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INTRODUCFTON.
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*

The observations, reported and discussed, in this
-thesis, were made in the medical wards and biochemiecal
laboratory of the Royal Hospital for Sick Children, Glasgow.
Phe work owes its inspiration to Professor Leonard Findlay
whose continuous interest and helpful criticism the writer
has greatly appreciated. Every facility for investigation
of cases has been freely granted by Professor Findlay and
Dr. G.B.Fleming, and is hereby gratefully acknowledged.

Phe advice of Dr. N. Morris on matters of biochemical
analysis has been invaluable, and the writer is further
indebted to Dr. Morris and Dr. Macree for the use of certain
figures scknowledged in the text, and to the Directors of
the Carnegie Trust for the financis&l assistance afforded by
& Carnegie Research‘Scholarship,

In view of the fact that the variations in blood calcium
and phosphorus in rena&l disease are very incompletely under-
stood, any further asttempt to elucidate their metabolism
requires no justification. Previous observations have been
confined mainly to the aberrations found in the serum values,
but in the present investigation a much more comprehensive
study has been made, and the work is presented in wvarious
sections. The literature appropriate to each section is
~ detailed prior to consideration of the results of the presemt
| enquiry, and the sections are arranged as follows.

l. Phe serum content of calcium and inorganic phosphorus #in
nephritis.

2. The utilisation of calcium and phosphorus.
3. Absorption of phosphorus.

4. Absorption of calcium.

5- /



5+ Exoretion A — Urinary excretion of calcium and phosphorus.
B ~ Faecal content of calcium and phosphorus.
¢ — The evidence of intestinal excretion of
caleium and phosphorus in nephritis.

6. General considerations - acidosis etc.

T+ Summary.

The methods of analysis are detailed in Appendix I; the case-
histories of the principal subjects of the investigation are
supplied in Appendix IT.

Since reference td Tables and Charts occurs in different
sections of the thesis, these have been grouped for the sake

of convenience immediately after the Bibliography.
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I.
Calcium and inorganic phosphorus of blood serum

in nephritis.

Historical: During the past fourteen years frequemnt reference
has been made to the alterations found in various constituents
of the blood in renal disease. Considerable attention has
been given to the behaviour of urea, chlorides, oreatinine, £
calcium, phosphorus etc. and it has been shown that the
aberrations of many of these substances are intimately
associated. Thus Hartmann and Darrow have recently contended
that inerease in urea content is an attempt to compensate for
decrease in sexrum electrolyte, and should not be regarded &as
the result of failure of renal excretion. Similarly,
decrease in serum calcium has for many years been known to
coincidg with diminished plasma& protein and inereased inorganic
phosphorus. So close is the relationship of these three
that & formula has been elaborsted whereby the calcium can
be cslculated for known values of the other two. The part
played, in these blood changes, by the damaged kidney is
still obscure and the evidence conflicting. This is especially
true with regard to phosphorus.

Previous workers on blood phosphorus in renal disease have
been unanimous as to the occurrence of & high serum inorganic

phosphorus, the elevation depending on the degree of acidosis.

(30) (7) (8)
Howland and Marriott, Denis and Minot, Denis and Hobson,
(10) (9) (38)

FPetter, De.Wesselow, Salveson and Linder each reported a series
of observations, and were agreed that the increase in inorganic
phosphorus was due to "retention of phosphate® by the kidney.
?his.eonclusion was ba;ed on the finding of aﬁlow urinary
output of phosphorus in nephritis, and seemed to be an

adequate explanation of the glteration in serum content until
Boyd Courtney and McLachlan, after determining the phosphorus
balance, expressed a doubt as to its accuracy. Reference
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to the above reports will be made in more detail later on.
In 1927 Byrom aand Ka&éexamined the blood phosphorus
in detall in & large number of cases of nephritis, and
demonstrated that there was no ingrease in total blood
phosphorus but merely & redistribution. This they traced to
changes in the red corpuscles, the increase in inorganic
phosphorus being greatest in presence of severe ansaemia.
In normal blood the distribution of the ester phosphorus was
found to be:-— in the red corpuscles 97%: in the lencocytes
and platelets 2%: in the plasma 1%. The ehangeé in
nephritis were ;hown in the chemiéal classification of blood
phosphorus arranged as follows:i-—

1. Acid soluble Orgenic (Ester)P. hydrolysable 98% in
non-hydrolysable red céells

Inorgenic P. (= 7z of total blood P.)
2. Alcohol—ether soluble — Lipin P.
3. Residual P. — & very small quentity.
The inorganic phosphorus increased at the empense of some of
the non-hydrolysable ester phosphorus, the total acid-soluble
phosphorus remaining unchanged.

Papers published within ghe last two years have continued
to refer to “retention of phosphate™, using the term as
Synonymous i th ®retention of phosphorus". Phroughout the
entire 1iteraturé, the two expressions héve been used to
convey the same idea, but in this paper it is proposed to
consider the phosphorus metabolism from the standpoint of a
possible phosphorus retention; and to omit the term "phosphsate
retention® except when citing refdrences. i

As régards calcium, many obmervations have been reporte?
on the low serum level in nephritis. Marriott sand Howland

(13) (27)

Halverson Hohler and Bergeim, Kramer Tisdall and(Howland,
(8) (9) 38)
Denig and Hobson, De Wesselow, Salveson and Llnder amon%3 )
9
earlier workers and Boyd Courtney and McLachlan, Seriver, and

Salvesen/
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Salvesen;36)with1n the past feﬁ yesars, have left no doubt as
to its ocecurrence, but differed considerably in assessing the
signifioanoe of the decrease. Formerly it was thought that
nretention of phosphate® led to excessive excretion of
éalcium.by bewel,,thereﬁy causing the decrease in serum level.
Boyd Courtney and MeL_achlgg however, showed that the calcium
balance was as a rule positive, 1.e. that there was a retention
of calcium; while SalveSQn(BS)was of opinion that two causal
faotérs were combined to effect the reduction - (1) decrease
in plasma protein, and (2) "phosphate retention®. '

Fuither reference to these observations will be made in
the section deeling with the celeium and phospho¥rus balances.
At present it will suffice to indicate that the general consensus
of opinion has favoured retention of phosphorus and execessive
exeretion of caleium, and that the one series of balance
experiments was not sufficiently conclusive to cause these
theories to be abandoned. Further investigation seemed to be
called for, and the present series of observations was undertaken
primarily with a‘view to determining the calecium and phosphorus -
balances in nephritis.

Observations. In pursuit of this end, a number of echildren
suffering from renal disease have been examined during the

past year. Consequently there are available a considerable
number of estimations of serum calcium and phosphorus, and it is
proposed to report these briefly before detailing the results

of the investigations into calcium and phosphorus metabolism.
Sinee appreciatiadn of the aberrations found in nephritis

depends primarily on the limits accepted as those of physiologi-
cal variation, the normal stendards accepted by other observers
are of interest.

Howleand and Kramer indicated that the average value for
inorganiec phosphorus'in the serum of healthy children was

5.4 mgs/
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5.4 mgs. per 100 ces., with & range of 4 to 7.1 mgs. Wills
stated thet the recognised limits for serum inorganiec

phosPhorﬁs in normel children were 3.2 to 6.5 mgs., with an
average value of 4.1 mgs. per 100 ces.. Her own series of
observations showed the average value to be 4.8 mgs., with

extremes of 4.1 and 6.1 mgs. per 100 ces. of serum.

Serum Ge. Serum F.
in mgs.per 100cecs.| in mgs.per 100ccs.
Avergge L.V. H.V. | Average L.V. H.V. |
- {10 1l 5.4 4 7.1

Howland & Xramer

Wills@reported - 9.5| 11.5 4.1 3.2 6.5
(blown cases 10.4 |10.1} 11.1 4.8 4.116.1

Jones & Nye 10 - - - - -

Leicher 10.6 - - - - -

Control cases of

present series 10.00 | 8.9 11.4 4.75 2.66| 6.3

L.V. = Lowest Value.
H.V. Highest Value.
(27)

Howland, Kramer, and Tisdall found marked constancy of

H

serun calcium in healthy children, the values lying between
10 and 11 mgs. per cenb. Jones sand N;glgave the average
plasma calcium as 10 mgs. per 100 cecs. Leicher found that,
in healthy individuals of the same age, the serum calcium
gshowed little variation, and gave 10.6 mgs per cent as the
aver#ge during the first twenty years of life. Wills gave
the generally recognised limits as 9.5 to 11.5 mgs. and in
her own series found that the average value was 10.4 mgs.,
the range being 10.1 to 11 mgs. per cent.

With these figures the control estimations of the present
series are in agreement both as regards the average serum
values and the range of normel varistions. The subjects of
these control observations were children in the later stages
of convalescence from various acute illnesses, together with
& number of cases of alopecia areasta who presented no other

sign of disease. The detailed blood ansalysis is included in
¥ pav1e I./

*
IAll the Tables will be found together sfter the Bibliography]
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In nephritie subjects (Pables II, III, IV) the serum
calcium was found to be decreased during the more acute stages
increasing subsequently as the general condition of the
child, judged clinically, improved. Phis increasg is
apparent in the majority of the caées in which & series of
estimations was made, but is particularly well illustrated
Py Cases 5 and 12 (Table III). ‘The lowest values were found
in two casés of chronic nephritis, one of whom developed
Chvostek's sign when the serum calcium was in the region of
4 mgs. pér cent. In the other case the serum calcium was
reduced to 3.7 mgs per cent & few days before death but no
facial phenomenon could be elicited.

Three sets of figures were obtained showing the decrease
in calcium becoming more marked as the illness progressed
(TPable IV). It is apparent that this diminution is & slow
process occupying at least several days, and the same tardiness
is shown during recovery, the serum calcium slowly returning
to normal‘in the course of several weeks.

The figures for serum inorganic phosphorus are'in
general agreement with those of other observers. During the
more acute stages of illness the phosphorus values were
higher than those found lster on, but in very few instances.
was the serum phosphorus 8&hbove the limit of normal range.
Again, the highest values were noted in the two cases of
chronic nephritis, in one reaching & level of 16 mgs. per
cent a few days before desth, in the other attaining a
meéximum of 13.3 mgs. per 100 ccs. The latter cehild, contrary
to expectation and contrary to the recognised gravity of
such & high serum phosphorus made a good recovery, and when
seen six months later was in good health alihough albuminurie
was still present.

The reciprocal reletionship of the serum calcium and

phosphorus/
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phosphorus is very ﬁell shown in two of the three cases in
*bhart I. Phe serum Cs., serum inorganic P., blood non-
protein nitrogen and COj valués have been graphed so that
their relationship to one another may be more easily
appreciated. It is evident that in presence of severe
acidosis, as judged by the CO2 content, the serum calcium is
reduced, the graphs of CO, and Ca. in all three cases
showing close relationship. Likewise, there is some
parallelism between the non—protein nitrogen and serum
inorgenic phosphorus, which, however, is not nearly so
striking as the Ca.-C0,; relationship.

There are not available sufficient figures to Justify
any discussion on the varistions of calcium and phosphorus
in the blood, and no new facts have been elicited. The
m&in point of any reference to blood values is to emphasize
that in this respect the present investigation was in

complete accord with the reports of other observers.

*All the Charts will be found together after the
Bibliography.
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IT1.

The Utilisation of Calcium and Phosphorus

in Nephritis.

grevious'references: In view of the attemtion which has

been paid to the varistions in the serum vslues of calcium
and phosphorus in nephritis, it is rather surprising to
find that the metabolism of theme substances has not been
investigated further. (30)

Marriott and Howlaéz in 1916 published a paper on
“phosphate retention as & factor in the production of acidosis
in nephritis®. Phey reslised the presence of some upset of
scid-base eqﬁilibrium and not.ed diminished urinary excretion
of smmonia. Having eliminated acetone bodies as & causal
factor in production of the acidosis, there being none of
these in the urine, they suggested the possible implication of
lactic acid, and passed on to foerus attention on the renal
excretion of NaH;POy. Regulation of acid-base equilibrium
of the body being maintained mainly by the ability of the
kidney to excrete NaHZPO4, interference with this function would
inevitably result in acidosis. As proof of the occurrence
of this failure in rensal exdretionvthey demonstrated accumu-
lation of inorganic “phosPhate"in the blood, at the same time
| confessing that while in marked nephritis there was a tendency
to this increase, yet death from nephritis sometimes occurred
without any rise in "phosphate® and without evidence of
acidosis. They also pointed out that the scidosis might be
overcome without any corresponding change in serum phosphorus
level. The opinion was expressed that “retention of acid
phosphate®, which normally constituted aﬁproximately 907 of
urinary pﬁosphﬁte, would be sufficient to account for tﬁe acidosis.
No generalised salt retention, in which the phosphate would
of course participate, was found. Finally in suppoxt of the
opinion that increase in blood "phosphate" was not the result
of acidosis they pointed out the absence of any such increase

in the serum of diabetic patients.
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Phis paper has been gquoted in most of the other

publigations on Ca. and P. in the blodd in nephritis since
,1916% The hypdthesie of a "retention of phosphate® has

found general acceptance, and indeed has been suppoited by the
corroboretive evidence of diminished urinary phosphate.
:Ma:riott and Howland themselves noted this.

In 1917 Halveson, Mohler, and Bergéim(13)published some
observations on the celecium content of blood serum in various
pathological conditions. They found distinctly decxeased
values in hesematogenous jaundice, eclampsia, pneumonia, and
in urasemia, in which the decrease was particularly marked.
They noted a low urinary excretion of ealeium in severh
nephritis, and found only slight inerease followed adminis-
tration of caloium lactate. In the acidosis of pernicious
vomiting of pregnancy alkeli therapy led to decrease in Ca.
excretion, the urinary caleium falling to 8 per cent of its
previous value. From this it would appear that the decrease
in urinary CGa. in nephritis cannot be a result of the ascidosis.
They, also, decided, from consideration of their urinary
analysis, that acidosis in renal disease was due to retention
of acid, not to excessive produetion; and suggested the
possibility of a retention of both ealeium and “phosphate®
in nephritis. W

-

In the perusal of many papers dealing with the varietions
of Ca. and P. in this disease no other reference to such a
possibility has been met with. It stands alone, but is
considered worthy of particular mention in view of the
balances found in the course of this study.

Since Marriott and Howland first called attention to the
subject, many others have commented on the increased serum
inorganic phosphorus, decreased serum calecium, and diminished
renal excretion of Ca. and P. &n nephritis. The accepted
explanation of these abnormalities was based on the inability
of/
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of the nephritiec kidney to excrete phosphorus. Phis was
supposed to result in retention of the latter in the blood,
and in an attempt to remove the excess of phosphorus there
was increased excretion of calcium, presumably by the
intestine. Hence the low serum Ca. velues. Fe
| Por & number of years no doubts were expressed as to
the integrity of this theory of réetention of phosphorus.
Balance experiments, such as have been performed during the
past ten years on cases of rickets, diabetes mellitus, and
epilepsy on ketogénic dietary treatment do not seem to have
been carried out. Yet, even if only to confirm the
wyetention of phosphate", they would appear to be advisable.
@aking into consideration the experience of metabolic
disturbance in other conditions,Aa healthy scepticism in
regard to the above theory would be entirely justified.
Hyperglycaemis in diabetes mellitus is not associated with
retention of sugar in the body, and without determining the
phosphorus balance in nephritis the possibility of a similar
occurrence in this diseasse must be seriously considered.

Weight is added to this suggestion when one thinks of
- the distribution of phosphorus in the blood and the limited
extent of present day knowledge as to its metabolism. Byrom
and Kay estimate the inorganic P. to be about one twelfth
part of the total blood phosphorus, and vast stores are
available for the production of an inecrease. 0f the skeleton
both Ca. and P. are essential components, and in recent years
it has been shown that phosphorus is intimately associated
with carbohydrate metabolism, implying intimate associsation
with the muscles. The uncertainty of assuming retention,
from increase in such & small fraction of the total body
phosphorus as that represented by the serum inorganic P. must
then be obvious.

Paking the same line of argumemt with regard to the

diminution/
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diminution in serum calcium, deficiency of Ca. becomes a
matter of some dubiety. Does the low serum level mean
increased excretion and depletion of body calcium? Again
the tremendous store of available calcium in the bones is  *
foreibly suggested.

Nevertheless, until 1926 no balance experiments seem to
have been undertaken in nephritis. In that year Boyd, Gourtney
and MbLachl;g) published a series of observations in nephritie
patiemts. 'Phey found that nephritic children had & positive
caleium balsnce unless the intake was very low, slightly higher
than the minimal on whieh normal children showed & positive
balsnce. The Ca. balance was independent of the blood calcium
content. Oedematous subjects all showed a positive “phosphate"
balance, except two on minimal intake; while non»hydiaemic )
patients had in most instances negative balances, “extraneous
factors" explaining the exceptions. They concludéd that
"evidenﬁe of phosphate retemtion given by blocod and balance
studies does not always agree".

These observations must be looked upon with caﬁtion, a8
the durstion of the balmnce periods was in each case only two
or three days. Findlay, Paton and Sharéil)hsfe demonstrated
the fallacies of such short periods, Apart from this, however,
Boyd, Courtney and McLachlan d4id not quote control observations
of their own, using for comparison with their nephritic results
the figures of Sherman and Hawlég?) PTheir findings give added
point to the above remarks on the inadvisability of Jjudging
retentions from blood observations. They also suggest that
the Ca. and P. balances in nephritis would bear further
investigation.

Obgervations: During the past year, the calcium and phosphorus
balances have been determined in a number of children suffering
from nephritis. ®The result of this study is now to be considered.
. In each case clinical and blochemical data gave evidence of
nephritis/
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nephritis. The prbcedure followed was similar to thet

observed in other balance studies conducted in this hospital.

Diet was confined entirely to milk, an approximate quahtity

of 100 cces. per kilo of body weight being allowed daily.

Where the quantity, so calculated, was thought to be too

bulky, some of the milk was replaced by sugar in order that

the caloric value might be maintained. In each case the

child was put on the selected diet for & period of at least

three days prior to the commencement of collection of excrete.. :Xi
Balance experiments must ever be open to criticism until

some method of marking the faeces is introduced, whereby

collection of the'ap%ﬁspriate specimens may be made with

certainty. Bergeim's suggestion, that & carmine capsule be

given with the firstﬁand last meals of the period, the faeces

being collected between the coloured parts and including the

first, was tested in several normal children. The carmine

was found to be spread over the intestinal evacuations of

48 hours, and the method accordingly was abandoned. In cases

where there was a tendehcy-to constipation, lavage was used

daily. In all cases rectal lavage, with & quantity of sterile

water, before and at the end of each period was practised.
Balance studies were carried out on twelve nephritic

children. In one of these the procedure was designed specially

to show the method of exeretion, no special attention being

paid to the amount of retention. It will be considered in

the section dealing with excretion of Ca. and P. in nephritis.

There are therefore eleven children in whom the quantitative

balances of Ca0 and 2205 were determined mainly from the

viewpoint of ®“phosphate retention®. These subjects represented

various phaseé of renal involvemeﬁt. Nine were cases of

Wacute nebhritis“, by which is meant an acute illness characterised

by several of the following symptoms and signs: headache,
vomiting/
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vomit ing, oliguria, oedema, increased blood pressure;
albuminuria, haemsturis, presence in the urine of oasts, high
blood nonpprotéin nitrogen, increased serum inorganic P. and
decreased serfim Ca. They have been classified as “acute"
since clinical recovery secmed complete within three to six
months. The two remaining subjects suffered from chronic
interstitial nephritis accompanied by dwarfism (Case 6) and
chronic parenchymatous nephritis (Case 4).

In four of the acute cases a second balsnce period was
observed after an interval varying from one to four months.

Case histories are given in Appendix II, the details of
the analysés in Table V, and the methods of anslysis in
Appendix I.

Conbtrol figures were obtained from three children just
before dismissal from hospital after recovery from acute ileo—
colitis, bronchitis, and acute rheumatism. In addition, the
calcium and phosphorus balances were ascertained in two cases
of diabetes mellitus. There are therefore available the
figures of 22 balance studies in 16 children; fifteen being
those found in examination of eleven cases of nephritis.

Examination of the tabulated details of the balsance
peiiods brings to light & considerable amount of information.
Some of this has been discussed by previous workers in other
conditions, but so far as nephritis is concerned most of it
is entirely new.

Since the main object of these investigations was to make
some observations on the phosphorus balance, the retentions of
CaQ and P 05 will first be considered. It has been shown
by Telfég thet the balances of Ca0 and P205 in healthy
children are approximately equal. In a report of*the mineral
metabolism in coeliac disesse®, published in 1928,‘he states
that young healthy children on a diet of fresh cow's milk

have approximately equal retentions of Ca0 and P205 varying

from/
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from o.oé to 0.12 gms. per kilo of body weight per day.
Sherman end Hawlgm observed that in children, between 3 and
12 years of age, on a mixed diet with 750 ces. of milk daily,
the averege retention of Ca0 was 0.0l gm. and of Pg0g 0.008 gnm.
per kilo per day. They found that when the milk allowance
was increased, the retentions of Ca0 and 3205 rose. Therefore,
since each child of the present series was having considerably
more than 750 ces. of milk daily, the retentions might
reasonably be expected to show values over 0.0l gm. per kilo
per day.

Maoraé?g) working in ﬁhis laboratory, found that in
convalescent children between 3 and 12 years of age on s diet
consisting entirely of milk, the retentions of Ca0 ’and P205
were approximstely equal and renged between 0.016 and 0.052 gms.
per kilo per day. (RFo avoid repetition, hereafter all retentions
will be merely stated in gms. on the understanding that they
have been calculated in terms of body weight for one day.) The
three control subjects of this series showed a similar state
of affairs, varying between 0.037 and 0.087 gms. (Table VI).

It is of importance, before passing on, to emphasise that

(42)
Telfer found in young healthy children retentions as high as

' Age. Retention ‘per Kilo
Observer in |[Subjects Diet per day [in gnms.
Yrs. Cal Pa0g
Holt,Courtney,Faleg -~ |Healthy |Modified «09 -
. infants milk
Young :
children| Mixed 2055 -
Sherman & Hawley |3-12(Nor.Chil{Mixed +750 .01 .008
ccs.milic. ‘
#zelfer - W w  IMilk only .06 12
IMacrae 32 320 8w  |Mi1k only .016 | .052
Present Seriewm 6—7 e;no " Milk only 0037—008]‘ «037-.071
5-12| Neph.® [Milk onl +077 .096

Nor.Chil. = Normal Ghildren. Con. = Control
Neph. = Nephritic.
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(17) |
.12 gn., and Holt, Courtney and Fales, working with healthy
infants, retentions averaging .09 gm. These being the
highest figurés recorded for healthy children, it might be
expecged that, in presence oi any "retention" of calcium or
phosphorus in the nephritic subjecﬁs of this_series of
observations, the balances would be at least as great.

A glance at the retention figures (Table V) will show
that this expectation was not realised. The highest figure
of the series was .096, the remainder being less than .08 gm.
The table above facilitates comparison of these observations
with those of other workers on the calcium and phosphorus
balance in childhood.

In these fifteen determinations the balances varied to &
marked extent. In eleven the Cal0 balance was positive, in
four negative; while the P205 balance was negative on three
occasions. The reason for these variations is not at all
obvious. To quote once morelHolt, Courtney and Feles, an
intake of less than .09 gms. of Ce0 per kilo per day will
produce either a very low retention or & negative balance.
The intake in this series averaged .14 gms. Ca0 and .183 gums.
PZOS' It would therefore seem that the supply of both was
adequate. That the retentions had no relstionship to the
intake is best shown by graphing their respective values
{Chart II). It is seen that the cases showing negative
beslance were adequately supplied, more so in fact than in
some other instances. Similarly, the higher retentions are
shown to be quite unconnected with the relative intsake.

Neither the age nor the weight of the children could be
correlated with the balances of either Cal or PZOS’

In the four cases in which balance periods were observed
on two occasions, the retentions during the second period were
diminished (Table V). 1In one of these (Case 3) the second

period coincided with a mild exacerbation of the illness, and

the/
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the difference in the balance figures might well be

attributed to the slight decrease in inteke. In esch of

the other three cases, however, this explanation is not
feasible, for two reasons — (1) the inteke during each period
was practically identicael; (2) the decreased retention was

very definite and of such magnitude that in two of the children
& negative balance was found. These latter figures were
obtained while the children were definitely convalescent, and

it may be significant that the only other negative balances
were found in two other convalescent children.

Phis, on the face of it, might be adduced as evidence in 4
favour of a “retention® of both calcium and phosphorus in
nephritis, the diminished retention during convalescence being
pointed to as an indication that normal excretion by the
Kidney had been resumed, and was hard &t work removing the
excess sccumulated during the acute stage. This argument is
scarcely admissible when the normal retentions of the previous
periods are considered, and some other explanation seems to
be demanded. An attempt will be made to answer the question
when the ‘excretion is dealt with. |

Attemplts to correlate the retention figures for CaQ and
9205 in each child with the urinary anslysis and spproximately
contemporary blood observations were of no avail (Charts III & IV).
The level of serum calcium had no bearing on the Ca0 retention,
nor had the serum phosphorus any on the 2205 balance. In this,
entire agreement was shown with the observations of Boyad,
Courtney and McLachlsn, namely that Ythe calcium balance is
independent of the blood Csa content", and ¥Yevidence of phosphate
retention given by blood and balance studies does not always
agreev. The graphs well illustrate this lack of relationship.
To select an outstanding example, Case 4 with serum Csa. of
5.9 mgs. per 100 ces. retained .044 gms. Ca0. Her serum P.

was l2.mgs. per 100 ces: P205 retention .054 gms. That is,
the/
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the blood findings were markedly abnormal while the ietention
figures were normal. |

Similarly, the levels of blood non-protein nitrogen (N.P.N)
and chloride (Cl) could not be associated with the Ca0 and P05
balsnces (Table VII). Nor was any connection found between
the balance and the urinary excretion figures, irrespective of
whether the lattdr were expressed as gross excretion or as
excretion per kilo per day (Charts III & IV).

In all the nephritic subjects the Cal0 and 9205 excreted
by the urine was found to be much less than in the control cases.
Phis held for urinary excretions whether expressed in terms of
percentage of inteke or as gross output, and will be discussed
in detail later. The main part of the totel Ca0 and P04
recovered appeared however in the faeces.

Phe remaining point shown by the belance studies in nephritic
children is the remarkable equality in retention of Cal and PZOS'
Phis has been demonstrated in healthy subjects and in other
pathological conditions. Reference has already been made to.
the subject, Telfer, and Shermen and Hawley having noted it in
healthy children; the former 8lso finding it in coeliac disease.
Nelson observed this approximate equality in epileptic
children undergoing ketogenic diétary tregtment. It has been
found in cases of rickets, and apparently there is no exception
to the rule in nephritis. The balance experiments of Boyd
Courtney and kMcLachlan, while not demonstrating this in all
cases, do so in several instences, but it must be remembered
that their observations were of short duration extending over
two or three days. The balance figures for the present series
of cases show definite close relationship. This is most
easily appreciated when the respective retentions of Ca0 and
9205 are graphed (Chart II). Teking this fact into
consideration, it is obvious that even if “retention of
Phosphate® did occur in nephritis, an apprdximately equal

retention of caleium would accompany it.
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From these observations alone the suspicion would arise

that the increased serum inorganic P. and decreased serum Ca.

are the results of an abnormsal distribution in the blood

rather than those of an error in retention. As has been

already indicated in the first section of this work, abnormality

in the phosphorus distribution in nephritis does occur. Thus

blood and belance studies are in entire agreement, the former

indicating that the internal variations in P. distribution are

not an index of increased retention; the latter showing that

increased retention does not play any part in the phosphorus

metabolism of the nephritic subject.

Recapitulating the conclusions arrived at so far, it is

taken as having been satisfactorily shown that in nephritis:;

1.

2.

The retention of (&0 is as a rule positive and not
abnormally high.

The retention of P205 is as a rule positive and not
abnormally high.

As in normal children and in certain other diseases the
balances of Cal and Pégs are approximately equal.

There is no connection between the serum levels of calcium

and inorgeanic phosphorus on the one hand, and the balances of

. Ca0 and 2205 on the other.

There is no relationship between the retention and the urinary

excretion of either Cal or P205.

The gi?orify of the recovered calcium and phosphorus is found
in the—;;eces, urinary excretion being reduced in every case.
In view of Byrom and Xay's demonstration of the altered
distribution of phOSphOrﬁs in the blood, taken in conjunetion
with the balance studies, it is no longer permissible to

entertain the idea of a "retention" of phosphorus.
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The Absorption of Phosphorus in Nephritis.

Historical: 1In the past, absorption of inorganic substances

has been assessed mainly from consideration of the results of
- balance experiments. This is particularly true with regard

to phosphorus. Comparatively few references have been found
to observations on blood phosphorus after oral administiation
of phosphate, and none of these apply to nephritis.

It seems to have been generally assumed that absorption
of-phosphorus in this disease was normal, or at least satisfactory.
How else could there have been & “phosphate retention ". .The f
majority of the balance studies already reported justify this
assumption, but of the fifteen, two balances were barely
positive and other three were negative. These five suggested
that phosphorus absorption should be investigated, since a
low positive or a negative balance might have been produced
equally well by either poor absorption or ezcessive excretion.

As has been already remerked, four of these five balances
in question were observed in convalescent children. Altogether
the 2205 balances were estimated twice in four cases of
nephritis, the first period being observed during the more
acute.stage of illness, the second during convalescence. In
every insfance the retention found in the convalescent period

was lower than'previously, and the 9205 excreted in the urine
had increased. o
- 47)

Wills Sanderson and Paterson, referring to calcium excretion
by the urine, stated tnat even in presence of & negative balance,
where there is increase in the urinary Ca. it is fair to conclude
that there is increased absorption. Since urinary excretion of
Ca. and P. run more or less parallel, this dictum should apply
also to phosphorus absorption. Therefore it would seem that,
since P.excretion in the urine had increased at the time of the
second balance period in the four cases mentioned above, P.

absorption/
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absorption mﬁst‘also have improved. ‘Phis implies that the
absorption of phosphorus is not up to normal standard during
the acute stages of nephritis, but improves as recovery
proceeds.

If, for the moment, this is assumed %o be the case - poor
ébsorption in acute nephritis — then a simple explanation of
the lowered urinary excretion is apparent. Poor absorption will
supply little more thean the needs of the organism and compara~—
tively little excess P. will remain to be excreted. If however
absorption is normal, then the occurrence of diminished renal
output must be explained otherwise. Therefore, before renal
function, in respeet of P. excretion, can be said to be impaired,
it must be shown that phosphorus is absorbed in approximately
normal fashion thereby providing the kidney with P. to excrete.

The key to the problem lies in the determination of the
state of P. absorption in different stages of the illness, and
in this study an attempt has been made to investigate the
question by means of blood curves. As with absorption of other
substances, e.g. glucose, such a study does not give
information relative solely to.absorption. Nature being ever
on the alert to correct any alteration in the equilibrium of the
orgamism, it follows that sny induced increase in concentration
of a compomant of the blood automatically leads to increesed
activity of the regulating mechanism.

Any increase in blood phOSphdrus after oral administration
of phosphate must be regarded as an indication of the sctivity
of absoxrption. The amount of increase and its duration will
depend on the speed and power of the regulating mechanism. A
slow increase in the blood curve may be the result of either
subnormal absorption or supernormal sensitiveness to increase.
The reverse, rapid and prolonged increase, can be explained as

well by dulling of the regulating mechanism as by extra-ectivity
of the absorptive process.

The/
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Phe present series of curves has been obtained from
estimstions of serum inorganic phosphorus at fixed intervals
after ingestion of NaHaPo4. It may seem curious that
absorption may be judged from chenges induced in this small ¥
fraction of the blood P. while "retention" may not. ~Kay
and Byroéé) have shown that increase in iﬁorganic phosphorus
of serum in nephritis is accompanied by corresponding
~ diminution in the organic P.of the corpuscles, the total P.
remaining practically unchanged. After phosphate ingestion,
however, increase in serum inorgeanic P. has a diffefent
significance, and from previous evidence, to be detailed
immediastely, it seems Justifiable to assess phosphorus
absorption on this increase.

Wigglesworth and Woodroé45%n 1924, while studying "“the
relation between the phosphate in blood and urine"; found that
in healthy subjects an increase of 55—60 per centﬁoccurred in
inorganic blood P. after ingestion of 25ngs. of acid oxr
alkaline phosphate. The organic fraction of the acid-soluble
P. which comprises the main part of the organic blood P.,
remained unchanged andi can accordingly be left out of
consideration. ‘Phey found thst as a rule the "inorganie
phosphate® wes equally distributed between plasma and corpuscles,
which means that increase in blood inorganic P. was as a rule
evident in both. When the inorganic P. of plasme was far
above normal, its concentretion in the corpuscles was lower
but still increased. Ehereforé it would seem that any
increase in blood phosphorus will be shown by estimation of
the inorganic P. of the serum, slthough the reverse is not
necessarily correct — that increase in serum P. i8 indicative
of increassed blood phosphorus, a state of affeirs which has
been dealt with previously.

Two methods of investigation have been used by previous

workers. These were (1) prolonged administration of phosphate

witn/
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with serum P. estimastions every few days, and (2) observation
of blood curves. Phe former was employed by Salvesen, Hastings
and McIntosh while working on “the blood changes and elinical
synptoms following oral administration of phosphate®. They
found thet, when continued over & long period, small doses of.
neutral phosphate produced increase in serum “phosphate" and
£511 in serum Ca.: Alksline phosphate led to slight increase
in serum "phosphate® but no alteration in Ca.: while acid
phOSphate“indueed mérKed increase in the "phosphate" with again
no chenge in the Ca. of the blood serum. )

PThe value of observations on blood concentrations after
prolonged sduinistraetion must be regarded as doubtful. As
already suggested, the body will have become sccustomed to
the new conditions and have made the necessary adjustment in
metabolism, and in addition the time of withdrawal of the
specimens must be carefully regulsated. Blood withdrawn shortly
after a meal will show a subnormal level, and that taken after
a @&ose of phosphate an increased value for serum inorganic
phosphorus. It is much better to make serial observations
at short intervals.

(32)

This was the procedure followed by Murdoch in her
investigation of phosphate absorption in normal and rachltic
children. She observed & variable increase in the inorganic
P. of blood serum after oral administration of NaHéEO4 guns. IV.
In normal subjects the average rise was 2 mgs. per 100 ces.,
and had attained its maximum in the course of two hours. There
wes subsequently a sharp fall in concentration, which however,
nad in every case failed to restore the fasting level in 4 hours.
In rickets the form of the curve was found to vary with the
phase of the disease. During the active stage the curve
obtained was similar to that of normal subjects, being of course

at a lower level. In the healing stage a tremendous rise

was/
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was found, approximately three times that in the controls,
and from this Murdoch concluded that "in hesling rickets,
absorption of phosphorus may be three times as great as in
health." In support of this contention, the inereased
retention of P. found in the hesling stages of rickets was
' qhoted.

In the presermt enquiry, Murdooh's procedure was adopted.
Each child was fasted for a minimum period of three hours, at
which point the fasting specimen of blood was obtained. Four
grams of NaH,P0, dissolved in approximately 100 ccs. of |
water were then given, and samples of blood withdrawn at one,
twé, and four hour intervals. Estimation of serum inorganic P.
was carried out immedistely after procural of each specimen.

In a number of cases, sbsence of a suitable vein, presence of
much ocedems, or the temperament of the child prevented the
observation of blood curves. During the course of the
investigation both solids and'liquids were temporarily
suspended.

Observetions: Pwenty blood phosphorus curves were obtained
from 15 nephritic ehildren. Control curves were observed in
nine children convalescent from other diseases, mainly chorea
and rheumstism. The figures appertaining to these observations
are given in Tables VIII sand X.

The control curves show a good deal of variastion in
detail, but cloﬁely resemble Murdoch's normal series in children
of the same age - 6 to 12 years. &hé fasting level varied in
different individuals from 4.6 to 6.3 mgs. per 100 ces., i.e.
throughout the normsl range. 1In &ll, definite increase in the
serum inorgasnic P. was found one hour after administration of
the phosphate. In six casee (Chart VI) the maximum rise was
shown at this time, in three (éhart VII) it occurred at two
hours. At 4 hours in every instance the return to fasting

level was well advanced, but in none had the latter been

reached/
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reached. The increasé varied in amount as in time of

attaining a maximum, the range being 0.75 to 3.2 mgs. per

100 ces., and there did not seem to be any relationship

between the height of the curve and the fasting level (Table VIII).
~ Phree of the subjects of these control curves were &lso used as
controls for the nephritic balance experiments. 4s will be

seen from the following table, the rise in the curve gave no
indication of the retention found. Nor did it indicste the
percentage of the intake which would be excreted by the urine,
except that in these three instances, the smaller the increase in

the blood curve the higher the percentage excretion by the urine.

Case |Age in| Increase in F205 retention (% ege of P,05 intake
Years.| FP. curve. _excreted in-urine.

C.H.| 7 1.85 mg.p.moocé( +077 gn.p.K.p D 48.8
E.¥cll 6 2.7 » .046 " 42.7
K| 6 3.2 . 037 " 33

o
-~ ~

=)

This might be explicable on the assumption that the lower curves
indicate & more active renal excretion and ocecur as & direct
consequence of the latter. Such an assumption is not warranted
on this small number of observatious.

Feilure of all thesé curves to regein fasting level in
four hours aroused interest, and several curves were prolonged
for periods varying up to 14 hours in an sttempt to find how
long a time would elapse before fasting level was again restored.
These observations were made in three convalescent rheumatic
cases, one case of cardiac decompensation, and a case of
diabetes mellitus under insulin treatment. The figures for
these observations are detailed in Table IX. As will be
seen (Chart VIII), two of the rheumatic cases had almost
regained fasting level in 13 and 14 hours respectively. The
third, falling &t 5 hours, rose &gain, and at 10% hours was

8lmost as high as at any part of its course, well above fasting

level/
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level. ‘Phe cardiac case showed considerable elevation
remaining at 7 hours, but owing to the clinical condition

of the child the observations sould not be prolonged furthexr.
Phe curve of the disbetic subject was rapidly approashing its

- starting point at 7 hours.

Wigglesworth and Woodrow? in work slready referred to,
found increase in the blood inorganic P., persisting 10 hours
after a large dose (25 gms) of acid or alkaline phosphate, in
heslthy sdults. Not only did it persist, but having reached

.a maximum elevation in onme hour, no decrease was found in

frequent estimations made throughout the day.
This persistence of increase in inorganic P. of blood
or serum does not seem to have attracted much attention.
Wigglesworth and Woodrow have suggested thet phosphate behaves
as a threshold substance and is excreted by the kidney only
when the blood concentration exceeds a certain, undetermined
value. Phis mey explain the type of curve found by them,
but it does not assist in the explanation of the slow, more
or less steady fall extending over 1l0-l2 hours found in the
control cases of the present series. Bergeim suggested that
phosphorus was freely absorbed throughout the intestinal tract,
and slthough Wigglesworth and Woodrow found continued steady
elevation of blood inorganic P., they also found an accompanying
increase in urinary excretion, which of itself supports Bergeim's
contention. .- 5
Even if this is the ease, that phosphorus is absorbed
throughout a great part of the intestine, it is curious that
the blood B. should be allowed to remain elevated for a period
of four to twelve hours in healthy subjeots. That the
regulating mechanism is able to cope with a much larger increase
than any induced by oral administration of phosphate has been
proved by the work of Brain and Kay who found that, in healthy

adults, intravenous injection of 0.55 gm. P. in the form of
sodiam/
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sodium glyeerophosphate led to additional excretion in the
urine of at least 0.15 gmn. P. within two hours. The majority
of their subjects excreted much more than 0.15 gm. P. in this
time, thereby showing that on occcasion renal excretion can be
tremendously increased.

It would therefore appesar that the phosphorus-regulating
mechanism is apathetic except in presence of & very marked ¥
increase in blood phosphorus, even in normal subjects.

Absorption curves in nephritis:

In fifteen nephritic subjects very similar results were
obtained. Table X has been compiled from the observations of
22 curves in renal disease. The fasting level varied between
4 and 12 mgs. per 100 ces., .nine being over 6 mgs. In 13
of these curves the maximum rise occurred &t 1 hour, and in sall
it had been reached before 2 hours, as in the controls
(Charts IX, X, XI). Again there was great variation in the
amount of increase in serum inorganic phosphorus, the range
corresponding to that of the control series, and as 1in the
latter, no relationship could be found between the fasting
level and the height of increase in the curve. This is well
illustrated in Case 12 from whom three curves are available
for study (Chart IX). ‘The first, observed during an acute
exacerbation of a chromic nephritis, showed a fasting level
of 12 mgs. and rise of 1.33 mgs. per 100 cecs. The second,
in early convalescence, showed the fasting level to be 9.2
and the rise 0.8 mgs. per cemt; while the third, some time
later, had a fasting level of 6.15 and a rise of 1.1 mgs per
cent.

Nor could the P. curves be correlated with the clinical
condition. Case 12, on each of the three occasions when curves
were carried out, showed the same type of curve. The maximum
rise was attained in 1 hour and remained steady at 4 hours.

Improvement in his rensl function, which hed undoubtedly taken
place/
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place, was not accompanied by more rapid fall in the blood

P. curve, and since Wigglesworth and Woodrow found this type
of curve in healthy &adults, &lthough after a much larger dose
of phosphate, it can hardly be labelled “abnormal®.

Similarly presence of oedema was apéarently of mo
significance so far as the P. curve was concerned. Case 4
showed & similar curve to that found in Case 12 and J.D., who
had no oedema. D.B. and Case 9 with great oedem& showed
very similar curves which differed from the above in that
there was & fall et 2 hours, with subsequent increase. E.M.,
again with much oedema, showed & third type of curve attaining
& maximum &t 2 hours and falling to almost fasting level at
4 hours.

On the whole, the nephritic curves compared very favourably
with normsl curves from the point of view of absorption, even
when the serum inorganiec P. was in the neighbourhood of 12 mgs.
per 100 ces., a state of affairs generally regarded as indicative
of death within a few weeks. Compari son is facilitated if the

figures are tabulated. It will be seen that the average fasting

Number |AVerage Serum Lnorg.rP. in
Type of|. of ngs. % Lowest | Highest
Case Curves|Fast.level High.level Incr.|increase|increase

hurdoch's
normals. 3 5.3 7.1 1.8 1.6 2.2
Control
subjects. 9 5.25 7.05 1.8 0.75 3.2

ephritic
subjects.| 22 6.22 7.58 1.36 0.65 3.43

Past. level
High. level
Incr.

Fasting level.
Highest level.
Increase.

level, highest level attained, and increase in the control
subjects of the present series of observations are in sbsolute
agreement with Murdoch's normal curves. In the nephritic

subjects the fasting levels when averaged ere higher, as are
the/
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the maximum elevations; but the increase is not quite éo
good, being about 25% lower. The range, however, is very
similar in the contrél and nephritic eases of this series.

With regard to the lowered Pp0s5 balances observed in
the four repeated balance studies, the absorption, as judged by
the curves cannot be held responsible (Table XI). Case 3
showed on each occasion an increase in serum F. of 2 and 2.29mgs.
per cent: Case § 2.05 and 2.65 mgs. per cent: and Case 9 1.8
and 1.7 mgs. per cent. In the other case (5) it was not
possible to determine the earlier P. curve, but that corres-
ponding to the second belance period showed an increase of
1.7 mgs per cenb. |

Comparison with the P205 balance figures and the percentages
of intake excreted by the urine shows that there is no correlation
between these and the rise in phosphorus curve (Table XI). Of
the series in which both blood curves and balance studies were
carried oﬁt, Cese 8 showed the highest rise in the curve — 2.65 mgs.
i.e. well above the average normsel rise of 1.8 mgs. per cent —
while showing a minimal retention of P205; It is evident that
the inverse relationship shown by the three control curves, and
already referred to, does not hold in nephritis, even as it
may not be true for & larger series of nomal subjects.

If then, the informstion obtained from these blood phosphorus
curves is briefly summarised, it appears thati-

In the control curves:

1. The increase in serum inorganic P. aftgr ingestion of NaH2904
gns. IV, reaches its meximum within 2 hours, and thereafter
slowly falls.

2. The smount of increase has no relation to the fasting level
and averages 1.8 mgs. per 100 ccs., with & range of 0.75 to
3.2 mgs.

3. Phe increase does not give any indication of the retention of

2205, or of the percentage of intake of P205appearing in the

urine.
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In nephritic subjects:

1.

2o

4e

be
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The increase in the phosphorus curve also attains its
maximun within 2 hours, but shows more variation in rate
of fall.
The-amount of increase has no relationship to the fasting
level, and while showing & lower average of 1.32 mgs., still
shows the seme range of 0.65 to 3.43 mgs.
Neitper the severity of the illness, as judged c¢linically,
nor the presence of any particular menifestation of nephritis
has a constant effect on either the height or general form
of the P. curve.
There is no correlation between the blood phosphorus curve
and either the retention of P05 or the percemtage of intake
excreted by the urine.

Therefore, it is difficult to see how any conelusion can
arrived at other than this, that in so far as can be judged

blood curves, the absorption of phosphorus in nephritis is

satisfactory and compares favourably with that in momal

children.
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IvV.

Abgorption of Cslcium.

Historical: The balance investigations of this study showed
low urinary excretion of calcium. This has been observed on
ngny previous occasions, and references to its occurrence are
fairly frequent throughout the literature on nephritis. The
decresase has been attributed to impairment of renal function
occurring as & manifestation of the presence of diseased
kidneys, without, as in the case of phosphorus, any accumulation
in the blood. Boyd, Courtney and McLachlan concluded, from
the ir balance studies on nephritic children, that the nephritiec
kidney weas incapable of excreting celcium in normal fashion,
indicating as evidence of this the lowered urinary content,
and the abnormally small amount of calcium per 100 ces. of
urine.

Again, before diminished excretion can be made responsible .
for thé lowefed urinary calcium, it must be shown that absorption
is comparatively normal, and this aspect of Ca. metabolism in
nephritis has, so far as cen be ascertained from the literature,
received but scant attention. An attempt has been méde, in
the course of this investigation, to remedy the defect; but
before discussing the results, a brief summary of the work done
by others on this subject would be advisable.

In studying the effect of ingested salts, on the blood Csa.,
two methods have been employed. The earlier results, from
prolonged asdministration of Ca. salts, were extremely contra—
dictory and inconclusive; but more recent observations, in whibh
a serigs of éstimations was cgrried out at intervals after a
single dose, have shown much less varisance.

The striking feature of the earlier reports on &bsorption
of cdlcium is the stress laid on the difference in availability
of different preparations of Ca. and it therefore seems

necessary to give some attention to this matter. Steenbooc

Hart/
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Hert, Sell and Jorfeil)in 1923 decided that, so far as could
be judged from rats, no difference in availability existed
between calcium lactate, carbonate, phosphate, silicate or
sulphate so long as & sufficient quantity wes supplied.

(20)
Jangen in 1924 found thet Ca. lactate had no effect on the

N AR e

P
%

blood calcium, when given orally, but found increase with

calecium chloride and bicarbonfﬁfi the effect of the latter
1
being much more marked. Hjort in 1925, was of opinion that

the more soluble salts, the lactate, chloride, and glycero-
phosphate had & much more constant effect in raising the blood
Ca. level than the less soluble salts such as the ca&rbonate.

If the aveilability of the calcium depends on the

solubility of the salt exhibited, then gastiric acidity might

be supposed to play some part in absorption, since with higher
acidity a larger smount of the Ca. would be in seclution. Wills,
Sanderson, snd Patersé% reported some work on this subject in
1925. They concluded that gastric acidity did not seem to be
& limiting factor in the supply of calcium to the body. This
opinion was based on the figures obtained from balance experiments,
ne observations on blood values being reported. Four yeears
earlier, in 1921,1Mas%%}£ad.already noted that solution of
calcium in weak HCl1l did not affect the rate of absorption. He
also indicated that Ca. lactate produced less effect on the
plasme Ca. than did CaClp, and consequently inferred that the
latter was better absorbed.

Since different observers have favoured different salts,
it would appear that there can belno marked difference in their
availability. The more recent workers have shown thaf calcium
lactate is an adequate source of supply foi absorption studies,
and it was accordingly selected as the preparstion of choice
in the presemt work. An additional point in its favour is
the fact that no change in the pH of the blood, such as occurs
with Caﬂlz, follows its administration.

s/
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As has been already mentioned, it was not until quite
recently that genéral recognition was given to increase in
blood Ca. after ingestion of calcium salts. The esarlier
workers relied mainly on prolonged adminiﬁfratidn to effect
an alteration in the blood level. Bergeim in 1917 noticed
that in severel cases of urgemia, with sssociated low serum
calcium, sdministration of Ca.lacta£e led to clinical improve-
ment with coincident increase in serum Ca. That the latter
can be attributed to absorption of the calcium lactate is of
dourse open to question, since it would in eny case accompany
elinical improvement without the aid of an extre supply of
calcium by mouth.

In 1921, French worker(s?,) while studying the aoction of
calcium as a reputed diuretic decided that the beneficisl
effects of CaClj, administretion were produced by the Cl, the
Ca. snd its water being thrown off. Giving large doses - 7*
(8-12 gms) of the s&lt to healthy subjects, on an otherwise
salt-free diet, they observed great physical and mental
depression. These symptoms may be attributed either to
excessive increase in blood Ca. or to the acidosia induced
by the acid absorption. As in Bergeim's observations, reported
&bove, estimations of blood Ca. were eiﬁher not carried out, or
not taken st definite intervals, and the torpidity of the

subjects was credited to the acidosis; the conclusion being

that the calcium was thrown off, presumably in the intestine,

and therefore not absorbed.

Similarly, Leichéﬁ?gn 1923 after weeks of administration
of various Ca. salts, failed to obtain any lncrease in serum
Ca. In the following year Rockwood and Burrgza?had parsllel
findings in nephritic subjects. They could not elevate the
serum calcium by giving large doses of either the lactate or
chloride of c&lcium.

About/
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About the seme time, Salvesen, Hastings, and McIni%ZLi
working with dogs, found that after ingestion of CaCl, in
quantities sufficient to produce a severe uncompensated acidosis,
the symptomatology could be explained by absorption of Cl,
without the Ca. They failed to find increase in the blood
calcium, but since examination of their figures shows that
in one dog when estimation was carried out lg hours after &
dose of calcium chloride, an increased blood value was observed,
it seems probable that their fsilure was due to the time of
withdrawel of the blood specimens. In two cases of nephritis,
in humsn subjects, they observed no incre&se in the low blood
Ca. subsequent to administration of calcium lactate orally.

As was indicated in the section on phosphorus abserption,
these prolonged experiments are unsatisfactory owing to the
tendency of the blood to restore the equilibrium of its
constituents as soon as possible. Information obtained from
seriel observations at relatively short intervals after ingestion
of & single dose of one or other of the calcium salts is much
more constant and reliable. This method of investigation was
employed by liason in 1921. With a single large dose of c&leium
lactate (5 gms), he found very slight increase in plasma
calcium values, but with CaCl, the effect was more constant
and the rise greater. He therefore concluded that CaCl, was
absorbed to a greater expent. Janséf?{h11923, found temporary
increase in blood Ca. after large doses of calcium bicarbonate
&nd chloride, the rise being grealter with the former salt.

In 1925, the first really satisfactory work was done by
Hjoégé) Studying the effect of ingested Ca. salts on the

blood caleium of dogs, he found that the more soluble salts,
when given in amounts containing 0.2727 gmns. Cal0 per kilo of
body weight, were absorbed rapidly enough to increase the seruw
Ca., whereas the more insoluble salts were inconstand in effect.

This/
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This work was confimmed an%g%splied t® humsn subjects in (2)
the following year by Kahn and Roe, and later by Bauer sand Ropes.
The former found that, subsequent to administration of calcium
salts orally, elevation of the blood Ca. was produced. With
20 gm. doses the average increase was 81%, resching & m&ximum
in 4-~5 hours, and being maintsined fom avperiod of 4 hours.
With 5 gm doses, the increase aversged 80%, attained its
highest level in 6~7 hours, and was sustained for 1% hours.
Phey pointed out that these observations were in disagfeement
with the findings of many, that the serum Ca. could not be
raised by orsl administration of calcium.

Bauer and Bo;ezs) confirmed the general findings of Kahn
end Roe, but differed considerably in detail. They, also,
found thet in human subjects ingestion of Ca.lactate induced
an elevation of serum Ca., 5 gm. doses producing & maximum
inerease of 14% in 1-4nhours. Larger doses were found to give
more pronounceé rise, 10 gms. being followed by & maximum
increase of 28% in 1-5 hours. Irrespective of the size of the
dose, they fouﬁd that some elevation of serum Ca. persisted for
& period of about twelve hours.

In 1927 Xahn and (ch?e) published some further work which
&greed more closely with the observations of Bauer and Ropes.
They came to the conclusion that 5 gms. of Ca. lactate was the
optimum dose for investigations of this kind, or indeed for
therapeutic purposes. Since Bauer and Hopes had allowed the
subjects of their observations to have & 1light meal six hours
after the dose of calcium, an investigation was made of the
effect of food on the blood caleium curve, and it transpired
that when various foodstuffs were given with the calecium, there
was marked depression of the rate of absorption.

It appears, therefore, that absorption of calcium, in the
form of the lactate at anyrate, definitely does occur in healthy -

human/
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human subjects; although the behaviour of the serum Ca. after
oral administrstion of the substance has not been shown to be

at &ll consistent. Thus the maximum rise has been reported

&s varying between 14 and 81%, and its time of occurrence
anything from 1 to 7 hours. _ Accordingly, before the absorption
of Ca. in nephritis could be assessed, it was necessary to
obtain some control curves for comparison both with those of
previous workers and with those found in nephritis.

The procedure in all cases was &s follows. Each subject
was fested for three hours prior to withdrawal of the fasting
specimen of blood. Four grams of calcium lactate in approxi-
mately 100 cces. of water was then administered, and subsequent
observations were made on the serum Ca. at intervals of 2, 4,
and 6 hours. No food or water was allowed during this period,
since Kahn and Roe observed that food decreased the rate of
absorption, and Hjort found that administration of 150-600 ccs.
of water produced & decrease of 1 mg. in the serum Ca., the
deeréase persisting for about five hours.

The seven control curves (Table XII snd Chart XII) show
great similarity. In five the maximum elevation occurred at
2 hours, in the remaining two there was & further slight increase
at 4 hours. 1In all, the return to fasting level had been well
advanced by the end of 6 hours. None of these curves showed
a final resding which was below the original level.

In nephritic subjects 28 curves were observed in 16
children. These showed numerous variations from the normal
and from one another (Table XIII). In 22 curves the increase
2~4 hours after the dose of lactate compared favourably with
that in the controls, while in four of these 22 it exceeded
any rise shown in the latter series. In the remaining six
curves the increase was less than that shown in four hours by
the lowest of the control series. In all the nephritic curves
there was some evidence of absorption. Admittedly several of

the six low curves showed increases which were well within
exyerimental/
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experimemtal error (0.5 mgs.%), but if the normal elevation

of serum calcium be taken at-either Bauer and Ropes!' figure

of 14% maximum, or at the average of 10.04% shown b& the

contrél curves of the present investigatioﬁ, it is apparent that
the inerease to be expected (0.97 mg.%) is only & little more
than the experimental error for the méthod of Ca.estimation.
Since only smsall quantities of blood could be withdrawn on

each occasion, duplicate analysis was not always possible, but
where carried out, showed that the single estimations were
fairly reliable.

It seems, therefore, thet as in normsl subjects, so in
children suffering from nephritis, administration of a single
dose of calcium lactate orally leads to elevation of the serum
calcium. As has been already indicated, in the large ms&jority
of the nephritic curves the elevation eoiresponded to that in
the control series, but much wider variation in the increase
w&s noted. This becomes more obvious if the control and
nephritic figures are contrasted, &s in the table below, in

which the averasge figures for the two groups are presented.

E&pé of Berum {alcium in [mgs. per 100 ccs. |Average
Subject o, of| Average [High.Level Average| % Low. | High.
Curves| Fast.Levell in 4 hrs | increase |inex incr. | incx.
Control
Series | 7 9.66 10.63 0.97 10.04 10.49 [1.43
Nephritic
Series | 28 8.98 9.95 0.97 10.8 10.25 | 2.87
Fecst.Level = Fasting Level.
High.lL.evel = Highest level.
Low. incr. = Lowest increase.
High.incr. = Highest increase.

Since none of the control curves showed increase persisting
after 4 hours, this hes been adopted as the meximum time during
which comparisons of absorption msy be drawn, and the average
increase in both ceses is found to be exactly equel, 0.97 mgs.
per 100 oc8. of seruu. In four of the nephriti& curves, the
meximum increwse did not occur until 6 hours, end if these

figures/
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figures be included in the average, the increase in nephritis
becomes slightly'more than in the normal - 1.11 mgs. per 100 ccs.
of serum.

Of the five nephritic children in whom poor rise was
found by four hours, two were subjeots of balande studies
(Cases 4 & 8). Although their blood Ca&. curves seemed to
indicate some defect in absorption, in both a positive Cal

balance was found indicating again that the balance cannot be

predicted from the type of blood curve. If the increase in

the C&. curve is contrasted with the retention of Ca0 and the
percentage of Cgo intake appearing in the urine, it will be
found thet no relationship exists between them (Table XIV).
Three children (Cases 11, 8,&9) gave a negative balance, but
the respective blood curves shqwed increases of 245, 1.0, and
0.52 mgs. per cent.NQr did the highest balance figure corres—
pond with the greateét elevation in the blood curve. Similarly
with the urinary exéretion, case 9, while excreting only 1.13%
of Ca0 intake by this route, showed & rise of 0.7 mg. in the -
blood Ca. curve. ~ Some time later, when the urinsry figure

had rlsen to 2. 68%, i.e. more then double its previous amount,
the Cea. curve showed an increase of 0.52 mgs.p. This lack

of relationship is shown also by the control subjects in whom
both the Ca0 balances and blood curves were observed (Table XV).
There was a tendency in these to & reciprocal relationship,

but from such & small number of subjects it is not Jjustifiable
to consider it furtn&r.

Curves obtalned during different stages of illness, however,
show more definite indications of some upset in calcium metabolism,
with gradual return to normsl. In each of twe children
(Cases 5 & 12) three curves were obtained; and in other six
(cases 3,7,8,9,1I.D., E.M.,) — two curves. This procedure was
suggested by the change in retention found in convalescent
children, and &lso by fhe altered disposition of the calcium

excretion/
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excretion. As will be seen from Pable XIII, the increase
in serum Ce. had no relationship to either the fasting level
or the stage of the disease. Case 12, with fastiné estimations,
on two occcasions, of 4.8 and 4.62 mgs. per cent showed corres—
ponding elevations of 1.77 and C.53 mgs. Case 5, with

primary observations of 7.87 and 9.24 mgs per cent showed on
each occasion an increase of 0.89 and 1.07 mgs per cent; i.e.

an almost negligible increase in the height of the curve. E.M.,
with fasting levels of 7.91 and 9.27 mgs per cent, gave &
greater rise — 1 mg. on the first observation then on the later.
one - 0.31 mg. In each case the later curves were observed
after the onset of definite clinical improvement, and &lthough
the increase did not seem to be dependent on the fasting level,
yet the type of curve obtained during different stages of the
illness showed marked aberration from normal. This is most
eawily appreciated when the figures are graphed.

The graphs (Charts XIT to XVI) have been &rranged in groups

~entirely from their general appearance, since no other method of

classification could be found. Four categories have been
adopted.

(1). Curves very similar to the control curves (Chart XIIIJ)
®his ineludes two cases of acute nephritis with gregt oedenas;
two cases of acute nephritis during convalescence; and a
convalescent chronic parenchymatous nephritis.

(2). Curves characterised by the occurrence of a fall in serum
Ca. level at 6 hours of such magnitude that the final reading
hed fsllen below the fasting level (Chart XIV). The subjects,
in whom this was found, were one case of acute nephritis; six
cases of acute nephritis in various stages of convalescence;
one case of renal dwarfism; one case of functional slbuminuria;
and a case of chronic parenchymatous nephritis showing much

oedema, ten days prior to the onset of a fatal pericarditis.

(3)/
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(3). Curves in which & good increase was obtained at 2 hours,
followed by & marked fall, reaching even lower than fasting level,
&t 4 hours, with a succeeding terminal rise at 6 hours (Chart XV).
Phis group, &lso, shows some variety in its subjects viz. one

sase of acute nephritis with uraemia and some oedema; two cases

of acute nephritis, one of which had oedema; two cases of acute

wgEmi

nephritis during & rather slow convalescence; sand one late

AR

convalescent case.

3

(4). A finsl group in which a veriable incresse was found at
2 hours, and 4 hours, with the maximum elevation shown by the
6 hours' specimen (Chart XVI). The cases felling into this

category are :~ one child just after the cessation of uraemio

convulsions; ane acute nephritis with generalised ansasarce;
one acute nephritis in early convalescence; and one chronic
nephritis which ultimetely left hospital comparatively well.
Phus in each group are found examples of the various
stages of the disease, with end without oedems, which latter
does not eppear to have.any constant effect on the behaviour of the
calcium curve. If the curves observed in different stages of
nephritis sre followed, it is found that the one type of curve
seldom occurs twice in the same child, suggesting that the
balancing mechanism is not acting continuously in the same A
manner., Examination of the charted curves of other observers
does not show variations to have been found in normel subjects
Similar to those just described in nephritis, and since the
average increase in the serum Ca. value has been shown to be
quite as large in nephritic as in normal children, absorption
cannot be responsible for these abnormalities. Sinece the
abnormal curves have been shown to vary from time to time in
thé one subject, they cannot be accepted as being the normal
curves peculiar to the different individuals, and here, as in
the case of blood phosphorus curves, the inference seems to be
that there is upset of the internal metabolism of calciwa.

F¥herefore/
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Therefore the low urinarﬁ output of calcium found in

nephritis cannot be the result of an alteration in absorption,

and the factors producing it must be sought elsewhere. A

resumé of the grounds for this conclusion follows:

!
=
B

In control subjechts:i—

l. Phe serun Ca. curve showed an average increase of 0.97 mgs.,

: or 10.04%? occurring within 4 hours of the administration

;{ of Ca. 1éctate gus. IV.

2. As & rule the serum Ca. had almost returned to fasting level
in 6 hours.

3. The serum calcium curve was independent of the fasting level.

4. The curves, when graphed, showed great consistency in form. «
5. Phe increase in the Ca. curve had no bearing on the (a0
< balance; nor was it related to the urinary output of Cal.

In nephritic subjects:—

1. The Ca. curve gave an average increase of 0.97 mgs., or
> 10.8%, within 4 hours, but showed & grester range of
L vari;tion than in the control subjects, which although in
a few cases within the possible experimental error, was
shown by the balance studies to be reliasble as an indication
of the activity of absorption.
2. Phe final reading at 6 hours was found to be extremely variable.
3. The curves demohstrated that the lncrease, induced in the
serum Ca. level, was independent of the fasting estimation.
4. ¥When graphed, many curves showed much deviation from normeal,
the irregularities falling into four mein groups unassociated
with the contemporary clinical and other biochemical
manifestations.
5. Phe inerease in the Ca. curve did not indicate the state
of the Ca&0 balance, and as in the control subjects, could not

be associated with the urinary excretion.
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V.
Excretion of Celéium and Phosphorus

in Nephritis.

A. Urinary Excretion: The question of excretion in nephritis

falls next to be considered. Reference has already been made
to the fact that for many years diminution in urinary excretion
of calcium and phosphorus has been generslly recognised.

(30)

Marriott and Howland were probably the pioneers in this

respect when in 1916 they observed a decrease in urinary
phosphorus in nephritis. In the following year Halveson
Mohler and Bergeim showed & similar occurrence in respect of

- ealeium.

Owing to the lack of balance studies, no comment seems
to have been made on the elimination by bowel. In 1925
however, Hetenyi and Noggghg)published some observations on
% ‘the behaviour of Ca. in nephritic subjects, and noted thet there .
was an excessive amount of Ca. in the faeces. In order to
avold any difficudty arising from the question of absorption, ™
they injected intravenously 107% solution of CaCly, and found
that in ursemia the urine calcium out put increased very slightly
in the two hours following injection. Even in convalescent
acute nephritis, the urinary excretion rose less than half the
amount shown in normal subjects, showing that, whatever the
. cause of the impasirment of renal excretion, some time elapsed
before the latter recovered its power. No observations of
faecal output during this procedure were recorded. They
found that the low urinary celcium of nephritis was not
increased when calcium was given by mouth, in merked contrast
to the normal sequence of events. This failure to increase
the Ca. content of the urine was most marked in cases of
nephrogis.

| (4)
In 1926, Boyd, Courtney, and MclLachlan salso noted low

o, W
ufifary emeretion of Ca., and concluded that the nephritiec

kidney was incspable of excreting this in normal fashion, as
evidenced/



- 4_3...

evidenced by the low totsl excretion and by the low concen—
tration in the urine. With regard to phosphorus, they were
of opinion that in nephritis urinary exeretion of P. compared
favourably with normal.

Seriver, in 1928, recorded some observations on the
excretion of calcium in two cases of nephrosis. He found low
urinary Ca. and failed to obtain any increase after injections
of parathyroid extract.

Thus, while all previous workers are unanimous on the
subject of a low renél output of Ca. in nephritis, some doubt
has been expressed as to the phosphorus diminution. In the
present investigation eleven cases of nephritis were examined,
four of them on two occasions, and the figures for urinary
excretion show that, without doubt, the quantities of Ca. and F.
voided by this route were abnormally small. Before discussing
these in detail, it might be advisable to show the extent of
the normal urinary output of these elements.

In 1920, Holt Courtney and FalegHZ%mile studying the
calcium metabolism of normel children, indicated that the meain
source of recovery of the surplus Ca. inteke was the faeces.

A year later, Findlay Paton and Shaégg showed thet the
proportion of Ca. excreted by the urine is smell, but increases
with advancing age. Thus they found that, in children

between 8 and 13 years, the urinary content amounted to between
7.3 and 9% of the intake; while between 17 and 44 years it
represented 21 to 27%. Teléellz?,) in 1922, was of opinion that
a great deal of the Ca. and P. intake is restricted to the -
gut, absorption being prevented by the formation of tri-calcium
phosphate. He found that, in normal infants, the urinary Ca.
was only a‘small fraction of the total excretion, while the P.
amounted to 40% of the total phosphorus excreted.  About the
same time, She;man and Haw1é§ogeported & large number of Ca.

and P. balance observations in healthy children of various ages.

A/
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A series of their results was quoted by Boyd Courtney and
McLachlan in léég. These show that, in children from 3~12 yrs.
the urinary excretion of Ca. varied from 1.3 to 12.3 per cent
of inteke, averaging 4.9 per cent; whilst the P. ranged between
44 and 64 per cent of inteke, giving an average of 51 per cent.
In a paper on mineral metabolism in coeliac disease,
published in 3928, Telf(e?)reaffirmed his previous opinion that
glmost &ll the unutilised Ce. intake is recovered from the
feeces in normal chikdren. He indicated that the proportion
of the P205 inteks excreted by the urine depends on the .
condition of the intestinel contents, and that &s & rule urinary

<
and faecal contents of Pp05 are almost equal. .

Macrag?agvrking in this lsboratory, has found that in
children of 2%-12 years the urinary output of Ca. represents
on the average 6.74 per cent, and the P. 48.9 per cent of the
respective amounts of Ca. and P. ingested. The three control
subjects of the present series of balance investigations showed
& similer distribution (Table XVI).

This method of expressing urinary excretion a&s & percentage
of intske may seem peculiar, but it has been adopted wittingly,
and for this reason. Suppose two children, A and B, given
exactly equal smounts of Ca., and with exactly equal urinary
outputs of Ga. If A has a greater retention than B, then the
total output of A will be less than that of B, and the percentage
of output appearing in A's urine will be accordingly greater,
giving a fsllacious idea of the urinary excretion. If the
latter be expressed in terms of the intake, the equal urinary
contents of A end B will then be seen to be equal. This is
well illustrated by the following figures, taken from the
present series of balances. In addition, the figures
expressing “percentage of intake® show much greater proximity,
and allow of easier comparison. i Accordingly the results of

other/
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L&l retent. [Urinary C=0|P-Ocretent.| Urinary Pgo as
in gms.?Kilo/as % o% in éms.z percentage oOf
day. Tmbeke Qutput |Kilo/dey. | Intake Output
C.H. .087 +1.6 117.5 077 48.8 74.9
E.JicL. . 037 7.1 | 9.37| .046 42.7 53.8

other workers have been, as far as possible, so expressed;

and are presented in the teble beneath.

Age of|% of Ca0 intake [ of P05 intake
Observer subject| - in urine - in urine.
yrs.

Findlay,Paton,Sharpe 1921| 813 7.3 -9 -

Telfer 1922, 1928 Children| smsll amount 40-50
Sherman & Hawley 1922 3~12 1.3 - 12.3 44-64
hncrae 1929 2z-11 2.5 -9 34~63
Control subjects of

present series 6-7 4.7 - 7.6 33-49

It appears, then, that there is considerable variétion in
the urinary excretion, even in normsl children. The average vi‘
rercentage of intake, calculated from this table, gives the
normsl urinary Ca0 as 6%: P05 as 50%, both these being
&pproximate figures. - F

The figures for excretion in the nephritic subjects show very

definite variation from these (Table XVII). The average amount

.0f Ca. in the urine, for a1l 15 balances, whether in acute,

convaslescent acut&, or chronic forms of the disease, is 2.02%
of the intsake. Thé range of the nephritic urinary excretion.is
much legs than in the normal figures quoted gbove. As will be
seen from the t&ble, the urinary Cal in & chronic case reached

& maximum for the series of 3.9% of intake, well below the

average figure of 67 in health. In no single instance of agute
nephritis/ A
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nephritis did the urinary calcium exceed 3% of intake, while
in one subject it was found to be only 0.94%.

Of the four repeated balance observatians (Table XVIII),
there was apparent in three definite improvement in renal
excretion of Ca. at the time of the second observation. The
interval between the balance periods varied from three weeks
to four months. In the other case, the first period was
observed during tremendous diuresis which followed an attack
of acute uraemia complicating a bronchiectasiz. No satisfactory
explanation could be found for the decreased excretion during
the later balance period.

®he behaviour of the urinary phosphorus was found to be
roughiy parallel to that of the calcium. From the average
urinary content expressed in terms of the P. intake, it seems
that the decrease is not so marked as in the case of Ca. (Table XIX)
The average fraction of P. intake appearing in the urine, during
the fifteen bslance periods observed in subjects of nephritis,
was 32% as compared with the normel aversge of 50%. Thus, {
while ihe Ca. showed only one third of its normal-quantity, the
P. was more than half the normsl amount. Again it was noted
that the range of urinary phosphorus content was smaller then
in healthy children, being with one exception between 26 and 43%
of intake. The lowest figure, 8.4% of intake, was shown by a.'
case of chronic nephritis shortly béfore & fatal pericarditis.
The maximum urinary excretion of phosphorus did not occur in
that case which showed a maximum calcium excretion in the urine
(Chart V). 1In fact, in all forms of nephritis there was
&pparent more defect in urinary Qfa. than in P. although even
the latter only approached the nérmal proportion in two instances,
one of whiech was found in a convalescent child.

Here, as in the case of calcium, the four repeated balance
observations showed thet urinary exeretion had improved in the
interval. It was found that Case 5 which showed a decreased

output/
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output of CGs., had a slightly increased urinary P. demonstrating
agein that there is not absolute parallelism between the two.

As ﬁas indicated in the section on the calcium and
phosphorus balances, no relationship could be traced between
the retentions and the figures for urinary excretion
(Cherts IIXI & IV: Pables XI, XIV). Likewise, the urine
volume waa not found to have any bearing on the quantitative
excretion of Ca. or P. (Pable XvIiI). |

Phis is quite in aceord with the observations of Wigglesworth
and Woodroé?s who in 1924, found that in healthy adults after
ingestion of large doses of phosphate, there was increased rensal
excretion. The latter was roughly parallel to the increase in
blood inorganiec P. but showed much greater variation, and was
qhite unrelated to the quantity of water exocreted by the kidneys.

With .one exception, previous references to the serum P.
in nephritis have accepted the theory of "retention of phoaphate"
-by the kidney. That there 1is some Justifieation for this is
shown when the sermm and urinary phosphorus contents are
compared (Chsrt IV). ‘Phe lowest urinary P. of the present
series oceurred in ¢ase 4, who showed the highest serum level.
®he opposite state of affairs, however, does not maintain this

reciprocal relationship, and this is more apparant when the
four repeated balance studies are considered (Table XIX). Serum
values within normal limits did not indicate a normal distribution
of the P. excretion, and it is therefore fair to conckude that
although a low urinary content of P. may occur céébidently with
@& high serum inorganie phosphorus, and although the two may have
& ocommon csause, yet they are not directly interdependent.
Looking et the urinary Ca. excretion from the same point of
view,bit is seen that in presence of the lowest serum value
there is found the lowest excretion of €a. (Chart III). But
8gain, normal serum values do not foretell a normal urinary
contert of Ca. (Table XVIII), and it therefore seems that the

latter is not directly dependent on the serum level.
These/
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These observations on urinary excretion, then, may be
briefly stated as followsi-
(1). In normal healthy children between 3 and 12 years of age,
the portion of the intske of Ca. and P. excreted by the urine is
fairly constant, and represents on the average 6% of Ca. end
50% of P. i.e. there is an approximate relationship of 1:8.
(23. In children of the same age, suffering from nephritis, the
exceretion of both Ca. and P. in the urine is reduced, the Ca.
being affected to a greater degree. The average urinaxry content
represents zu of the Ca. and Baﬁ of the P. intske, thus changing
not only the quantities but also the relative proportion to &
ratio of 1:16¢
(3)s As cliniecal recovery proceeds, the urinary excretion slowly
improves.
(4). The amounts of Ca. and P. excreted in the urine of nephritie
patients bear no relationship to their respective retentions, to
urine volume, nor except indirectly to the serum levels for Ca.

and inorganic F.

B. Faecsl Output: Having considered the urinary output, there
remnains to be investigated the calcium and phosphorus recovered
from the faeces. At the moment, the question of whether the
faecal Ca. and P. is in part the result of excretion by bowel
need not be discussed, and it is proposed to focus attention on
the alterations found in bhese substances without regard to
their previpggygetabolism. .
Iﬁwgéalthy children the distribution of the unutilised
rart of the Ca. and P. intake is fairly constant, varying of
course in different individusls. From Sherman and Hawle$£23
figures, quoted above, it has been calculated that the faeéal
portion of the total phosphorus recovery averaged 37. 7ﬁ.
Nﬁcr&eﬁgﬁhgures for normal children showed an average of 4q%.

in the faeces, of the total P rejected; while the control cases

of the present series gave an average of 43. Sﬁ (Table XX).
Thusf~
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Thus in 22 normsl children, the faecal phosphorus amounted

to, on the average, 39.2% of the total P. output. If ﬁhis be
expressed in terms of in%ake, it appears that 30.3% i.e. about
one third of the ingested phosphorus is eliminated—by the
bowel.

When corresponding calculations are made for the nephritie
belances, it is evident that 62.3% of the rejected P. is
present in the faeces. There isﬂtherefore a relative increase
in the faecal recovery. If this be expressed in terms of
intake, it is found that an average of 54.2% i.e. more than
half the ingested phosphorus appears in the—faeces, showing
that there is also an absolute increase in faecal content in
hephritis.

A similsr aberration from normael is evident in relation to
the celcium recovery (Table XX). The average faecal content
in healthy children was found to be 91% of the total output,
representing 64.7% or almost two thirds of the Ca. intake. In
nephritic subjeété these figures are increased. A& larger
portion of the total output, averaging 97.4%, appears in the
faeces, thereby eccounting for 78.8% or moré than three—
quarters of the intake. Thusg, &an increase, relative and
absolute, is found in both the Ca. and P. content of the faeces;
but the increase in phosphorus is relatively the greater of
the two. *

Phis inequality is more easily appreciated if the ratio
of Cal to 13205 in the faeces be considered. In Macr?a's
normal children and in the control series of the present study
considerably more Ca0 than Po05 was present in the faeces.

The ratio in these subjects averaged 1.34:1 (Table XX). When

the neﬁhritic figures are examined, it is found that the faecal

Ca0 ‘and 2205 contents were more nearly equal, the average ratio

being 1.08:1. Thet is, phe ratio im nephritis is decreased.
£/
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If, as has been suggested, the faecal content of Ca. and P.}
represents the amounts of these substances which have not been 3
absorbed, i.e. if there is no re-—ex@®tion, it is difficult to

see why the Ca0/P,05 ratio in nephritis should be uniformly

;Z decreased. It might be explsined by a relatively pooxr
absorption of P. the Ca. absorption remaining unsltered, but X

the evidence of both blood curves and urinary excretion is not /-

%

in favour of such a theary.

During con¥alescence it might be anticipated that & decrease
would be found in faecal Csa0 and,P205, with an accompanying
increase of Ca0/9205 ratio, signifying & return to the normsl

distribution of the output. In the four repeated balances

the interval between the observations varied from three weeks
to four months. Only éfter the latter interval was definite
evidence of such a return to normal found. In this subject,
case 3, there was noted coincident fall in faeczal content of

Ca. and P., rise of Ce0/Pp05 ratio, and increase in urinary

excretion (Table XXI), the retentions remaining practically
the same in both periods. When the balances were repeated
after shorter intervals of 3, 4, and 6 weeks, the evidence of
return to normsl was much less marked. In each case the faecal
CGD/PZOS ratio had increased, and in two there was found
improvement of the urinary Ca. excretion, while all three
showed increased urinary P. excretion; but when the faecal
elimination was examined, it appeared that there was actually

| an increase over that shown in the earlier period, with
consequently reduction of the Ca. and F. retentions.

In two of the other balances (Cases 10,11) also observed
in nephritic children during early convalescence, the distri-
bution of the Ca. and P. recovery resembled that in the three
cases quoted above. In each there was found & negative
balance with an abnormally high faecal output, low urinary

excretion, and low CaO/P205 ratio in the faeces. The significahlce

of/
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of this will become apparent when the question of intestinal
excretion is discussed.

C. The Evidence of intestinal Excretion in Nephritis:

In view of the conclusion, arrived at from study of the
blood curves, that in nephritis absorption is at least
comparable with sbsorption of Ca. and P. in health; this
demonstration of decreased urinary output with codncident
increase in faecal content of Ca. and P. suggested the possibil-
ity of intestinal excretion. This is no new suggestion, since
various observers have advanced it, with considerable support-
ing evidence,.during the past few years. Barlier opinion ﬁ&s
against such an occurrence. Telé£f§111922 indicated that
nuch of the ingested Ca. and P. was restricted to the gut, and
that the amount of Ca. absorbed might be little more then the
amount retained. He was of opinion that probably there was

no re~exeretion into the bowel. Phe question of intestinal

vt

exeretion of P. ygg'nonggngiﬂﬁfed.

In 1925 Greenwald and Gros:? after injection into dogs
of CaOl2 and NaH2P04, either separately or together, found
inecrease in the excretion of both Ca. and P. by bowel and urine.
The increase varied in amount but was roughly equal to the
quantity injected, and was mainly recovered from the bowel.

Hunter and Aé%?)in 1926, while treating some cases of
lead poisoning with parsthyroid extract, observed an increased
exeretion of Ca., 80% of which appeared in the urine, the
remainder in the faeées.

(34)

In the following year Percival and Stewert, working with
cats, found that after intravenous injection of Cacla there was
little increase in urinary calcium; but obtained a large increase
in the Ca. washed from asn isolated loop of bowel. TPhey
concluded that the large intestine provides the main excretory

route for Calcium.
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In sddition to these observations, several references

TRERuT e

were fou.nd( 11'.50) exeretion in renal disease. In 1925 Hetenyi
and Nogradi published some work on the behaviour of calcium

in nephritis. Phey found that when Ca. was given by mouth

AR

to nephritic subjects, no inecrease in urinary excretion

followed, and while there was no increased retention, the

faecal caleium was in excess. In normal subjects this pro-

S

% cedure led to increased urinary Ca. In order to avoid any
- uncertainty which might have been raised by the question of

abgorption, they injected intravenously 10% solution of CaCl,

A

and found that normally there was induced an immediate increase in

renal excretion of caleium, which continued for the remainder

e S

of the 2 hours' observation period. In convalescent acute
nephritis the urinary output showed less than half the normal
increase, while in ursemia &ny increase which occurred wes
negligible.
(39) .
In 1928, Scriver reported two cases of nephrosis treated
with parathyroid extract, but could find no increase in urinary

exeretion of Ca. He observed that the Ca. content of the

stool was high, and that it was increased by administration of

parathyroid, attributing this to increased intestinal excretion

following the increase in serum calcium produced by the extract. i
Brain and Ké?? in 1929, stated that in some nephritiec ;
subjects, after intravenous injection of 0.55 gm. of phosphorus
in the form of sodium glycerophosphate, no increase in urinsry
P. was obtained within two hours, in marked contrast to the
minimum increase in normal subjects of at least 0.15 gu. In
many other nephritic patients they found markedly low excretion
of the injected P., so constently present as to be a reliable
test of renal function.
Thus both calcium and phosphurus when injected intravenously
in nephritic subjects have failed to produce inecrease in rensl
output. This of itself is indicative of the presence of an

alternative/ f
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alternative excretory route, which, as has been shown in

dogs, cats, and human beings, actually exists in the intestinal
tract. Whether or not, excretion is a normal functioh of the
intestine in health is a point which has not as yet been
decided. Bergei&ﬁé work tends to show that phosphorus at ?
least is both absorbed from and excrebed imto the intestine,
and in rickets he found Ca. excretion also. Now, the
distribution of the Ca. and P. recovery in rickets is very
similar to that just described in nephritis, end at least one
observer, Murdog%i)has noted that there is no gross defect in
absorption of P. in rickets; therefore if Bergeim's suggestion
of intestinal excretion is correct in the latter disease, there
is no reason why it should not apply also to nephritis.

This question of intestinal excretion implies that the ;
excdss of Ca. and P. absorbed may be excreted by either the E
intestine or the kidney, the route depending on some controlling‘
influence not at present understood. That this is probably
correct is shown by the excretion in diabetes mellitus. Kahn
andiiméf%ill916 pointed out that the inereased urinary excretion

of calecium in this disease has been recognised since at least

1853. They noted a loss of Ca. with accompanying even greater
loss of P. Nelson in 1928 found thet under comparable conditions, |
namely in subjects on ketogenic diet, there was excessive loss |
of caleium and phosphorus. FPreviously, on anti-ketogenic diet,
these children showed asdequate retention and normal distribution
of }he recovered Ca. and P. but while on ketogenic diet a shift
of the msjor excretion from the stool to the urine +took place,
the increase in urinary Ca. being proportionately greater than
the P. increase.

This is the exact opposite of what is found in nephritis,
where the shift is from urine to faeces, again being more marked
in the case of the calcium.

In/
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In order to obtain some figures for this urinary type
of excretion, two cases of diabetes mellitus (Cases 13,14)
were observed during periods without and with insulin therapy.
The diet, which remained unchanged throughout both periods,
was so adjusted that during the non-insulin period considerable
glycosuria was present. In the insulin period sufficient
insulin was supplied to maintain a trace of suger in the urine,
so that the results might not be attributed to over dosége.

In both children the retentions of Ca. and P. were definitely
improved by the administration of insulin, the P. showihg
relatively greater increase (Table XXII).

The striking feature, however, of the glycosurie period
was the urinary eoﬁtent of Ca. and P. particulsrly of the former
(Table XXIII). In place of the normel content of about 6%
of the Ca. intake, the urine in these diabetic children shéwed
46 and 31%, with marked fell under insulin treatment to 7.5 and
23% resPeétively. It thus appears that the kidney is capable

of excreting many times its normal output of calcium when

"deprived of the influence, direct or indirect, of insulin.

Unfortunately it was only possible to observe the blood Ca.

- curves in one child, but these showed increases of 2.7 and 2.0 mgs.

per 100 cos. of serum indicating that there was no great
difference in absorption due to the presence or sbsence of an
insulin supply (Table XXIV).

The redistribution of the phosphorus exeretion was not
quite so marked, but was very definite also. During the first
period, without insulin, 80 and 60% of the P. intake appeared
in the urine showing considerable increase over the normal
average of 50%. When insulin was supplied the urinary P.
output also féll, accounting for 39 and 58% of intake. Again
blood curves are available for only one child. These showed
increases of 1.5 and 2.4 mgs. per 100 ccs. of serum, indicating
if anything better absorption during the insulin period i.e.
during/
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during the period of greater faecgl output.

Phus, in this study there have been illustrated three
different distributions of the calcium and phosphorus unutilised
by the body. These arei-

(1) the distribution in normal children:
(2) the increased elimination by bowel in nephritis: -~ ‘,
(3) increased urinary excretion in diabetes mellitus.

In none of these three groups was absorption shown to be
far removed from normal; the retentions were found to be very
much alike; and it was concluded that the difference in

distribution of the recovery was due to alteration in excretion.

Integtinael excretion in nephritig: Acting on this hypothesis

Fe
of an abnormal type of excretion in nephritis, and pursuing

the suggestion that this takes place in the intestine, it
seemed probable that if phosphorus was added directly to the
circulating blood this abnormal excretion would reveal itself
more markedly. Brain and Kay found that, in nephritis,
intravenous injection of sodium glycerophosphate induced a
subnormal increase, and in some instences no increase, in urinary
P. within two hours. This observetion suggests that either
the increassed urinary excretion in nephritis must be much more
prolonged then in the normsl, or that excretion is taking place
by the only other possible route — the intestine. Accordingly,
it was decided that, by means of a balance study, the distribution
of the output should be determined in a suitable subject, and
that subsequently,‘during a second balance period, intravenous
glycerophosphate should be given. By this means it was expected
that any extra intestinal excretion would become evident.

The choice of a subject was the first difficulty. It was
essential that the renal damage should be severe and remain
more or less unchanged for at least 15 days, i.e. for 3 pre-~days,
and two balance periods of six days each. Therefore, cases of

acute/




acute nephritis could not be utilised, since the majority of
such show definite improvement within a week of admissioh'to

hospital. A severe chronic nephritis seemed the ideal subject,

3.
T
i
:

but in children such a condition is by no means common.
The child, on whom the theory was ultimately put to the
test, (Case 12), had suffered from chronic nephritis for

several years. For some time after admission to hospital, all

efforts to determine his retention failed because of vomiting,
and when at last this was successful, his condition had improved
considerably. He still showed &lbuminuria, eamounting to one

part Esbach, with some haematuria and the presence of occasionsal

- granuler casts, but his N.P.N. had returned to & more normal

level of 44.6 mgs.%. The diet consisted largely of fruit and
vegetables, since Ailk seemed of itself to induce vomiting. The
procedure was identical with that followed in the other balance
studie#§ as were the methods of analysis. During the second
‘f periodé he was given intravenously an average of 8.5 ces. of
: sodium glycerophosphate solution (approx. 12%) on each of the
first five déys, so that a period of 44 houré intervened between
~ the last injection and the end of the balance period. This
.‘évwas planned to allow of all the injected P. being excreted.
é'The_phOSPhorus content of the injected solution was determined
on several different samples.

During the first period low retentions of both Cal and 9205
were found (Pable XXV), which is not surprising when the low
‘ginxake is considered.  The distribution of the output was very

| much as in normsl children and entirely different from that
found in even convalescent acute nephritis (Table XXVII). oOf
the Ca. intake 12.8% was excreted by the urine, while the renal
output of P. amountéd to 57% of the phosphorus intake.

In the second period, %hen P. was given intravenously, the
balances of both Cal and P205 became negative. The injected

pPhosphorus was entirely excreted together with some additional P.
and/
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and was sccompenied by increased excretion of calcium (Table XXVI).
The urinary Ca. remained unchanged, but the P. content was
increased, amounting to 78% of the inteke — diet + injected
phosphorus. There was inéreased faecal P. with at the same
time increase in faecal Ca.

Greenwald and Grogt?%ound that in dogs the amount of extra
excretion after Ca. and P. injections varied, but advanced no
exXplanation. None is apparent here either, since the urinary
inerease, amounting to O.4j§g gm. P205, more than compensated for {
the injected quantity of 0.29 gm P205.

From the point of view of its specifie purpose, this
investigation was a failure. The reasons for this have been
in part presented above, namely the occurrence of clinical
improvenent before the balance could be determined, and the
fact that a diet of low Ca. and P. content had to be employed.

An additional reason became apparent only after analysis of the
output during the first period, namely that the illness had been
8o far recovered from that & normal distribution of excretion
was found. It was impossible to anticipate this, and therefore
it is clasimed that without further investigation, in view of the
evidence previously discussed, the theory of intestinal éxcretion
in nephritis need not be abandoned. Since it appears, from
both nephritic and diabetic urinary contents, that the Ca.
excretion is the more readily influenced, probably it would be
better to concentrate future efforts on the excretion of caleium
given intravenously. A further opportunity for such study has
not been presented.

Pwo points brought out by the above investigation are,
however, of vital importance. First of all it is clearly
demonstrated that in men Ca. and P. excretion by the intestine
can ococur. The reason for the intestinal excretion of
calcium in this instance is not at all obvious, and it can

only be suggested that it occurred as a result of and possibly
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in combination with the excreted phosphorus. Secondly, it
aprears that increased excretion in response to rise in |
blood content of P., is not accurately controlled,fin this
case over—compensating for the abnormal amount in the circu-
lation with consequent p;oduction of & negative balance. Phis
may be interpretéd as another indication, the blood curves
supplying the first one, theat the control of phosphorus
metabolism is not governed by & mechanism of extreme delicacy.
It supports the inference, drawn from the excretion in various
stages of nephritis, that adjustment of the rate of excretion
is a lengthy process. Otherwise, why should an additional
supply of P. over that which was shown to suffice for a
retention, lead to the establishment of & negative balance?

It has already'been emphasised that the increase in urinary
exeretion alone was more than sufficient to account for the
excess of phosphorus injected (Table XXVI), and even if the
intestinal excretion be ignored, faulty regulation of
exeretion is spparent.

Likewise, the calcium-regulating mechanism cannot be g
well coordinated. 1In each period, precisely the same amount
of Ca. was excreted by the urine in spite of the fact that
during the second period there was increased Ca. loss by
bowel. No attempt was made to compensate for this by a
reduction of the urinary excretion, and it therefore must be
concluded thaet urinary and intestinal excretions are not
wholly interdependent, although they may give the impression
of being so when lsrger quantities are under consideration
&3 in the case of the balances in diabetes mellitus.

In 1light of this cohelusion, that there is no close
cooperation in activity between the two excretory channels, the
kidney and the intestine, an explanation of the variation in
the Ca. and P. balance observed in nephritic children becomes

mueh/
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much more feasible. If in acute nephritis it be granted
that excretion by bowel occurs, possibly &s & result of
diminished urinary excretion, then with a somewhat dull -
regulating mechanism this intestinal sactivity would not be
expected to decrease in proportion as the urinary output
inereased. Only when renal efficiency had improved to &
considerable degree would there be diminution in intestinal
excretion, so that in early convalescence the situation

would be as follows. Excretion by bowel during the sascute
period must have been sufficient to maintain the normsl
balances of Ca. and P. found in this stage. When renal
excretion began to improve, no compensatory fall in intestinal
activity occurred; the balances were reduced, and provided

a sufficiently rapid recovery of the kidney, negative balances
were the inevitable result.

In three of the four repeated balanceﬁ gstudies, in Cases 9,
5, and 8 the retentions and distribubtion of excretion closely
agree with this conjecture (Pable XXL). In the other two
subjects in whom negative bslances were found (Cases 10 & 11),
this seems to have been the mode of their production. All

" five children were examined during early convalescence.

Still continging the same idea, 1t might be expected that -
in late convalescence, when the regulating mechanism had been
given time to effect the necessary adjustment in intestinal
excretion, the retentions of Ca. and P. would have returned
to a more normal level. The later period of Case 3, three
months after the acute illness, shows this to be a correct
forecast (Table XXI). |

In the case of chronic nephritis with permanent renal
inefficiency, the excretion would be anticipated mainly from
the bowel, and of such magnitude that a normal retention
would result. Cases 4 and 6 provide examples of this type
of distribution. (Tables V & XVII).

Thus/
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Phus the main factor in the determination of the balance
would seem to be the time elapsing between the onset of clinical
improvement and the date of the observation period. At présent
no suggestion can be advenced as to the mode of action of this
regulator of excretion, since the action of the regulating
mechanism in health is quite unknown. One point in regard to
it seems however, from these nephritic observations, to be
quite definite, that is lack of resiliency, & considergble
stimulus being required to alter the main channel bf.excretion,
and this having been accomplished, an equally great stimulus

being required to induce & return to the normal distribution.
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VI.

General Considerations.

In the introductory section of this paper it was

indicated that previous workers found an acidotic condition
in nephritis. For many years it has been recognised that
the increase in serum inorganic phosphorus varies with the
degree of acidosis, and that manifestations of the diseass,
other than acidosis, have little effect on the level of the
inorganic P. The origin of this upset of acid-base
equilibrium in renal disease has been attributed to three
factors, retemtion of phosphorus, failure of the kidney to
practise fixed base economy, and retention with possibly
over-production of o}ganic acids. The results of the
present investigation alter this conception very considerably.

: Salveség?)in a papér on "the serum electrolytes in
renal disease%, discussed the\causation of this acidosis,
and concludedathat Wohosphate retention®™ played & very minor
part. This oPinioﬁ was based on the oﬁservation that, after
injection of large amounts of phosphate, no change in pH
of the blood was noted, and he therefore laid more stress on the
remaining factors, failure of the kidney to preactise fixed base
economy and retention of organic acids. Boyd, Courtney and

(4)
McLachlan suggested that “the evidence of phosphate retention

given by blood and belance studies does not always agree",

and the series of cases reported in this study shows definitely

that in acute nephritis, in which the acidosis is generally |
found, there is no retention of phosphorus. It therefore

seems that retention of P. must be abandoned as a causal

fasctor, and it remains to show what light can be thrown on

the question of excessive loss of fixed base.

In diabetes mellitus, and in children on ketogenic dietary
treatment, there is definite acidosis which is accompanied by
large increase in urinary output of calecium, and if the balance
is negative the responsibility may justifiably be laid on

the/
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v
the ki&ney.“ The same cannot be said about nephritis, in
which urinary excretion of Ca. is diminished. As the
severity of the nephritis increases, the urinary calcium
decreases i.e. as the acidosis becomes more severe, the
urinary evidence of ascidosis diminishes. No reference has
been found to the occurrence of an scidosis during convalescence,
yet in this stage of the illness the present study has shown
that the renal activity is wvery similar to that found in the
more acute phase. It has been shown that the retention of
calcium is decreased during con¥elescence. In other words,
there ié "failure of fixed base economy" as regards Ca.
during this period, but the kidney is nbt the main channel
of excretion, and therefore it must be cancluded that any
such failure is not associated with nephritic acidosis. The
other fixed bases, sodium and potassium, were not estimated,
but so far as calcium is concerned the question seems to be
definitely settled.

The position, then, is that nephritic acidosis may be
due to excessive reﬁal excretion of sodium and potassium
combined with retention of oxganic acids. It is obvious that
neither retention of P. nor excessive loss of Ca. play any
part in the production of this acidosis, and from the decreased
urinary output of these substances, during the period when
acidosis,bis‘eOmmonly“assumed to be most severe, it is evident
thet thé;e must be very considerable fundamental differences
between the reactions of the body to the acidosis of renal
disease and the reactions in other conditions of upset of
&cid-base equilibrium.

Another point of importance emerging from this investigation
is the parallelism exhibited by calcium and phosphprus. This
is especially well shown by the graph of the balsnce studies

(Chart II) in which retentions or losses of Ca0 and Fo05 were,

almost/
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almost invariably, approximately equal. Phis also is in
direct opposition to previous opinion which, as has been
frequently pointed out, affirmed retention of P. and loss
~ of Ca. It is noteworthy that in the child who was given
intravenous phosphate, when the P205 balance was reduced,
an sccompanying fell was observed in the Ca0 balance. The
extre phosphorus was excreted by the kidney, the extra
calcium by the intestine, so that increased retemntion or
exeretion of the one seems to demand & similar variation
in the metabolism of the other. No exception to this
general principle has béen reported in any series of well-
conducted balance observations, and although the significance s
~of the relationship cannot be appreciated, it is surely more
~than a mere coincidence.

It is apparent, then, that the metabolism of calcium and
Phosphorus in nephritis suffers from considerable derangement,
necessitating various adaptations, and is of & much more

compleX nature than has been indicated by previous investig#tions.

VII.
Summary.

(1) Blood serum. ‘*he observations of this study confirm those

of previous workers, showing an increased serum inorganic
phosphorus and decreased serum calcium in nephritis. In
several cases the return of both to more normal levels is
demonstrated by freguent estimations throughout the course
of the illness, and the reverse is also illustrated by
aeﬁual observations during tne development of nephritis.
The similarity of the varistions in blood N.F.N. and serum
inorganic P., and in blood CO, and serum Ce. is shown by

means of graphs.
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(2) Balances. The results of Ca. and P. studies in eleven

nephritic children are considered in detail, and contrasted
with those in three control'cases, and two cases of disbetes

mellitus. The nephritic balances are positive and vary

‘_within normmal limits except in the convalescent stage, in

(3)

which decreased and negative balances are found. The
retention is shown to be quite unconnected with the serum
level, both aw regards calcium and phosphorus, and to have
no relation to the diminished urinary output. In &ll

the balances determined, irrespective of whether there is
retention or & negative balance, the Cal0 and Pao5 figures
are approximately equal. It is therefore suggested that
the theory of "retention® of phosphorus and deficiency of
calcium is no ionger tenéble.

Absorption. A.Phosphorus. A study of the absorption in

normal and nephritic eﬁildren by means of blood curves isg
reported, showing that phosphorus is well absorbed in
nephritis. This conclusion is based on the observation
that in twenty-two nephritic curves the average increase
is comparable with that in nine control cmrves, end on the

fact that neither the stage of the illness nor the presence

of any particular manifestation of rensl disease has a j
constant effect on the rate and extent of increase in the d
phosphorus curve. It is shown that the retention of
2205 and the amount of P205 excreted by the urine are not
dependent on the degree of activity of‘absorption as shown
by the phosphorus curve.
B.Calcium. A similar investigation of abéorption is
considered in‘detail. The average increase in 26 serum
calecium curves is exactly equal to the average inerease in
9 normal curves, thereby showing that absorption is
adequsate. Considerable evidence is presented of upset

of/
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s

of the internal metabolism of Ca., giving rise to
abnormal types of curve. These are classified according
to their appearance when graphed as their significance
has not been appreciated. ®here is no relationship
between the absorption of Ca., assessed from the increase
in the Ca. curve, and either the Ca0 balance or the urinary
excretion of Cal.

&xcretion. The observations of previous workers, that
there is diminished excretion of calcium and phosphorus

in the urine of nephritic subjects, is confirmed; and the
conclusion drawn that this is accounted for by impairment
of renal function. The lstter is shown to affect calcium
to & much greater degree than phosphorus, thereby
explaining the divergence of previous opinions as to
impairment of phosphorus exeretion.

It is clearly demonstrated that the decrease in
urinary content of Ca. and P. is accompanied by relative
and absolute increase in faecal content of both, and in
view of the finding of satisfactory &bsorption of Ca. and P.,
the probability of compensatory intestinal excretion in
nephritis is considered. By contrast of the normal
distribution of excretion with that found in nephritis and
in disbetes mellitus, presumptive evidence of an inter—
changeability of the major part of the Ca. and P. excretion
between kidney and intewtine is obtained. An attempt to
prove this tneory of intestinal excretion in nephritis is
described, and the reasons for its incomplete success are
detailed. It is shown that excretion of calcium by bowel
can certainly occur in convelescence, and an explanation
is advanced of the low positive and negative balances

found in this stage of the illness.
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(5) Acidosis. ‘Phe accepted explanation of acidosis in rensl
disease is discussed in light of the results of this study.
Retention of phosphorus and excessive loss of calcium are
definitely discredited &s causal factors, and it is shown
that the reaction of the body to nephritic acidosis differs
materially from the reaction to other forms of acidotic

disturbance.
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Table I.
Control series of observations
in children convalescent from illnesses
other than nephritis.
Age in Serum Ca. Serxrum P.
Condition years. in mgs. per|100 ccs.
Alopecia areata 14 10.04 5.4
Rheumatism 12 - 5
Alopecia areata 11 9.95 4.28
u u 10 9.1 2.66
Choree ) 10 9.91 4.75
Rheumatism 10 9.6 5
el ene 10 9.62 4.61
[Bantits disease 10 10.8" 3. 22
‘ 10.35 3
Fr¥nlich's syndrome 9 10.22 5.33:
Rheumeatism 9 9.76 5.71
" 9 8.9 5-33
Alopécia areatsa 8 9.65 4.8
" n 8 - 6
Tleo—colitis 8 9.71 6.31
hheumatism 7 10.9 4.7
Alopecia areats 7 11.4 5
Purpura 6 10 4.61
Chores 6 1. 10.38 4.8
verage 110.01 4.75




Pable II.

Serial observations of serum Ua.
and inorgenie P in nephritis.

Age in |Serum Ca. [Serum P. :
years | _ in mgs. |pex 100ces. Clinical Notes.
Acute mepnritis| 12 % | 11.9 4.13 on admission
10.34 6 1 wk. later
10.46 5.21 4 months later.
10.85 5 5 b " - well.
lAcute nephritis| 11 8.88 : g on admission
9 .66 2 weeks later
8.65 5.85 5 __n " improving
Acute nephritis| 11 9.56 3.2 ) h
convalescent 9.43 4.28
10.54 5.71 well.
Uradmisa 9 8.52 4.89 1l dy.after convulsions.
9.8 5.1 elmost well.
cute nephritis 8% 9.3 5.2 on admission
9.21 4 2 weeks later
11.6 4.6 3w "
11.6 5.45 7w " aimost well
Acute nephritis 8 7.91 5.66 oedema ++
Q.27 5.15 3 weeks later.
cute nephritis T 9.77 5.45
i 9.Z 5.20
Beute nephritis| 6% 8.07 5.33 ? slight oedema
' 10.17 4.44 10 days later
- 4.7 15 "
10.8 4.51 4 weeks later — well.
Enal dwarfism 63 10.19 -
11.06 4.6 8 weeks later.
Lcute nephritis 6 10.61 4.89 on admission
9.64 4.8 2 weeks later
10.31 4.8 2z " "
- 5 4w u
9-T7 4 7. " "
3.351 5 11 ® ' — well
Acute nephritis 6 7-76 4.7 ,
. 9.28 6.15 2z weeks later.
- 5.45 6 " "
Acute nephritis 6 7.66 5.45 on admission
3.33 6 1 week later
— .57 6 4 " ® — relapse
Acute nephritis 5 9.95 6 oedems ++i+
9.11 7.06 2 dys.later: less oedens
, 9.74 4.8 4 weeks " — well.
Acute nephritis 4 9.91 6 ]
convalesce It 9.41 - 5 weeks later
_— 9.81 4.8 q " u
Acute | . - oedems ++
nephritis %%% 43 s {23,?'31‘ later




Table III.

Two cases showing the increase of serum
Ca. and decrease of serum inorganic P.
during recovery from & severe sitack of

nephritis.
; Age in|Ser.Ca.| Ser.rt. Blood* '
2| Subject |years.|Mgs. % |Mgs.7 |N.P.NJ COp Notes.
Case 5 8 7.%9 4.4 97 |54.3 |Acute uraemia — convulsions
4| Acute 9.64 é.B 92 |[51.1 |# day later — improved
4| nephrit is 7.87 1 [46.9 1 v u J
' 7.87 3.58 7 l49.4 |2 ® ¥  gonvulsioms again
8.14 | 3.87 | 60 [52.6 (3 » m " stopped.
8.91 4.8 43 150.9 [T * ® improving
9.61 5 41 |52.5 |2 weeks " "
9.24 4.8 50 |54.5 |7 ™ "  almost well
10.22 | 5.72 | 47 |7 =" |9 m v well.
1| Case 12 12 6.3 10 53.6]55.6 |very ill: vomiting.
| Chronic - 8.57 -] - |1 day 1ater
nephritis. 4.53 |[13.3 | 113.245.9 |10 days * I.S.2.
4.35 12 193.530.1 |13 » v
4. - S~ |16 v w P.P.(A.B.C.)
4.08 |11.54 | 1133|37.8 [18 ©» »
4.62 |10 84.4]33.5 |25 *
7.55 7-5 62| - |6 weeks " much improved
9 2-58 59.1{51 7= =
9.4 51 162 2.3 10 v o
9.24 6.15 A4.6]55.8 |12 * v feirly well
9.4 4.9 25 v v well: albuminuri..

*

I sm indebted to Dr. Korris for these figures on
blood N.P.N. and CO2.

Table IV
Showing decrease in serum Ca. and

inerease in serun inorganic P during
development of renal disease.

lge in|S6r.08.| Ser.t. Blpod* .
Aﬁars mgs. % | mgs.% | N.B.N.] COp Notes.
Case 1 .6 i 12 153 44.5 | very 1ill: oedena ++
._GhrOnif; 3 %.64 _ 342.8 32% :]L.ldiy 1a:,er:3wgrse b
' it ] ) 46. ays : ays before
iephntls 3.74 16 353 i
k.w. . - - no albuminuria
Cardiac 8 18 gS 4.52 - - 2 weeks later: much better
decompen—~ 9.4_ 5 - - " ®  oedema &
sa.‘ciox% ) albuminuria
7 26 2.07 - - 9 wks. later oedema &
: albuminuris: very ill.
B. .6 - - heematuria gone.
ngﬁm 6 18 72 4,% - - developed albuminuria
3 S h 8.57 2 - — I-So 2»
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Table VI

Bl. NRIN

?;r!;l(}a. 0:0 retent.ﬁorffﬁorg.@%?gmni. EIRvL
pergS' Pe? 1?;_1?_; mgr;: :’21‘ peigﬁiio Ig:f s. lgen;:gs Oedemal
|Subject| 100 ces) per day. 100 ocs. | per day.|100ccs|1l00ces
Case 1 9 ++077 6.66 +.0396 45.4 | 325 -
Case 2 | T7.76 | +.057 4.7 +.068 67 360 -
Case 3 | 10.34 | +.054 6 +.058 43 320 -
10.46 | +.048 5.21 +.053 50 320 -
Case 4 5.82 | +.044 12 +.054 343 410 ++
Case 5 8.14 | +.042 3.87 +.038 60 370 +
9.24 | +.023 4.8 +.014 50 320 -
Case 6 | 10,19 | +.035 4.6 +.039 86 365 -
Case 7 9.91 | +.025 6 +.02 46 300 -
Case 8 | 10.61 | +.025 4.89 +.017 57 350 7
9.77 | =+013 4 +40003 48 340 -
Case 9 g.21 | +.0033 7.06 +.00083 | 37.5 | 320 gy
9.74 | -.0017 448 -.0225 -
Case 10| 8.07 | —.00007 5.33 -.014 36 320 +
Case 11| 9.71 |-.017 j 4 -.016 46 280 -
Table VIII.
Subject |Age | Condition ;:%?:ﬁﬁ%g%;%g?ﬁ:;z@. Clinical Notes
Case 16| 6 | Choresa 4.8 |8 7.7 | 6.6 3.2 well
”R.c. 12 | Chorea 5 7.06 | 6.48 | 6 2.06 well
J3.F. g | Choresa 5.33 | 7.06 | 6.41 | 5-85 | 1.73 well
J.S. |10 |ielena 4.61 | 5.71 | 5+85 | 533 | 1-24 well
Case 15| 7 | Tleo-colitis| 6.31 |8.16 |6.86 |6-66 | 1.55 well
Case 17| 6 | Brouchitis 5.85 | 8 8.57 |T-4 2.72 | convalescent
G.P. 7 | Rheumstism | 4.7 5.45 | 5.1 |5-02 0.75 well
A.s. 10 . 5 5.48 [6.31 | - 1.31 well
J.R. 9 a 5.71 7.06 6.31 | - 1.35 well.




Table IX.

Subject Aggr;r.l Condition gégmnemﬁsgez h]igoczsﬁrsser%nlxl;ft;igaﬁgefl% gfgsijl-g.@r:
G.P. 7 R’heumatismﬁ.‘? 5445 5.1 | 5.02| - 5.2 | 5.6 -
4.8, 10 woow |5 5.48 [6.31] -~ - - - 5. 21
.R. woow 1571 (7.06(6.31| - - - - 5.77
f«.w. Cardize®™ |5 6.3116.66| 5.85| - | 5.45| = -
Case 14| 6% |Diabetes '
Mellitus |4.61 | 6.66(6.85 T.06] - | 5
Pable XI
Arranged in order of the increase
in P. curve ‘
Tncrease in curve| Pp0grevention|f Of Pp05 intake
Sub ject mgs.inorg.P. /100 | gmsiper kilo |excreted by
ccS. serum. per dsy urine.
Case 8 (1st period) 2.65 +40003 376
Case 1 2.6 ++096 37.5
Case 3 (2nd period)| 2.3 - +6053 33.8
Case 8§ (1st » ) 2.05 +.017 30.3
eese 3 (1st * ) 2 +.058 27.8
| Case 9 (1st ® ) 1.8 +.0008 33.6
® (opg ) 1.7 —.0225 42.5
lsse 5 (2na ¢ ) 1.65 +.014 32.5
- Case 7 ’ 1.05 +.02 42.3
' lage 11 0.7 -.016 27.7
- Pase 4 0.65 +4054 8.4
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Table XII.

erum Ca.in mgse.per 100 ccs
: Age in after Ca.Lact.gms.IV
Subject|years.] Condition |[Before 2 hrs 4hrs 6 hrs. Imer,|Clinical Notes
lcase 16| 6 | Chorea  [10.38] 11.41|11.5 |10.72|1.03| well
L 7.F. 9 Bheumatism | 8.9 | 10 9.24| 9.08 (1.1 well
L 3.8, 10 “ 9.62! 10.95/10.1 |{10.05 | 1.33 | well
tase 15| 7 | Ileo—-colitig 9.71| 10.1 |10.2 |10 0.49 | well
case 17| 6 Bronchitis | 9.62| 11.05/10.3 [10.1 | 1.43 | convalescent
4.5, 10 Rheumatism | 9.6 | 10.14| 9.86| 9.77 | 0.54 well
J.Re 9 " 9.76 | 10.7 | 9.86| 9.86| 0.94 well
Table XIV
nerease in Ca0 retention % 0f Cal inteke
: erum Ca.curve | in gms./kilo excreted by
| {Bubject fin mgs./100ces per day urine. 4;
Case 6 2.87 + +035 3.9
Case 11 2.5 ~.017 1.07
Case 7 1.39 + +025 1.34
'} |Cuse 3 .
[case 5 ‘
‘t |endperica|  1.07 + 4023 1.7
- |Case 1 1.04 + 4077 0.94
Case 8 |
wdperiod| 1.0 ~.013 3-25
E Case 5
1st peried  0.89 + 042 2.7
Case 9
lst periog 0. +.0033% 1.1
2na X 0. ga -. 0017 2.63
Case 3
anpem;rd 0.5 +.048 5-5
Case § 2.3
Lst period  0.36 +.025 ’
Case 4 0.22 +.044 0.8
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‘Eaﬁle XV

Increase in | CaD retention | % Of Cal intake
Serum Ca.curve | in gms./kilo -excreted by
Subject in mgs./100ccs ger day urine
Case 15 0.5 +087 7.6
Case 16 1.03 «042 4.7
Case 17 1.43 .037 7.1
N Table XVI — Conmbrols
Output or Cal Output 05205
Subject |Intake of in urine Intake of in urine Urine
: Ca0 gms |in gms| @&s % of P05 in |in gms [as % of] vol.in
per day |perday] intake | gms?/day |per day] intake | ces./day
|case 15 3.1 .2362 7.6 4.4 2.147 | 48.8 1,502
Case 16 2.87 .135 4.7 3.83 1.26 |33 1,207
Case 17 2.325 | .166 7.1 3.3 1.408 | 42.7 1,128
. 1 2.4 |.0603 2.5 3.3 1.718 | 52.07 386
. 2 2.74 « 217 7.5 3.96 1.352 | 34.1 1, 207
G. 2.88 .201 6.9 3.96 1.65 | 41.6 1,270
hcm. 2 .179 8.96 2-75 1.536 | 55.8 800
P 2.4 W147 6.1 3.3 1.798 | 54.5 970
- . 2.8 172 6.1 3.85 2.44 | 63.03 1,283
M. 2.8 255 9.1 3485 1.586 |_41.2 1,300
Average 6.6% ' 46.68

-



Teble XVII

Nephritics
Out put of Ca Output of F,05 Urine
Intake of| in urine ntake of in urine Lvolein
Ca0 gms. |in gms|as %offP,0; in| in gms|as % of | .cos/day
Subject | per day E_‘lﬂ! intake omé/éa_.y per day| intake .
Case 1 4.65 |.044 | ,94 |6.54 2.45 | 37.5 1,881
Case 2 3.234 |.039 | 1.2 4+536 1.69 37.2 1,573
Case 3 I.| 4.8 <087 | 1.8 6.6 1.84 27.8 2,033
w2 3.84 |[.136 | 3.5 5.67 1.92 33.8 1,750
Case 4 2.7 |.m21 | .8 |3.78 .32 8.4 692
Case 5 I.| 2.293 |.06% | 2.7 3.216 1.02 31.7 2,750
2. 2.212 {.038 | 1.7 2.884 «938 | 32.5 903
Case 6 2.232 |.088 | 3.9 |3.08 .82 26.6 956
|case 7 3.06 [.041 | 1.34 [4.36 1.87 42.9 1,176
Cazse 8 I.| 2.1 .048 | 2.3 252 «764 | 30.3 1,826
2.] 2.15 [.073 | 3.25 |3.18 1.197 | 37.6 . 1,019
Case 9 I.| 1.95 [.022 | 1.13 |2.73 «9146 | 33.6 800
2. 2.13 |.0575] 2.68 |2.86 1.2177 | 42.5 630
Case 10 1.575 |.046 | 2.92 |2.1 .81 | 38.1 1,517
[Case 11 2,79 (.03 | _1.07 |3.96 1.1 27.7 1,181
h_ﬁ.verage 2.02 32.0
Pable XVIII
1st [Period 2nd |Period
Case| Urine Ca0 as “Sar.Ca. Urine Ca0 as Se:c-.ga.
No.| % of intake. | mgs./100cesl % of intake. |mgs./10%cs.| Notes
- . 10. - . 10. Acute ne-

3 1.8 5 343 4 phritis
with slow
convalescence

8 2.3 10.6 3.25 9.9 Acute neph-
ritis.

5 2.7 8.1 1.7 9.3 Uraemia: diu
resis during
1st period.

9 1.13 9.1 2.68 9.7 Acute neph-

L ritis.




Table XIX

1st Period. Nl end Period.
Case| Urine P,y0cas|Ser.inorg.P. || Urine P,0O-as| Ser.inorg.P.
No.| % of intgke in mes/100ced % of infeRe.|in mes"100ccs Notes.
3 27.8 6.0 33.8 5.2 As in Teble
| | XVIII.
8 30.3 5.1 37.6 4.0
5 3L.7 4.0 32.5 4.8
9 33.6 7-1 42.5 4.8
Table XX,

FaeccalCaD as | Fadeal as
No. of| % of 7% of | % of /. of | Faecal Cal

pbserv)intake output] intake] output| Faecal Paﬁg

herman & Hawley 12 69.2 |92.2 | 28.2| 37.7 -
acrae 7 60.3 | 85.9 | 32.6 | 40 -

ontrol cases of

resent series. 3 56.9 | 86.9 | 33.4 | 43.5 -~

Average in normal :
Coildren 22 64.7 | 91 30.3 | 39.2 1.34

gveragg in nephriti )
| Ghlidren. 15 | 78.8 | 97-4 | 54.2| 62.3 1.08

~




Table XXI.

/

Sub ject sec.Cal as |Urine Ca0 a8 |Faec.PoOxas| Urine P.O-as|Faec.Cal
; of intake |7 of intake |7 of inbgkel.7 of Trtake. Faec.Po0;

- |Case 3 _ | * q +
| [Acute stg. 68.5 1.8 |.054 49.1 27.8 | .058 1.01
|4 wths. ‘ .

later;lete | 62.7 3.5 | .048%* 4047 33.8 | «053 1.04

convales —

ence.

Case 5

Acute stg. | 49.6 2.7 |.042* |  37.7 31.7 | .038% | 0.94

1 mth. latey

Convales—| T73.2 1.7 |.023* 55.3 32.5 | .014% 1.01

cent .

Case 8

Aoute stg. | T75.2 2.3 o25* 57.1 30.3 | .017* 1.10

5.wks.later

Conveles—| 107.3 3.25/~013* 62.1 37.6 | .0003% | 1.17

gent.

Case I . o+

Aoute stg. | 96.3 1.13|+0033%|  66.0 33.6 [+.0008" | 1.04

3 wks.laten ] . | .
 Convales—| 98.4 2.68| —~0017 69.2 42.5 }-.0225 1.06

*0a0 retention per Kilo per Day.

+p,0. retention in gms. per Kilo per Day.
2°5



Table XXIT

Tase 13 Case 14
- No insulin Insulin No insulin Insulin.
Age in years 10 20 units 8 12 units
am.& pm. alted& piie
Weight in Kilos 23.5 19.6
Duration of balance
period days. 5 5 6 6
Diet Milk 900cces} Butter 2o0gs. Milk 110Cccs Butber 207
Diabetic Holl H0gms. Diagbetic Holl H0gms.
Ca0-intake gms. 1.46 1.363 1.647 1.625
-urine % 67 +103% 52 +381
—faeces 42 701 .61 .385
~total
output 1.09 .804 1.13 766
~Balance + + + +
p.K.p.D ¥ .0l6 .024 .026 « 044
P ,05-1ntake gus. 2.26 2.133 2.526 2.617
~urine 1.8 .84 1.53 1.51
—faeces ™ .48 .73 .65 .325
~total
Ou'ﬁpu‘b. .n e 28 L. 57 2-18 10835
——Balance - + + +
D.KoQ.D n 000085 0024 0017 -033
Eaecal weighty 4+56 5.68 5.15 3.7
Urine Vol.ocs. 1,130 | 700 1,215 1,047
[Urine sugar gus.% 5.9 trace 1.9 trace.




Table XXTIII

nteke of Intake of Urine
: Ca0 in gms| Urine CaQ as Po0q5 in Urine Fp0n as vol.in
Sub ject per day |% intakel % output]gmsfdey. |% intakel % output|ccs/dg
Case 13 ) .
o insulin 1.46 45.9 61.4 2. 26 79.6 79 1130
20 units |
Bmm& _'Emo 1. 365 705 léo8 20133 39-3 53.5 700
ase 14 ) i
o insulin| 1.647 31.5 46 2.526 60.5 70.1 1215
2 units i
& pm. | 1.625 23.3 49.7 2.617 57.7 62 1047
Table XXIV
No insulin Insulin
mgs.per 10BccS Sere
Case 14 |Serum P. before NaHpPO, gms.IV orally ﬁ 4.52 4.61
u 1 hr.after ® -4 5.2 6.66
" 2 hrs ® " - 6.0 6.85
o 4 ngs % " 4 5.85 7.06
. . ﬂ ligs.per lﬁpbcs ser.
Serum Ca.before Ca.Lactate gus.IV orelly-— 7.47 9.56
w2 hrs after ¢ - 8.95 11.56
" 4 hrs ® " ~| 10.17 10.43
" 6 hrs ° " 1 & 10.34




pable XXV

Case 12

Control Period

Period during
which sodium

glycerophos.injected

Age in Years

Ezight in Kilos

ration of expt.-days.

12

30
6

12

30
¢

~

Diet low protein, high carbohydrate content
PO injected intraven./d 0.293 gms.
Ca0-daily intake in gms. +3823 .3823
~ Y in urine » ¥ . 0493 . 0487
- % u fageceg U W «318 «453
~total recovery «3673 . 5017
-balance /K./day .5005 .504
ons—daily‘intake in gms. 9772 1.2705
~ % in urine ®# 557 .9952
— % % fageges ¥ W .293% .336
~total recovery .85 1.3312
~balance /K/day .;042 .aog
Daily Faecal weight (gms) 11.37 15.61
¥  urine volume (cecs) 1,244 1,155




Table XXVI

“Cal_ _ P40
Intake in|Culput in gms/day [Intake in Gbét;c_:ut_: in gms/day

Casel2 ams. /day. | Urine [Facges| Totalkms./dey| urine|Faeces|Fotal.
irst Period [ .3823 c0493 | «318 | +3673] «9772 | «557 | +293 | +85
econd Period| .3823 <0487 | +453 | «5017}1.2705 | .9952| .336 |[1.3312

orease -~ - 135 | 1344 .2933 | .4382| .043 | .4812

Analysis in quadruplicate.

Table XXVII

. Urine Gontent: 5 of inteke | fmecal Gontent: 7% Of intake
Case 12 Ca0 _ P20g ca0 - _Po0n PLE;
irst Period 12.8 57.01 83.2 57.0 1.08
Becond Period 12.8 78.3 118.4 78.3 1.34
L
00o-
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figures taken from Table III.

Bloocr N.P.N. « —0

Blood CO”: Vols per 100 ccs of Blood #
Serum Calcium:

Serum Inorganic

Phosphorus:

Chart IB.

b

figures taken from Table III.

Gase 12.
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Chart III. figures taken from Table V.
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Percentage of Total Excretion of Calcium
and Phosphorus found in Urine.

Chart V. figures taken from Tables V & VI.

Heavy continuous line — nephritic P,0g figures

Heavy dotted line - control Po0r figufes

Light continuous line - nephrit?c Ca0 figures urinary
Light dotted line - control Ga0 figures excretion
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Charts showing Serum Phosphorus Curves in Control Cases,

figures taken from Table VIII.

Chart VI Chart VII
.C.
(1 1» &?e t3 T
— ® <*2 tvi'i i-i. Case 17
.k ; ®/-
" 2. 3. e L z 3. A
J4uys. JhaicYS.

Chart VIII. Prolonged phosphorus
curves.
figures taken from Table IX
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Charts

Q

Gi

showing Serum phosphorus Curves

Chart IX

in Nephritis.

figures taken from Table X

Chart XI

Chart X

In Charts IX,X & XI
repeated curves in
one subject are re-
presented in colours.
Ink lines are indicat-
ive of the fact that
only one curve was
observed in that par-
ticular child.
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Appendix I.

Anslytical Methods.

1. Estimations of serum calcium were carried out according to

(25
the method of Kramer and Tisdall i921,_with the modification

(26)
suggested by the authors in 1323.

2. Determination of inorganic phosphorus of serum was made by

(44)
the method of Tigdall 1922.

5. Calcium content of milk. This was determined by evaporating

and ashing 50 ecs. of milk. The ash was dissolved in HC1,
mgade alkaline with NH4OH, reacidified with glacial acetic
acid, and the calcium subsequently precipitated by addition
of ammonium oxalate. The precipitate thus formed was
filtered through ash-free paper, dissolved in H2804, and
titrated against standardised Nllo KinO,, the calcium beling
estimated as Cal.

4. Phosphorxrus content of milk. 20 ces. of milk were boiled with

10 ccs. each of HESO4 and HNO;, snd after subsidencevof the
fumes a small quantity of copper foil was added. ‘The
resulting clear solution was diluted, made salkaline by
addition of NH4OH, rescidified with HCl, and further treated
by the sddition of citrated magnesia solution. The
precipitate thus obtained was collected in ash-free filter 1

paper, dried, and ashed, the phosphorus being estimated as

2205.

5. Preparation of faeces for analysis. Faeces were collected

in jacanet sheets, washed into & porcelain capsule, and

dried to constant weight on the hot pate. They were then
finely ground snd stored in tightly stoppered bottles. For |
enalysis, a quantity of 5 gms. was &shed in & platinum ﬁ
capsule, then dissolved in HCL and HNO3, and diluted to ﬁ
500 ces. 7 i
Paecal calcium content. 100 cecs. of the sbove solution was
used for each estimation, the calcium being precipitated by |

eddition/

-



addition of ammonium oxalste exactly as in determination of
of milk calcium content.

Faecal phosphorus content. 100 ccs: of the gbove solution

was employed, maede alkaline by sddition of NH/OH, and
subsequently treated by the method desecribed for estimation
of phosphorus in milk.

Urine. The urine for each 24 hours of the balance period

was collected under toluol, measured ete., and & measured

‘quantity'retained. At the end of each period, the retained

fractions were well mixed and used for analysis.

Urinary celcium content. 250 cess of urine were boiled with

poteassium persulphate and HCL, filtered, made alkaline with
NH4OH, reacidified by addition of glacial acetic acid, and
treated &s in the case of milk analysis. Instead of being
titrated, the collected precipitate was ashed, the calcium
being determined as CaO.

Urinary phosphorus content. Using 50 ccs. of urine, analysis

was conducted exactly as in milk, with this exception that no
copper foil was added.

Solid articles of diet, such as “digbetic rolls® were ashed

end analysed in exactly the samehway as were thé faeces. !

somesamae O Q) O




APPENDIX 2.

- Case 1. M.R. aet.ll yrs - was admitted to hospital on 3.6.29

- . complaining of pain in the back, swelling of feet and ankles,
general malsise and vomiting, all of 7 days' duration. On
admission there was found slight oedema of legs and lumbar
region: blood pressure 140/120 mms Hg: albuminuria 0.5 parts
Esbach, with red and white blood eells and epithelial and
granulsx casts. : :
Blood €02 52. vols%: N.P.Ne 45.4 mgs.%: C1L 325 mgs.%:
Serum Ca. 3. mge.%s Serum inorg.P. 4-mgs.%. -
Phe balance period was begun on 8.6.29 at whiech time the
Esbach showed a trace of albumen and the urine still contained
blood cells and casts. Blood curves were observed on
2006029 and 21060290.
The urine was noted albumin-free on 29.6.29 and the child was
dismissed five weeks later in good condition. Diagnosis:
racute nephritis®.

Case 2. J.McG. aet.6 yrs. — was admitted to hospital on 24.5.29
because of headache, vomiting, swelling of fsce and red-
coloured urine, all of one week's duration. On admission
the face was puffy, abdomen full and tense. The urine showed
albumin amounting to one part Esbach, rxed and white blood cells

epithelial and granular casts. Blood pressure 135/90 mms Hg.
Blood €Oz 51.1 vols.%: N.P.N. 67 mgs.%: C1 360 mgs.%.

~ Serum Ca. 7.76 mgs.%: inorg.P. 4.7 mgs.%. -

The balance period began on 31.5.29 at which time the oedema
wses in process of disappearing and the Esbach reading was 0.25.
On 7.6.29 cedema was entirely gone and blood pressure was
95/78 mms.Hg. 11.6.29 Serum Ca.9.28 mgs.%: inorgeP. 6 mgs.%
Dismissed well on 27.7.29. Diagnosis: “Acute nephritis®.

Case 3. A.C. aet.l2zyrs. — came to hospital on 12.12.28 beecause
of vomiting and malaise for seven days; headache and swelling
of face for 3 days; swelling of feet and oliguria of two days?'
duration. , : .
On sdmission there was slight oedema of ankles and lumbar
region and & blood pressure of 136/70 mms.Hg. Urine contained
much albumin, blood cells and granular easts.

Blood 30248v8 vols.%: N.P.N. 43 mgs.'o%: Gl 320 mgs.%
- Serum Cs. 11.9 mgs.%: inorg.P. 4.13 mgs.%. .
Blood curves were observed on 17 and 19.12.28. Blood pressure

' then was 116 /58 mms.Hg.: Esbach 0.5 parts: and there were still

- some red cells and granular casts in the urine. The first

. balance period started on 30.12.28, the urine still contain-
ing a trace of albumin. On 3.2.29 the child developed
diphtherie and was sent to I.D.Hospital where she was reported
to be albumin-free. On T.4.29 she was readmitted because of
“swelling of the ankles at night, but on admission no ocedema
was found. Blood pressure was 104 64mms.Hg. and the urine
econtained albumin (1 part Esbasch) and few red blood cells but

s . . »

?gv:agg§s later the urine was clear. Blood curves were
repeated on 11 and 12.4.29 and the second balance period

commenced on 15.4.29. ) |
Patient was digmissed well on 14.5.29. Diagnosis: “Acute

nephritis®. -

19%5293/ )
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Cage 4. N.J. aet.13% yrs. - admitted 29.6.29 because of
dyspneos, headache and vomiting of three weeks' durstion.
Pour years previously both kidneys had been desapsulated but
the child had eontinued to have remittent oedems, headache
and albuminuria. Shortly before admission she hed severe
epistaxis, and wes drowsy but passed a fair asmount of urine.
On admission it was noted thet she was psle with puffy face,
oedeme generaliged; heart was much enlarged; blood pressure
172 /150 mms.Hg; Esbach 11 parts, with sbundant cells and casts
in the urine. :
Blood €03 44.517018%%: N.P.N. 153 mgs.%: G1 340 mgs.%.
Serum Ca. 7091 NS e fod inorg.P- 12 mgs.%. 4 -
~Blood curves were observed on the two days following admission
and the belance period began on 4.7.29. Bowels were moving
‘several times daily. On 8.7.29 the child became drowsy and
dyspnoeic and complained of pain in the R.chest, which was
explained by the finding of signs of & pericarditis on the
following day. :
1207029 Blood 002 4605 VOIS#S N.P.N. 3 3 ng8e/os Cl 4.70 mgs-%.

) Serum Ca. 3.74 mgs.%¢ inorg.P.16 mgs.%- -

Died 18.7.29. Disgnosis: “"Chronie Parenchymatous nephritis®.

Case ;. M.S. aet.9% yrs. - admitted with bronchiectasis on
19.3.29: urine conteined no albumin and no casts. On 3.4.29
there was very slight albuminuria and slight oedema of R.leg.
A fortnight later there wes nothing abnormal in the urine but
the slight oedema persisted, and on 24.4.29 the child became
drowsy and ill, and vomited twice. Later she had a general-
ised convulsion and had double optic neuritis, but no oedema.
0n 25.4.29 her condition remained unchanged except that there
was much cedema and albuminuria with meny granular casts.
Esbach 14 parts.

Blood COp 54.3 vols.%: N.P.N. 97 mgs.%: €1 290 mgs.%.

Serum Ca. 7.7 mgs.%:- inorg.Ps 4.44 mgs.%. -

26.4.29 The child was still extremely drowsy and dazed and was
quite blind. Oedeme was less. Calecium curve was observed.
27.4.29 Consclousness was fully recovered: Esbach 1.75 parts,
snd urine contained no oasts. Blood €02 49.4 vols.%: N.P.N.67ug%
sarum Ca. 7087 mgs.%: inorg.P. 3058 mgs.p, but ﬂgain'had -
eonvulsions. - " - .

On 30.4.29 & balsnce period was commenced, the oedema disappear-
ing during the observation, with tremendous diuresis.

6.5.29 Blood €0 52.1 vols.%; N.P.N. 41 mgs.%: Cl 320 mgs.%.
Serum Ca. 8.91 mgs.%: inorg«P. 4.8 mgs.%. Celeium curve -
obtained. . -

Second balance period begen on 2.6.29 when the urine contained

a mere trace of albumin. Blood curves were followed on

21 and 25.5.29 and the child was dismissed well on 2.7.29.
Disgnosis: “"Bronchiectesis, Uraemia®.

‘Qage 6 E.G.set.6% yrs. — was sent to hospitael on 17.11.28
- " because of Polydipsia and polyuria, with a history of wetting
' her clothes and bed oftener than other children. At times &
her face had been puffy but no oedema had been noticed. She
" was found to be very small, without rickets, and to have |
albuminuris (0.75 parts Esbach) with many granular casts. ;
Blood pressure 104/74 mms.Hg.
Blood N.P.N. 120 mgs.%. Serum Ca. 10.19 mgs.% ’
Balsnce period was commenced on 3.,12.28, the urine examination §
remaining unchenged. On 19.12.28 blood N.P.N. was 86 mgs.Z. j
Blood curves were followed on 16 and 17.1.29 and petient was ﬁ
dismissed in fairly good condition but with persistent |

albuminuria on 4.2.29. ﬁ

e _a . ..-.2.‘..2.-'2 Tewenmfiom _ ahwania inkeratitisl nanhritign, |
,§12§§§§§§§au§§53i éwa;fiam - chronic interstitisl nephritis®. - ;

Case 7./ A

~
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Case 7. A.R. 80t.10%yrs. - complained of three attacks of
aematuria with pain on micturition and vomiting during the

preceding three months.
On admission, 15.2.29 there was no ocedems, blood pressure
136/94 urine contained albumin and blood with a few granular
cests. Wassermann reaction was negative. Blood N.PgN.lBOmgs.%.
On 4.3.29 blood N.P.N. 40 mgs.% and blood pressure 94/60 mms Hg.-
Urine contained some red blood-corpuscles and an occasionsl
granuler cast. Blood curves were observed on 27 and 28.3.29
and the balence period started on 16.4.29.
0n 1.5.29 there was still slight albuminuria with a few red
blood cells. The blood Ca. curve was repeated on 2.5.29,
and the child dismissed on 31.5.29 with a continuance of the
glight haematuria.
He was seen as an out-patient on 2.7.29 snd 7.8+29 on both
of which dates albumen and red corpuscles were found in the
urine, but no casts. His general hesalth was excellent.
Diagnosis: “Acute nephritisv.

Cage 8. A.E. set.6 yrs. — admitted 5.3.29, giving a history
of sore throat with fever three weeks previously. For one
week she had vomiting, swelling of face and feet, and for
three days albuminuria and haematuris and abdominal pain.
On 7.3.29 face was puffy but there was no oedema. Blood
pressure 102/80mms Hg. Urine contained albumin (1.5 parts
Esbach) red blood corpuscles and epithelial casts.

‘Blood €0y 58.9 vols.%: N.B.N. 57 mgs.%: €l 350 mgs.%.
Serum Ca. 10.61 mgs.%: inorg.P. 4.89 mgs.%. .
Pirst balanee period-commenced on 8.3.29 and blood curves
were observed on 22.3.29 and 8.4.29.
On 16.4.29 the urine was albumin-free and the second balence
eriod began. Blocod curves were repeated on 30.4.29 and
[ 02 [} . .
0n513?5.29 blood pressure was 98/66mms.Hg; urine remained
albumin-free, and the child was dismissed well on 6.6.29.
Diagnosieg: “Acute nephritis®,

Cage 9. PF.E. aet.5 yrs. — had swelling of face and legs for

~ two days prior to admission on 19.9.29 when he was found to
have lumbsr oedema, blood pressure 134/100 mms.Hg., albuminuris
of 0.5 parts Esbach, with blood casts and granulsr casts in
the urine.-
Blood €O, 629vols.-‘%; N;JI;.N. 37. mg:o%: €l 320 mgs.%

erum Ca. 9.95 Be72: 1NOXZ.Po mEgSelke -

‘glood eurvgs 36?5 observed on 21 and 22.9.29 while there was
still marked puffiness of face and some oedema of legs.
25.9.29 blood pressure 100/65: oedema almost gone: very little
elbuminuria. On 27T.9.29 the first balasnce period commenced,
and on 9.10.29 the oedema had entirely gone &and urine was
g%gagéeond balance period began on 14.10.29 and was followed
by the second observation of blood curves on 22 and 23.10.29.

Diagnosis: "Acute nephritis". :

‘Gase 10. J.McD. set.6k yrs. — sdmitted on 20.2.29 because of
"~ swelling of face and serotum with oliguria of four days’
durstion. He was found to have generalised oedems &nd-wheezing
81l over both lungs. Urine contained albumin, red blood
corpuscles and grenular casts. - |
Blegd €0z 61.3 vols%Z: N.E-Hi 3% ?gs.%; %1 320 mgs.%.
Serum Cs. 8.0 8.%% 1norg.P. 5¢33 mga«%. -
The balance er?%d eommenced on 25.2.27 at which time ocedema
hed almost dissppeared. Serum Ca. 10.17 mgs.%: inorg.P.4.44
nge.%. 9.3.29 urine was reported free of casts, and albumin
‘wes presem in very smell smount. Blood pressure 90/60mms.Hg.

Dismissed well 22.3.29. Diagnosis: uwjpcute nephritis®.
‘?49939;11/ , - K
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Case 11. M.E. aet.8% yrs. — admitted 14.11.28, complaining of

- pain in baek and in sbdomen for two weeks, swelling of face
and high coloured urine.
Blood pressure wasl20/85 mms.Hg., and urine contsined albumin
(0.25 parts Esbach) and some granular casts.
Blood €Oy ga.l vols.%. Serum Ca. 9.3 mgs.%: inorg.P. 5.2 mgs.%.
On 21.11.20 the balance period began. Bloed pressure was -
102/52mms.Hg., and the urine was clear.
Blood curves were observed on 13 and 19.12.28. ‘There was a
slight albuminuria in January 1929 which rapidly disappeared
and the child was dismissed well on 2.3.29. Diagnosis:iBcute
nephritis®. .

Cage l12. J.W. aet.1l2 yrs. — admitted on 22.5.29 with a himtory
0 ematuria, diarrhoes, vomiting, abdominal pain and
generaligsed oedema with haesmorrhagic areas on the skin, of
7 weeks' duration. He had suffered from several similax
attacks-previously, after the age of three years.
On admission, face was puffy, blood pressurel?l/76 mms.Hg.,
slbuminuria of 4.25 parts Esbach, with abundant blood cells
and blood casgts in the urine.
Blood G0, 55:6 volg«%: N.B.Ne 53.6 mgs.%: €1 410 mgs.%.
Serum Ca. 06 mgs-%:-inorg.?. 10 mgso%o" . -
For some time all sttempts to obtain balance figures failed
because of vomiting. On 7.6.29 the bdlood K.P.N. had risen
to 193.5 mgs.%; serum Ca. was 4.35 mgs.%, and serum inorg.P.
12 mge%. (Pable III). -
Blood curves were first observed on 9 and 10.6.29 when a
facial phenomenon was demonstrable (Chvostek's sign). There
were no tuberele bacilli in the urine. QCurves were repeated
on 20 and 21.6.29. | '
On 11.7.29 Blood GO0 51 vols.%: N.P.N. 59.1 mgs.%: C1 330 mgs.%.

 Serum Ca. Q mgs.%:- inorg.P. 5.58 mgs.%. ' -

Phe third series of curves wes: obtained on 15 and 16.8.29

~ when the blood pressure was 120/85mms.Hg; the Esbach had fallen
to 0.75 = 1.75 parts, and the boy was generslly mush better.
The balance observations were commenced on 24.8.29, the Esbach
still averaging l+ parts daily.
Dismissed on T7.9.29 with persistent albuminuria but normal
blood chemistry. Diagnosislk "Chronic parenchymatous nephritis.®

Cage 13. J.G. aet.10 yrs. - had suffered from thirst, polyuria
~ and glycosuria for two years and was definitely known to have
diabetes mellitus. Admitted 2.2.29 for regulation of diet.
Pirst balance period, on free diet without insulin, commenced
'8.2.29. Seécond balance period, on the same diet + 40 units

of insulin daily, was observed from 13.2.29.

-~

@age 14. J.MeK. set.7Lyrs. = complained of frequency of
BT ‘4‘ur1t1an and polyuris, With great thirst of three Weeks
duration. She was found to suffer from diabetes mellitus,
and was given a diet similar to "Case 13". (Pable XXIT).

Pirst balance period began on 24.2.29, the second on 20.3.29.
Qhge.15. C.H. aet.T 4yrs. - admitted on 26.6.29 with & history

N
~ of vomiting and the passage of frequent green stools for three
days, with delirium for two days. Disgnosis of acute ileo~

aolitis was mede and patient made a good recovery. On 30.6.29

the urine contained blood and slbumin but no casts, and on
11.7.29 after the tempersture had subsided, urine was clear
end continued so. Bslance period commenced on 8.8.29 and
‘blood curves were followed on 15 and 16.8.29.

Dismissed 1708- 29 -~ well.

éase'ls/
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Case 16. J.K. set.b yrs. — admitted 3.10.28 because of jerky
movements of the limbs of four weeks' durstion. Diagnosis:
"Chorea®. .

- Balance.period commenced on 14.12.28 and bdlood curves were
observed on 23 and 27.12.28. TUrine was clear throughout
his entire stay in hospital.

Case 17. E.McL. aet.b yrs - admitted 29.6.29 with a history of
severe cough and unplesasant sputum of three years' duration.
She was considered as a possible bronchiectasis. -Urine was
always clear.

Balance study was commenced on 10.8.29 and blood curves were
obtained on 16 and 17.8.29.

The other balance observations contained in Table VI were noted
by Dr. Macrae in children convalescent from acute illneswes
aimiler to those of Cases 15, 16, 17 of this series. JAccordingly
it has not been considered necessary to refer to their clinical
histories.
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