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The investigations about to be described were
carried out during the past three years at the Depart-
ment of Medical Paediatrics, Unlversity of Glasgow,
and in the Blochemical Laboratory of the Royal
Hospital for Sick Chlldren, Glasgow. All the
biochemical analyses were carried out by me with
the exception of the determinations of blood CO02 and
faecal fat which were made by Dr. Noah Morris. I
am deeply indebted to Professor Leonard Findlay for
the keen interest which he has taken in the work and
for his stimulating criticism. I must also thank
Dr. Noah Morris for whose helpful advice and constant

encouragement I am exceedingly grateful.



INTRODUCTION.

When one considers the readiness with which
mineral metabolism is influenced by changes in acid-
base equilibfium it 1s & curious fact that there has
been carried out no complete lnvestigation of rickets
from this point of view. During the last century a
vague concept held sway which expressed itself in
"the acid theory of rickets". In 1923 Pritchaﬁé?
in a discussion of the pathogenesls of rickets,
advanced it as his opinion that "the essential basis,
or the causa vera, of rickets 1s most probably a
relative excess of acid bodles produced in the system
by a disproportion between the intake and the output
of energy®. His argdménts are purely theoretical.
The chlief experimental evidence in support of this
view has been the finding of an Increased urinary
output of smmonia. In an investigation of thirteen
cases of rickets Hodgson found an increased urinary
acidity and an increased excretion of ammonia by the
kidneys. Although Freudenberg and GySrg§5)confirmed
his findings regarding an increased output of ammonla
they found that in some casés the urine was neutral
or alkaline. Burgess and 08m£;?have also reported

an increased output of NHy in the urine of three cases

of rickets.



(5)
Gygrgy_who is the most ardent exponent of the

theory of increased acid formation in rickets has,
along with Freudenberg, put forward a physico=-chemical
theory of normal calcification which involves the
combinatiqn of calcium with proteln, the calcium
proteinate combining with phosphorus with the subse-
quent release of the protein and the deposition of
calcium phosphate. He considers that thls process

of calcification is interfered with in rickets because
of an increased acidlty of the bone-forming tissues.
There has, however, been no direct evidence of thié.
In 1927 Bosanéf)investigated the pH of rachitic and
normal cartilage and found as the result of colori-
metric estimations that the pH was higher in the former
being 7.6 as compared with 7.2 to 7.0 in the latter.

In his well known work on mineral metabolism in
rickets Schabgg?pointed out that the decreased urinary
excretlon of lime and phosphorus which he found in the
early stage of this disease was against the theory of
increased acild production. Some recent investigations
would appear to glve some support to his opinion. As
a result of sxperimental work in rats Zucker, Johnson
and Barne£%)came to the conclusion that rickets develops

better under conditions rather the opposite of an

aclidosis. Marked rickets was induced in rats by



feeding them on a diet of flour, casein, calclum
lactate, sodium chloride and a trace of ferric chloride.
Rats fed on a similar diet with the substitution in
equivalent quantities of calcium chloride for calcium
lactate developed mild rickets as compared with the
control animals. On the addition of 2% ammonium
chloride to the dlets of rats receiving calclum lactate
no rickets occurred, whereas the addition of 2% sodium
carbonate to & well balanced diet did cause marked rickets.
In his recent work on the treatment of rickets with
irradiated ergosterol Hégl found that when rickets was
induced with a diet containing Ca:P in the ratio of
11.5 to 1 and an excess of base over acid of 520 c.c.
O«1N alkali, the administration of large doses of
codliver oil,irradiated ergosterol, or exposure to
ultra violet light was followed by no healing of the
rachitic lesions. When calcium chloride was substi-
tuted for calcium carbonate in equimolar amounts, the
administration of specific agents caused healing.

One must, however, consider the possibility of local
changes in thé alimentary tract playing an important
part in such experiments as those just described of
Zucker, Johnson and Barnett and of Hess& in which the
nature of the dlet was altered.
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Not only 1s the underlying physio-chemical
pathology of rickets unknown but controversy still
exists as to the nature of the actual disturbances
in mineral metabolism which are present in the disease.
TelféiO)in his investigation of calcium and phosphorus
metabolism in rickets in 1926 described a low urinery

output of lime and phosphorus in active rickets and ,
‘an increase during healing thus conférming the earlier */

work of Schabad. thgré;})hdwever, in his recent
review of rickets and tetany states that during active
rickets the urinary calcium remains within normal
limits whilst the urinary phosphorus may be normal

or increased, and that during healing a slight increase
in both may occur but this 1s not constant.

It is of importance to settle this problem of
the change in urinary excretion of calcium because of
the importance it may have in considering the evidence
for any change in the acid-base equilibrium in rickets,
the amount of urinsry calcium being readily influenced
by conditlons of acidosis.

The present investigation was primarily undertaken
with a view to studying the absorption of calcium from
the intestine in active rickets, but this led to what
proved the major part of the work, namely, a study in



the rachitic child of the changes in intermediate
me tabolism which have been made manifest by the differ-
ences in the reaction to acidosis of normal children
and children suffering from rickets. In view, however,
of the difference of opinion among previous workers as
to the changes in the kidney excretion of calcium and
phosphorus 1t was decided first of all to obtain studles
of the mineral metabolism in rickets and to compare
them with similar studies in health. The question of
intestinal abéorption in rickets was then investigated
before proceeding to the study of the effect of artific-
ially induced acidosis on the metabolism of the normal
and rachitic child.

The work is divided into four sections.

Section I deals with the metabolism of calcium and
phosphorus in rickets with special reference to urinary
excretion.

In Section II an investigation of the intestinal

absorption of calcium and phosphorus is described and
work relating to alimentary changes in rickets 1is
discussed.

Sectlon III is divided into two parts. Part I

describes the effect of artificially induced acldosis
on the mineral metabolism of the normal child. Part II
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is concerned with the influence of acidosis and of
variations in the calcium intake on the intestinal
excretion of calcium in the non-rachitic animal.
Section IV describes the results of artificially
induced acildosis on children suffering from rickets.

An addendum deals with rickets from a more

immediately practical aspect and is composed of 2
parts, the first being the description of an investi-
gation into the most practical method of estimating
the phase of the disease, and the second dealing with
the relative value of different therapeutic agents in

bringing about cure.



SECTION I. Studies on the Mineral Metabollam
' of Normal and Rachitic Children with
special Reference to the urinary
Excretion of calcium and phosphoruse.

The metabolic studies about to be described were
carrled out in two groups comprising thirteen children.
The first group includes seven normal chlldren whose
ages varied from five months to eleven years. In the
second group are six children; four of these were
examples of infantile rickets and were aged from six
months to two and a half years; the other two were
older children, aged nine years and twelve years
respectively, suffering from late rickets. (The case
histories of the latter two are given in Part 2 of
the addendum on pages$s). X-ray photographs of the
wrist were taken in the younger members of the normal
group to confirm as far as possible the absence of
rickets. In the rachitic children the progress of
the disease was followed in radiograms. The diet
throughout the period of the investigation was constant,
consisting of cow's milk with sugar sufficient to
satisfy the caloric requirements of each child. After
at least three days on the arranged diet the urine and
faeces were collected/with the usual precautions for

a period of seven days. Complete balance studies
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Retention of Ca0 and P20s5 in normal

TABIE III.

Children at different ages.

Dally Retention in grams per Kilo Body Weight.

)

AGE. Findlay,

—.Paton & Sharpe Telfer Present Series
Years Gal Cal 1 P205 Ca R
5/12 v .086 ! .084

. t 1
7/12 178 055 ) .055 '
¥ 1
8/12 069 098 1 .060 ;
, ) 1
9/12 064 ' ,065 !
! ]
1 J24 ;) ,123 H
~Y Y —
2} .03 5 042 1 ,03E
' s
4 054 M :
5 ; 035 | 026
' i
! ]
9 037 ; !
039 : .018 ' 019
1 '
10 .047 ! 033 | .024
[} ?
11 ' 050 1 .050
K 039 ! ,016
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TABLE 1V: Retentions of Ca0 & PoOs in Rickets.

(1). Figures published by Findlay, Paton & Sharpe -
me radiological evidence of phase of disease.

(2). Figures published by Telfer - single X-ray examinatig

(3). Author's figures:— 3 weekly X~-ray examinations.

Dally retention in grams per kilo. body weight.
Age yrl. (1). F,P.S. (2). Telfer (3) Author.
cal cal Po0g Cal P2o0s
6/12. .052 5,020 ,042 .043
,014 ,016
7/12. .020 .015
8/12. .055
.053 .065
11/12
13/12. .156
oQ}_G -
07 .08
.029 .019
f£3/12.] .028
.082
2. L111
.067
,173
1
2.12 .030 .044
2
2.12 061 ‘ 039 048 _}
2.12; .136 ;
7
2,12 .039 .045
3. . 032
4. .029
9 [ e 003 . 002
12. ‘ .029 .022
|
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8.

were made in all the cases and the results are detailed
in Table I (health) and Table II (rickets) . The
findings will be described under two headings, (1) Reten-
tlon of Cal0 and Pg0g in health and in rickets, and

(2) urinary excretion of Ca0 and Pg0s5 in health and

in rickets.

(1) Retentions of Cal andAEEQS in health and in

ricketas.

The daily retention of lime in the normal childaren
expressed In grams per kllogram body weight is given
in Table III and Chart I along with similar figures

(12) (10)
published by Findlay, Paton and Sharpe and by Telfer.
The method used by these workers is the same as the
one used in the present investigation and their results
provide an interesting comparison with those of the
present seriles 1In that they confirm the variations met
with at the different age periods, the relatively high
retention per kilogram body weight in infants of 1 year
and under, and the fairly constant retention per kilo-
gram in children between the ageé of 2 and 11 years.

The retention of lime in cases of rickets is
shown in Table IV and Chart II which also include
similar f;gures published by Findlay, Paton and Sharpe
in 1921 and by Telfer in 1926. It will bve noted how

in the earlier work in which no radlological examinations
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were made, the retention varied considerably in different
casses. This was recognissd by the authors to be due
rrobably to differences in the phase of the disease.

(S8ee Part I of Addendum) . In the later investigations
of Telfer who made a single radiological examination in
each case the retentions are not so varied. In the
rresent serles where the progress of the disease was
followed in weekly radiograms for at least three weeks
prior to the metabolic study the retentions are found

to be positive (with one exception) but, on the whole,
low. The chief polnts which arise in studying theae
retentions are -

(a) the influence of age on the retention of Cal0 and
PoOg per kilo. body weight in health, the retention of

ca0 varying between .05 and .12 grams in children of 1
year and under,and between «02 and .05 grams in children
between the ages of 2 and 11 years,

(b) the presence of a positive though on the whole low
balance of Ca0 in children suffering from active rickets.
(2) Excretion of Ca0 and 1’20R by the kidney in health

and in rickets.

Attention has been drawn by G yorgyto the fallacy
of expressing urinary excretion of Ca0 in terms of
percentage of total output. In active rickets the
percentage of the total output of lime and phosphorus
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10.

found in the urine 1is of course less than normal

because of the lncreased faecal output, and during

the healing stage this percentage is increased hecause of

the remarkable decrease which occurs in the faecal output

during healing. The flgures therefore, which are given
in Table V represent actual quantities of Ca0 and Pg0g
excreted by the urine over a period of one week. As,
however, the age and welght of the children vary greatly
excretion 1s also expressed as percentage of total
intake»which, as all the children were on a milk dlet,.
is roughly proportionate to the age and weight of each
child. The output expressed as percentage of intake
is represented graphically in Chart III.

A. Urinary Excretion of Cal.

(a) Normal Cases: Just as a difference is noted in the

retention of lime in children under 1 year sc a differ-
ence in urinary excretion of lime is found, this being
markedly low in comparison with the excretion by the
kidneys 1n children over the age of two years. In the
present series of cases the weekly output of lime in

the urine in the child under one year is ,092 gnm.,

rerresenting 1.2% of the intake. This result ;sjipgx_ﬂ%;f
accord with Telfer's findings in four children aged from
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6 months to 8 months on a constant milk diet. In
these infants the urinary excretion varied from 0.5%

to 1.6% of the intake. The total weekly excretion

in the seven chlldren of the present series between

the ages of 22 and 11 years varies from 6.1% to 9.2%
of the total lime ingested and shoWws no relationship

to age.

(b) Rickets. In considering the urinary output of

lime in cases of rickets it is important to keep in
mind this marked change in urinary excretion which
normally occurs between the ages of 1 and 2 years,

0f the 6 cases of rickets only 1 is under 1 year, 3
cases are between 2 and 3 years and the other 2 are
aged 9 and 12 years. In the case under 1 year the
urinary output of lime during the active stage 1s below
normal being 0.31% of the intake and during healing
returns to about the normal figure of 1.38%. In the
children between 2 and 3 years the urinary excretion is
very much reduced during the active stage, varying from
0.29 to 0.80% of the intake. During healing the
output is increased to from 0.5% to 1.7% of the intake,
fligures still much below the normal for children of
that age. In the younger of the 2 cases of late rickets

the urinary excretion, very low during the active phase,



has risen slightly during healing but has still remained
mich below the normal figure; in the other case the
excretion has returned to within normal limits during
healing.

B. Urinary Excretion of Pg0g.
(2) Normal Cases: The urinary output of PgOg 1s

affected by nge in a similar way to the urinary output
of lime, btut the change is not so striking or so constant.
In the normal infant of 6 months 19% of the intake was
excreted by the kidneys. It would seem, however, that
there is a wide variation in the amount of P20y excreted
in the urine of artificially fed infants. In Telfer's
serieﬂa of normal infants already referred to the amount
excreted by the kidneys varied from 18% to 44%, the
average being 33.7%. In the children of the present
series between the ages of 21 and 12 years the figures
are higher varying from 34 to 63% of the intake.

(b) Rickets: The case of rickets under 1 year excreted
by the kidneys 33% of the total Py0g ingested, and this
was increased during the healing phase to 60%. The 3
rachitic children between 2 and 3 years excreted in the
urine rather less than the normal smount namely from
20.6% to 34% of the intake. During healing the
urinary excretion, 34.7% to 36.4%, approximated the



normal. The 2 cases of late rickets are different
in that they show no reduction in urinary output of
Po05 during the active stage and no increase during
healing.

Summary of Results.

These findings confirm the results of previous
workers who found in active rickéts a reduction in the
urinary output of Ca0 and P205. During the healing
phase the quantity of Ca0 found in the urine is, in
most cases, only slightly ralsed and in no case is it
increased above normal limits. This ia in marked
contrast to the supernormal retention of lime which
occurs during healing. The changes found in the
excretion of 1’205 by the kidneys are not so marked, the
output being rather low during the active stage and about
normal during healing.

Discussion: The cause of the diminished urinary output

of Ca0 and 1’205 in active rickets may be either (1) an
interference with absorption of Ca0 and Po0g from the
alimentary tract or (2) a change in endogenous metabolism
possibly of the nature of an upset in acid-base equili-
brium affecting excretion of lime and phosphorus by the
kidneys. Many workers have conéidered that this decrease

in urinary Ca0 and P,0g associated with the increased
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faecal output of these substances is indicative of
defective absorption of either calcium or phosphorus
from the alimentary tract although opinions differ as
to which of these substances 1s primarily affected.
Schabad suggested a primary disturbance in absorption
of phosphorus which combined with calcium to form Caz(PO4)g
thus interfering with absorption of the latter element.
He was led 'to this vliew because he found a greater
faecal output of phosphorus than of calcium. Many
American workers, notably Howlaéé?)inclined to agree
with this view and associated the defective absorption
of phosphorus with the low inorganic phosphorus content
of the blood. It would seen probable however that the
low inorganic phosphorus content of the blood serum is
due to some other cause than defectlve absorptlon. Zucker
and Gutmaél4)have shown that there 1s no decrease in
the total phosphorus content of the blood in rickets
tut that the organic fraction is increased at the expense
of the 1norganic. Similar findings have led Berge§i5)
to suggest that there is a defect in the hreakdown of
organic phosphorus compounds.

In ?§g§riments on two cases of late rickets, Findlay
and Telfer showed that following a reduction in the

intake of lime the faecal phosphorus decreased while the
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urinary phosphorus was markedly increased to as much as
74% of the total output; on the addition of Ca0 to the
diet a reduction in urinary phosphorus followed. From
this they concluded that in rickets there is no primary
defect in the abllity of the intestine to absordb phos-
phorus. MurdoéiV)found that in rickets the ingestion
of sodium dihydrogen phosphate was followed by a rise
in the inorganic phosphorus content of the serum but
with the subsequent simultaneous administration of

NaHo P04 and of calcium lactate, the level of the serum
phosphorus fell. This phenomenon was also noted in
normsl children but the fall in the serum phosphorus
was not so marked. This result was interpreted as
indicating that in rickets there 18 a relative as well
as an absolute excess of calcium in the gut owing to a
primary defect in absorption of lime.

It would seem, in the light of Findlay and Telfer's
evidence, that there is no primary interference in the
intestinal absorption of phosphorus. There is, however,
no conclusive evidence of any disturbance in the absorp-
tion of calcium. For this reason there was carried out
the investigation of the intestinal absorption of calcium
and phosphorus which is described in the next section.

The second explanation offered for the low urinary

£

éxcretion of lime, namely a change in intermediate metabolism,
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will be subsequently discussed in the section dealing
with the influence of ammonium chloride on the metalolism

of the rachitic child.
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SECTION II. The Absorption of Calcium and
Phosphorus in Rickets.

T e e RO O AT G W T I W O3t WY

I. The Absorption of Calchum.

Repeated analyses of the serum calcium following
the ingestion of calcium salts have been made by several
workers in studylng the absorption of calcium both in
the normal human subject and in anlimals, but have not 1
previously been cerried out in cases of rickets. Hjoﬁt?)
compared the rise in serum calcium of normal dogs
obtained after the ingestion of different salts of
calcium including the lactate, chloride, glycerophosphate
and carbonate. He obtained the highest rise with the
use of the lactate and chloride, and the lowest with
the glycercophosphate and carbonate,. After the adminis-~
tration of calcium lactete a maximunr rise of from 17% to
48% occurred in 2 hours and the serum calcium did not
quite return to normal till the end of 6 hours. The
amount administered was 1.5 gm. per kilogram body weight
and the method for determination of calcium in Segum
was that of Kramer and Tisdall. Denis and Miné%V)on
the other hand found no rise in the serum calcium in

normal human subjects after the oral administration

of 6 gm. caleium lactate daily for a perlced of 10 days.

(20
Jansen found that in man calecium biecarbonate was the
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most reliable salt for producing an increase in serum
calecium, calcium lactate being the least efficient.
Varying results have also been reported by other worke?gi)
An average maximum rise of 80% was found by Kahn and Roe
in the normal human adult between the 6th and 7th hours
after the ingestion of 5 gm. calcium lactate,(§§§ rise
being maintained for 9 hours. Bauer and Ropes obtained
a maximum elevation of 14% and a minimum of 4% between
the 1st and 4th hours after the administration of &5 gnm.
calcilum lactate to the normal human adult, some elevation
occurring over 12 hours.

As these reports are so varied and as no results
are avallable as to the effect of the ingestion of
calcium salts on the serum calcium of normal children
it was evident that before proceeding further a series
of normal children must be studied. Accordingly calclum
determinations were made on the serum of nine normal
children before, and at two-hourly intervals after the
ingestion of 4 gm. caldium lactate. The ages of the
children varied from 4 months to 12 years. Similar
experiments were carried out in 5 cases of active rickets
uncomplicated by any clinical evidence of tetany and
with a normal serum calcium; and in 6 cases of healing

rickets.
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Results.

Normal Children: (Table VI and Chart IV).

In the majorlity of the normal children the maximum
elevation occurred at the end of 2 hours and had returned
to normal in 6 hours. In 3 cases, however, the maximum
rise did not occur until 4 to 6 hours after administration
of the salt and in 2 of these cases the serum calcium
was still high at the end of 8 hours. The degree of
increase varied greatly, the minimum being 4.8% or 0.56 mg.
and the maximum 15% or 1.54 mg., while the average was
9.7% or 1.02 mg. The results show no relationship to
age, the 2 greatest increases, nemely 15% and 14 .8%
having occurred in children aged 103 years and 4 months
respectively, while the lowest rise of 4.8%7 occurred in
a child of 4 years.

Active Rickets: (Table VII and Chart V).

In the cases of active rickets the type of curve
resembles closely that met with in the normsl, the maximum
rise generally occurring at the end of 2 hours, and the
degree of rise varying c&nsiderably in different cases -
from 0.65 mg. or 6.6% to 1.08 mg. or 11.3%, the average
rise being 0.87 mg. or 8.84%, a figure somewhat lower
than the normal average. '

Healing Rickets: (Table VIII and Chart V).

In the 6 cases of healing rickets the ingestion of
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calcium lactate was followed 1n all cases by an increase
in the serum caléium greater than the average increase
in the normal group, and the sasverage rise of 1.75 mg.

or 15.4% was higher than the maximum for the normal
group. These curves resembled the curves of the other
groups in that the maximum rise was noted in 2 hours

and had returned to normal in 6 hours, the one exception
to this being Case I, J.G. where the maximum rise

occurred in 4 hours and returned to normsl in 8 hours.

Summary of Results.

In active rickets ingestion of a large quantity of
calcium lactate is followed by a rise in the serum calcium
to a degree slightly leas than that which is found in
the normal subject, while during the healing phase a

supernormal rise occurs.

" B W o . 0 @y -

II. The Absorption of Fhosphorus.

The absorption of phosphorus by the intestine has
already been studled both in health and in rickets by
means of repeated analyses of the inorganic phosphorus
content of the serum after the oral administration of
sodium phosphate. In 1925 Klercker and Odiié)showed
that the ingestion of a soluble phosphate‘was followed

by a rise in the inorganic phosphorus of the serum.
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Murdoch in 1927 noted the effect of the ingestion of
sodium dihydrogen phosphate on the inorganic phosphorus
content of the serum in five normal children, in four
children suffering from active rickets and in two in
whom healing was in progress. In both the normal
cases and cases of active rickets she obtained an
average rise of 2.0 mg. per 100 c.c. at the end of
1-2 hours, and in the 2 cases of healing rickets
increases of 5.1 mg.(gz? 7.0 mg. respectively. In the
following year Warkany published the results of a
similar series of experiments. In 3 normal cases he
obtained a rise of from 2.4 to 4.5 mg. per 100 c.c.
serum in 1 to 2 hours after the ingestion of 5 gm.
disodium hydrogen phosphate, in 5 cases of active rickets
a rise of from 0.1 mge. to 1.0 mg. per 100 c.c. serum
after a dose varying between 2.5 and 4 gm. NagH POz, and
in & ceses of healing rickets a rise varying between
2.4 and 7.6 mg. per 100 c.c. serum. The results obtained
in hils cases of active rickets are strikingly different
from those of Murdoch's series. It is to be noted
however that Murdoch used an acid salt (NaHgP04) while
Warkany used an alkaline one (NagH PO4). It was
considered probable that this might be the expdanation

of the discrepancy in these two workers! results.
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RISE AFTER Nag HPO,

TABLE 1lX: Inorganic phosphorus in mg. per 100 c.c. serum in cases
of active rickets before and after the oral administratinF
of 4 gm. Na Hy PO, and 4 gms. Nag H PO4

Case | Age | Serum Maxil
Phosphorus|{ 1 hour  hours| 4 hours|{ mum
before after after after | rise REMARKS .,

s - mgo
wee. | 1| 3. 4.9 | 5.7 2.3 | 2.3 |4 gm.NaH,PO, pe:’
o1
H.R. | 4 2.4 6.3 | 5.5 4.4 | 3.9 do do
R.M. | L 3.2 6.4 7.2 4,1 4,0 |4 gm.NagHPOg per
o

J.'. ’ 400 404 6.0 4.1 2.0 do dO

AVERAGE RISE AFTER NaHs POg4 3.1 m g
do do  NagHPO4 3.0

TABLE X: Inorganic phosphorus in mg. per 100 c.c. serum in cases
of Healing rickets before and after the oral administrati
of 4 gm, NalpPO4 and 4 gm. NagH PO, -

Serum Maxi+
Case | Age | Phosphorus| 1 hour g hours| 4 hours| mum REMARKS.
before after | after after rise
e ng.
R.K. 2 3.1 846 12.9 7.7 9.8 |4 gm.NaH2P04 per
08

HoWo | | 7.0 10.6 12.4 8.8 5.4 do do

H.Coe | 2 63 13.3 9.5 9.2 7.0 do do

M.B. 172 4,9 8.9 8.1 7.3 4.0 do do

BQM. Z'/z 601 1209 9.4 609 6.8 dO dO

J.P. | 2 3.6 8.0 8.5 5.7 | 4.9 |4 gm.NagHPO4 per

o 08
AVERAGE RHSE AFTER Naﬁg P04 6.6 mg.
MINIMUM 4,0 *
MAXTMUM " " 9.8 "
4.9 "
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Consequently in the present investigation bvoth
salts were used. Four cases of active rickets were
studied, 2 of whom received sodium dihydrogen phosphate
and 2 disodium hydrogen phosphate. Six cases of
healing rickets were also inveatigated, 5 after the
adninistration of NaH2PO4 and 1 after Na2HPO4.

Results. (Tables IX and X and Chart VI).

In the 2 cases of active rickets who were glven
the acld salt the increases noted were respectively 2.3 mg.
and 3.9 mg. per 100 c.c. serum, representing an average
of 3.1 mg., while in the 2 cases given the alkaline salt
the increases were respectively 2 mg. and 4 mg., or an
average of 3.0 mg. The average rise over all the vases
of healing rickets was 6.5 mg., the minimum being 4.0 mg.
and the maximum 9.8 mg. A rise in the serum phosphorus
of 4.9 mg. occurred in the case who recelved the alkaline
salt.

These results confirm Murddch's findings that in
active rickets the rise in serum phosphorus follawing the
oral administration of NaHpoPO, 1s similar to the rise
obtained in health. A similar rise was noted following
the administration of NegHPO4. The increased rise in
the phosphorus level noted by both Murdoch and Warkany
during the healing phase of the disease 1s confirmed by

the results obtained in the present series.
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Discussion: The recognition of the importasnce of the

PH of a solution in affecting the solubility of calcium,
has led many workers to investigate the reaction of the
gut in rickets. Until recently it was generally accepted
that the only parts of the alimentary tract normally with
an acid reaction were the stomach amd the first part of
the duoderum; the jejumum, ileum and large intestine
being considered alkaline. According to this theory

the area through which calcium could be absorbed was
limited to the stomach and a very(gg;ll part of the small
intestine. MacClendon and others however, in 1919
showed that the whole of the small intestine in pups,

dogs and cats is on the acld side of neutrality, and a
year 1later thé?e)reported results showing that in man

the duoderum and jejurmum are normally acid. (2$?ese
results were confirmed in 1927 by Lloyd Arnold in dogs.
The importance of this observation with regard to the
absorption of calcium is at once evident, absorption being
possible over a much larger area than was formerly supposed.
Investigations of the reaction of the gut in rachitic
children hawebeen limited to studies of gastric acidity
and the reaction of the faeces. Wills, Sanderson and
Paterséig)found an increase in the degree of gastric

acidity during healing rickets but they considered that

such increase was related rather to improvement in general
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(29)
well-being than to healing of the disease. Schloss

was the firstt point out that in active rickets the
faeces were alkaline while during healing the reaction
tended to change to acid. More recently a study of

the calcium and phosphorus content along with the pH
values of the faeces was made by Redma;?O)in rachitic
children. He determined the pH value in fresh aamples
and the Ca and P content 1n drled samples of faeces

from cases of active and healing rickets, and noted a
certalin correlation between the Ca and P content and the
pH value confirming the previous work of Schloss.

Much work has been carrled out in animals on the
effect of the production of rickets and its subsequent
healing on the reaction of the faeces. Zucker and
MatzaﬁSl)in 1923 showed that the faeces of albino rats
are normally acid, and become alkaline on the production
of rickets. On treatment of rachitic rats with codliver
0il or ultra-violet light he found that a definite increase
in acidity occurred. This work has subsequently been

(32) (33)
confirmed by Jephcott and Bacharach agg)by Yoder in
rats, and by Redman, Willimot and Wokés in guinea-pigs
and rats.,

Determinations of the pH values of the contents of

the small and large intestine at different levels have

also been made and in spite of the great technical
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difficulties involved in this procedure the consistency
of the results makes them worthy of consideration. Such
experiments were carried out by Grayzel and MilléSS)in
normal dogs, in dogs fed on a rickets-producing diet
(Mellanbyts diet), and in dogs fed on Mellanby's diet

+ codliver oll or exposure to ultra-violet light. The
animals were killed 4 to 6 hours after feeding when 1t
was considered intestinal digestion was at its height
and no sharp cycllc change in reactlon was occurring.
The stomach, the intestine in two-foot lengths, the
caeéum and the colon were 1solated and the pH determined,
both electrometric and colorimetric methods being used.
In normal dogs they found the reaction acld throughout
the small intestine becoming slightly alkaline in the
large. The reaction of the small intestine in the 6
rachitic dogs was to the alkaline side of neutrality
while in the rachitic dogs treated with codliver oil or
ultra-violet light the reaction was acid. 1In similar
experiments on rats Tisdall and Prigis)found the acldity
of the upper intestine of normal rats greater than that
of rachitic rats while on the exposure of the rachitic
animalas to sunshine the reaction approximated the normal.

The consistency of these workers! results lends

support to the theory that in rickets there is a change
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in the intestinal pH to the alkaline slde. On the
ordinary milk diet of the infant containing as it does
Ca0 and Py0g in the approximate ratio of /.38 it is
easy to understand how an increased intestinal pH would
lead to increased formation of insoluble CaS(PO4)2 and
hence to some degree of disturbance of absorption of
both these elements.

In the present experiments the only evidence we
have of defective absorption 1s the slight flattening of
the calcium curve 1n the cases of active rickets. This
however may be explained not only as possibly due to a
slower rate of absorption but also to ah increased rate
of excretion. If calcium 1s eliminated more quickly
from the blood in rickets it must be excreted by the bowel
as we know there is a diminlshed excretion by the kidney.
We are thus brought to the problem of whether the 1lncreased
faecal calcium 1s due to an interference with absorption
or an increased excretlion.

There are several polnts which may help in deciding
which of these possibilities is the more probable - (1) the
increased pH found experimentally in the intestine of
rachitic animals rendering calcium salts more insoluble,
(2) the fact that following a reduction in the intake of
calcium in the dlet the greater part of the phosphorus
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becomes excreted by the kidneys and (3) the normal
phosphorus curve considered along with the excess of
both calecium and phosphorus found in the faeces of
rachitic subjects. If this excess faecal output of

Ca and P were due to an increased excretion of Ca and P.
then we should expect a flattening of the serum P. curve
similar to that of the calcium one because of an increased
rate of elimlination of phosphorus from the blood. We
find, however, a normal serum P curve and Murdoch has
shown that 1f calcium lactate be given alohg with phos-~
phate the level of the serum phosphorus remains lower. i

When these points are consldered the evidence would
seem to be in favour of an interference with absorption,
the primary change probably being an increase in pH
followed by an increased formation in the gut of Cagz(P04)2
thus leading to an interference in absorption of both
calcium and phosphorus. But we must admlt that such
evidence as we have is by no means conclusive and we still
lack an entirely satisfactory solution of the problem.

The 1ssues are confused in that we do not yet know
how much of the faecal calcium under normal conditions 1is
excreted by the intestine, and how much is the unabsorbed
residue of the intake. The investigation of the effect
of ammonium chloride in normal children described in the
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first part of the next section as well as providing a
study of the reactions of the normal child to acldosis
was undertaken with the hope of throwing some light on
this problem, while the experimental work on pigs
descrived in the second part of the next section was
carried out with the elucidation of this problem as its
chlef aim.

———————— ~000=mmmmm——————
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SECTION III. Part I. Metabolic Reactions of the
Normal Cchild to acidosis induced
by Ammonium Chloride.

D D S T W o L T - -

Acidosis is so frequenily put forward as the under-
lying pathological condition in such a variety of
disorders that it 1s important to appreciate what
actually are the metabolic manifestations of the acidoflie
state. Clinically one seldom, if ever, has an oppor-
tunity of studying aclidosis uncomplicated by some such
other factor as inanition or toxaemia. It 1s therefore
advisable in an investigation of the metabolic reactions
to a disturbance in acid-base equilibrium to have these
secondary factors as far as possible excluded. This
can only be done when the acidosis is induced in a
healthy individual 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
1ngeétion of NH4Cl. Haldaégv)waa the first to show
that NH,Cl taken in large amounts led to a marked acldosis
owing to its ammonium molety belng converted into #rea.
Since then many papers have been published dealing with
the changes following the administration of this subatance.

This investigation was undertaken with the object of
studying the changes which occur normally in mineral
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metabolism during acldosis and of comparing these
changes with changes similarly induced in cases of
rickets. The urinary excretion of chlorine, ammonia

and titratable acid as well as changes in the chemical
composition of the blood were also studied. Most
workers are agreed that there 1s an incfeased output

of lime in the urine during acidosis. The effect on
the faecal excretion of lime and the influence of the
acldotic state on the phosphorus metabolism have not
however been previously determined. Steenbock, Nelson
and Haréss)have pointed out the detrimental effect of
acld-forming diets on calcium retention and calcification
in animals. Sawyer, Bauman and Stevenésg)found an
increased urinary output of calcium and phosphorus in
two children during a period of high fat intake: in only
one, however, was there an increase 1in the faecal amounts
of these substances, while in the other there was a
decrease. In a study of acld and base~forming diets in
adult women Bogert and Kirkpairic§40)did not obtain a
constant change in the amount of faecal calcium during
the period of acid-forming diet although the(:g%nary
lime was always increased. In Infants Flood found
that administration of ¥/10 HC1l led to no alteration in

the retention of calcium although this substance always
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appeared in slightly increased amount in the urine.

The subjects of the present study were four
apparently normal children - N.G. female aged 9 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. Balance studles Wefe
carried out in a similar way to those described in
the first section. Thereafter 1 gram of ammonium
chloride was administered 5 times dally in capsule
form and balance studies again made. In the case of
N.M. and J.F. the ammonium chloride was continued so
as to include a third period of 5 and 6 days respectively.
In the case of N.M. 1 drm. coddiver oil was given 3
timeés daily during this last period.

Clinical features: No apparent change was produced

in the appearance of any of the children during or
following the ingestlion of the ammonium chloride. In

2 cases the administration continued for a period of

18 days without any sign of circulatory disturbance.

The daily intake varied from 0.166 to 0.247 grams per
kilogram body weight. Haldane produced in himself
marked respiratory distress by taking one dose of 25 grmi-
of ammonium chloride equivalent to 0.25 grams per kilogram
body weight. Koehlégz)found that administration of 10-15
grams of ammonium chloride dally to well-developed adults
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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
difference between our results and the results recorded
elsewhere. First, children may not be as susceptible
as adglts to the action of ammonium chloride. It is
well known that children tolerate a much larger dose
per kilogram body'weight than adults of such a drug as
Salvarsan. It seems strange, however, that this should
be the case with an acld~-producing substance when the
peculiar susceptibility of the young to disturbances of
acid-base equilibrium is remembered. Secondly, the
difference in the diets of our subjects and those of
the adults may be of importance since milk contains an
excess of fixed base over mineral acid. It is possible
that thls excess base enabled our subjects to withstand
the acidosis more effectively than would otherwise have
been the case. Thirdly, the division of the daily
ddase into 5 portions may have allowed the compensatory
reactions of the body to come into play before there
was any necesslty for visible extra effort on the part
of the respiratory or other system. The last seems to
be the most likely explanation: but whatever the cause

may have been the absence of clinical manifestations of



TABLE X1. Changes in Chemical Composition of Blood.

(1) (2) (3)

Cco Calcium Phosphorus
NAME STAGE _ Vol,% mg.% A
N.G. Normal 55.1 - -
7 days NH4Cl 38.7 - -
WeCo Normal 68,2 10.6 5.2
4 days NH4Cl. 41.4 - -
8 " " 40.3 10.1 6.5
J.F. Normal 667 9.1 -
9 da.ys NH4C]-0 49 i 9.1 -
lg " L] 4508 8080 -
N.M, Normal 60.6 9.25 4,2
3 days NHyCl 45,1 - -
6 " L 4108 - -
9 . 43,4 9.8 4.1
i3 " " 41,5 - -
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acldosis in no way invalidates this study for, as will

be shown later, the blood analyses were indicative of

a dilsturbance of the acid-base equllibrium towards the
acld side. The principal object being to study the
changes over a perlod of several days it would havse

been manifestly imposzible to have accomplished this

in the présence of respiratory distress or other evidence
of acute acidosis. |

Changes in Chemical Composition of the Blood:

A. Carbon dioxide (Table XI Column 1) . - The total COg
content of the blood was reduced in every case. Keith
and Whelaé%S)found that the plasma CO; dropped about the
4th or the Sth day of the adminlstration of ammonium
chloride. 1In the last three subjects the CO2 content
was estimated 2 or more times during the ammonium chloride
periocd. From these results it 1s evident that the
reduction in the CO2 content reached what was practically
its maximum, comparatively early in the reaction to
ammoxiium chloride. Contimied administration of the
acid producing substance had but little further effect
on the COp content of the blood. This is probedbly due
to the fact that the other regulating mechanisms came
into play, and thus protected the COg contents, and

most certainly the pH, from further reduction. Accord-
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ingly, if in any case the COy; content of the blood
persistently falls from day to day, it would indicate
that the other regulating reactions are unable to cope
with the amount of acid produced.
B. Calcium and Phosphorus. (Table XI, columns 2 and 3).
In 1924 3Stewart and HaldanéM) noted a 10 per cent
rise in the serum calcium of a healthy adult, following
the administration of 25 grm ammonium chloride. Haldane,
Wigglesworth and Woodréés) found no significant change in
the 1lnorganic phosphorus content of the serum during
acidosis but observed a slight fall as the aclidosis was
passing off. In the results recorded in Table XI 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 the
other 2 subjects (Charts VII and VIII) more frequent
analyses were made. In both the serum calcium showed
an initial rise which persisted till the 5th day, there-
after falling below the normal level: on the cessation
of ammonium chloride administration the calcium immediately
rose somewhat above the control level and then returned

to normal. The serum phosphorus moved in the inverse

direction to calcium.



TABLE XII.

Showing intake, output and retention of chlorine
(CoCo N /10.) .
Out put Retention.
Bame. | Period | Intake | Urine ; Faeces | Total | Per kg.
i per day.
|
N.G. | Normal | 4133 3585 ; 36 +512 | +2.8
NH,CL. | 10675 9518 | 40 [+1117 | +6.1
|
W.C. | Normal | 4133 3815 | 15 +303 | +1.6
i
NH,C1. |10675 9853 17 +805 443
J.F. | Normal | 2755 2829 | - ~74 | =0.6
NH,C1. 8365 7299 - +1066 ' +848
NH;C1. | 8365 7656 - +709 +5.8
+ =
! : =
N.f. | Normal | 4018 3706 | - +312 | +1.5
|
NH,C1. |10560 10040 | - +635 +340
l
NH,C1l. | 7545 7678 | - -1 ~049
(Sﬁww‘ ! 33.
" e _ i |




TABLE XIII.

Percentage excretion of chlorine in first 24 hours
following ingestion of sodium chloride.

mt. of NaGl. Form in Diet % exeretion of
iven in gm. which NaC l. extra salt during
given. 1st. 24 hours.
4.5 Saline Balt poor 53
45 Saline Salt rich 62
10.0 Solid in cepsulq Salt poorx 50
10.0 Solid incspsule| Salt riecy 67
1]
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Urinary Excretion of Chlorine: The excretion of chloride

nornally takes place through the urine and the sweat.

The faecal output 1s practically negligible. It was
estimated in two of our cases, and as will be seen from
the results in Table XII 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 negative balance. While ammonium chloride
was being administered the retention was increased in
every case except during the wecond periocd of N.M. which
was characterised by a slight negative balance.

When one comes to examine the daily figures it is
plain that all the subjects reacted immediatély 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% of the extra chlorine had been retained. This
corresponds to what happens when sodium chloride is
given. Table XIII indicates the percgntage excretion
of chlorine in the first twenty four hours following
ingestion of sodium chloride: the subject was a healthy
boy aged 11 years.
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With the exception of N.M. the daily curve of
NaCl output (Charts IX to XII) 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 over 2 or 3 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 quite marked. It will be noted in
every case tpat this second peak corresponded with the
maximum rise in the output of ammonisa. It is therefore
failr to conclude that this secondary rise in the
excretion of chlorine was due to the increased ability
of the kidney to supply ammonis. Indeed, a glance at
the chlorine and ammonia curves following this second
peak shows in every case a falrly marked parallelism
indicating a correlation between these two substances.
This parallelism 1s not noticeable during the first 5
‘days of ammonium chloride sdministration. There is also
a fairly marked correlation between the amount of urinary
chloride and fixed base both during the control and the
smmonium chloride periods, with the exception of the
control period of W.G. The urlnary volume and chlorldes

also show some parallelism especlally during the
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ammonium chloride periods. (
46) ‘
Urinary Volume: Gamble, Ross and Tisdall reported

an increase of urinary volume in children during the
administration of either calcium or ammonium chloride.
Keith and Whelag‘zllz:) however, found no change in the volume
of urine excreted by a normal individual during ingestion
of ammonium chloride. During such administration there
was in all our cases except the first pgriod of N.M. an
increase in urinary volume, not, however, as marked as
might have been expected. The dally output of urine
varied greatly, frequently falling much below the maximum

observed in the control perilod.

Ammonia and titratable acidlity of the urine:

The output of ammonia and titratable acid was increased
in every case durling the administration of ammonium
chloride. 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
smmonia content of the urine did not attain its greatest
value till the fifth or sixth day, and in the case of J.F.
the ninth 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

(46)
the ammonium chloride period, but Gamble and others have
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TABLE XV: showing ash, calcium, phosphorus and fat content o/«
Faeces.
PERIOD 1 (Normal)| Period 2 (NH4Cl.)!
Total quantity] % in |[Total quantity % in
in feces | fac®s in faeces faecey
VAME ., grm., grme. {
L —
oG Faecal Weight 62455 66455 |
Ash 31.8 5602]
Cal 9.508 15.0 12.445 18,0
Yeekly | PoO5 6.818 10.9 | 8.984 13,0
Figures! Total Fat 21,736 34.75| 19.486 29.§
Combined fatty acids 17.795 £28.45| 15.659 23,
Free Fatty Acids 1,189 1.9 1.637 .24
Neutral fat 2.752 4.4 2.189 3.2{
4
|
v.C. FPaecal Weight 84.65 88.40. [
Ash 40.8 41,0
ca0 14,983 15,0 | 15,938 18.(,
eekly | Pg2Os 14,390 14.0 14.564 14.0
igures| Total Fat 29,527 33,7 | 24.699 274
Combined fatty acids 17.437 20.6 14,003 15,
Free fatty acids. 6.833 8.19 7.284 8.3
Neutral Fat 4,156 4,91 3.412 B
— -
TPERIOD X(Norm 2_’2§NH$C1} Z'ENH401; !
Total | #% in | Tote z in | Tota %
quants=|{faeces | quan¥irf faeces | quankly faeca
ity 1 fowee # foray [
AME. grms rms . grus . B
Fe Faecal Weight 56,35 79.70 60,85 i
Ash 33.2 31.5 3248
Cal 8.621 |15.3 11.158{14.0 8.823] 14.51
Figureg Total Fat 20,70 }36.79 33.386]41.89 20,00 52.92;
Combined fatty acids|14.,01 |24.,95 18.18 22,81 12.64 | 20.8)
Free fatty acids 4,89 | 8.652 | 13,047{16.,37 5.57 | 9.14
Neutral Fat 1,80 | 3.188} 2.16 | 2.71 1,78 | 2.9
M. Faecal Weight  8.65 13,69 18,05 !
Ash 40.8 44,7 43.4
ca0 1.565}18.0 2.807]20.0 3.556] 19.0!
faily | PgOsg 1,375|16.0 2.492|18.,0 3.285 18&:
figureg Total Fat 2,85 33,03 3.,936|28.75 6.58 56.4;
Combined fatty acids| 2.204}25,48 2.909]21.25 5.008| 277
Free Fatty acids 0.236| 3.43 0.602! 4,40 0.826] 4,58
Neutral Fat 0.376| 4.12 | 0.424| 3.10 | 0.743(4.1
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shown that the output remains indefinitely above normal
for some days following the administration of an acid
salt.

Metabolism of Calcium and Phosphorus:

The intake and output of calcium and phosphorus in
each case is detailed in Table XIV which also shows the
retentlon and the partition of these substances between
urine and faeces. In Table XV are given the results of
the faecal analyses for calcilum, phosrhorus and fat.

It will be convenient to give a brief account of
the results in each case, and thereafter to summarise
and discuss the bearing of these findings on the general
rroblem of mineral metabolism.

N+.G. The retentions of Ca0 and P205 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
urinary excretion of lime was also increased. The
output of P50g by the urine was likewise raised, but
the decreased retention of P,0g was mainly the result
of an increased faecal content of this substance. As
with lime the rise in faecal phosphorus was consequent
on an increased percentage output together with a rise

in the faecal weight. The percentage of ash was also



39

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

W.C. The results here were practically identical
with those recorded above. One point of difference
may be noted, namely, the fact that there was but little
increase in the faecal output of Pg0s, the lowering of
the retention value belng due to a falrly marked rise
in the urinary content.

J.Fe In this case there were 2 successive periods
on NH4C1. The retentions of Ca0 and Po0g were reduced
during the first of the two periods but returned prac-
tically to normal in the second. There was a rise in
the urinary Ca0 in both periods, and the urinary P05
in each was practically unchanged. The reduced retgntiona
of lime and phosphorus were due entirely to the increased
faecal output resulting from a rise in the faecal weight;
the percentage 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 aclds while in the second period
the value for total fat was slightly below that of the
normal. The percentage of comblned fatty acid was reduced
during both perilods.
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N.M3 With this subject there were two periods on
NH,Cl, the first for 7 days and the second for 5 days
during which time 1 dram of coddlver oil was given 3
times daily in addition. A negative balance of both
lime and phosphorus was found during each NH4Cl 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 2 periods. The
percentages of lime, phosphorus and ash in the faeces were
increased, tut the marked rise in the total faecal output
of Ca0 and P;0g was chiefly the result of the striking
increase in the weight of dried faeces. In the first
period the percentages of total fat and combined fatty
acids were reduced but in the second, during which
codliver o0ll was also administered, these percentages
were increased slightly above those found in the normal
period.

Summary. There was in all cases a reduced retention
of lime and phosphorus resulting from an increased output
of these substances in both urine and faeces.

(a) Ccalcium. Goté47}ound in acidosis an increased
excretion of calcium by the urine but Keith and Whelan
observed but little change in the urinary excretion of
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calcium during administration of ammonium chloride.

In our cases, however, the urinary calcium was at

least doubled and in one instance trebled. The
increased faecal excretion of calcium was due to an
increase 1n the total faecal weight and, with the
exdeption of J.F., an increase in the percentage of
lime in the faeces. Generally the increase in faecal
calclum was much greater than ®hat obtained in the urine.
In WeCs, however, the urinary and faecal increases were
approximately equal, and in J.F. (2nd period) the
urinary increase exceeded that in the faeces.

(b) Phosphorus. The extra output of phosphorus was

even less consistently distributed between urine and
faeces than wgs the extra lime. In only one case (W.C.)
was the increase in urinary phosphorus marked. Apart
from this case, in which the rise in faecal phosphorus
was insignificant the main increase in excretion wasby
the faeces.

(¢) Weight of dried faeces. In all cases there

occurred an increase.

(d) Ash. With the exception of J.F. (1lst period)
there was always a rise in the percentage of ash in the
dried faeces.

(e) Faecal fat. The percentage of total fat in the

faeces was reduced in all cases except J.F. (lst period)
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and N.M. (2nd period) . The percentage of combined
fatty acids was reduced in all cases except N.M.
(2nd period) .

Discussion. In spite of the large amount of work

done 1in connection with calcium metabolism there is as
yet no definlte information as to the extent of absorption
of this element, and it is still a matter for conjecture
how much of the faecal calcilum has been absorbed and
excreted through the bowel wall, and how much has passed
through the gut unabsorbed. Grosséis)found that
subeutaneous injection of calcium salts lead to an
increased excretion by the bowel, and Salveséig)shOWed
that in parathyroidectomised dogs nine-tenths of the
calcium chloride injected intravenously was excreted in
the faeces and one-tenth in the urine. Percival and
SteWa£§0)isolated the large intestine in cata and found
that the intravenous administration of calcium chloride
was followed by a marked increase in the excretion of
calcium by the large intestine, but no change in the
urinary output. Recently Bauer, Allbright and Augsl)
have published the results of an investigation of the
calcium metabolism on a very low calclum intake in 13
normal adults. On these 13 subjects there were 46

three-day periods of investigation. With the exception
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of a single period in one case, they found in all a
negative balance of calcium, and with the exception
of 3 periods there occurred in the faeces a greater
amount of lime than had been ingested. In one case
(N.M.) of our 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 1s justifiable to conclude that in ammonium
chloride acidosis excretion of calcium through the
bowel wall can occur. Our results also contradict
the s tatement of Givens and Mendégz)that the increase
in urinary calcium in acldosis 1s the result of
diversion of lime from stools to urine. In our cases
both the urinary and faecal lime was increased in
amount.

In one period at least (N.M., 3rd period) there
was unequivocal evidence of calclum excretion by the
bowel wall.

(53)

The investigations of Nelson on the mineral
metabollism of patlients suffering from diabetes and of
epileptic subjects fed on ketogenic diets have shown
that the kidneys are capable of excreting large amounts
of lime. Indeed, more than half the total excretion

of calcium may take place through the urinary system.
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In these cases there is also a slighglincrease in the
faecal output of lime. The presence of an acidosis,
therefore, leads to an increased excretion of lime both
by urine and faeces. In our serles, with the exception
of N.M., the percentage of lime excreted by the urine
1s always increased during the ammonium chloride period.
This would suggest that the amount of calcium excreted
by the kidneys is to some extent dependent on the degree
of acldosis. Additional support would at first glance
seem to be lent to this view by the results of Shohl

(54) (40)
and Sato, and Bogert and Kirkpatrick. The former
found that the addition of sodium blcarbonate to the
diet decreased the urinary output of Cal0 and Py0g, but
increased their content in the faeces to such an extent
that the(retention of each was reduced. Bogert and
Kirkpatriig)record similar results with a base-forming
diet. The additlion of sodium bicarbonate to the dlet
brings in another factor, already referred to in a
previous section, namely, a change in the reaction of the
lumen of the gut. The decreased urinary output of
calcium during sdministration of blicarbonate may be
entirely due to the local effect of this salt in inter-
fering with the absorption of lime by increasing the pH

of the intestinal contents.
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Attention has already been drawn to the theory
advanced by Freudenberg and Gyg£2§(5)that the decreased
retention of calcium in rickets 1s due to an acidosis
of the tissues which interferes with the precipitation
of calcium salts. If this view were correct one would
expect the mode of excretion of lime and phosphorus
to be similar to that found during ammonium chloride
acidosis. Quite the reverse obtains, since the output
of lime in the urine is markedly diminished, as is also
the urinary phosphorus; and the very low retention of
these minerals 1s caused entirely by the large faecal
content of Ca0 and Pg05. 1In other words, the partition
of calcium and phosphorus in the excreta in rickets

closely resembles that found in conditions tending to

alkalosis rather than acidosis.

- - i dve e w W
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Part 2. Animal Experiments on the Intestinal
Excretion of Calcium.

It has been shown in Part I that under the influence
of acidosis induced by ammonium chloride calcium 1s)in
at least small amountg)excreted by the bowel. The
following experiments were carried out in an attempt to
answer the question of how much of the faecal calcium
under normal conditions is excreted by the gut and how
mach is the unabsorbed residue of the intake.

‘The animals chosen for the experiments were pigs
and the method of procedure was to isolate a portion of
intestine and analyse the contents for lime making at
the same time a complete analysis of the intake in the
food and the output in faeces and urine of (a0 and Pg0g.
After recovery from the operation and before the metadolic
studlies were begun the isolated loop of bowel was washed
out daily for a week and the washings discarded. During
the metabolic studies the loop was washed out dally with
a fixed quantity of distilled water, the washings dried
and analysed for CaO. It was considered that this would
give a falrly accurate quantitative determination of the
lime excreted by the isolated portion of gut. Unfortunately
it was found impossible to prevent loss of secretions from

the ends of the loop during the intervals from washing.
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Pig I. The first metabolic study was made when
the animal was 9 weeks old. The diet conslsted of
400 c.c. cow's milk, 400 gm. oatmeal, 8 gn. CaC0z ,
5 gme NaCl and distilled water ad 1lib. During the
7-day period of study the weight increased from 12.3
to 13.0 kilos. At the age of 12 weeks the operation
was carried out under chloroform anaesthesia. About
30 cm. of large intestline immediately distal to the
caecum was 1isolated, one end closed and the other
brought to the surface of the abdomen. The contimuity
of the remainder of the large intestine was restored
by means of a lateral anastomosis. The animal made a
rapid recovery. When 14%-weeks old the second meta-
bolic study was begun. One week before this 7-day period
the diet was increased to 600 c.c. cow'!s milk, 600 gm.
oatmeal, 10 gm. Cacos, 5 gm. NaCl and distilled water
ad 1liv. The wéight during this study increased from
13.8 to 15.3 kilos. At the end of this period 5 grams
ammonium chloride dally were added to the diet and 3 days
later the third 7-day period was begun. The weight
during this period increased from 15.4 to 16.2 kilos.
That the animal now suffered from a marked acldosis is
shown from the analyses of the blood COo which fell from
47.1 vols.% before the administration of smmonium chloride



TABLE XV1.

Pig., 1.

Intake, output and retention of
CaO and P2050

1st. Period 2nd., Period 3rd. Period.
Normal Normal NH4C1.
Total Intake (Ca0 38.108 49,322 49,322
(
(in gm.) (P05 34.16 51.240 51.240
Faecal weight
A(gm.) 241,15 370.7 371,50
Percentage Ash 17.9 18.9 19.8
(ca0 17.122 26,505 28.605
Output in (
faeces (gm) (P20s | 13.625 23.354 25.26
Excretion of Ca0 into — 030 037
isolated loop (gm)
(ca0 1.926 1.434 1.556
Output in Urine(
(%) (Pg05 | 1.541 2,347 2.956
(ca0 19.060 21,383 19.161
Retention (

(gm) (P05 18.994 25.539 23.024
Daily (cao 215 «210 173
Retention (
per kilo (gm) (P205 214 ~ «251 «208




TABLE XV1l. Pig.JL

of Ca0 and P205

Intake, output and retention

lst. Period

2nd. Period.

)

Normal NH, CE.
(Ca0 50.33 11.13
Total Intake (
(gm) (P505 49.56 49.56
Faecal Weight
(gm) 359,0 368,06
Percentage ash 14.8 10.8
(cao 18,147 6.257
Output in (
faeces (gm) (P205 17.770 13,066
- Excretion of CaQ into
isolated loop (gm.) »,0085 .014
(Ca0 2.603 1,345
- Output in E \
Urine (gm) (Pg0s 1.330 14.480
(ca0 £29.580 3.529
Retention (
(r (Po0s 30.46 22,0136
(ca0 241 2023
Daily Retention(
per kilo (Py05 249 146,
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to 28.8 vols.% towards the end of the period. A
radlogram taken of the bones showed no evidence of
rickets.

Pig II. In this animal no metabolic study was
made before the operation.which was carried out when
the pig was 10 weeks o0ld. TUnder chloroform anaesthesia
60 cm. of small intestine 6" above the ileo caecal
junction were isolated and the 2 ends brought to the
surface of the abdomen. The contimiity of the rest
of the gut was restored by a lateral anastomosis. This
animal also made a qulick recovery. During the first
metabolic study the diet given was the same as that
given to Pig I during the second period. The weight
increased from 17 kilos to 17.9 kllos. Five grams of
ammonium chloride dally were then added to the dlet,
the calclum carbonate omitted, and 3 days later the
second period was begun. The blood COp fell from
51.2 vols.% to 31.4 vol.% during this study and the
welght increased from 21 to 22 kilos.

Results. The results of the experiments on Pig I
are given in Table XVI and on Pig II in Table XVII. In
Pig I where a loop of large intestine had been isolated
and the intake of lime kept constant,

- (1) there is a very small amount of lime excreted by the

large intestine.
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(2) The amount excreted is increased 23% during ammonium
chloride administration, tut this amount constitutes only
.78% of the total lime found in the faeces.

(3) It would seem that the total increase in faecal lime
during ammonium chloride administration (2.1 gm.) cannot
be accounted for by re-excretion into the large intestine,
an increase of only .007 gm. Ca0 being obtained from the
30 cme of 1solated gut which represents a calculated
equivalent of .18 gm. for the whole of the large intestine
(the total length of the large intestine being equal to
760 cm) . As has already been remarked, however, there
was an unavoldable loss of secretions from the open end
of the loop so that the actual excretion of calcium was
probably higher than this figure would indicate.

In Pig II where a loop of small intestine had been
isolated and the intake of (a0 reduced during the second
period to one-fifth of that during the first ¥eriod,

(1) There is a definite though small amount of lime present
in the secretions of the amall intestine.

(2) There is a slightly increased amount of lime found in
the intestinal secretions during adminiatration.of ammonium
chloride in spite of the greatly reduced intake of lime.

Other 3 points of interest arise from a consideration

of the filgures obtained in the case of this animal. Firstly,
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there 1s a decrease in the percentage retention of lime
from 58.8% of the intake during the first period to 31.7%
of the intake during the second period when the calcium
intake is low - a difference of 27.1%. This decrease
must be attributed to the marked reduction in the intake
of lime during this period as in the other animal where
the intake of lime was constant there occurred during the
adninistration of NH4Cl only a slight decrease in the
retention (from 43.3% of the intake to 38.8%). From

this it would appear that there requires to be Iresent

in the gut of the young animal a large quantity of lime

in order to ensure absorption of the relatively small
amount necessary for the body requirements. Secondly,
during the low calcium period while the total retention

of lime 1is reduced to one-nineth of the retention during
the normal period, the urinary excretion of Ca0 is reduced
by one half. Lastly, there is a marked change in the
mode of excretion of P;Og on the low calcium diet. During
the normal period 6.9% of the total PgOg excreted is found
in the urine while during the low calcium period 52.6% 1is
excreted by the kidneys. That this increase in the urinary
excretion of P04 is not due to the acidosis produced by
ammonium chloride is shown from a study of the other animal

where little change was produced in the mode of excretion
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of P05 by the administration of ammonium chloride.
This 1s further evidence that normally calcium binds
phosphorus to the gut and thus limits its absorption.
It would seem probable from these experiments that

the bulk';f the calclum and phosphorus in the faeces

is the unabsorbed residue of the intake, and furthér,
that the amount of lime and phosphoric aclid found in
the urine 1s to a certain extent influenced by the
degree of absorption of these substances from the

intestine.

- T - o= - —ooo--—r—--r-——-e—-



SECTION IV. The Metabollic Reactions of Rachitic
Children to Acidosis produced by ammonium
Chloride.

D S G G W T B SR R BT ST S - v R GF em e . e -

The subjects of this study were 4 children in 3
of whom the radiclogical picture showed a condition
of active rickets. These 3 children also had signs
of tetany, Chvostekts s8lign being positive in all 3
while one (C.P.) also had laryngismus. In the fourth
child (M.R.) spontaneous healing was occurring at the
time of the study. The metabolic investigations were
carried out in a similar way to those made in the
normal children and the same dose of ammonium chloride
was given.

Clinical features: Like the normal children the

cases of rickets showed no clinical signs of acidosis

in spite of the large dosage and prolonged administratio
R.M. was kept on ammonium chloride for 5% weeks without
any apparent ill-effects. The radiologlical picture at
the end of that time showed an appearance of early heal-
ing in spite of the fact that environmental and dietetic
conditions were mailntained constant. In all the active
cases the signs of tetany disappeared during adminis-
tration of the acid. 1In C.P. both laryngismus and
Chvostek's sign disappeared after 3 days on NH401 but
returned the day after cessation of administration.

52 .
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TABLE XV11ll: Showing output of water, €itratable acid, ammonia and -
¢éhloride during Normal period and period on NH4Cl.

Case Period. Volume T.A. NH, NaCl,., gm.

C.C €. Mo (X3 VJID

R.M. Reel| 1st. Per:(Normel) | 1800 | 211.6 | 1224.4 | 5.780
(active(& 6 days
tetany )| 2nd. Period

(NH4CY).6 days 1860 | 450.0 | 1723.2 | 12.028
J.M, 1st. (Normal)™~ . | 5485 | 711.6 | 2362.0 | 12,5341
(active) -7 days.
RICLETS, 2nd, =~.. 7 days
((NH4CL), 5510 | 1424,0| 5496.2 | 39,0078
C.Ps ieners] 1st. “»;.C[Iorma]) 4290 404.8| 1042.8 | 10.6307
(active/& 7 days. .
tetany ) 2nd.(yﬂ40;9 7 days 2355 162.0| 3591.0 | 18.8400
¢t 30 wk7-L) 155b:1 175677
M.R. 1st, (Normal) 7 days 4 95652 | 2086. :
2540 18776-0) £/ 417650,

¢healing) { 2nd(NH 02

RKKETS 7 da 408Q |  787.6| 1584.8 | IE+5693




TABLE XIX.

Showing the percentage of the extra ehloride ingested
Which wag excreted in the urine of normal and rachitiec
children during administrstion of NH401.

Rickets Normal
Case <, Extra C1l' n Case 7% Extra Clt
exareted H execreted.
H
"
Rod. ]
g.ctivé‘ﬁ‘ 19.4 N NG, 90.7
etany. 4 :
il
J M. . Eg
potive- 9.2 no WG 2.3
i
c.P., 1l ,
etive/¥ 21e4 0 N.M 9648
etany. B
i
M.R. " :
ealing . 78.9 o JeF. 80.0
CRETS. ”
il




Changes in Calclum and Inorganic Phosphorus Content of

the Blood Serum. (Chart XIII).

In the 3 cases studied both the serum calcium and
the 1inorganic phosphorus content of the serum tended to
return to normal during the sdministration of ammonium
chloride. The serum calcium which was abnormally low
showed an increase which did not quite reach normal
during the period studied, and the serum phosphorus
which in two cases tended to be high at the beginning
of the NH401 periodpfell during the periocd. In the
third case the serum phosphorus initially low showed
an increase for 3 weeks and then gradually fell. The
change in the serum calcium in this serles of cases 1s
contrary to the results of Gamble and Ross who found that
administration of ammonium chloride did not increase the
lowered calcium content of the plasma found in tetany.

Urinary Excretion of Chlorine: The figures for

the urinary excretion of chloride are given in Table XVIII.
As in the normal children the urinary output of chloride
increases during the ammonium chloride period. There

is, however, a marked difference in the degree of lncrease.
This becomes apparent from an examination of Table XIX
where a comparison is made of the percentage of the

extra Cl! excreted in the urine of the normal cases



PABLE XX.

Showing the excess of titratable acid and ammonia exXereted
in the urine during the NH,Cl. period in normal and
rachitic ehildren.

¥ ] T

t I i

, H Rickets | : Normal
rase Fieess T.A.1 Excess 13{4%9,93 T excess m] cxcessl
, "
! ‘
23844 498.8 N N.G. 917 3298
o |
‘ t
T12.4 | 313402 ﬁ WeC. 1172 2452
” |
—=e242.8 2548.2 I N.id. 1150 2768
:
_r
728.4 3930.4 i; J.F. 527 3051
j
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With the percentage of the extra Cl' excreted in the
urine of‘the rachitie children. It will be seen thaﬁ
whereas the normal children excrete from 80% to 97% of
the extra Cl' ingested, the children with active rickets
excrete only from 19.4 to 69.2%, this figure rising to
78.9% in the healing case.

Urinary Volume: There was a slight increase in

urinary volume in 2 of the cases during administration
of ammonium Chloride but in C.P. the volume was greatly
reduced béing only about half that of the normal period.
In the Isaling case the volume during the NH401vperiod
was reduced by about one-tenth, (Table XVIII) .

Ammonia and Titratable Acidity of the Urine: In 2

of the cases of active rickets the acidity of the urine

remained low during the administration of ammonium chloride,

there being an actual decrease 1n the titratable acild

during the NH401 period in C.P. In the other active

case and in the healing case the increase in T.A. was

within the lower limit of normal. The figures for the

increase in ammonia output are normal except in R.M.

where the increase is only slight. (Tables XVIII and XX).
Metabolism of Calcium and Phosphorus: The intake

and output of Ca0 and P205 is detailed in each case in
Table XXI which also shows the retention and the part-

ition of these substances between urine and faeces. 1In



TABLE XX11: Showing Ash, Calcium, phosphorus and fat content
of faeces
PERIOD 1 (Normal)f  PERIOD 2 (NHaCl.
otal quantity, Z in[Total quantity|{7% in
NAKE in faeces gm. |[faxes]lin Faeces gm. | fae
R.M. Faecal weight 46,1 43,40
Active |Ash 31,4 29,1
Rickets [Ca0 6.915 15. 6.293 14,5
Weekly (Total Fat 19.929 43,23 18.85%7 43,4
Figures |Combined fatty acids 15.314 Z.22 12.551 28,9
Free fatty acids 3.298 7.155 5.859 13,
Neutral Fat 1.316 2.855 0.447 1,
- —3 343 34—t e ﬁ£=‘_"""—"===£ t—— === =====—-E==
J < M. Faecal Weight 73.6 52.95
Active Ash 40. 40.
Rickets |CaO 13,837 18.8 9.743 18.4]
LwTetany P205 11.408 15,5 8.419 15.9
eekly |Total Fat 20,939 £8.45 17.542 331
figures.|Bombined Fatty acids| 12.622 17,15 10.521 19.8
Free fatty acids. 5.961 8.1 5.004 9,
Neutral Fat 2+355 3.2 2.017 3
CePe Faecal Weight 62.4 72.6
Active |Ash : 45,
ickets | CaOl 9.984 16,0 9.148
Tetany |[PgoOs 12.355 19.8 11.616
eekly |[Total Fat 17.515 28,07 18.411
Figures.|Combined fatty acids l1.622 2.60 1.365
Free fatty acids 12.299 19,71 10.781
Neutral fat 3.594 5.76 6.265
M.R. Feecal Weight 36.1 S 45,07
Healing |Ash 38.2
Rickets [CaO 7. 076 19.6 9.284
Welkly |PgoOs 4,946 13,7 7.346
figures.|Total fat 6.743 18.68 7.310
Combined fatty acids 4,498 12.46 4,439
free fatty acids 0.975 2.7 1.767
neutral fat. 1,270 3.52 1.104
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Table XXII are given fhé results for the faecal

analyses for Ca0, PoOg and fat. In all cases there

was an increased output of €a0 and Po0g in the urine - a
slight increase in the case of active rickets and a
vefy marked increase in the case of healing rickets
particularly in the output of Ca0 which was increased
roughly 4 times. The faecal output of Ca0 and Po0g
was reduced in the active cases and increased in the
healing case. In R.M. the decrease was contributed

to partly by a reduction in faecal weight and partly by
a reduction in the percentage composition of Cal and
Péo5 in the faeces. In J.M. the reduction in faecal
weight was the chief factor and in C.P. the reduction
in the percentage of Ca0 and réos in the faeces seemed
responsible. In the case of healing rickets the
increased output of Ca0 and on5 was due to an increased
faecal weight and an increase in the percentage of
these substances in the faeceas. The retention of

both Ca0 and Po0g was increased in all the active cases
and diminished in the healing c#se. No constant change
occurred in the fat content of the faeces. It is
interesting to note that in both periods of C.P., Who
had the most marked signs of tetany, the P,05 content

of the faeces was excessively high and the comblned



TABLE XX111:

A comparison of the Metabolic reactions of normal

and rachitic children to acidosis produced by
ammonium chloride.

NORMAL Active Healing
Rickets Rickets
( Average
(increase 941 236 788.4
%in T.A.
(Average
(increase 2892 2060.7 3930,4
(in NH4
(
URINE (% of the
(excess Cl- 90 36,6 78.9
(excreted
(Excretion greatly
(of caOl increased | increased increased
( .
(
(Excretion
(of Pg05 increased | increased increased
S S— - L
(Bxcretion
(of ceO increased | decreased increased
FAECES (
(Excretion
(of P505 do do do
¢
(cao decreased | increased decreased.
RETENTION(
EP205 do do do
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fatty acids were very low.

A comparison of the reaction to ammonium chloride
of this series of cases wlth the reaction of the normal
series 1s made in Table XXIII. The following points
are to be noted:-

1. Administration of ammonium chloride increases the
retention of Ca0 and PoOg 1n active rickets.

2. The increase in urinsry excretion of titratable acid
and ammonim is on the whole not so great in the
rachitic children as in the normal.

3. Whereas the normal subject excretes 1In the urine
almost all the extra Cl!' ingested, the cases of
rickets excrete only a small amount.

4. In the healing case the reaction to ammonium chloride
as regards urinary output of titratable aclid and
ammonia, and retentions of Ca0 and Pg0g resembles

the reasction found in the normal cases.
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Discussion: It has already been pointed out that in

rickets the metabolic picture as regards calcium and
phosphorus resembles more the picture met with in
alkalosis than that met with in acidosis. But from

the experiments describhed in the second part of Section
III we have evidence that a diminished intake, resulting
most probably in a diminished absorption of lime, leads
to a reduction in the kidney excretion of this substance.
There 1s a certaln amount of evidence that there is a
disturbance in absorption of calcium and phosphorus from
the gut in rickets due to an increased pH of the
intestinal contents. The problem is how far this
disturbance 1s responsible for the low urinary output

of calclum and phosphorus in rickets and whether we

can demonstrate any disturbance in intermediary metabolism
which maey play a part.

The first striking difference between the reaction
of rachitic and normal cases to the administration of
ammonium chloride 1s the increase in the retention of
lime and phosphorus in the former, and the reduction
in the latter. Although ammonium chloride was chosen
as an acld-producing substance because of 1ts neutrality
in the gut, the generallsed acldosis produced throughout
the body would probably secondarily affect the reaction

.in the intestine. In this way~absorption of the mineral
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elementa would be facilitated. This, however, does
not explain why the rachitic tissues hold on to the
extra lime and phosphorus atsorbed, while normal tissues
under the influence of acidosis actually lose some of
thelr normal mineral content. The explanation may be
simply that the important defect in rickets is inter-
ference with absorption. When the disturbance 1s
rectified the mineral-starved bones can utilize some
of the extra Ca0 and Pg0g absorbed, this increased
utilization of the mineral elements by the rachitic
bone masking the normal response to acidosis, namely
an increazed excretlon of Cal0 and P;05. An objection
to this explanation is the reaction of the case of
healing rickets to ammonium chloride. This reaction
resembled that of the normal subject in that the
retention of calcium and phosphoBus was diminished.
Healing was early in this case and there was still
some osteoporosis as judged radiographically at the
time of the study. The presumptlion 1s therefore that
the acidosis causes some change whiéh enables actively
rachitic tissues to hold on to the calcium and phosphorus
absorbed.

Before discussing the other findings it will be

. convenient to refer to the mechanism of the defence of
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the body to acidosis. Against the production of a
non-gaseous acldosis such as 1s produced by ammonium
chloride the organism has the following gcreral defences
(1) an increase in the availlable base of fhe blood,

(2) an increased excretion of volatile acid by the lungs
and (3) an increased supply of base for neutralising
acids that are to be excreted.

(1) Increase in available base of the blood. The fixed

base 1s kept at a fairly constant level. By adecrease
in the CO, content a certaln amount of base 1s rendered
free fey neutralising other acid radicles. The
emount of base released by these changes in such a
condition as prevails in the present experiments is
practically negligible.

(2) Incressed extretion of volatile acid by the lungs.

Respliratory changes leading to an increased output
of COp, must naturally follow the displacement of CO2 from
its union with base, otherwise the tension of COp in the
blood would increase and lead to the production of a COo
acidosis (gaseous).

(3) Supply of base for the excretion of acid. The kidney

is undoubtedl? the principal organ for the excretion of
the non-volatilé acid radicles. At the lowest possible

value of the urinary pH chlorine cannot be excreted as



a free acid, but requires a full equivalence of base.
This base can be obtained in 3 ways. (a) Base may be
released from weak acids which can be excreted elther
free or with only a partial complement of base. (b) Extra
ammonia may be formed. (c) Fixed base may be supplied
from the tissues and tissue fluids.

(a) Release of base from weak acids. This is manifested

by an increased acldity of the urine which decreases the
base-combining powers of the weaker acids. Change of
phosphate from the mone- to the dil-hydrogen variety
forms the best example of the saving of base effected

in this way.

(b) Increase in ammonia formation. The Work of Benedict

{99)
and Nash has shown that ammonia is formed in the kidney.

In cases of marked renal inefficlency the ammonia output

is low. In the subject with normal renal function the
supply of ammonia forms a most important bulwark against
acidosis. The increase in ammonia formation, however,
takes some time to reach its maximum‘(see Charts IX to XII).
Some mechanism is therefore required to tide over the

needs of the excretory system for more base until the
supply of ammonia is sufficient to meet the demands.

(e) Supply of fixed base from tissues and tissue fluids.

~ (56)
I along with Dr. Morris have shown that until a

. sufficient supply of ammonia is formed the demand for
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base 1s met by base derived from the bones and from the
other tissues of the body. We have brought forward
evidence to show that the lncrease in the output of
calcium following the administration of ammonium chloride
is the result éf the response of the osseocus tissues

and forms a reaction of importance in the defence of

the organism to acidosis.

Apart from the abnormal reaction of calcium and
phosphorus already referred to, the reactions of the
rachitic cases to ammonium chloride acidosis weré
abnormal in the following respects.

(1) There was a subnormal increase in the acidity
of the urine.

(2) There was a subnormal increase in the excretion
of chlorine.

(1) Subnormal increase in acidity of urine.

This might at first glance be considered as due'to
the diminished output of urinary phosphate in rickets,
in this way less than the normal amount of phoaphate
being avsilable for conversion firom the mono- to the
di-hydrogen salt. Actually this explanation does not
hold as the increase which occurs in the urinary oﬁtput
of phosphate in the rachitic cases during acldosis is
relatively high when compared with the low increase in



output of acid. Indeed in one of the cases the acidity
of the urine is actually lower during the period of
acidosis. It would appear therefore that in these
cases there is ar etention of acid.

(2)‘The Subnormal increase in excretion of chlorine.

Defective renal action is a possibility which must

be considered in seeking an explanation for this finding.

62.

The increase in the output of ammonia by the kidney although

_ subnormal in one case was wWithin the lower limit of normal

in the other two. In the absence of any other evldence
of impairment of kidney function we must ascribe this
retention of chlorine to a disturbance of intermedlate
metabolism. Because of the osteopRorosis which is
present in rickets the question arises as to what part a
deficient supply of bese in the form of calcium plays in
the subnormal excretion of chlorine. In normal cases
the extres amount of calcium excreted as base during
emmonium chlorlde acldosls was calculated by Morris and
ﬂﬁrT?ff?ﬁfﬁ cases as equivaleny‘to 1/42 of the total
extra base excreted during aclidosis, as 1/19 and /16 in
other 2, and as 1/9 in 1 case. As the excretion of the
extra chlorine in the rachitic cases was roughly only /3
of the excretion in the normal cases 1t 1s obvious that
a deficient supply of calcium as base cannot explain this

enormously increased retention of chloride.



An interesting point to note 1s that accompanying
the retention of chlorine there is not a corresponding
retention of water as would be expected if chlorine were
retained as an isotonic solution of NaCl. It may
possibly be retained in an organic form. Protein
metabollsm in rickets has recelved but scant attention.
Gassma£57)found the nitrogen content of rachltic bone
normal and Meyeﬁss)reported that the addition of casein
to the diet lowered the retention of calcium. These
few experiments however throw no light on the subject
and much work remains to be done in this field.

The clinical findings show that ammonium chloride
did not in any way aggravate the conditlion of these
rachitic children. Just as in the normal cases there
were no clinical signs of acidosis. One must admit
however that these cases were complicated by tetany and
the beneficlal effect of acid in cases of tetany is well
known. FreudenbeéZ?)considers that infantile tetany 1is
associated with a trend towards alkalosis caused by a
slowing down of the metabollc rate and a consequent
lack of formation of acid products, tut DmuckéfO)and
others have found that the pH of the blood is normal in
cases of infantile tetany. It would seem therefore that

in tetany, as in rickets, there 1s no conclusive evidence



of any change in the aclid-base equilibrium. The frequent
assoclation of these two dlseases, however, suggests that
any change which may be present is in the same direction
in both conditions and not, as Freudenberg suggests,
towards acidosis in rickets and towards alkalosis in
tetany. If rickets were associated with a tendency
towards acidosis 1t is difficult to understand why tetany
should be such a frequent complication when this latter
condition 1s so readily relieved by the administration
of acid. In the present serles of cases not only
were the clinical signs of tetany abolished during
administration of the acid, but in the one case who was
given ammonium chloride for a prolonged period there was
also radiographic evidence of improvement in the rachitic
changes in the bones. The details of the X-ray photo-
graphs taken in this case are given below. The inter-
pretation of these radlograms has been approved by
Professor Leonard Findlay.
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9.5.29
16.5.29
23.5.29
1.6.29
6.6.29
18.6.29
19.6429
29.6.29
30.6.29

10.7.29

24.7.29
31.7.29
12.8.28
22.8.29
29.8.29

8.9.29

9.9.29

65.

R.M. ast 2 years.
Admitted to hospital.

X-ray of Wrist: active rickets.

" " "

I.5.Q.
" 1] " IOS'Q'
" " L} IOS.OQO
" " " I.8.Q.
" " L I.S.Q.

Commencement of administration of NH4Cl gmI 5 times
daily.

X-ray of Wrist: I.3.Q.
Administration of NH4Cl cemsed.

X-ray of Wrist: definite signs of early healing.

" ow ®* ¢ further advance in healing process.

Administration of NH4Cl gm I 5 times daily again started.

X-ray of Wrilst: definite advance in healing process.

v " "  further healing.

" " *  very slow healing progressing.

Administration of Hg‘gl ceased .

X-ray of Wrist: further healing.
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All the evidence therefore, clinical, chemical and
radlographic, which has been obtalned in this inves-

tigation favours the view that in active rickets any

66.

change which may be present in the aclid-base equilibrium

of the tissues is towards the alkaline side and there

has been found nothing to support the theory of increased

acid production.

Conclusions.

1. There is a diminished excretion of lime and phosphorus

by the kildneys 1n active rickets,
2. It would seem probable that there 1s a change in

intestinal pH leading to an interference with absorp-

tion of calcium and phosphorus.

3., There 1s a disturbance in intermediate metabolism

made manifest by the abnormal reaction to ammonium

chloride of calcium, phosphorus, and chlorine.

4. There is a certain amount of evidence that acid may
to some extent rectify this metabollic disturbance,

namely (a) the increase in the retention of calcium

®
and phosphorus following the administration of

ammonium chloride, and (b) the appearance of slight
healing in the one case in which administration of

ammonium chloride was prolonged for several weeks.
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ADDENDUM .

Part I: The Estimatlon of the Phase of
the Disease in Rickets.

In many diseases, particularly in those with a
tendency to spontaneous cure, various therapeutlc agents
have been unjustifiably credlted with possessing valuable
curative properties. In no instance is this perhaps
‘more striking than in the case of rickets, in which
claims have been made for the efficacy of many different
forms of treatment.

Much of the misunderstanding in the question in
the case of rickets has arisen from the want of certainty
in the examples tested whether the disease was in a
progressive or a retrogressive stage. At the outset
therefore of any investigation it is essentlal that we
have standards by which this matter may bé decided and
this part of the work deals with that aspect of the
problem, viz:- the relative value of different methods
of determining the phase of the disease.

It has frequently been the custom to decide whether
an individual example of rickets were active or healing
from an isolated radiological examination. We have not
infrequently noted, however, that a case of rickets which
has been judged from a single radiological examination to
be active may, within 2 to 3 weeks, and that in spite of



the conditions remaining the same, show unequivocal
rediographic evidence of healing. Experience has
taught us that it may also take this time after the
inception of healing, or at least after the administration
of efficient cod liver oll, before definite signs of
healing are visible radiologically. It has been our
custom, therefore, in order to establish the activity

of the dlsease to require radiograms failing to reveal
any evidence of healing taken at an interval of 3 weeks.
But as this method involves the expenditure of a
considerable amount of time, a pre-observation period

of at least 3 weeks, it was hoped that a study of the
behaviour of the inorganic phosphorus content of the
blood serum and the retentions and modes of emdcretion

of calclum and phosphorus might provide data on which

to base a simple and time-saving but still reliable test
of the stage of the disease.

Our findings from this point of view are considered
under 2 headings, viz:- (a) that dealing with the inorganic
phosphorus content of the serum, and (b) that dealing with
the metabolism of calcium snd phosphorus. -

A. The Inorganic Phosphorus Content of the

Blood Serum.

Many observations have been made on the variations

of the inorganic‘phosphorus content of the blood serum in
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(61)
rickets. Iverson and Lenstrup 1in 1920 published the

results of a study of the concentration of acid-soluble,
acid-insoluble and total phosphorus of the plasma and
whole blood of normal and rachitic infants. They found
in the case of rickets that the acid soluble phosphorus
was low. A year later Howland and Krame£62 described

a definite lowering of the inorganic phosphorus of the
serunn in active rickets. They based their dlagnosis

of the stage of the disease on clinical grounds supported
by radiograms. In 16 non-rachitic children the inorganic
phosphorus varied from 4 mg. to 7.1 mg. per 100 c.c. serum.
In 22 rachitic children it varied from 0.6 to 3.2 mg. per
100 c.c. serum. From a study of the calcium and inorgenic
phosphorus of the serum in children with uncomplicated
rickets and with rickets complicated by tetany Howland
and Kramer were led to believe that the determining factor
in the calcification of the bones is the presence of
calcium and phosphorus in such amounts that the product
of their concentration in mg. per 100 c.c. serum eqﬁals

a certaln minimal figure which ranges between 30 and 40.
In rickets they found that the concentration of calcium

in the majority of instances is essentially normal whereas
the phosphorus concentration is definitely low.

(63)
Hess and Unger, however, state that a low inorganic

phosphorus does not indicate whether the rachitic process
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is healing or advancing, since they have met with examples
where radiological examination revealed healing although
the inorganic phosphorus had increased tut little from

the previous low figure found during the active phase.
These authors considered that the most valuable criterion
of healing was the radiogram. A year later Hess, Calvin,
Wang and Felché£4)concluded that consecutive blood examin-
ations are of greater importance than radiographic evidence
in the determination of the s tage of rickets.

In the present investigation the behaviour of the
inorganic phosphorus of the serum was studied in order
to determine the relative value of (1) a single obser-
vation and (2) a series of observations. The observations
were controlled by X-ray findings.

Single observations were made in 27 cases which have
been classified according to the radiological appearances
into 3 groups. Group 1 includes 7 cases of rickets in
which radiograms taken at weekly intervals over a period
of 3 weeks showed no evidence of healing. In Group II
are included 8 cases in which the observations were made
at the time when the first appearance of healing radio-
logically declared itself and in Group III are 12 cases
in which radiographic evidence of healing had been in
progress for at least 2 weeks. In all of these cases

the serum calcium was normal.
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In Group I (active rickets) the inorganic phosphorus
of the serum varied between 2.1 mg. and 3.8 mg.% with an
average of 2.9 mg. In Group II (early healing) the
serum phosphorus varied between 2.5 mg. and 5.0 mg.% the
average value being 3.9 and in Group III (more advanced
healing) the serum phosphorus was still definitely higher
varying between 3.8 and 6.5 mg.% with an average of 5.0.
(Table XXIV) .

TABLE XXIV.

Single Observations on Serum FPhosphorus in Rickets.

Inorganic Phosphorus of Serum.
Stage of No. of | Maximum | Minimum | Average
Disease. Cases. value value value
ng.% mg.% mg.%
Active. 7 3«8 2.1 2.9
Early Healing. 8 5.8 2.5 3.9
More Advanced|] 12 6.5 3.8 5.0
Healing.

Table XXV shows the products of the calcium and inorganic
phosphorus contents of the serum in the 3 groups of cases.
TABLE XXV.

Products of the Calcium and Inorganic Phosphorus
Content ol the sSerum In Rickets.

- Produet of Calcium & Phos- 3
Stage of No. of phorus of Serum. '
Disease. Cases. | yaximm | Minimum | Average.
Active. 7 36 22 28
Early Healing.l e 6 60 24 Sg
5

*Mﬁrelfdvance 11 68 38
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In Group I this product varied between 22 and 36 the
average being 28, in Group II it varied between 24 and
60 with an average of 38 and in Group III between 38 and
68 with an average of 52.

In each of 6 cases of rickets a series of observations
on the serum phosphorus was obtained during the active
and healing phases. In one patient in this group healing
commenced spontaneously but in each of the other. 5 healing
was Induced by one or other of the recognised forms of
treatment. In the treated cases (Charts XIV and XV)
the general level of the serum phosphorus rose before
radfological examination revealed heaiing. Subsequent.
to the appemrance of healing in the radiographic pictyire
the serum phosphorus however showed a further and more
marked increase. In the case of spontaneously healing
rickets (Chart XVI) the inorganic phosphorus of the serum
fell from 3.4 mg. to 2.5 mg.% over a period of 2 weeks
during which time progressive healing was apparent in

the successive X-ray pictures.

Discussion.

(1) Isolated Observations: A study of the results

of the lsolated determinations of the serum phosphorus
shows quite clearly that the average values in active,

slightly healing and more advanced healing rickets are
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in ascending order. It is, however, equally noteworthy
that there 1s a very marked overlapping of the figures
of these groups, the value 3.8 mg.% being common to all
threes. One must therefore conclude that an isolated
observation of the serum phosphorus cennot be taken as
an unequivocal index of the stage of the disease.

(2) Product of the calcium and phosphorus contents

of the serum: It will be noted that in all the cases of

active rickets the product of the calclum and lnorganic
phosphorus contents of the blood serum is below the upper
limit of 40 described by Howland and Kraégi)for active
rickets. That this limit, however, 1s of no practical
value for determining the activity of the disease is shown
by the fact that 3 (50%) of the cases of early healing and
1 (9%) of these presenting more advanced healing also
showed products below this limit.

(3) Serial Observations: As can be seen from Charts

XIV, XV, and XVI the serum phosphorus rises as healing
progresses in all cases except'J.P. (Chart XVI). In this
last patient early healing as indicated by radiograms is
accompanied by a élight fall in the serum phosphorus wvalue,
but it should be noted that this is the only patient in

whom a series of observations was obtained during spontaneous

healing and therefore one 1s loth to draw far-reaching

conclusions.
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In the other patients in all of whom healing
followed some definite course of treatment, the value
for the serum phosphorus showed a considerable increase
prior to the appearance of X-ray evidence of healing.
This increase exceeded in 3 cases the mamimum value
obtained in admittedly active rickets, and in the other
2 cases reached the upper limit of the wvalues obtained
in the active group. The question arises as to the
significance of this rise, and 1t might be suggested
that it should be taken as evidence of healing occurring
previous to the appearance of a positive X-ray finding.
In support of this view is the fact that on the whole
the rlse in serum phosphorus once commenced is fairly
steady. There are, however, occasional falls but the
main tendency of the graphs 1s upward. One would
naturally expect that such a rise would ocecur before
increased calcification of the bones could be detected
radiogbaphically and 1t 1s probhable that a steady rise
in the value for serum phosphorus is evidence of healing

despite the absence of positive X-ray findings.

B. The Metabolism of Calcium and Phosphorus.

That there 1s a dimimition in the retentic()% of lime
in active rickets 1is well recognised. Schabad 1in 1910

found a very low ocalcium retention in early rickets, in
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fact in some instances more lime was excreted than was
ingested. In cases of longer duration he found that

the retention returns to normal or 1s increased above

the normal before any clinical signs of recovery are
apparent. With the lowering of the retention of lime

there occurs a corresponding decrease in the retention

of phosphoric acid due to an increased elimlination of

P05 1in t?ngaeces. Some years later Findlay, Paton

and Sharpe in studies of the calcium metabolism in rickets
found an increased excretion of lime during the active

stage but in no instance did they obtain a negative balance,
i.e. more excreted than ingested. These authors pointed
out for the first time that the metabolic picture differs
according to the activity or non-activity of the disease
and not according to its duration. Five years later
Telfeé}O)confirming their findings, drew attention to the
difference in the mode of excretion of P20s5 in the actlve
and healing phases., He showed that during the active
period the greater part of the‘pho:phorua is excreted in
the faeces while during the healing stage the urine contalns

the larger amount. Thus in active rickets the ratio

P20g in the urine
5553'35‘333335'“"' is less than 1 while during healing 1t
is much greater than unity.

The metabolimm studies forming the basis of this
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investigation were made in cases of ective rickets, in
cases of spontaneously healing rickets snd in examples
of rickets where healing had been induced by treatment.
The three groups comprise in all 5 cases. Two obser-
vatlons were obtained in patients during the active stage
of the disease, 3 observations during a spontaneously
healing phase, and 2 observations during a period of
healing induced by treatment. These studles were carried
out in a simllar way to the balance experiments alreagdy
described. |

The results are given in Table XXVI.

The following is a brief description of the cases.
case 1, D.D., aet /12 years was kept under observation
for 3 weeks during which period radiographic examination
showed no evidence of healing. A metabolism study was
then made. The daily retentions of Ca0 and P205 were
each .04 gme per kilo body weight, the urinary excretion
of lime was 0.3% of the total output, and the ratio

P20g in urine 1

F2Os in faeces - 2e7 °
patient was given dally exposures to radiations from a

At the end of that perilod the

mercury vapour quartz lamp and during the second week
of this treatment the daily retentions of Ca0 and 1’205
were found to have increased.respectively to 0.25 gm.

and 0.22 gm. per kllo body weight. The output of lime
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in the urine increased to 3.7% of the total output and

the ratio ¥20s inurine .. . re 4.7/4, Healing was

P20g 1in faeces
first noted radiographically at the end of this period,

that 18, the end of the second week on treatment.

Cese 2, D.B., aet /12 years. For 4 weeks there was

no evidence of healing in the radiograms. The dally
retentions of Ca0 and POy were each .04 gm. per kilo
body weight. Radiostol m.IV 3 times dailly was then
given. During the second week of treatment the daily
retentions of Ca0 and P;0g were increased respectively
to 0.,10 and 0.08 gm. per kilo body weight. The urinary
output of lime increased from .4% to 2.6% of the total

i rine
F205 1nu which was /1.6

output and the ratio
P20 in faeces
during the first period, became 4.4/1.

case 3, J.P., aet 1 /12 years. Weekly radlograms were

taken for a period of 3 weeks before patient was admitted
to hospital. There belng no evidence of healing the
child was admitted to hospital and a metabolic study
carried out which showed that the dally retentions of

Ca0 and of P;0g were each .07 gme. per kilo body weight.
The urinary output of Cal0 was ©.4%7 of the total output

¥205 in urine

2
and the ratio was /1. A radiogrem at

Po0Og in faeces
the end of this“p8riod showed definite healing.

Case 4, H.W., aet 1 1Q/12 years. Radlograms taken for 4

Weeks before admission to hospital showed no evidence of
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healing. The patient was then admitted to hospital and
at the end of 2 weeks residence in the ward a suspicion
of healing was noted in the radiographic picture. A
metabolism study made at this time showed that the daily
retentions of Cal0 and P50g were respectively .05 gm. and

.08 gm. per kilo body weight. The urinary output of
P205 in urine

P20 in faeces
was /3,1, Radiogram taken at the end of this period

lime was 0.8% of the total output and the ratio

showed definite healing.
case 5, D.B., aet 3 1Q/12 years. For 3 weeks before

admission there was no radiographlc evidence of healing.
After 1 week in the ward slight healing was noted. During
the second week 1in hospital a metabolic study was made.
The dally retentions of Ca0 and Py0g were each 0.13 gm.

per'kilo body weight. The output of Ca0 in the urine
P205 in urine
P20g in faeces

was 1.9% of the total output, the ratio

was 2°4/1. Further healing was noted in the radiogram
taken at the end of the study. ‘

0f the cases recorded above the retentions of Ca0l
and Pg0g in the 2 patients where the metabolism studies
were made during the active stage of the disease were
’WIOj) w“”“", the urinasry output of lime WaS'Vt?V low and
the greater proportion of the phosphorus was eliminated
in the faeces. After seven days' treatment by irrad-

iation or the administration of radiostol there resulted
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a marked increase in the retentions of both ¢ald and
P50g. The urinary outmt of lime was also increased
and the large proportion of phosphorus left via the
kidneys.

0f the 3 examples of spontaneously healing rickets
Case 3, where the first radlographic evidence of healing
was noted at the end of the metabolic study, had a low
but normal retention of Ca0 and Py0g while Case 5, where
the first radiographic evidence of healing was noted
before the metabolic study commenced had a retention of
Ca0 and Po0g exceeding the upper limit of normality.
Only the latter case which showed the most advanced
healing’presented a normal % output of lime in the urine.
In the other 2 cases the urinary outﬁut of lime resembled
that met with during the active stage of the disease. It
will thus be seen that the retention of lime increases
from a low normal retention 1n the case of earliest healing
tb a retention slightly above normal in the case of more
advanced healing. It would appear probable from these
results that in spontaneous healing a slight increase
occurs in the retentions of Ca0 and Py05 before radiological
evidence of healing and that with the advance of healing

noted in the radlographic plcture a further gradual increase

occurse.
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It 1s interesting to congrast the results obtained
in spontaneously healing rickets with those obtained in
the treated cases. In the treated cases there occurred
a marked increase in the retentions of Ca0 and P;0g during
the week preceeding the first radiographic appearance of
healing. The increase in the urinary output of lime
was more marked in the treated cases as was also the
change in the mode of excretion of Py0g. This early
marked change in the mineral metabolism in treated cases
is comparable to the increase noted in the serum phosphorus
in treated rickets before X-ray evidence of healing and
is probably to be attributed to the greater rapidity
with whi&h healing takes place when efficient treatment

is given.

Conclusions.

l. Isolated obéérvations on the 1inorganic phosphorus
content of the blood serum are of no practical value in
determining the phase of the dlsease because figures
obtained from such observations in early healing often
fall within the limits of those of the active stage. The
same objection applles to the use of the figure represent-
ing the product of the phosphorus and calclum contents
(mg. per 100 c.c.).

2, Serial observations on the serum phosphorus over

a period of 2 to 3 weeks are of assistance only when the
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disease 1s healing rapidly as e.g. when active treatment
is being employed.

3. A determination of the calclum balance is the
most reliable means of arriving at a decision. The
objection to this method is the time and labour involved,
as after the metabolic study which extends over 7 days is
finished, a further week or 10 days 1s required before
the necessary analyses can be completed.

4. Radiograms taken over a period of 3 weeks are on
the whole a fairly reliable means of determining the phase
of the disorder, and they involve much less trouble, though
they may fall to show such an early stage of healing as
the calcium balance estimations do.

5. Whichever method is used a period of about 3 weeks
1s necessary to arrive at a satlsfactory decision. Also
it is to be remembered that if the 3 weeks observations are
made while the case is an out-patient the results of these
observations may indicate an active stage and yet because
of change in enviromment healing may be evident very
shortly after the patient is admitted to hospital for
investigation of the value of treatment. This happened in
3 of the cases recorded above. It is therefore essential
that the observations be made while the patient is in the

ward where all conditions can be controlled.

- e e G S G e G W - A" — . - = -
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Part IIs The Value of Different Therapeutic Agents
in the Treatment of Rickets.

Within recent years great advances have been made
in our knowledge of the exciting factor in the production
of rickets and as a consequence of this many new methods
of treating the diseasse have been introduced. The wide-
spread Incidence of rickets makes an investigation of the -
value of the different forms of treatment a matter of
great practical importance. The object of this'inves-
tigation 1s to demonstrate the relative value of some of
these different methods by a comparative study of their
influence on the radiological picture, tne Ca and P content
of the blood, and the retentions of Ca and P.

~Although the absence of sunlight as & cause of rickets
was suggested by Huntiss)as long ago as 1889 1t was not
until 1919 that, in consequence of the work of Huldschinsige)
definite evidence was brought forward. This author was
successful in effecting cure by exposure of the body to
ultra-violet rays emanating from a Hg-vapour quartz lamp.
8ince then many workers have published their results with
this therapeutic measure and 1t is now generally accepted
that the length of time which elapses before healing
becomes apparent in radlograms is from 2 to 5 weeks. GhigSV)

in Vienna noted healing in from 2 to 4 weeks after commence-

ment of rirradiation and Carter Braine and OSmégB}eport cases



in which healing appeared after 2 to 5 weeks of ultra-
violet ray therapy. In a series of 5 cases Kramer,
Casparis and HOW1aégg)reported the effect of irrad-
lation on the X-ray picture and the blood serum findings.
They noted that healing became evident within 4 weeks
from commencement of treatment and that the inorganic
rhosphorus content of the blood rose from 3 mg. to 6 mg.
per 100 c.c. serum in 6 to 11 weeks.

Fewer cases have been reported in which the
retention of lime has been studied. In 19021 Meye£70)
contrasted the effect of cod liver oil and that of ultra-
violet light on craniotabes and concluded that ultra-
violet light was equal, or even superior to cod liver oil.
In 2 cases he found a considerable increase in the
retention of lime during ultra=-violet light treatment.
Orr, Holt, Wilkins and Booézl)have also reported an
increase in the retentions of Ca0 and PgOg in cases of
infantile rickets treated with ultra-wiolet light.

Although there have been many reports on the effect
of administration of various preparations of irradiated
ergosterol on the course of rickets so far no observations
have been published on the effect of this substance in
therapeutle doses on the retention of Ca0 and Py0g.

('72)
 Karelitz, gliving vigantol in doses equivalent to 33 mg.
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irradiated ergosterol daily, found healing in the

radlographlc pleture as early as 7 days, the average
time of the first appearance of healing however being
21 days from commencement of treatment, and the inorganic
phosphorus content of the serum rising to normal in 14

. (73 ('74)
to 21 days. Gyorgy, Vollmer and other German workers
using the same substance = vigantol =~ have reported
similar results. In a serles of § cases treated with
radiostol AidiZS)found the earliest radiological evidence
of healing in from 3 to 8 weeks.

In the present investigation different methods of
treatment were studied in 14 cases of active rickets. The
course of the disease was followed in all cases in weekly
radioérams for at least 5 weeks prior to commencement of
treatment, and with 2 exceptions, the patients were in
hospital dauring the entire period of observation. The
effect of treatment was noted (1) on the calcification
of the bones as seen on radiological examlnation, (2) on
the calcium and -inorganic phosphorus contents of the blood
serum, and (3) on the retentions of Ca0 and P50g.

In all cases in which 1t was possible a metabolism
study was made before treatment and during the second week
of treatment. _Each metabolic study as in the case of the

balance experiments already described extended over a

period of 7 days, the diet being constant for at least 3
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days prior to the actual metabolic investigation.

The cases are dlvided into 4 groups according to
the method of treatment employed:

Group I consists of 5 cases who received dlrect
irradiation of the skin. 0f these, 3 were examples of
ordinary infantile rickets, the other 2 being older
children, one a boy aged 9% years and the other a girl
aged 12 years. The boy (Case 4, D.M.) was admitted to
hospital on account of difficulty in walking: he had first
started to walk at the age of 3 years but always tired
quickly and tended to fall: from the age of 6 years till
the date of admission the conditlion became worse: on
admission he appeared small (12 cm. below average height)
tut well nourished with epiphyseal enlargement and marked
genuvalgum. In the case of the girl ik was noted that
prior to admission the knee had been "turned in" for
one year during the last month of which she dragged the
right leg in walking: she was a falr sized girl with
a slight degree of gemu valgum. In both these cases
radiological examination showed a fairly marked degree of
active rachitic change.

Treatment was begun by exposing the back for 2 mimtes
to radiations from a Hg~-vapour quartz lamp at a distance

of 4 ft. The exposures were increased daily according

" %0 the tolerance of the skin.
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Group II includes 4 examples of infantile rickets
treated with radiostol. Three of the #ildren received
4 mm. of a solution of radiostol in o1l 3 times daily and
1, who was an outpatient (Case 9, M.M.) was given 2
radiostol pellets daily.

In Group III are 3 cases (1 of which, Case 10, A.P.)
was an outpatient) treated with 2 pellets of vigantol
daily (1 pellet - 4 mg. irrad. ergosterol) while Group IV
includes 2 cases treated with jﬁ‘cod liver oil 3 times
daily.

The results are summarised in Table XXVII.

- D S gt @ D D WD A Y B T E A . - -
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1. Radiological Findings.

In the group of cases treated with irradiation the
time between the commencement of treatment and the first
appearance of healing noted on X-ray examination varied
from 12 days to 4 weeks. Takling the cases of infantile
rickets only, 1t varied from 12 days to 3 weeks. With
the use of cod liver oil healing became evident in 23
weeks and with vigantol in 1 to 2 weeks. In the cases
treated with radiostol this period was somewhat longer
varying from 2 weeks to 53 weeks, the average being 3%
weeks (Table XXVII). The subsequent rate of heallng
as judged from radiological evidence was, on the whole,
slower 1n those cases treated with radliostol than in the

patients who received the other forms of treatment.

2, Changes in Serum Ca and P,

Group I. The behaviour of the serum Ca and P in the
group of cases treated with ultra vwlolet light is shown
in Charts XVII and XVIII. Two of these cases (Case 1,
M.C., and Case 3, D.D.) were complicated by latent tetany
and in both the serum Ce rapldly rose to normal after 1
to 3 weeks of treatment. In 4 of the cases the initilal
level of the serum P was low, varying from 2.1 mg. to

3.9 mg. and rose to a maximum of from 6.5 mg. to 7 mg.
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in 2% to 6 weeks. Chart XVIII illustrates the continued
Improvement in Case 3, D.D. after the cessatlion of
treatment.

Group II. In the cases treated with radiostol the
blood changes were not so marked (Chart XIX). In Case 6,
D.M, Who had an initial normal serum calcium of 9.49 mg.
per 100 c.c. and a serum phosphorus of 3.4 mg., the rise
in the serum P to a maximum of 5.8 occurred in 63 weeks.
In Case 8, W.K. Who also had a normal serum Ca the
phosphorus had not rlsen above 4.7 mg. at the end of 6
weeks of treatment. Adninistration of radiostol was
then omitted and cod liver oil in éﬁ‘doses given 3 times
dally. The serum P rose rapidly reaching a height of
8 mg. in 2 weeks, thereafter showing a gradual fall.

In Case 9, M.M. who was treated as an outpatlent, it took
7% weeks for the serum P to rise from 3.1 mg. to 3.7 mg.
and the serum Ca to rise from 8.6 to 9.2 mg. (Table XXVII).
In Case 7, D.B. who had had an initial serum Ca of 8.5 mg.
and serum P of 4.0 mg. the values of both rose rapidly to
11.1 mg. and 6.1 mg. respectively after 3 weeks treatment.

Group III. In the 2 inpatients who were treated
with vigantol Chvostek's sign was present and both had
jeryngismus. The serum Ca was very low, being 5.1 mg.

in Case 11, J.K. and 4.0 in Case 12, J.C. After 3 weeks
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89.

treatment the value for the serum Ca rose in the former
to 9.1 mge. and in the latter to 10.2 mg. (Chart XX). In
Gase 19, A.P. who was treated as an oubpatient the
initial serum Ca was normal. The serum P which was

2.0 mg. before treatment rose to 4.1 mg. in 2 weeks
(Table XXVII) .

@roup IV. Of the 2 children treated with cod liver
oil one (Case 14, J.P.) had latent tetany, the serum Ca
being 8.5 mg. During thie first 4 weeks of treatment
this figure varied between 8.8 mg. to 9.2 mg. and then
rose to 10.8 at the end of 73 weeks while the value for
the serum P showed a gradual increase from 2.1 mg. to
5.4 mg. In the other patient (Case 13, J.B.) whose serum
Cé was normal, the serum P showed a more rapid increase,
reaching a maximum of 7 mg. in 6% weeks (Chart XXI).

Prom these results 1t will be seen that the blood
changes produced by the different methods of treatment were
very similar although with the use of radiostol the increase

in serum P was somewhat less marked.

3. Metabollam Studies.

A study of the Ca and P metabolism was obtained in
one case of infantlle rickets from each of the 4 groups.
The results are shown in Table XXVIII. In all the cases
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before treatment the classical plcture of active rickets
was found, namely a high faecal output of Ca0 and Py0g5.
During treatment a very high retention of Ca0 and Py0g
was brought about by a marked diminution in the faecal
output of these substances. The most marked increase
in retention was obtalned with direct irradiation, the
retention of lime being increased during this treatment
roughly 6 times. With the use of vigantol an$édd—liver
oil the retention of Ca0 was increased approximately 4
times, and with radiostol 23 times.

Metabolism studies were also obtained in the 2 older
children belonging to Group I (Table XXIX) . owing,
however, to the slight differences in the mode of
excretion and retention at this later age these figures
cannot be compared directly with the figures for the
metabolie studles in the younger patients. In both
patients Béfore treatment there was a high faecal output
of Ca0 and P50y causing in Case 4, a slightly negative
balance of Ca0 and a very low positive retention of Po05
and in Case 5, M.0'N, a low positive balance of Ca0 and
Po0g. During treatment with irradiation the retentions
of Ca0 and P50g in both cases were marked ly increased

owing to a great diminution in the faecal output of these

substances.
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TABLE XXXTI.

Analysis of faeses before and during treatment of late

rickets.
Case 4 Case 5
(Irrsdiation) (Irradiation)
Ist.Per 2nd.Per Ist., per 2nd.pery
aecal wt.
> Ash 51. 2144 44454 27.2
rotal Ca0. 17.293 2.673 144431 4.753
&le
otal P,0;s- 12.006 1.803 13.970 4e332
go.
cal 15.7 8.3 . 18.8 11.
Fiezos- 10.9 S5¢6 18.2 10.%
otal Fat 184758 10.052 18.775 11.971
gm
eutral Fat g~  3.205 2.088 24583 2.402
ree Fatty
Acids. ¢ 4e164 . 24043 6.321 1.817
Combined
fatty aoﬁgg 11,389 5.921 9.871 7.752
7 TJF. 17.03 1.22 244 46 28. 46
o NoIs 2.91 36.485 g « 365 5«71
EF.F.A. 3+78 6.345 825 v 3.32
C.F.A, 10.34 18.39 12, 18443
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The results of the analysis of the faeces with
regard to the percentage composition and the total content
of Ca0, PoOg and fat are shown in Tables XXX and XXXE.

It will be noted that not only is there a marked reduction
in the faecal weight during healing but that also a marked
decrease occurs in the percentage of ash and in the
percentage of Ca0 and Py0g. This 1is accompanied by an
Increase in the percentage of total fat and also in the
percentage of combined fatty acids. The increase in the
percentage of combined fatty aclds associated with the
relatively greater decrease in percentage of Pg0g than
percentage of Ca0 1is further evidence of the‘ncw“wall
known fact that during the healing phase of rickets there
is more faecal Ca0 in the form of soaps and less in the
form of Ca phosphate.

In assessing the value of the different methods of
treatment practical considerations make 1t necessary to
take into account other features than the small differences
in the rapidity of healing. Although direct irradiation
produces immediate and rapid healing it is not from a
practical standpoint the method of choice. The disadvean tages
of this method include the initial cost of the apparatus,
the necessity for constant skilled supervision to avold

demage from excesslve exposure, and the frequent regular
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attendance of the patient at the cliniec. The simple
oral administration of a preparation rich in the anti-
rachitlic agent would seem at once more convenient for
doctor and patient. In choosing between cod-liver oil
and preparations such as radiostol and vigantol the

ques tion of cost 1s important particularly when one is
dealing with the large numbers of patients which require
to be treated in hospltal practice and Child Welfare
Clinics. From this point of view cod-liver oil is
undoubtedly the method of selection. An objection which
has frequently been raised against the use of cod-liver
oil is the difficulty met with in Inducing children to
teke 1it. Our experience, however, has been that most
children do not object to it and in the few who do, a
little persistence usually overcomes their initial dislike.
A more Important objection 1s the wvariable content of the
anti-rachitic vitamin in different brands of the oil, but
the use of a brand of known anti-rachitic value readily

overcomes this disadvantage.

Sumary .
Effective healing was brought about by each of the

4 methods of treatment. In the mineral metabolism of every

case there was produced to a marked degree the changes
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typical of the healing phase of the disease. The

highest retentions of Ca0 and Pg0g occurred during
treatment with direct irradiation but equally rapid
healing as judged radiologically and from estimations

of the serum Ca and P was produced by the use of cod-
liver oil and vigantol while a somewhat slowes improvement,
as estimated by all standards, occurred during the

administration of radiostol.

———————————000 —————————————
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METHODS :

Calcium Content of Serum: Kramer and Tisdall.

Inorganic Pho%Qhorus Content of Serum: Tisdall.

Total COg of éiood: Haldane.

Urinary Chlorine: Volhard.

Titratable Acidity of Urine: phenolphthalefn used as indicator.
Ca0 in mlilk and faeces was preclipitated as oxalatelwashed and
titrated with Y/10 KMnO4; in urine 1t was weighed after
precipitation and reduction.

Po0g in milk, urine and faeces was precipitated as magnesium
phosphate, reduced, and welighed. |
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