UrinaryDutput Faecal Output Total Reteni
Ca0 P04 Ca0 = P05 Cal P205 Ca0  P205

N.M, |Formal |17.91] 24.64 | 1.174 | 8.649 16,913 {17.140 |-0.177 |-1.14
Bicarb. [ 17.91( 24.64 | 1.934 | 9.300 17.061 15.917 [=1.085 |-0.57)

J.H. | Normal |22.40| 30.80 | 0.818 p2.775 11.945 10,816 |+9.637 [47.209
Bicarb. | 22.40| 30.80 | 1.404 |11.880 26,157 [21.867 | -5.161|-2.94




TABLE 18.

Showing Effect of Intake of Alkali on Titratable Acidity) Ammonis,

Urea and Sodium Chloride in Urine.

Name | Period Volume |[Titr.Acidity | Ammonia Urea Sodium Chloride
cc.N/10 cec.N/10 e g
N.M. | Normal 7595 921.8 1339.8 |103.72 17.72
Biecarb. 8950 33,6 120.8 |115.83 17.60
J.H. | Normal 8295 1371.0 1442.6 |133.50 19.01
Bicarb. 8635 31,2 121.8 |141.73 15.87

gesim
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that the absorption of calcium chloride is enhanced by the

addition of acidifying acetate solutions and impaired by
citrate solutions, and Hjort noted that less calcium was
absorbed when it was administered as the carbonate than as
th lactate. Hamilton and Moriarty from investigations on
infants concluded that the amount of lime in the faeces
depended upon the fixed base and buffer content of the milk.
Albright and Ellsworth who found that on administration of
alkali there was an increased faecal output of phosphorus
attributed4this to impaired absorption.

The following experiments were carried out to determine
the effect of alkali administration on calecium and phosphorus
retention and mode of excretion. Each subject received a
constant diet, whole milk and sugar throughout the
investigation. During the last seven days each was given
10 g. of sodium bicarbonate daily. The results are given in
tables 17 and 18.

In both children the urinary and faecal outputs of
caleium were increased and the retention impaired. In one
a negative balance of phosphorus was slightly reduced owing
to diminution in the faecal output, although the amount in
the urine was increased. In the other a positive was

converted/
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converted into a negative retention of phosphorus because of
the great increase in the faecal excretion which overshadowed
the diminished urinary output. It is interesting to note that
the exceretion of water and urea by the urine was slightly
increased while the chloride output was slightly decreased.

The diminished excretion of the latter was due to the sudden
fall in qutput on the first two days of alkali administration:
in the last few days the amount of chloride reached the level
of the normal period.

It is clear, however, that these results lend no support
to the view that excretion of calcium by the kidney is
increased only in acidotic conditions. Apparently any
disturbance of acid-base equilibrium leads to increased loss
of calcium, part of which excess is lost by the wurine. The
cause of the loss in acidotic conditions has been shown to be
due to the action of acid substances on the bone, the liberated
calcium serving the useful purpose of neutralising the acid.
There is no obvious explanation for the loss of calcium.in
-states of alkalosis.It is possible that the presence of excess
base has an action on the bone-phosphatase whereby calcium is
not so efficiently laid down in the bone but with the
insufficient data available it is idle to theorise.

===
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Chapter Three

THE ACIDOSIS OF SALICYLATE POISONING.

Ever since the introduction of salicylic acid compounds
by liaclagan in 1874 it has been noticed that signs and symptoms
of intolerance were not uncommon especially where larger doses
were given unaccompanied by alkali. There has been much
discussion as to the fundamental nature of these disturbances.
While the majority of workers have considered the condition-
of salicylate poisoning to be associated with, if not caused by
acidosis, no unequivocal evidence has been adduced in support
of this view. The administration of alkall with salicylate
was strongly recommended in 1908 by Lees, who stated that
the tolerance of the patient was greatly enhanced and modefn
workers have justified the combined salicylate-alkali therapy
as a method of preventing acicosis. Thus Bernard and
lierklen state that aclidosis is occasionally met with during
salicylate administration and that there is lowering of the
alkaline/
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alkaline reserve with ketonuria. They further state that.
these manifestations disappear when sodium bicarbonate is
given. Certain observers have, however, within recent
years denied the necessity of alkali administration.
Hanzlik in a comprehensive monograph on the salicylates
written in 1924, asserts that "it is hardly conceivable that
the true>reaction of the blood could be sufficiently altered
so as to cause real acidity, and the results of 0ld and recent
observations confirm this opinion". If by real acidity is
meant a pH of the blood less than 7.0 then this statement is
almost certainly correct. By acidosis, however, is
generally understood not an actuzl acid reasction of the blood
but a reaction less alkaline or more acid than what is
found in healthy subjects. Hanzlik further goes on to state
that alkalis do not prevent or modify the appearance of toxie
symptoms. He quotés Meara as stating that the use of alkalil
"is directed more b; tradition than rationale", but lleara was
discussing the alkali treatment of rheumatism rather than the
beneficial effect of the addition of alkali to sodium
salicylate.

At the Royal Hospital for Sick Children, Glasgow, it has

been the custom to give sodium salicylate combined with

twice/
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twice the amount of sodium bicarbonate to every rheumatiec
patient during residence in hosgpital. The dosage of
salicylate usually employed is 15 érains four-hourly, or
90 grains daily; occasionally 20 grains four-hourly (120
grains daily) are given. With these doses sigﬁs of
intolerance are seldom observed. Jomiting is the only one
which may be said to occur with any frequency and if I.angmead's
advice is remembered and the bowels kept freely open, it is
rare that any intermission of the drug therapy is necessary.
There are, of course, cases in which there does seem to be
a special idiosyncrasy to salicylate just as occurs with
many other drugs, e.g., arsenic and morphine. It is
therefore advisable to commence with smaller doses which can
be gradually increased till the usual amounts are reached.
Aspirin is thought by some to be tolerated better than
salicylate of sodium, but actually the tolerance would appear
to be related to dosage rather than to the particular form
of sglicylate used.

CLINICAL OBSERVATIONS OF THE VALUE OF THE ADDED ATIATLI.
‘A logical method of testing the value of the added
sodium bicarbonate seemed to be to give certain patients
salieylate alone and observe the ill-effects, if any, produced
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TABLE 19,
Showing Tolerance of Children to Sodium Salicylate without Sodium BicarbmJ
Name |, Age |Daily dose of|Duration of Other signs
@bars) Sod.Salicyl. treatment |Vomiting of Acetonuﬂ%
(Grains) (Days) intolerance
B.G. 7 50 40 nil nil nil
M.K. 12 50 33 nil nil nil
F.K. 10 60 35 ! 1 nil nil
I.J. 12 60 14 9% nil nil
|
| ¥  When
J.McL, 9 60 48 1 nil vamiting
occurred.
*
J.W. 8 60 30 4 nil on 2
occasions,
st
K.C. 9 60 16 5 nil occasionall]
+
A.S. 6 90 3 3 Tremor, last day
ner7ou3N3Is
acidosis.
PP
Nervousness, +
Jd.S. T 90 4 2 headache, last day
depression,
e
Tremor,
W.P. 7 90 2 2 Nervousness, nil
headache.
—

$This patient vomited twice before cokmencement of sodium salicylate
administration.



and then to add bicarbonate and note any diminution or
alleviation of the toxic manifestations. It was soon found
that 60 grains dasily was the maximum amount which, without
the addition of alkalil, could be tolerated by the average
child without toxic signs appearing. 50 grains daily in
no case produced any ill effects, but 6O grains not
infrequently produced slight vomiting which was not always
attributable to constipation (Table 19).

If the daily amount was inereased to 90 grains, signs
of intolerance were invariably produced in 3 to 5 days, and

in some cases these were of a severe and alarming nature.

. Vomiting was a constant and early sign and usually preceded

all other manifestations of salicylism. Drowsiness and
confused mental states or mental torpor occurred in some.
Many became apathetic and disinterested, and in one instance
the speech was thick and slurring. Alr-hunger of greater or
leas severity, but not necessarily in proportion to the

other signs, occurred in all cases and sometimes to a marked
degree; this was the typical acyanotic dyspnoea which is
known to be associated with an acidosis of the acid-
roisoning type. Acetonuria was present in the majority of
the cases, but was never extreme and in a few cases was

entirely/



Showing Beneficial Influence of Previous Administration of Sodium Bicarbor

TABLE 2.

on Tolerance of Children to Sodium Saliecylate

uration of

Puration of |

1 administration administration| : Other si
Neme | Age: . |of Sod.Sal. Vomiting | of Sod. Sal. Vomitin of
@earsj gr.90 Sod. gr.90. intolerane
' Bic.gr.180.
(Days) (Days)
2
A.MeG, | 11 80 nil 28 nil nil
J.W, 9 78 nil 13 nil nil b
M., 11 68 nil 33 Once on nil
6th day ]
.
M.F. 9 67 nil 20 nil nil
b
M.J. 8 34 nil 11 nil :
R.McI.| 9 28 nil 12 Once on
2nd.day.
D.W. 8 27 nil 15 Once on
8th day
S
R.S. 8 24 nil 23 Twice nil &
P
Twice on
A.McC. | 11 7 nil 6 5th day.| Headache,
Twice on depressio®
6th day K
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entirely absent. Tinnitus, strangely enough, was not
troublesome and in the present investigation was not
complained of by any of the patients. This manifestation,
however, has occasionzglly proved troublesome in some patients
recéiving both sodium salicylate and sodium bicardbonate in
the routine way. All the above signs and symptoms
disappeared rapidly on discontinuing the salicylate, or on the
addition of twice the amount of bicarbonate.

It is an interesting and practical observation that in
those patients to whom salicylate and bicarbonate had been
previously given, the signs of poisoning on omitiing the
alkali either did not develop, or if they did, were not as
E?4severe as in those to whom no alkali had previously been
gliven. From Table 20 it will be seen that of the ten
patients to whom sodium salicylate and sédium bicarbonate had
previously been given, four showed no toxiec symptoms, while
vomiting occurred in five, only one of whom suffered with
headache and depression. The last child, it is interesting
to note, had only had the alkali combined with the salicylate
for a short period of seven days.

It seems indisputable, then, that whatever else the alkali

RBay do, it is very valuable in preventing the development
. ot/
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of the signs and symptoms of salicylate poisoning. S0
striking is this that it seems unjustifiable to prescribe
large doses of salicylate without giving in addition sodium
bicarbonate.

THE NATURE OF THE TOXIC MANIFESTATIONS.-

There is considerable difference of opinion regarding
the nature of the toxic manifestations caused by the
salicylates. VWalter in 1877 found that the CO, content of
the blood of an animal poisoned with sodium saliecylate was
reduced to 11.2 volumes per cent. and therefore argued that

death could not be due to an acidotic condition, a

-z conelusion that would not now be drawn from this evidence.

Meyer stated that sodium salicylate inhibited oxidation but
did not influence the alkalinity of the blood. Scott,
Thorburn and Hanzlik using colorimetric dialysis methods
d4id not detect any change in blood reaction or decrease of
alkaline reserve in men, dogs or cats receiving full doses
of salieylate. Hanzlik came to the conclusion that
salicylate poisoning was not of the nature of an acidosis
but none of his objections are incompatible with such a
disturbance. He drew a comparison between salicylate

Poisoning and the condition present in diabetic acidosis

which/



TABLE 231,
Showing Changes in 002 Content of 3lood after Administration
of Sodium Salicylate without Bicarbonate.
Name CO> Content of Blood - vol.. per 100 cc.|Dally Dose |No.of Days o
of Sodium
. Sod. Sal, .| Salicylates.
Before Salicylate During Salicylate (grains,

J.S. 61.8 48.8 15 4

W.P. 62.6 47.0 30 A

M.N. 63'1 40’9 30 Z

" 375 50

J.S. 58.2 33,5 60 3
]

J.A, 59.8 23.0 60 4
—

J.K. 61.3 25.0 90 5
_--"

J.McL 64.8 16.4 90 4

M.D. 5705 2308 90 3
]

JeGe 58.9 23.2 90 2

A.S. 53.0 35.6 9 0 3
R

P.P, 47,1 21.7 90 2

J.S. 57.0 26,8 90
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506
which he put dovm to the action of certain enol acids but
because he could find no shift in the hydrogen ion
concentration of the blood he concluded that there was no

acidosis.

Changes in Carbon Dioxide Content of the Blood.

In the present investigation are recorded the results
of administration of sodium salicylate without allkali. In
every case changes were noted in the carbon dioxide content
of the bhlood which showed a marked reduction (Table 21 and
Tig. 9). “Then the dose of sodium salicylate ampunted to
90 grains daily the carbon dioxide fell to a figure below
42 volumes percent. Vith values between this and 35 volumes
per cent. symptoms such as vomiting and air-hunger bhegan to
appear. At 30 volumes per cent. symptoms were invariably
present and frequently severe. On discontinuing the drug
the blood returned to normal fairly quickly but an even more
rapid recovery was noted when sodium bicarbonate was given
although in some cases the salicylate was continued.

A fall in the carbon dioxide content of the extent
recorded here must mean the development of a non-gaseous
: acidosis or of a gaseous alkalosis.. The clinical pieture of

a moderately severe case was that of a non-gaseous acidosis.
_ Thes
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67.
Phe air-hunger so characteristic of acidosis was sometimes
very marked)the deep and rather frequent respirations being
readily heard when one entered the ward. Furthermore, the
fact that administration of alkall caused a return to normal
clinical and biochemical conditions is definite proof that
salicylate poisoning is not a state of alkalosis.

Theoretical Carbon Dioxide Dissociation Curve of the Blood.

Opportunity was taken in one case of salicylate
poisoning to construct a theoretical carbon dioxide
dissociation curve of the blood according to the method
described by Barcroft, Dryerre, lesakins, Parsons, T.R., and
Parsons, W. The child, R.H., aged 5 years convalescing
. from a mild attack of rheumatism, had been receiving sodium
salicylate (10 grains) with sodium bicarbonate (20 grains)
six times daily for four days when he suddenly became dyspnoeic.
The carbon dioxide content of the venous blood was found to
be 32.4 volumes per cent. A theoretical curve (Fig. 10) was

constructed from the following data:

CO, tension €0, Content ¢cH x 108
in mm,.Hg. in vol.%
36.% 38.4 5.6
20.0 31.0 -

A/
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A comparison of this curve with one obtained (Fig. 11)
from the blood of 2 healthy child shows that it is definitely
iower. At a tension of 40 mm.Hg. the blood contuins only
40,1 volumes per cent. instead of 50 volumes per cent., i.e.
about 20 per cent. below the standard. The relationships
between ¢H and carbon dioxide content and carbon dioxide
tension are graphed in figs. 12 and 13 respectively. From
these it is evident that the same increase in carbon dioxide
content or pressure produces a greater rise in GH in the
salicylate than in the normal blood. The relationship
between the volume of carbon dioxide and CH is expressed by
the equation

V COp = ¢+Db (cH X 108)
where V 002 = Carbon dioxide content in volumes per cent.

¢ = theoreticgl amount of available alkali united with
carbon dioxide at zero tension of carbon dioxide.

b = degree of buffering represented by the increase in the
volume per cent. of carbon dioxide per unit increase of cH.,

This equation is easily deduced from the theoretieal
dissociation curve. The figures obtained were ¢ - 14.0 and
b - 4,4, Barcroft and his co-workers give the limits of

‘normality as © 27.0 to 9.0 and b 6.5 to 10.1. It is clear
that/
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that the amount of alkali (¢ 14.0) is well within the limits
of normality while the degree of buffering (b 4.4) is
diminished. The faulty buffering is possibly due to the
toxic action of the salicylic acid on the biological processes
constituting the so-called buffering mechanism.

The question of the pro@uction of an acidosis in the
poisoning by salicylate can be answered in the affirmative.
The clinical picture, the behaviour of the carbon dioxide
content and the response to alkali point very convincingly to
this. The problem that now presents itself is the nature of
the excess acid. There are two possibilities either that it
is exogenous or that it results from an accumulation of normal
or abnormal acid metabolism due to insufficient elimination.

IS SALICYLIC ACID THE EXCESS ACID?

Although in this investigation the salicylate was always
given as g neutral salt one naturally turns to the saliecylic
radicle as a possible cause. The concentration of salieylate
in the blood after prolonged administration of salicylate is
reported by Hanzlik to vary between 10 and 35 mgm. in the
rheumatic patient. The amount of salicylafe in the blood
of each of three patients was estimated after six days'

administration of sodium salicylate first without and then

with/



TABLE 22.

Influence of Sodium Salicylate with and without Sodium Bicarbonate

on the Blood Content of Salicylate and CO,

NME | J.Bo Ih{.N{a I-So
Period 1. 2. 3. 1. 2. 3. 1. 2. 3.
Saligylate content - 9.3 |29.0 - 6,9 |13.0 | - ]13.0 |94.0
ng .per 100 cec. _
milli.mol.per litre| - [0.67 [2.09 - |0.50 [0.94 | - 0.94 |6.80
002 content
vol .per 100 cent |50.6 [29.5 |59.7 [49.8 [29.8 |52.3 |53.9 | 17.1 |47.1
illi.mol.per litre |22.6 [13.1 [26.7 |22.3 {13.2 |23.4 [24.0| 7.3 |21.0
Period 1. - Control
" 2. - Dod. Salicylate alone.
" 3., - Sod. Salicylate and Sod. Bicarb.
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with sodium bicarbonate. The blood was taken early in the
morning prior to any food or drug. The results are noted
in Table 22.

Free Salicylic acid was never found except in traces,
the drug always being present as the salt. The salicylate
content of the blood in the periods without alkali varied
between 6.9 and 1%3.0 mg. per 100 cc. while in the alkali
periods these figures were increased two to fourfold.

The fact that salicylate was present in the blood in
greater abundance in the alkali period in spite of the
absence of symptoms is itself evidence against salicylic
acid being the excess acid responsible for the locking up of
available base. Furthermore, the amount found to be present
during the low carbon dioxide period is quite insuffiecient to
compensate as a base-holding substance for the defieit in
carbon dioxide. The maximum amount of sslicylic acid found
in the blood during the presence of toxic symptoms amounted
to 13 mg. per 100 cc. which is equivalent to 0.94 milli-mol
per litre. This would only account for a diminution in the
carbon dioxide of 2.1 vol. per cent., whereas the fall in
carbon dioxide amounted to 36.8 vol. per cent. It is clear
therefore, that the fall in carbon dioxide is not merely the
© result/ | |



TABLE 23.

Changes observed in the Urine as a result of Administration of Sodium

Salicylate with and without Sodium Bicarbonate

Titratable Total NH3ZNX100
Name |Period | Volume acidity in |Ammonia |[Nitrogen Urea | NeC!
in c.cm. |c.ocm.¥/10 |in g.. Total ¥ Se.| &
J.B, % 1,;;2 égg.z 0.378 2.21 4'8 18.8i 2.7%
. 0.311 .22 . 13,24 [1.90
3 1,257 32.3 o.goo 8.081 3.2 15.66 [2,42
sl EERREy B RO - B e e
3 1,299 34.2 0.052 §:1% 0.77 |15.97 [2.38
Sl I N O R - O e
3 1,103 11.7 0.052 g:os 0.65 |16.59 [1.776
Period 1 - No medication |
" 2 - ©Sod. salicylate.

" 3 -

Sod. salicylate + sod. bicarbonate.
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result of its replacement by salicylic acid. The other
alternative is the presence of an excess of acid produced
as a result of disordered metabolism.
URINARY CHANNGES PRODUCED BY ADMINISTLATION OF SALICYLATE. -

It has long been known that albuminuris occasionally
appears during salicylate administration. This naturally
leads to the assumption that salicylates damage the renal
cells. Hanzlik and his co-workers have published resultis
which indicate a diminution in renal functional efficiency.

In three cases a study was made of the changes which
occurred in the urine as the result of salicylate administration
With and without the addition of alkali. The urine was
collected from each patient for three periods of 6 days each.
The first was a control period, during which time no drugs
were given. During period two sodium salicylate (six doses
daily of 15 grains in one, and 10 grains in the other two
cases) was given; and during period three, the same amount
of salicylate with twice the amount of sodium bicarbonate.
During all three periods the diet, consisting of measured
amounts of milk and sugar, was kept constant. In no case
was there any loss by vomiting . These results are
tabulated in Table 23,

From/
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From the results some interesting facts emerge, the
most striking being the fall in the ammonia coefficient of
the urine during vperiod 2. As is well known a rise in this
figure would be expected if the condition were an acidosis of
the acid-poisoning type, and the fact that in each of the
three cases there was a slight but distinet fall would appear
to point to impaired renal function. During period 3 as
expected, the fall was pronounced due, of course, to the
extra amount of fixed alkalil available. Further investigation
strengthens the suspicion of impaired renal efficiency during
the sdministration of salicylate without alkali. In two of
the subjects there was roughly a 20 per cent. reduction in
the volume of urine excreted during period 2; in the third
cese there was no change. It has been noted by Hanzlik that
full therapeutic doses lead to a decreased urinary volume and
it is worthy of note that in all three instances the addition
of the alkali resulted in a marked increase of diuresis.
The ures output was also diminished in the second period and
increased by the addition of the alkali. The total nitrogen
of the urine was similarly affected, while evidence of
chloride retention on salicylate alone is very definite.
It may well be that the fall in carbon dioxide of the blood

and tissues is responsible for this retention of chlorine in

order/



TABLE 24,
Showing Effect of Administration of Sodium Salicylate with and withot
Sodium Bicarbonate on Urea-Concentrating Towers of Kidney.

(Urea Concentration Test).

Name JB. M 1.5,

Fggriod 2 3 2 -3 2

% of urinary urea before administration1.56 {1.08 |1.86 [0.90 | 1.86 |1
of urea

% of urinary urea one hour after 1.74 [1.74 |1.44 [1.86]1.26 |2

administration of urea 15 grm.

% of urinary urea two hours after 1.44 | 2,86 | 1.22 | 2,58 |1.24 |3
administration of urea 15 grm.

Period 2 - Sod. Salicylate.

Period 3 - Sod. Salicylate+ Sod. Bicarbonate.
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order to compensate for deficiency in acid radicle, but the
other observations lend more support to diminished rensl
activity being the causal factor. The urea-concentration
test (15 grm. urea given) also gave corroborative evidence
(Table 24). Here again the alkali was found to restore
the urea-concentrating power of the kidney to a normal level.
Blood examination did not reveal any positive indication of
kidney dsmacge. The non-protein nitrogen and chlorine content
were found to be within normal limits. Hanzlik states that
while the non-protein nitrogen of the blood is somewhat
diminished the urea nitrogen is increasecd. He also maintains
that the impairment of kidney function occurs equally with
and without the use of alkalis. The results with the urea-
concentration btest (Table 24), as well as the improved
urinary output of those patients receiving sodium bicarbonate
as shown in Table 23 would appear to warrant the statement
that sodium bicarbonate protects renal function. A
corroborative finding was the more frequent occurrence of
albuminuria when the patients were on salicylate alone.

EVIDENCE AS TO THE PRESENCE OF ZXCESS ZENDOGENOUS ACID.-

It has been stated by Hanzlik that the symptoms of

salicyl poisoning resemble those occurring in diabetic
- acldosig./



Changes in Fasting Blood-Sugar during Administration of

TABLE 25.

Sodium Salicylate without Bicarbonate.

Name Fasting Blood Sugar - mg. per 100 ce., |Daily Dose | No.of Days
of on
Before Salicylate | During Salicylate Sod.Saliec. |Sod. Ssalic,
(grains)
M.N, 94 104 90 4
_61 %1 " 1
[1] l " 3
n loo 1" 4_
J.MeL. 84 109 " 2
M.D. 79 82 75 1
,éi g& 90 1
" 3
" “"90 " 4
J.X. 63 104 90 1
J.D. 77 77 90 3
M.A. 60 79 90 1
J.A. 6 81 0 1
TI'9' 1’6“' 9n 3
A.S. 40 %ﬁ 90 1l
w n 3
P.P. 8 0
il 89 9

Figures underlined were obtained during a period of

Ketogenic diet.
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acidosis. He quotes references to states of ketosis
occurring in poisoning from methyl salicylate and mentions
the observation of Hurtley and Trevan on the similarity of
the symptoms produced by intravenous administration of
salicylate and sodium aceto-acetate. It is true that
occasionally acetone appears in the urine during
administration of salicylate, but even in severe cases of
poisoning it is by no means a constant constituent of the
urine, and when present, it is rarely in greater amount than
is indicated by a mild Rothera reaction. It may be urged
that impaired renal function is the cause of its non-
appearance in quantity in the urine, but the work of Myers
and Ferguson indicates quite clearly that both in rabbits
and man administration of sodium salicylate leads to little
change in the precentage content of acetone bodies in the
blood, although some of the rabbits received fatal doses of
salicylate. The fact that acetone was said to play a part
in the production of symptoms suggested the advisability of
investigating the effect of salicylate administration on the
blood sugar as well as the influence of glucose ingestion in
~ the prevention and amelioration of symptoms. The results

contained in Table 25 show that the fasting blood sugar was
higher/
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higher during the period of salicylate ingestion, by

4 - 18 per cent. In only one case was the hlood sugar
unaltered after three days of salicylate administration.

It would seem, therefore, that there is available in the
blood-stream a sufficiency of glucose. It is possible that
owing to the action of salicylate the tissues are unable to
meke use of this glucose. This, however, is improbable

and s much more likely explanation would appear to be a toxic
action on the liver, by which that organ is rendered less
capable of storing food material. This would explain not
only the rise of fasting blood sugar but also the slight
excretion of acetone bodies, since the liver also acts as

a reservoir of fatty acids. It is also interesting in this
connection to draw attention to the diminution in the
formation of urea.

If there is any basis for the suggestion that ketone
bodies play a part in the production of the symptoms of
sallieyl intoxication ome would expect that the asdministration
of glucose would have an inhibitory effect. In order to
test the protective action of glucose six patients were given
in addition to the usual ward diet 50 grammes of glucose

dally for periods of seven to one days prior to administration

of/
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of salicylate. Thereafter sodium salicylate was administered
in 15 grain doses six times daily while the glucose was
continued. In each instance symptoms developed and the total
carbon dioxide content of the blood fell just as quickly in
those cases whére no glucose or bicarbonate had been given
previously or simultaneously. Fig. 14 shows the effeet of
glucose on the blood carbon dioxide content in salicylate
administration and also illustrates the variability of the
acetonuria which was absent in four of the six cases.
Inﬁcontradistinction to the inefficiency of glucose in
preventing a fall of the carbon dioxide content of the blood
is the rapid recovery which occurs on administration of
bicarbonate. This is well seen in Fig. 14 (Case R.M.)
where the addition of sodium bicarbonate in 30 grain doses
to the salicylate on the fourth day resulted in a rapid return
of the blood carbon dioxide to normal and a disappearance of
symptoms.
Still further evidence against the view that ketosis is
an important factor in producing the symptoms of salicylism
is obtained from a consideration of the results of the use
of ketogenic diet prior to administration of salicylate.

© The ketogenic diet itself occasionally reduced the blood
carbon/
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carbon dioxide to below 40 volumes per cent., but the

symptoms after salicylate aduinistration were not aggravated
nor did the administration of large amounts of glucose have
any ameliorating effect either on the severity of the symptoms
or on the level of the blood carbon dioxide.

Since the presence of a marked degree of ketosis did not
aggravate the condition and the administration of glucose did
not exert the slisghtest beneficial effect, it seems
justifiable to conclude that the symptoms are not
necessarily associated with incomplete fat oxidation.

loderate increase of lactic acid has been observed in
the blood of cats and rabbits after intravenous administration
of salicylate preparations. Johnston who noted this could
not correlate the lactate increase with the change in the
alkaline reserve. There remains therefore the possibility
of an excess production of the so-called "undetermined acid"
which is mainly dependent on protein catabolism, together
with a defect in the rate of elimination.

EXCRETION OF SALICYLATE.

In searching for the reason why sodium bicarbonate is
effectual in preventing the signs and symptoms of salicylate
Polsoning there naturally arises the question of the rate of

excretion/



Urinary Excretion of Salicylate during Administration o

TABLE 26,

Sodium Salicylate with and without Bicarbonate.

1e J.B. M.M. Jd.S.

‘iod 2 3 2 3 2 3
al smount of sod.sal.|23.33 |23.33 [23.33 {23%.33 |34.99 |34.99
tkven in grm.

;al amount of sod.biec.| - 46,66 - 46,66 - 69.98
riven in grm.

;al emount of sod.sal.|6.069 |20.25 | 6.57 {21.3%3 |13.17 |27.91
cereted in grm.

)f sod. sal. excreted | 26,0 [86.8 |28.1 |91.4 |37.6 |80.0
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excretion of the drug with and without administration of
alkali. Hanzlik states that about eighty per cent. of the
amount ingested is excreted by healthy subjects but only
sixty per cent. when there is rheumatic or other fever
present. He was unable to demonstrate any difference in the
duration or rate of excretion following the administration of
alkali. Fleischer, however, stated that sodium bicarbonate
shortens the period of salicylate elimination from 36 to 14
hours and Ehrmann obtained similar results.

The urine from periods two and three of the three
children, (J.B., .M., and I.S.) was anzlysed quantitatively
for salicylic acid. The faeces were examined in one ocase
only but only a negligible amount of salicylate was defected.

The results recorded in Table 26 show that in patients
convalescing from aqlte rheumagtism the administration pf
§Qd1um salicylate without bicarbonate is followed by the
bexcretion of only 26 - 37.6% of the intake. The giving of
alkali, however, increased the output of salieylate two to
fourfold so that 80 - 91.4% of the amount ingested was
found in the urine.

It is probable therefore that one method whereby alkali

prevents salicylate poisoning is the increased rate of

exeretion/
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excretion of the latter drug. As has already been mentioned
the concentration of salicylate in the blood is much higher
during the periods of eglkali administration and it is
possible that this higher concentration enhances its
therapeutie value so that there may be some foundation to the
view of Lees that simultaneous administration of sodium
bicarbonate and salicylate is beneficial apart from the
prefention of salicylate poisoning.

CONCLUSIONS.

From the results obtaines during this investigation it
is permissible to draw the following conclusions:-

1. The orgl administrgtion of sodium salicylate alone
in doses of over 60 grains daily to children results in the
production of a non-gaseous acidosis which is not due to the
replacement of carbonate by salicylate.

2. The development of the acidosis can be prevented by
the administration of sodium bicarbonate but not of glucose.
One effect of the alkali is to accelerate the rate of
salicylate exeretion.

3. The acidosis is accompanied by impairment of renal
function associated with nitrogen and chlorine retention.

4. It is suggested that the cause of the acidosis is the
éXcess accumulagtion of undetermined organic acid possibly

nltrogenous in nature.



Chapter Three
Appendix.
A NWOTE ON THE METARCLIC CHANGES FOLILCING

ADMITISTRATION OF SODIUNM SaALICYLATE TO CATS.

In view of the findings obtained in children following
the administration of sodium salicylate it seemed worth while
to investigate the effect of this drug on animals. Hanzlik
and Karsner have found that cats receiving about 0.23 gm. of
sﬂodium selicylate per kilo. body weight whether per os or
subcutaneously showed renal lesions varying from simple
cloudy swelling of tubular epithelium to an acute tubular
nephritis associated with acute glomerulitis. In view of
these findings it was deemed worth while to investigate the
errect of salicylate. The experiments detailed here were
carried out with the view of throwing further light on
nitrogen and chlorine metabolism which seemed to be definitely
affected in children who had received salicylate without
alkali.

Methods.

After a control period of seven days a sterile solution
- of/
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of sodium salicylate was given intramuscularly daily. The
cats received weighed amounts of oatmeal and milk; saliquot
portions of each article of diet were analysed. The
unused residues of the diet were kept, thoroughly mixed and
analysed so that intake during each period of the experiment
was accurately kmown. Urine and faeces were collected
separately. The urine was analysed daily while the faeces
for each period were collected, dried and ansalysed.

Results.

Of the three animals receiving 0.20 gm. sodium salicylate
ver kilo. body weight one died after the third injection and
one after the fourth. In each case after the second
injection the breathing became very heavy and the animals
looked ill, remaining in a corner of the cage and taking no
interest in their food. Post-mortem examination revealed
no abnormality except marked bile-staining of the liver.

Two cats received injections of 0.06 gm. sodium salicylate per
kilo. body weight. Throughout the first seven days of
salicylate administration eat 5 appeared quite normal and

took its food while cat 4 seemed "off colour" and left some

of its food. Cat 5 received salicylate injections for three

more days during which time it graduaslly became more and more

depressed./



TABLE 27.

Daily Output in Urine.

Cat |Period [Volume [Titr. - {Ammonia Urea |Purine reatinine Creatineff
No., c.c. lAcidity |ec.c.N/10 g1 Nitrogen mg. me.
c.c.N/10 meg.
—1
1 1 199 [19.5 32.3% 1.729 | 5.8 073 0
2 143 [35.1 40.5 1.737 | 7.6 853 28.3
2 1 154 |16.7 26.8 1.480 86.0 0
2 128 [12.1 557 1.971 - 72.0 23.5
3 1 136 6.0 60.1 1.190 | 3.4 59.0 1.4
2 124 |14.5 76.5  |2.285 |10.0 79.5 16.0 |
4 1 14 15.2 66.9 1.770 | 2.6 98.2 1.9
2 9 33.0 71.1 2.305 5.6 98. 1.3
5 1 149 0 AR.5 1.941 | 3.2 105.7 0
2 143 0 143,0 0.769 | 4.2 103.7 0
o . ““




Daily Intake, Output and Retention of Nitrogen in

TABLE 328.

g
Cat No. | Period Intake Output Retention.
1 1 1.201 1.017 +0.184
2 0.817 1.737 -0.920
2 1 0.921 0.857 -0.064
2 0.409 0.937 -0.528
3 1 0.984 0.677 0.307
2 0.490 1.432 -0.942
4 1 1.013 1.104 -0.091
2 0.991 1.613 -0.622
5 1 0.970 1.080 -0.110
2 0.998 1.251 -0.25%




TABLE 29.
Daily Intake, Output and Retention of Sodium Chloride in mg.

Cat No. Period Intake Output Retention
1 1 184 166 +18
2 119 278 -159
2 1 142 158 -16
2 68 211 -143
3 1 137 119 +18
2 74 424 -350
4 1 188 167 421
2 165 159 + 6
5 1 187 167 +20
2 188 158 +30
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depressed.

Tables 27, 28 and 29 show the effect of salicylate on
the composition of the urine. The findings may be
summarised as follows:-

The volume was marke:ly recuced in all instances except
in cat 5 where the reduction was trifling while the titratable
acidity was increased except in cats 2 and 5.

| Total nitrogen was definitely increased in all cases
producing a very marked negative balance, Lhe ammonia
output was slightly raised except in cat 5 where the increase
was very marked. The excretion of urea was also raised
except in cat 5 where it was diminished while the purine
k nitrogen was increased in.all cases, the increase being least
narked in cat 5.

In cats 4 and 5 there was no change in the amounts of
creatinine excreted during the salicylate périod; practically
no creatine appeared in the urine. In cats 1, 2 and 3,
however, relatively large amounts of creatine were exdreted.
Ketonuria was not observed.

The chloride output was greatly increased in cats 1, 2,

and 3 while cats 4 and 5 which received the smallest doses

of salicylate showed reduced output. Cat 5, the sole animal
not/




TABLE 30.

Showing Chlorine Content of Tissues in m.-eq. per kilo.

Muscle Liver Kidney Heart Lung
Normal |13 - 16 | 26 - 32|35 - 42 |25 - 33 |45 - 01
Limits
Cat 1 16.9 21.4 20.5 28.1 36.8
L 15.9 25.% 34,2 35.0 40.5
"3 14.2 25.2 33.6 23.9 38.2
"4 12.3% 25.1 23,7 26.7 51.9
"5 21.3 28,1 27.3 23.6 50.3
"A 23.9 37.9 45,5 31.6 44.3
" B 22.3% 30.0 47.0 40.9 51.3
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not to show symptoms of poisoning was the only one with an
increased retention of chloride during the salicylate period
while in cat 4 in vhich the symptoms were relatively slight,
the retention, although less than in the control period, was
still positive. Estimation of the chlorine content of
various organs (Table 30) showed that the values fell within
normal limits.except in the muscle of cat 5 where there was
an excess. The tissue chlorine was also estimated in two
other cats (A and B) which had received sodium bicarbonate
by stomach tube during the administration of large doses of
godium salicylate; in these the tissue chlorine was well
above normal in all the organs except the lungs.

Discussion.

Cats are much more susceptible to salicylate than is the
human subject since a daily dose of 0.26 gm. per kilo. body
weight per day is relatively non-toxic to the child while it
causes death of the cat within four days.

The metabolic results differ in some respects from
those obtainedé in children in whom the urinary nitrogen, urea,
ammonia and sodium chloride were diminished. In adults,
however, Denis and Means and Grabfield and Knapp obtained an

inerease in the urinary excretion of total nitrogen and urie

acid/
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acld although in several patients with arthritis Tenis found
a diminished output of nitrogen. Histological examination
revealed no pathological change in the kidneys. Albuminurisa
appeared in only one instance (eat 2). These results raise
the question whether the kidney in the human subject and
more especiglly the child is more susceptible to salicylate
than in cats.

The increased output of total nitrogen and the appearance
of ereatinuria indicate that under the influence of salicylate
there is an increase of tissue bresk-down. The fact that
purines appeared in excess suggests that the nucleo-proteins
are involved. It is worth noting that in cat 5 in which no
symptoms were apparent, these changes were least marked.

The occurrence of dyspnoea associated with an increased
output of free and ammonia-combined acid would indicate that
in cats the administration of salicylate leads to the
development of a non-gaseous acidosis not associated with
ketosis. The accumulation of acid cannot be attributed to
renal inefficiency as in the child but is probably due to the
bresence of acid substances resulting from tissue bregkdown.
There is no evidence as to the tissue particularly affected.

The part that chloride plays is not clear but a hypothesis
worth/
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worth considering is that in the earlier stages of salicylate
poisoning the retention of chlorine may lessen tissue
breakdovn but that when the salicylate action reaches a
certain level sodium chloride is swept out along with the
products of tissue breskdown.

GENERAL CONCLUSIONS.

An examingtion of the evidence derive¢ from the
metabolic investigations on the children and from the animal
experiments permit the conclusion that salicylate poisoning
is accompanied by a non-gaseous acidosis. In both the data
are strongly suggestive of excess tissue breakdown with the
resultant production of acid substances, and in the child
there is indication of impaired renal function which would
certainly aggravate any tendency to acidosis. Thus the
chief cguse of the acidosis is probably the excess production
of acid metabolites. Furthermore, chlorine would appear to
Play an important part in the early stages of salicylate
Poisoning either by limiting the production of the acid
metagbolites or by reducing their toxic action.

It is more than likely that all the toxie symptoms and
signs are not due to the presence of an acidosis. Thus
Bernard and Merklen found a normal alkaline reserve in a

patient/
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patient with marked salicylate delirium. The delirium,
speech disturbances, apathy and lassitude might quite well
be the direct result of the salicylate itself or some of
the compounds formed with it. Indeed, it is probable that
salicylate disturbs the metabolism of all the tissues so
that the nervous phenomena described can be more justifiably
attributed to a direct action of salicylate on nervous tissue
than to the effects of acidosis. The acidosis and the
manifestations of nervous involvement are concomitant (
phenomens, and it would appear that the extent to which the
carbon dioxide is lowered is generally a good index of the
degree of general disturbance of the tissues.

Vihatever may be the immediate cause of the toxic
symptoms it is beyond dispute that administration of alkali
effectively prevents in the vast majority of individuals the
onset of clinical symptoms or chemical changes of poisoning.
The alkali undoubtedily accelerates the excretion of
salicylate and so prevents its accumulation in the tissues.
This would to a great extent, explain its action in
Preventing signs of toxaemisa. It would appear from the
results shown that the functional activity of the kidney in
childrep is restored to normal by the addition of sodium

bicarbonates



87.
bicarbonate to the salicylate. Vhether this is the sole
action or not, one cannot say. It may in some way protect
the tissues but conclusive evidence of this is lacking.

At any rate the administration of sodium bicarbonate along
with the salieylate is essential. Toxic manifestations are
avoided and large doses of salicylate can be given with
safety. Further, the alkali permits of a much greater
concentration of salieylate in the blood, which presumably

is of advantage in promoting the therapeutic effect.
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Chapter Four

THE ALKALOSIS OF CONGENITAL HYPERTROPHIC

PYLORIC STENOSIS.

There is a tendency for attention to be focussed on
the meéhanical factors in pyloric stenosis, the importance
of which one cannot gainsay. There are, however, certain
metabolic disturbances which also require consideration as
they are of great significance in diagnosis and treatment.
In congenital hypertrophic pyloric stenosis and indeed, in
any obstruction of the upper part of the small intestine
there is always present a well marked non-gaseous alkalosis.
The problem of the pathogenesis of the latter condition
Presents points of considersble interest.

The earliest appreciation of the disturbances of acid
base equilibrium in pyloric obstruction came from experimental
work. In 1918, HKeCann showed that the carbon dioxide

combining/
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combining power of the blood plasma in dogs was greatly
increased after the pylorus was ligated. Two years later,
MeCallum and his co-workers demonstrated the same phenomenon,
and associated the rise in carbon dioxide with a fall in the
chlorine content of the blood. The explanation they offered
was that the chlorine deficiency was primary and due to a
loss of chlorine by vomiting of gastric juice; this, they
suggested led to a deficiency in the blood and tissue fluids
of one acid radicle (chlorine) which necessitated the
retention of another acid radicle (carbon dioxide) as a
compensatory measure. These same investigators also found
that the onset of tetany, which invariably occurred in
experimental pyloric obstruction, could be Qfevented by
intravenous administration of sodium chlor%ﬁ%. Hastings,
Murray and Murray, Haden and Orr, Gamble aﬁd Ross,
Ingvaldsen, Whipple, Baumann and Smith, Dragstedt and Vhite
and Bridge have since 1920 amplified these observations on
animals. Without exception these workers found that
following ligation of the pylorus there was marked depletion
of blood chloride with rise in the alkaline reserve and that
administration of sodium chloride solution parenterally led
to a temporary improvement with disappearance of most of the

toxaemic/
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toxaemic symptoms.

Brovn, Eusterman, Hartmann and Rowntree, and later,
Atchley and Benedict described similar biochemical findings
in duodenal obstruction in the adulk®% human subject and Ellis
demonstrated the presence of alkalaemia in two cases. An
identical picture was shown by Hardt and Rivers and Wildman
to be present in patients with duodenal ulcer after intensive
alkall treatment especially when there was some degree of
renal inefficiency. Hartmenn and Smyth, Magizels, and
Maizels and licArthur have found that alkalosis is also not
uncommon in infants who suffer from vomiting due to various
causes., In the present communication are recorded clinical
and biochemical observations of the disturbances in acid-base.
equilibrium in congenital hypertrophie pyloric stenosis.

CLINICAL OBSERVATIONS.

A most striking and probably the only important
clinical manifestation of the presence of alkalosis in pyloric
stenosis i1s depressed breathing. This is present in some
form or another in practically every patient with pyloric
stenosis of any duration. The depressed breathing is
evidenced in one of three ways. First, there may be a shallow

type of respiration, so shallow, indeed, that even with the
bell/
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bell of the stethoscope placed in front of the patient's

nose and mouth it is often extremely difficult to hear the
breathing. Secondly, the rate may be diminished, occasionally
to eight or ten respirations per minute. Thirdly, there may
be well marked and often alarmingly long periods of apnoea
followed by three or four shallow respirations producing the
typical Biot type of breathing. liost frequently all three
manifestations are present together. It is not uncommon,
however, for the respiration to be almost normsal in rate

over a period of a minute but shallow iqhepth with apnoeic
periods occasionally appearing at longer intervals.

Respiratory depression although an important diagnostic

sign (Case J.L.), cannot be considered as pathognomonic of

Pyloric stenosis in infancy since a diminished respiratory
rate may be due to encephalitis, cerebral haemorrhage and
other conditions.
Case J.L. male, aged eight weeks. Normal labour;
apparently healthy infant. Breast-fed; throve well,
no vomiting; mnothing unusual noted about the motions.
For the past few weeks mother thought the infant was
unduly quiet, "as if he were doped". She brought him
to hospital because of this.
On/
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On admission he was seen by Dr. Findlay, who observed
that the respiratory rate was very depressed (twelve per
minute), and the breathing shallow with apnoeic periods.
Despite the absence of any history of vomiting he was led
to suspect pyloric stenosis, and on examination, typical
géstric peristalsis was evident and a pyloric tumour
easily palpated. The head was small and the infant
appeared mentally backward. The blood carbon dioxide
was found to be 102.0 volumes per cent. The child was
in hospital for four weeks, during which time the
condition remained unchanged, and he vomited only emce. ,
Death occurred following a sudden bout of fever.

Pogt-mortem examination revealed defective development

of the cerebral hemispheres and the presence of a well-
marked hypertrophy of the pylorus.

Accompanying the diminished pulmonary ventilation there
is general lethargy, giving one the impression that the
infant is under the influence of some hypnotiec drug. It is
interesting to note that in adults with marked pyloric
obstruction there are symptoms such as lassitude and mental
changes which have been ascribed to the presence of an
alkalosis. This has been shown by Wildman to occur most
frequently/



TABLE 31.

Biochemical Findings in the Blood in Pyloric Stenosis.

Age COE Cl Non-protein Fixed Base
Name in VolI. mg.per Nitrogen mM. per
Weeks per cent. cent. mg.per cent, litre.
R.C. 8 140.5 140 46 -
N.R. 4 140.0 181 80 -
AM, 8 8%.1 214 32 -
W.G. 6 85.0 190 5 -
M.M, 12 62.5 330 20 -
AW, g 110.2 171 63 -
E.M. 100.5 169 86 -
J.K. 6 91.8 160 50 -
J.Mek.| 8 112.0 225 32 144
A.C. 3 113.0 240 34 -
G.H, 7 95.8 191 75 -
W.A. 3 103,7 305 8 -
" 4 148.0 134 183 -
W.D. 3 9%.8 230 56 -
C.C. 4 66.5 282 28 -
JoRo 3 53.6 504 47 -
J.D. Z 104.1 220 51 -
" 98.1 210 24 -
" 5 106. 223 56 Z
" 6 101. 265 40 -
R.M. 4 114, 192 58 -
" 5 121.6 236 48 -
" ? ??-5 270 32 N
. 0
J.C. 4 37.2 26% 28 -
J.B. 2.5 225 68 -
W.F. 9;'4 18 100 -
mele |2 95.4 22 68 -
T.McK. | 4 70.4 129 32
" 5 102.7 212 ’ B
R.S. 3 107.0 271 39
4 102.4 05 65 ~
J.T. 6 92.4 i;o _ -
D.C. Z 81-2 220 _ ;
70. 291 - _
4.L. g g%.4 282 - _
. 24 -
T.C. 5 100.3 258 - -
JJd. 4 98.8 263 - -



TABLE 31(continued).

Age co Cl Non-protein |Fixed Base

Nane in Vv oi .per mg.per Nitrogen mM. per

b Weeks cent cent. mg.per cent. litre.
J.P. 5 118.7 192 - 151
I.S. 4 125.2 - - 150
G.C. 7 47.0 249 - 160
W.B. 5 112.0 - - 159
A.B, 3 117.0 121 - 152
¥.McP. 5 62.7 295 - 154
D.F. 4 109.8 - - 153
S.R. 4 112.0 - - 143
E.F. 4 103.0 213 - 161.
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frequently when the patient who has some form of peptic ulcer
is receiving massive doses of alkali. Gatewood, Gaebler,
Muntwyler and liyers observed that in patients with peptie
ulcer, there was definite correlation between the drowsiness
and mental depression and the alkalaemia which occurred during
pyloric obstruction and disappearec. when surgical measures
afforded relief.

GENERAL BIOCHEMICATL TIIDINGS.

The three outstanding changes observed in the blood
were rise in the carbon dioxide content, fall in the chlorine
content and, rather less frequently, an increase in the
non-protein nitrogen vglue. As a rule these three findings
were present together (Table 31) but the variations from the
normal were not necessarily of the same degree. The fixed
base of the serum was usually within normal limits but on
two occasions it was slightly reduced (Table 31). A fall of
ten per cent. below the normal minimum of serum base has also
been found by Gamble and Ross in experimental pyloric
obstruction just prior to the death of the animal. In two
instances the plasma protein was determine” and it was found
to be 5.95 and 5.20 g. per 100 ce. respectively, while the

minimum observed in apparently healthy infants of the same
age/
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age was €.02 g. per cent. Determination of the relstive
volumes of plasma and corpuscles in two cases showed that the
plasma volume was reduced tg 51 per cent. compared to the
normal 58 per cent. (Tablgmfi).‘;,\ M”Such a decrease in plasma
volume whieh has been reported by licIver and Gamble to occur
in experimental pyloric obstruction is probably due to water
loss and in part conceals a fall in serum protein, which
results from inanition. liaizels has reported an increase
of haemoglobin content in the blood of infants with pylor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>