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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/
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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/



15.
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/
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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/
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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
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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



26.
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/
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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.
V #Haily).

Case J.McF.

i 2 3 VvV s 6 'w 8 q to I I* 13 U. m it ly is 10 70
MoMBGR OF D Fm»V5



Fig. VIIB.

Showing Daily Output of Ammonia Before, Dur