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FAT METABOLISM IN INFANCY AND CHILDHOOD
WITH SPECIAL REFERENCE TO

INFANTILE ATROPHY, RICKETS, ANL TETANY.

By
Harry Stewart Hutchisen, B.Sc.,M.B.Ch.B., Majer, I.M.5.

'(Medical Department, Reyal Hespital fer Sick Children, Glasgew,
and Department ef Physielegy, University ef Glasgew.)

The fellewing pep=r is the eutceme of an enquiry
inte the digestien and abserptien of fats in infantile atrobhy.
The results ebtained in this cenditien were sufficiently inter=
‘ -eéting to enceurage me te Qonduct @ similar enquiry inte the fat
abserptien in rickets and tetany, cenditiens in which fat assimi=~
" =latien is censidered te play a highly impertant part. I prepese
te deal with these diseases separately but as the cenclusiens
arrived at apply in many respects te all three, they will be

given at the end ef the paper.

METHOLS OF INVESTIGATION

The child under ebservatienr was placed en a metabdl~
~ism bed fer varying perieds and the faeces passed per 24 heurs
were cellected in waterpresf sheeting, the urine being dr#ined of £
inte a bettle at the side of the bed by means ef a piece ef rubber
tubing attached te the penis. The daily faeces sutput was trens~
~ferred te a percelain dish ef knewn weight and the faeces were
dried ever @ steam bath. The dried faeces, after being weighed,
wereiground up in & mertar inte & fine pewder and a sample of

abeut 2 grams teken fer analysis. The sample was placed 1n a
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gilice basin and abeut 15 te 20 c.c. ef ether were added. The
dry faeces were then greund up"in the ether which wes then fil=-
~tered threugh a fat~free filter paper inte a fat extractien
flask ef knewn weight. The precess was repeated several timeé
till abeut 100 c.c. ef filtrate were ebtained after which the
ether was distilled‘off and the residue dried and weighed. The
residue centains neutral fats and free fatty acids. This was
again disselved in neutral alcehel and then titrated with N/10O
NaOH. Frem this, the ameunt ef free fatty acids was determined.
The residus left frem the eriginal extractien was then treated
with a few c.C. of 507 HC1l and evaperated almest te dryness
ever & steam bath. By this means, the seaps were split up and
free fatty acids liberated. These were then extracted with
- ether as beforeband weighed.
In a few cases, the seluble seaps, i.e. seaps ef sedium and
petassium, were determined by extracting & sample of faeces with
het water and filtering iﬁtb a separatien funnel. The seaps
‘Were then split with a little HCl and the free fatty acids =Xz
extréctcd with éthcr. The seluble seaps were small in ameunt
and were practically always determined with the inseluble seaps,

i.e. the seaps ef calcium and magnesium.

1., INFANTILE ATROPHY.

ILnfantile atrephy, alimsntary decempesitien (Fink=
~elstein/, or wmarasmus reprcsgnts a symptom=complex in which
wasting is the most prominent feature. Wasting may occur 1in
many conditions but infantile atrophy is now generally regarded
as including those cases only which correspond to Holt's defini-

~tion (1), viz. " the extreme form of malnutrition seen in
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infancy, occuring so far as is known without constitutional or
local organic disease." This at once excludes diseases such as
congenital syphilis, tubsrculosis, pyelitis, chronic constipation,
and others in which wasting is present. In all the cases examined
by me, the above definition was adhered to. Infantile atrophy is
to be looked uovon as a definite clinical entity due to some error
'in the nutrition of the child.

It is doubtful wheﬁher infantile atrophy represents a single
disease or not askthe clinical picture given by various opservers
varies considerably. There are doubtless many stages of the con=~
=~dition but a well narked case presents the typical picture des=
-gcribed in various textbooks. In my own experience of the condition
the child, as a'rule, takes his food well. Vomiting 1is not a
ﬁrominent feature. It may be marked but in these cases where it
does occasionally occur, a mouthful of milk only is brought up

and not the whole contents of the stomach.

_The condition of the bowels varies but my experience has been
that, in the large majority of cases, the motions are loose but
of good colour and well digested. These were:robserved in a con=
-giderable number of metabolism experiments where the urine was
collected separately and the faeces passed into a waterproof
sheet so that the water of the motdons could not soak into the
napkin and thus conceal the consistency of the motion as actually
passed. They were found to be but little more bulky than in
healthy infants, weighing on an average 1.9 grams (dried) as
compared with 9.9 grams in health. In some cases the mofions were
greenish and undigested but this cannot be considered as typical
of the condition since gastro=~intestinal irritation is very

liable to occur and it can oe controlled by altering the diet.
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Casein curds were sometimes present but, when these appeared,
they tended to affect several children in the ward and did not
confine themselves to the atrophics. Soft fat curds were not
commoh. Soapy stools, as generally understood, were also pre=~
~sent occasionally. It was found on examination that improvement
in the condition was usﬁally agsociated with more solid stools
of a pale yellow or whitish colour, in which a high percentage
of insoluble soaps was present.
The usval complications of the condition were frequently found,
viz. suppurative conditions of the skin, attacks of gastro=~
-~enteritis, bronchitis, &c.
The pathology of this disease is very indefinite and post-mortem
iittle'abnormal can‘be found. Fatty infiltration of the liver
is often present but this is not peculiar'tO‘infantile atrophy.
There is shrinkage of the various organs but microscopical
examination is negative. The fat content of the body 1is much
diminished and in one estimation oy Ohlmuller (2), the fat of
an atrophic infant formed 3% of the pody weight és compared
with 21% in a healthy child. A somewhat similar result was
obtained by Steinitz (8).
Regafding the aetiology-of infantile atrophy, little is knowan.
The primary cause is ascribed'by Holt to a possible congenital
‘weakness of constitution which may depend upon heredity but
that in most cases it depends on food and surroundings. He
believes that the condition of marasmus seems rather to be a
failure of\assimilation owing to imperfect digestion; improoer
food, unhygienic surroundings, or feeble constitution and states
that the theory that atrophy of the intestinal tubules is the

explanation of marasmus, finds little support from histologuical -



findings.

Still(4) gives a number of nutritional errors which may lead ﬁo
atrophy but states that there is no satisfactory explanation for
this. He is tempted to apply Sir William Gower's theory of
“abiot:ophy“ and that it would appear as if certain infants have
their function of assimilation endowed with so little staying
power that it quickly falls into abeyance and marasmus results.
Czerny and Keller (5) ascribe infantile atrophy to certain dis-
-turbances of alimentation . These they call "milk injuries"

and they further subdivide these into protein inJﬁries, starch
injuries, gluten injuries,and so on but this attempt to localise
the causation of the condition to any one proximaﬁe princible

is of doubtful practical value since their clinical manifesta=
=tion is seldom definite enough to be of value.

Pfaundler ahd Schlossman (©J state that the condition may be
‘caused by exhaustion of the‘digestive_function if the quantity
of food is too great. These disturbances may oe caused by an
insufficient absorption resulting from anatomical injury to the
absorption apparatus, diminisning of the oxidising power of theA
liver, intoxication from abnormél products of metabolism or to
withdrawal of alkali and consequent encroachment upon ceftain
neutralising bodies.

It seems to be widely held that in infantile atrophy thefe is a
deficient absorption of fat. The results obtained, which will be
considered later, vary considerably and this Talbot and Morse (7)
explain by saying thét in atrophy the metabclism of fat varies.
This explanation, however, seeims unsatisfactory. Clinically, one

finds that feeding with a fat-weak milk mixture is followdd fre=

-quently by improvement. In such cases, there must be a smaller
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absolute absorpticn of fat than in the case of a whole~-milk
diet. This would belevidence against defective aosorption of fat
being a cause and would point rather to some internal metabolic
error. I propose therefore to consider the results of my enquiry
into.the digestion and absorption of fats in infantile atrophy
and to see whether some reason cannot be found for the variable

results already obtained.

Digestion of fat in Infantile Atrophy.

The amount of neutral fat present ih the faeces 1s
a measure of the fét splitting in the intestine and so is an
indication of the activity of the pancreatic lipase. It has been
stated by some authors (8) that there is a greater or less dim=
=inution or weakening of éhe digestive ferments in infantile
atrophy and that this is especially true of the fat splitting
ferment. Hecht believes that there is a connectlon between the
severity of the disturbance and the diminution in the awmount of
lipase. In 22 examinations of healthy stools and 22 of atrophic
_examined by me, the extent of fat splitting, as measured by Fhe
neutral fat recovered in the faeces, is shown in the following
table.

TABLE 1. Showing the percentagé of fét split in the

faeces fat.
T T —

Max1mum Minimum ? Average L
Healthy | 100.0 | 87.8 | 95.2 |
i
|
Atrophlc j 100.0 71 .4 91.9

There appears therefore to be no diminution or weakening of the

pancreatic lipase and it must be concluded that in infantile
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atrophy, the digestion of fats 1is carried out as well as in
normal infants. These figures correspond closely with the results
of Kellér and Hecht who found good fat splitting even 1n chil=
-dren ill for a long time. Keller, in six investigations, found
95% of the fat split. According to Freund, however, under certain
pathological conditions (not stated), there is a lcwering of
fat splitting when fat absorpt;on is interféred with and con=

-yersely, that low fat splitting leads to low absorption{

" Absorption of fat in Infantile Atrophy.

The figures given by various observers for the percentage
ébsorption of fat in atrophy show considerable variations.
Freund (9) gives absorptions of 90% and 99% of fat in two cases
of atfophy‘and in a third, 81.8%. The same author states (10)
that even in chronic pathological conditions there is little
loss of fat in the faeces and again (11) that the few estima=
~tions of fat absorption which have been made in sick infants
’allow us to conclude thst at times a considerable portion of
the fat escapes absorption, but metabolic investigations have
not yet determined losses of fat of a sufficiently marked
degree to jeopardiée nutrition. He also states that the so=-called
'soapy stools show no impairment of fat absorption and hé gives
tables showing a percentage absorption of over 90% in cases
wheré the percentage of insoluble soaps in the faeces fat was
high (10).

Bahrdt (12) gives results 1in casés passing soapy stools
and here the percentage absorptions are given as 82.4, 33.2,

81.92, and 36.0 compared with 93% for a breast fed baby passing
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a normal stool. L.F.Meyer (13) examined an atrophic infant,
receiving half milk, and found, during 5 periods, the percentage
absorptions of fat to be 74.2, 24.9, 51.0, 08.5, and 78.0. Fife
and Veeder (7) in two cases of atrophy found that the fat abs=
-crption was less than in healthy children.

| Bosworth et alii (14) state that by decaicifying cow's

' milk, there is an increased absorption of fat. An analysis of

their cases is given in Table 2., It will be seen that their
results do ﬁot agree with those of Holt, Courtney, and Fales (15)
who suggest that the bulk of the faeces in Bosworth's cases had
something to do with the low absorptions. It will also be noted
that my own results differ from both but an explanation of these

differences will be given later. .

TABLE 2. Analysis of percentage absorptions of fat.
T - , e L e
% absorption | Percentage of cases in which different

- of fat. %absorptions given.

‘ —~BObNort:h Holt " Author

T oerssr | oo s i

o ,, 90% 8.7 56.3 43,1 ’
,, 84% l 43.5 90,06 52.1 f

| Under 80% i 47.8 6.2 47.9

Talbot and Morse (7) remark that there is little doubt that
_increased peristalsis results in an increased loss of fét in the
stools and that increased loss of fat may occur in any diarrhoea.
Usuki (16) found that the addition of large amounts of malt
extract to the food of the infant with alkaline stools caused
the fat loss to increase from 10 to 15%. Talbot and Hill record
similar results for lactose. Théy found that, with good digest=

-ion, the absorption of fat was 9C% and that during a sugar d&=BT~
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diarrhoea, it dropped to 9%, We héve also the statement of
Cammidge (17) that in artificially fed children, not only is the
percentage higher but the absolute quantity of fat lost is incr=
-eased by more bulky motions being pagsed.
Finally we have the findings of various authors that the fat in=
-take has a considerable influence on fat loss. Freund (10)
states that the percentage of loss is constant and Birk thét the
loss is proportiohate to the intake. They both deduce from this
that the‘food fat plays by far the most important role in faeces
fat and that the fat derived from the intestinal secretions is
negligible. A ‘
It will thus be seen that no definiﬁe conclusions with regard to
fat absorption can be arrived at from the figures given above.
The peréentage absorptions given by various authors show great
variations énd.it is probable that these are due to the operation

of some common factor which has not been taken into account.

Results and Discussion.

In my examinations of the faeces, the sample taken
was in each case approximately 2 grams and it was noted that the
amount of fat extracted formed a fairly constant percentage of
the dry faeces weight. It followed then that the total amount of
fat lost in the 24 hours depended on the weight of dry faeces
. passed and that, with a large bulky motion, the amouﬁt of fat
lost was considerable. I therefore agree with Cammidge's state=
-ment. It must be noted that, even with a loose motion, the
amount of fat lost may not be great since, on evaporation of the

water, the weight of the dry faeces might still bé small. From
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Charts % and 2, in which are plotted out the awount of diet
fat, weight of dry faeces, and absclute amount of fat lost in
the faeces, it will be seen that the fat lost varies in direct
provortion with the weight of the dry faeces, and that, while
the fat intake increases)k the output remains more or less con=-
-étant‘so that the proportion of fat lost diminishes as the in=
-take increases. This is in agreement with v« Noorden's results

which are aé follows.

“Mwéégdintake ‘Amougibrecovered in the faeces.%
Grams ;

4.2 | - 57.1%

s2.2 ©10.9% i
30.2%  6.3% j

Table 3 shows the relationship betwgéaughe &éiéﬁé 6f the
dry faeces~aﬁd the fat output.rFrom this tahle, amongst healthy
children, the average of ﬁhe ratio, faeces weight to fat output,
was 3.8 while amongst atrophics, it was 2.9. Taking both classes
together, it was 3.1 so that it may be taken that the faeces
fat forms approximately 1/3 of the dry faeces. This value agrees
closely with that obtained for older children and adults (vide
infra).

From Taole 3, since the fat output forms such a constant of the
dry faeces weight, it is clear that the percentage absorption
obtdined in any particular case will depend very closely on the
faeces passed. In none of the papers of other observers is the
weight of the faeces mentioned but the results just given would
tend to bring into line the varying results obtained. Taking
into consideration my absorption results as compared with those

4

of Bosworth and Holt,(see Table 2), Table & will give the cor=

~responding faeces weights.



11

TABLE 3. Showing the ratio bhetween the welght of dry faeces

~and the weight of fat lost.

HEALTHY . ATROPHIC
Tat Veight i Fat Ratio Tat | Weléht ! Fat | Ratio
intake | dried | output| a/b | intake ! dried - output | a/b
in faeces | in . in | faeces | ‘in ;
grams in.gms.é grams ; grams | in gws | grams |
= SO W ~ T o e S TR - TR S .
35.5 8.2 . 2.8 2.2 1 9.8 | 17.0 3,37 0 4.2
20.4 23.0 9.0 2,5 + 15,0 | 11.2 3.78 | 2.9
24.9 3.0 10,99 5.0 1 20.1 5.8 1.5%7 ¢ 3.0
27.2 11.2 5.1 2.1 j 13.1 3.7 1.03 1 3.6
23.0 5.4 1.32 4.0 § 16.0 11.0 3.45 | 3.1
34.6 5.0 11,37 3.6 | 13.1 12.0 3.7% 1 3.2
34.8 10,6 | 3.2 3.1} 238.7 18.2 6.41 | 2.3
41.3 4.0 1 0.9% 4.2 ' 24.5 10.7 4,05 | 2.5
63.2 | 14.8 L 3.67 4.0 7 24,5 12.1 4.56 | 2.0
34.8 i 7.5 - 1.65 4.5 | 18.1 6.2 2.26 2.7
41.4 5.3 . 1.37 3.8 ¢ 16.2 | 12.0 5.74 | 3.3
47.4 17.1 [ 5.89 4.3 | 19.3 4.7 1.64 | 2.8
39.7 7.1 ;1.81 4.1 | 21.6 4.5 1.19 | 3.3
37.6 12.5 1 2,58 4.8 | 18.9 15.6 5.60 | 2.7
43.6 5.6 | 1.60 3.4 | 20.4 13.1 4.7 | 2.7
34.6 3.5 L 2.43 3.4 | 20.4 14.1 5.38 | 2.6
35.1 5.0 11,48 3.3 | 14.2 10.6 4.35 | 2.4
32.1 10.7 | 4,51 2.3 | 13.2 19.4 6.67 | 2.9
29.8 12.0 . 4.98 2.4 | 7.6 16.9 6.13 | 2.7
30.3 15.0 ' 6.00 2.5 | 21.9 8.7 3,00 | 2.8
31.1 14.7 . 6.54 2.2 1 19.2 14,7 6.6 | 2.2
31 8 13.2 | 5.35 2.4 | 14.7 13.2 6.33 2.1
55.2 9.9 3.3 3.3 | 17.8 11 9 4 18 2.9
TABLE 4
Percentage absorptlon Average welght of dry faeces in graums.
3 Healthy Atrophlc
Over 95% | 5.5 -
,, 907% | 7.9 4.7
247 3 8.1 5.6
Under 807 | 18.8 - 14.5

_This result is even more apparent in the fpllow1ng.wmwgwm »
Percentage absorption Average welght of dry faeces in gram

Healthy A;‘“ Atrophiem‘“'
80 to 100 7 9 'MME-” Hwiﬁ B
80 to 20 12.4 3 9.4
70 to 8C | 14,7 ; 13.6
Under HR 70 ; 23.0 f 15.8

It is therefore very probable that the dlfferent results shown in
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Table 2 are dué to the different faeces weights obtained in
the different cases examined.
It is obvious from what has been said that the bulk of faeces
passed has a very important effect on the percentage absorptim
of fat. In any balance experiment the percentage absorption
will depend on'two factors,; (1) the amount of fat ingested and
(2) the amount excteted or the dry faeces weight since the fat
excreted is about 1/3 of the faeces weight. The percentage
absorption will vary with any disturbance of the relationship
between these factors. The result can be expressed in the form
of a general equation. If a represents the fat intake in grams
and b the fat output, then the pércentage absorption equals

100 a=b)
a

If the fat output, b, remains constant, then an increase in the
intake, a, will raise the percentage absorption while if a remains
constant, an increase in b will lower the percentage absorption
and the limits will be reached when b equals 0 or b equals a.
In the former, the percentage absorption will be 103 and in the
latter, 0. It follows then that the percéntage absorption
varies directly with the fat intake and inversely with the fat
output or the faeces weight so that, in order to judge whether
a percentage absorption is normal or not, both these factors
must in every case be taken into consideration.

In several cases examined, it was found that where the intake
was approximately the same, the output varied consideraply and
consequently, the percentage absorption did also. Whaﬁ was the
cause of this variation in fat ovtput? Three reasons may be put

forward,
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1. Loss of fat through vancreatic insufficienééy.
2. Increased loss of fat through excessively large motions
being passed.
3. Increased loss of fat through some inability of the intest=
-inal wall to absorb it. This is a true defective absorp-
-=tion.

- The first point needs no discussion since it has already been
shown that there is no defect in the fat splitting in infantile
‘atrophj.

Regarding the loss of fat through excessively large motions being
passed, very large motions indeed would be required if the fat
lost is to be great enough to affect nutrition. The following

will show in what a small degree this factor acts in infantile

atrophy.

RIS SOt (PP ot I, E R L AL £35S T r N AN U3 s s s ey (Ner ety b (RS TSN At S b " l
Average weight Average increased excretion |
of dry faeces of fat over healthy cases :
per day in grams.| per day in grams. :

Healthy 9.9 - i
Infantile é
~Atrophy. 11.9 _ 0.383 i

IR e A

Trat 1o on an average, the atrophic loses only 0.88 graus of
fat per day more than the healthy child.

In the third case, one is dealing with a true deficient absorp;
~tion. Since the faeces fat forms about 1/5 of the dry faeces
weight, any fat unabsorbed will go to increasé the amount no;m~
-ally present so that the fraction 1/% will pe increased.

A reference to Charts 1 and 2 will bring out two important points.
First, the fat intake has no Lnfluence on the faeces weight and

secondly, with an increase -in fat intake, the fat output remains

more or less constant, any variations in the latter depending on,



and varying directly with, the faeces weight. This is important
pecause such variations in the fat output may affect the percent-=
~age absorption very considerably under certain circumstances.
Table D will illustrate this.

TARLE 5. Showing the average percentages of fat absorption

assuming that the total faeces fat forms 1/3 of the
dry faeces weight.

”ﬁéily fat% Total fat in grams excreted ®=1/3 dry faeces weight.i
intake in 5 - , , — —
grams . 1 2 |3 4 5 6 7 ;

- | 80‘6M“Mg6f6MNmaajgmwaéardm?mﬂatawﬂWm:wmm:“”;Wmmw
10 % - 90.0 80.0 | 70.0 |60.0 § 50.0 |40.0 | 30.0
15 % 03.5 | 35.6 | 20.0 |73.3 | 66.6 |60.0 | 53.3
20 | 95.0 | 20,0 |85.0 130.0 | 76.0 |70.0 | 65.0
25 96.0 | 92.0 | 88.0 [84.0 | 80,0 |76.0 | 72.0
50 | 96.6 | 9.5 | 90.0 [86.6 | 82,3 |80.0 | 76.6
35 o%-2 | 94.2 | 31.4 |88.5 | 85.7 | 82.8 | 80.0
40 - 97.5 | 95.0 | 92.5 |90.0  87.5 |85.0 | 32.5
45 ov.8 | 95.6 | 93.3 [91.1 | 88.8 '86.6 | 34.8

" 50  98.0,| 96.0 | 24.0 |92.0 | 90.0 }38.0 86.0
55 9a.2 | 96.3 | 94.5 | 92.7 | 90.9 | 89.0 | 87.2
60 93.4 | 96.6 | 5.0 |93.3 | 91.6 | 90.0 | 88.5

In Chart 6 are plotted out the graphs of the eguation 100(a_~ b)
for varying values of a and b, on the assumption that the,?at
output, b, is 1/3 of the dry faeces welght. From this it will
be noticed that, when the fat intake is over about 20 graums, it
begins to affect the percentage absorption much less than when
the intake is below 20 grams. Thus, an intake of 29 grawms with
a faeces weight of ¢ grams wili give a percentage abscrption of

85.0 while an intake of 35 grams will give an absorptioh of 91.47.



s difference of 6.4%. A siwmilar intake of 20 grams with a faeces
weight of © grams will give a percentage absorption of 85.0
while with a faeces weight of 18 grams, the percentage absorp=
-tion will be 70%, a difference of 15%. When the intake of fat
is low, the percentage absorption is influenced both by the
intake and faeces weight but where the fat intake is high, the
~difference in intake may be neglected and the absorption will
depend almost entirely on the faeces weight. Before one can

say whether a percentage absorption 1is normal or not, it 1is
absolutely necessary to consider the weight of faeces in each
particularrggd, to do this, it is necessary to see whether the
result obtained approximates to the éverage absorption calcﬁlated
for a certain fat intake and faeces weight. A reference to Table
6-will show how closely the observed and calculated results agree
in healthy and atrophic children.

In two cases only could the absorption of fat pbe said to pe def=
-icient to any marked extent, viz. an absorption of 19.5 instead
of 26.1 and one of 56.9 instead of 70.0. It may therefore be
concluded that, judging from this standard, there is no deficient
absorption in'atrophy. It will be noticed that the average per<
~centage absorption.of fat in atrophy is 73.5 as compared with
89.3 in health and it might be thought from this that in the
former,absorption was deficient but this difference 1s accounted
fbr by the fact that ,in the atrophic cases, the intake of fat was
17.8 grams on an average while in the latter it was 35.2 grams.
It may therefore be concluded that there is no excessive loss of
of fat from pancreatic insufficiency, excessively bulky motions,
or from a true deficient absorption since the absorptions

cbtained approximate as closely to the calculated results as do
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those in healthy infants.

TABLE 6. Showing observed and calculated percentage fat
abgsorptions in healthy and atrophic children.

HEALTHY CHILLREN ! I[NFANTILLE ATROPHY

i P . e e . e e s i ]
Percentage Percentage  Percentage . Percentage
absorption . absorption ; absorption absorption
observed. °  calculated. ;| observed. % calculated.

96.0 : 95.3 1 59.0 3 42.5
0.7 { 90.5 74 .8 . 70.2
97.17 : 96.8 - 92.3 20.4
94.1 92.2 92,2 90.6
95.2 91.8 8.5 77.2
96.6 l 95.8 71.5 69.4
91.8 o 87.9 85.8 85.5
95.4 o 24,0 i 81.5 83.6 ]
93.1 - 88.9 87.7. 38.5 j
926.3 o 25.7 | 04.0 60.9
92.9, 1 91.8 i 91.7 98.1
95,7 ' 25.2 - 24,4 25.0
22.2 92.2 i 70.4 72.9
55.9 ' 62.4 76.8 78.6
96.4 95.9 3.7 76.9
81.0 80,3 69.4 75.1
94.3 ] 92.1 ' 49 .4 51.0
. 85,9 89.0 19.5 26.1
83.2 ' 86.5 86.5 86.7
80.2 83.4 05.7 74.0
3.9 84,2 56.9 70.0
83.1 86.1 78.0 73.8
Av. 89.3 89.7 73.5 74.5

There is further evidence available to show that absorption

of fat in infantile atrophy is not diminished. In Charts 1 and
2, in which the fat intake and output are shown, a steady
~increase in fat intake is accompanied by a practically constant
output. The difference between the intake crdinate and the out=
-put ordinate represents the amount absorbed and it can be seen
at a glance how this increases with increase in the intake.
From the clinical side, there are certain facts against defic=

~ient apbsorption being a cause of atrophy. Improvement frequent

-1y follows feeding on a fat=weak milk mixture prepared by
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diluting whole or pure milk with skim milk. This reduces the
wmilk fat without affecting protein or carbohydrate. By mixing
two parts of skim milk with one of whole milk, an approximate
1% fat milk is obtained and the calorific value of the diet is
raised‘to,meet requirements by adding sugar (vide weight charts
attached). Such children, on this weak fat milk, absorb in abs=-
~olute figures a much smaller quantity of fat than they do on
a whole milk dietary so that evidently the condition is not due

.to a fat starvation.

2. RICKETS and TETANY.

The above enquiry into fat absorption was extended to
rickets and tetany in order to determine whether, in the former,
there was a diminished fat absorption corfesponding to the
defective calcium absorption present. The fat absorption in
tetany was also examined in a few cases because of the close

relationship of this complaint to rickets.

Digestion of fat. ‘

As in infantile atrophy, there is no evidence of any
defective digestion of fat in rickets and tetany. The following
table shows the percentage of fat split in these diseases as

compared with healthy children.

|

Maximum ; Minimum | Average.
Healthy | 1C0.,0 i 87.9 ; 95.2 P
Rickets 100.0 | 81.6 i 96.3 @
Tetany $00.0 - 86.0 i 94.0

SRR, S P — .

There is therefore no loss of fat ih these condiiions through

pancreatic insufficiency.
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Absorption of fat.

The same arguments given above can be applied also to rickets

and tetany. In Table 7 are shown the observed and calculated

percentage absorptions in these diseases and it will be seen that

these agree fairly closely.

TABLE 7. Showing the observed and calculated percentage absorp=
-tions in rickets and tetany. -

. st ) U
[

-

RICKETS ¢ TETANY ’
- Percentage 3 Percentage | Percentage ' Percentage
absorption 5 absorption absorption absorption g
observed % calculated | observed calculated |
82.6 : 83.8 © o 91.4 89.4 '
84.7 ' 95.5 g 89,9 91.8
83.3 82.9 . 85.2 30.5
94.1 93.0 ‘ 22.7 91.2
-85.4 84.4 : 84,2 80.5
82.6 - 84.7 75.6 77.6
83.4 82.7 78.4 80.2
84.2 82.6 83.1 82.4
90.0 87.9
90.9 94.9
37.6 34.9
8.7 69.1
37.0 26.9
: 56.1 64.5
i 85.2 87.2
| 81.1 - 88.0
94.5 90.2
- 82.0 88.7
" Av. 82.2 82.7 . 85,0 84.2
: |

In a certain number of the cases of tetany, the fat

intake was not determined and iﬁ:these the percentage of fat in

the gxyr dry faeces was high. These results can be seen in the

details of my metabolism experiments given at the end of the

paper. There it will be noticed that the fat loss was high but,

while this was due to very large motions being passed to a ¢

ertain

extent, the loss was about 117 higher than the average SO that

there is apparently some deficient apsorption of fat in tetany.
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Reparding the absolute quantity of fat lost in the faeces in
rickets and tetany, in the former the average excretion was
3.96 grams and in the latter, 5.76 grams as compared with 3.3
grams in healthy children. The increased loss of fét in
rickets per day over that in healthy children is only 0.66
grams and in tetany, 2.46 grams.
In Charts 3 and 4, the increase in fat intake is not accom=
-panied by an increase in output so that the more fat that
is given to the patient, the more will be absorbed.
The loss of fat in rickets is thus practically the same as
in health,,and though in tetaay there is a slight deficient
absorption of fat, the excessive loss is in no way sufficient

to jeopardise nutrition.

3. COMPOSITION OF THE FAECES FAT.

As mentioned above, there is a good digestion of fat
in infantile atrophy and it is quite as efficient as in
healthy infants. The average amount of fat unsplit inwmthe
faeces is abOuf 67 of the total fat and this percentage does
not vary much.

Soluble_soaps also form a very small percentage of thé.faeces
fat and here my results agree with those of Usuki in placing
them at well below 10%.

The amount of fatty acids and soaps varies considerably but
Chart 5 shows that they vary in inverse relationship with one
another, thus confirming the results bf Keller and Meyer.
This also holds good for healthy children. It was thought

from this that socap formation, i.e. insoluble soaps, occurred



after absorption of the fatty acids was complete since other=~
-wise one would expect the free fatty acids to be absorbed and
so upset the inverse relationship. To settle this point, an arRd
analysis of the faeces fat was made in a case of carcinoma with
aﬁ intestinal fistula, said by the surgeon to be within two or
three feet of the duodenum. The patient was receiving a dietary
of strained soup, fish, eggs, milk, bread and butter and the

following result was obtained,

[ e : 1

} Percentage of ‘ Percentage of

dry faeces. total fat.
Neutral fat 0.45 ‘ 2.43
Free fatty acids 5.65 - 30,58
Soluble soaps 5,80 31.40
Insoluble soaps ; 6.57 35.59

This shows that the insoluble soaps are just as abundant as

in the faeées, but the striking thing is that complete fat
splitting should occur so high up in the dumkerRmMmx small
intesting.

The ;odine value of the fatty acids combined as insoluble

soaps in the faeces is low and averaged 10. This shows how

far the higher saturated fatty acids entef into soap formation,
The iodine value of the total faeces fat was distinctly higher
in heélthy infants than in atrophics. This would indicate that
'atrophics absorb more of the unsaturated fatty acids than do
healthy children. This is worthy of further investigation as
this qualitative difference in absorption might offer some
explanation of the increased nmetabolism in atrophy.

I do not propose to enter here into a discussion concerning the
formation of soaps in the intestine. From the work of Freund (10,

it seems that the main factor causing soap formation is the



reaction of the intestine. Bosworth (14) claims that the degree
of solubility of the food calcium is the factor which influences
the formatiom of soaps and that a high calciwn intake causes

a serious loss of fat as soaps. This factor may also come into
play by being the source of calcium, provided the reaction of
the intestine is suitable.

However, what concerns us at present is whether a soapy stool

ig associated with a low absorption of fat. A soapy stool varies
in colour from light yellow to gray. In some cases it is large
and hard and in others, dry and crumbly. In my own cases, the
stools were as a rule of putty like consistency but frequently,
when a large motion was passed, they were semisolid. Naked eye
appearances, however, are apt to be deceptive, and it would be
‘better to limit the term " soapy stool" to one containing a

high percenﬁage of insoluble soaps irrespective of clinical
appearances.

I have not been able to confirm Bosworth's statement. It is
immaterial whether a large percentage of soap is present or not
in the faeces because the soaps and free fatty acids vary in
inverse proportion and, if the soaps are high, the free faﬁty
acids will be correspondingly low and vice versa so that the
total fat in either case forms approximately the same percentage .
qf the dry faeces and thé observed percentage absorption 6f fat
is just as near the calculated result. This may be seen in
Table 8. The absorption.of fat, where a high percentage of soaps
is present, follows the same rules as stated above and the per=
~centage absorption will depend on the fat intake and faeces

weight.
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TABLE 8. Showing that the absorption of fat 1s not affected
by the presence of a large amount of soaps in the

faeces fat.

Percentage of : Percentage Percentage Fat output per
i soaps in . apsorption absorption day in graus.
f - total fat. observed calculated
' 86.1 . 96.0 . 95.3 _ 1.37
88.0 00.%9 ; 90.5 3.21
. 86.8 94.1 92.2 3.67
87.5 85.2 91.8 ; 1.65
Av. 86.5 24.7 93.3 2.16 ]
42.1 92.2 92,2 2.80
39.5 96.4 95.9 ; 0.99
32.6 . 94.4 93.0 ; 1.19
51.3 91.7 92.1 j 1.04
27.8 . , 24.1 93.0 - i 2.20
Av. 38.6 93.7 03,2 1.76

One is therefore forced to conclude that saponification of fats
in the intestine in no way affects the absorption of fat. It
has been my clinical experience to find soapy stools to be the

rule when improvement sets in.

4. HAS FAECES FAT GOT A FUNCTION TO PERFORM ?

Is the faeces fat a pure excretion ? Does it represent
merely the portion of fat unabsorbed by the intestine or is it
left over in order to perform some function or other ?

It is certainly worthy of note that, not only in healthy infants
and in infants and children suffering from infantile atrophy,
rickets, and tetany, does the faeces fat form an approximate
constant of the dry faeces weight but the same result is obtained
in older children and in adults. In two children, aged about 3

years, convalescing from pneumonia, and on a milk diet, the
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ratios of faeces weight to fat output were, during two periods,
3.6, 3.6, 2.9, and 3.5. In three adults, during one period,mthe
fat of the diet was given as fat and, during a second period as
fatty acid. In the first period, the ratios, faeces weight to
fat output, were 3.1, 3.1, and 4.7 and in the second, 3.0, 3.9,
and 3.%2. -
Observations were made on a dog on different diets with the

following results.

Diet Ratio: TFaeces weight
to fat output.

Lk an porriage"m”mw"wm o 1» T ]
Half porridge, half meat 5.6

Whole meat 6.2 |
Half’porridge, half neat. 5.9 5
Milk and porridge | 5.2 ;
Lemco, casein, rice (fat free) 7.1 ;

These results may be compared with those of J.C.Drummond (18)
in the case of rats. The animals were on a liberal diet for a
period of 5 weeks. The following shows hhe ratio of faeces

weight to fat output as calculated from his results.

Period Ratio: Faeces weight to fat output.
First week 16.2WM7 e IR
Second ,, 16.2
Third ,, | ' "5
Fourth ,, % 16.7
Fifth ,, : | -

With the exception of the third week, it will be seen that the

fat excreted in rats forms a very constant proportion of the
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dry faeces and it would seem as if a constancy in fat output
similar to that in man exists for other animals as well though
the values are different for each species.
It naturally occurs to one that the fat in the faeces acts as a
lubricant to the bowel or that it prevents excessive absorption
of water. In such a case, one would expect a diminution of the
fat in constipation but this does not occur. Several of the‘
motions examined were constipated but the percentage of fat was
the same as in more normal ones. A paper by Holt, Courtney, and
Tales (19) has just come to my notice and here it is stated that
in constipated motions, there is a high percentage of soaps. It
is therefore gquite possible that not only is a certain proportion
of'fat in the faeces necessary but this fat must contain a cer;
-tain proportion of free fatty acids. If the soaps increase at
the expense of the free fatty acids, constipation results while
an increase in the proportion of free fatty acids results in
loose motions.
A point whiph would appear to bear out this view is the occurrence
of insoluble soaps so high up in the small intestine as shown by
the examination of the contents of the powel from anwintestinal
fistula. One would have expected any free fatty acids to be absorb=
-ed but we find in the faeces that the soaps and free fatty acids
bear an inverse relationéhip to one another so that'apparéntly
a certain quantity of fatty acids escape absorption. These either
remain as fatty acids or are changed into soaps to a certain ex-
~tent, the degree of change depending on the reaction of the in=~
-testine. It may be going tco far to say that these fatty acids
escépe absorption, thus suggesting that they differ somewhat in

composition from the fatty acids which are absorbed. It is quite



possible that a process of absorption and re-gecretion goes on.
In one case, an adult, examinations of the faeces were made on
a diet containing lemco, casein, and rice, i.e. a fat free diet,
and here the percentage of fat in the faeces amounted to 23.2, a
figure which approximates closely to the figures obtained for
%calthy.subjects on diets containing fat. A somewhat similar
resuli was obtained in the case of dogs (see above). This fat
might be derived from fatty changes in the intestinal contents
by bacterial action but more probably it comes from tne 1nteat-
~inal secretions.

The constanéy of the fat ocutput in relationship to the faeces
weight and the occurrence of fat in the fasces after a fat free
diet would suggest that the faeces fat nas a function to perforu
and that it does not represent merely the unabsorbed portion of
the diet fat. The fat‘may act as a lubricant to the bowel and
though in constipation we do not find a reduction in the total
faeces fat, there is, however, a qualitative change in that a
high percentage of insoluble soaps are present. This high per=~
~centage of soaps in a constipated motion and of free fatty
acids in a loose one would also suggest that a certain balance
between the soaps and free fatty acids was necessary. A possible
explanation of constipation in the presence of a high perceptage
of soaps may be obtained from the recent work of Fischer and
Hooker (20) on the physico-chemical properties of emulsions.
These workers show that the breaking of an emulsion is easily
accomplished by the addition of those substances which destroy
or dehydrate the hydrophilic colloids that give an emulsion its
original stability. The soaps of potassium, sodium, and calcium

possess hydrophilic properties in very unequal degrees. The soaps
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Qf potassium and sodium can retain water to a considerable degree
while those of calcium and magnesium have very little power of
retention. A high percentage of such insoluble soaps in the intest-
-inal contants would therefore tand to a larger absorption of

watar by the intestine and hence to constipation. On this ground,
the faeces fat would not only act as a lubricant but, from the
regulation of water absorption by the composition of the fat, it

would also act by preventing excessive absorption of water and

thus maintain wotions of normal consistency.

5. THE ALKALINE RESERVE OF THE BLOOD IN INFANTILE ATROPHY.

As pointed out by Van Slyke and Cullen (21), the plasua
bicarbonate represents the alkaline reaserve of the body. This
bicarbonate con;entration of the blood is normally maintained at
a definite level, and the entrance of free acids into the blood
reduces this concentration to an extent proportional to the
amount of the invading acid: Acidosis may therefore be defined as
a condition in which the concentration of bicarbonate in the
blood is reduced below a normel level. ’

In infantile atrophy, there 1is apparsntly no defect in
the absorption of fat. Clinically, an atrophic child will frequently
do better on a 1% fat milk mikture than on whole milk though in
the latter case, the child will absorb in absolute figures a
greater quantity of fat. [t is therefore a question whether the
non-improvement on whole milk wmay be the result of an inability
of the child to metabolise completely the whole of the fat absorbed

or, in other words, whether with whole milk there is, or is not,
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a diminished alkaline reserve of the blood owing to the system
peing flooded with the intermediate producﬁs of fat metabolism.
To clear up this point, sstimations of the plasna carbon dioxide
bound as bicarbonate were made with the Van Slyke micro-apparatus.

| In all the cases éxamined, the‘biood was drawn from a nead
vein directly into a centrifuge tube containing a small amount of
potassium oxalate. It was at once centrifuged and the plasma was
transferred to a small sebaration funnel and saturated with alveolar
air. The estimation of the carbon dioxide was carried out within
an hour or two.

In normal adults, plasma contains at 37 deg. Centigrade
and normal carbon dioxide tension from 50 to 65% of its volume of
carbon dioxide gas bound as bicarbonats.‘The figures in children
are lower thanmin adults (Van Slyke). Schloss and Stetson (22) give
the/alkaline ragerve or carbon dioxide combining power of blood
plasma, values ranging from 46.2 to 76.1 (average 54.7) and aga.ln,
Schloss and Harrington (23 give values from 4% to 72 volumes per
cent in normal infants. ‘

A few estimations of the alkaline reserve wers made by
me in infants under one year in order to determine whether they
agreed with those of Schloss. The blood 1in these cases was taken
about three hours after food as the children were healthy children
about to be circumcised. They were practically all breast féd. In
all cases,ithc nutritional state and autritional trend were taken
into account. The nutritional state represents the actual weight
of the child shown as a percentage of the average weight'of a
healthy child of the same age. By nutritional trend is understood
" the tread of the child's weight at the time of examination, i.e.

whether rising (R), stationary ($), or falling (F). In all the
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healthy children, the weight was equal to, or above, the average
weight and, in all cases, the children were thriving and gaining
in weight. The following table shows the results obtained.

r

Number Age Diet ! Vols. carbon dioxide 7%
1 3 weeks :° Nestle's milk ‘ 48.4
2 > .. Breast, Allenbury. - , 52.1
3 4 .. Breast i 51.6
4 4 .. . Breast : i ~ 52.7
5 5 .. - Glaxo i ' , 48.1
6 5 . ' Breast j ‘ 56.4
7 5 .. © Breast | 47.9
3 6 .. . Breast ? 49.3
9 8 .. Breast € 48 .9
10 10 .. Breast g 46.0
11 3 months Breast F 52.6
12 3 .. - - Breast i 55.5
13 3 .. Breast, Nestle's | 61.4
L 14 4 . Breast ; 44.8
15 4 .. - Breast i | 55.5
16 4 .. Breast, S/Laura. | 49.8
17 5 .. - Breast ; 51.0
18 1 6 .. . Allenbury II : 45,3
19 | T .. . Glaxo E 58.4

e NSRRI SO RPN b

In this series of cases, the alkaline reserve.of the blood is

~ represented by values ranging from 44.3 to 61.4 with an average
of 51.4 so that the results differ but little from those of Schloss

A similar series of observations were made in cases of

infantile atrophy. These are shown in the table on the following
zasxg page. The values obtained ranged frowu 29.0 to 58.7 with an
average of 45.3. The low value in Case No. 2 was due to the fact
that the patient was sinking rapidly. In all cases, with the ex-
~ception of No. 8, the motions were good and there was no vomiting.
The results do not show that the alkalinc reserve 1s aﬁy higher
on a 1% fat milk diet than on whole milk, and though on the whole
lower than in healthy children, there is evidently no acidosis of

- any consequence present or if there is, it is wcli compensated.

That some compensation may be present is shown by the clinical
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No Age Diet : Nutri= Nutri=~ Volumes |

: -tional =~tional Carbon |
~state trend ' dioxide |

e

s
.

| 9 mos. 1%Z Pat 50z. S 2 dr. x 6 56 S 40 .4

3 5 wks. 1% Fat S50z. S 1 dr. x 6 57 T 29,0

i 3 mos. L% Fat 4oz. S 1 dr. x 7 79 S 49.1
"4 6 mos. 1% Fat 6oz. S 2 dr. x © 63 S 44 .8

§ 2 mos. Pept. Milk, 3 ozs. x 8 ' 71 ) 47,0

6 4 mos. B.C.M. Boz. S 1 dr. x 6 ] 83 R 58.7
713 mos. B.C.M. 70z. § 13 dr. x 5 42 S 42.4
81C mos. B.C.M, 70z. x 5 78 S 42 .4
912 mos. B.C.M., 7o0z. S 1 dr. x 5 50 S 43.1
10 3 mos. B.C.¥. 20z. x 2 hrly. 75 S 44,0
1% 3 wks. B.C.M. 30z. 8 3 dr. x 8 65 S 38.58
14 7 mos. W.M., 60z. S 1 dr. x 5 ' 68 R 392.5
13 7 wks. W.M. 30z. S 3 dr. x 8 86 R 43.3

. 14 4 mos. W.M. 40z. S 1 dr. x 6 54 S 46,2 |
! 1513 mos. W.M. 70z. S 1 dr. x 5 33 F 45.3

1312 mos. W.M. 60z. S 1 dr. x 5 50 s 59.1
1710 wks. W.M. 40z. S 3 dr. x © L 34 R 38.2
1d45 mos. W.M. 50z. 8 1 dr. x B : 78 S 45.9
19 9 mos. W.M. 7oz. S L dr. x 5 ; 71 S 43,8 |
20 6 mos. W.M. 6oz. S 1 dr. x O ; 75 R 45 .4

%ffact that occasionally a fall in weight may be accompanied by a slight
but definite rise in pulse and respiration rates.

From the above figures, one cannot conclude that there is any

faulty metabolism of fats within the body. This portion of my invest~

-igation is, however, incomplete and, for the present, time will not

permit me to complete it. To obtain more accurate results, it would De

necessary to consider the alkalime reserve in relatien to the blood

volume and respiratery exchange.
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6. SUMMARY AND CONCLUSIONS.

3. In infantile atrophy, rickets, and tetany, the digestion of
fat is carried out as efficiently as in healthy children. There
ig therefore no loss of fat in these conditions from pancreatic
insufficiency.

5. The fat output in the faeces varies directly with the dry
faeces weight and forms approximately 1/3 of this.

3. Owing to this close relationship between fat output and the
faeces weight, it 1s necessary in each and every balance experi=
-ment to take into consideration the faeces weight and, in order
to determine whether the percentage shsorption is normal or not,
the observed result should be compared with the result calculated
for the fat intake and faeces weight of the case under examination
When this is done, the observed and calculated results in infant-
-ile atrophy are found to agree closely so that one can conclude
that in this condition the percentage absorption of fat is not

. deficient.

The averagé percentage absorption of fat in atrophy is lower than
in healthy infants but this 1is due to the much smaller intake of
fat in this disease. |

4. In inféntile atrophy, the absoluee excretion of fat ig on an
average 0.88 grams per day more than in healths This 1is duevto the
slightly larger motion passed but the excessive amount is éo
small that it may be neglected since it will in no way affect the
nutrition of the child. There is no true deficient absorption
since the average percentage of fat 1in the faeces 1s practically
the same as in health.

Other facts point to a normal fat absorption in atropny, viz. the

increased amount of fat absorbed with an increase in the fat in-
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-take and the clinical fact that improvement frequently follows
the lowering of the fat content of the milk so thét the condition
is not due to a fat starvation.
5. In rickets, there is no deficiency in fat absorétion. In abs~
-olute values, the increased loss of fat per day is only 0.66 grams
more than in health. This is quite insufficient to affect nutri-
-tion. Here, also, the proportion of fat absorbed increases with
increase in intake.
It has been shown from the study of rickets in Glasgow (23) that
rachitic families have as great a fat intake as non=rachitic
and there is no indication that the apsence of the fat soluble
growth prodﬁcing factor played any important part in modifying
the onset of the condition. From my own results, it is clear
that in rickets fat absorption is normal so that fat starvation
does not play any part in the causation of the condition.
6. In tetany, a condition closely associated with rickets, there
%s, on the average, a greater absolute loss of fat than in health,
viz. 5.76 grams, SO that the increased loss of fat was 2.46 grams.
This is in part dvue to more pulky motions being passed and in
pért to a true deficient absorption. The excessive amount of fat
lost is not enough to affect nutrition.
. Saponification of fats in the stools is not associated with a
defective absorption of fat. Insoluble soaps are present high up
in the small intestine and the soaps and free fatty acids in the
faeces vary in inverse relationship with one another.
8. From the constancy of the faeces fat in man and the iower
animals, it is suggested that the faeces fat has a function to
perform and that it is not a true excretion. This‘function may

be of the nature of & bowel lubricant. Besides a certain amount
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of fat in the faeces, it seems necessary to have a certain balance
between the soaps and free fatty acids present in order to have &
normal motion. It is suggested that this balance is %ecessary in
order to prevent excessive retention of water in the bowel or an
excessive absorption of water.
9. The alkaline reserve of the blood plasma in infantile atrophy
appears from the cases‘examined to be slightly lower than that of
health. A slight acidesis is present but this bears no relationship
to the amount of fat ingested or to the nutritienal state or trend

of the infant. Further observations, however, on this point are

necessary.

POSTSCRIPT
| Since writing the abeve paper, an article4by Holt, Courtney,
gnd Tales on Fat Metabolism in Healthy Infants has appeared in
the American Journal of Diseases of Children, Vol.17,vi, 1919,
This paper gives results of the examination of the faeces which
agree very clesely with my own but no mention of faeces weight
is made as ardeterﬁining factor in the determination of fat

absorption.
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FAT METABOLIGM ~-= HEALTHY CONTROLS

' Daily Weight  Fat % |
' intake of dried retained  of fat . ABSQLUTE EICRETION ‘ PERCENTAGE EXCRETION
of fat ~faeces. in dry Total MNeutrallPatty % of fat Neutral ' Fatty “Soaps T
' | faeces. ~fat  fat J|acids ~ Somp absorbed fat % of acid % of | 7% of
i GMS. . Gus.  GMS. : ©GMs. . GuiS. GMS.  GMS. total fat total fat total fat
___.TWQA,- e a e % (ST SO -:~w T JR R | 2 M—M? - ..‘.:...M - . [P
| 85.58 | 8.2 | 32.78 33.9 | 2.80 0,338 | 1.28 1.18 92.2 124 ; 45.8
E 20.42 | 23.0 11.42 39.1 f 9.00 0,306 [ 0,62 2.07  55.9 . 8.4 6.9 !
| 24.95 3.0 25.95 33.2 é 0.3%6. . 0.,0006| 0,60 0,33 90.4 |  0.00 é 60.4 %
27.21 | 11.2 22.05 46.0 % 5.16 | 0.458 |0.583 4.11 81.0 % 8.9 11,3 |
23 .04 5.4 | 21,72 24,5 1.2 |0.091 16.227? 1.00  94.3 6.9 4.4
| B4.62 5.0 33.25 27.5 | 1.37 |0.06 513 f 1.8 96.0 4.4 9.5
| 34.83 10.0 31.6%2 32.1 E 3.21 0.20 |0.18 § 2.8z 90.7 6.2 5.8
| 41.34 4.0 40,41 25.3 | 0,932  0.044 '0.1055 0.78 % 97 .7 a7 | 111
63.2 14.8 59.53 24.8 2 3.67 | 0.164 6.515; 3.0 | 94.1 4.7 é 8.5
34,83 7.5 33.17 | 22.2 | 1.659 0.112 |0.097  1.45 g 95.2 ‘6.7 | 5.8
41,47 5.3 | 40.09 | 26.0 | 1.378 | ©.088 5.075§ 1.21 § 96.6 6.4 5.5
47.47 | 17.1 | 43.58 % 22.8 | 3.89 |0.256 6.322 3.4z | 91.8 6.5 5.7
39.75 7.1 37.94 % 24.1 | 1.81 1 0.12 5.149% 1.54 E, 96.4 + 7.0 8.7n
37.69 12,56 | 35.11 % 20,7 2.53 10,137 ]0.26 % .14 | 95.1 7.2 10.1
43.62 5.6 1 42.02 % 28.7 % 1.607 ;0.089 6.1572 1.36 % 96.3 5.5 9.7 |
54.02 8.5 32,19 - | 28.6 % 2.43 | 0.187 6.161§ 2.08 | ez.9 7.6 . 6.6 |
35,15 5.0 33.65 29.6 1.48 | 6.115 [3.08 % 2 0 95.7 7.7 % 6.0
32.1 | 10.7 27.69" 42.2 4.52 |0.035 |c.98 53.49 ~ 85.9 1.2 | 21.7
29.8 i 12.0 24,82 .| 41.5 % 4.9 0.0 .19 3.8 | 83.2 0.9 3.5
30.3 é 15.0 24.3 40.0 E 6.00 10.03 |[L.33 4.64.”% 80.2 |- 0.5 22,2
- 31.1 3 14,7 24,56 44.5 vé 6.54 6.6' 5,36 | 3.18 - 7s.e 0.0 51.4
e 318 1.2 i 2.4 | 40.6 | 5.35 (0.0 |2.20 5.14 881 2.0 41.5
Av, meka % 9.9 i 31.9 51.6 | 3.5 |0.13 |D.o4 |Z2.52 89.3 4.8 17.3
| - ? +-
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Daily

~ intake
No. of fat
s,
23 | 9.85
15.07
20.11
13.10
L 16.07
b 13.10
29 28,71
50| 24.58
i 31 | 24.58
? 32 15.18
33 | 16.23
34 | 19.83
35 | 21.63
36 | 13.91
537 | 20.44
20.44
14.23
13.2
7.62
21.96
19.28
|| se0
i Av., 17.8
—

S R

ey

; Weight
iof dried
ifaeces.
. QuS.
L 17.0

i

11.2
5.8

3.7

11.0

. 12.0

15.1
14,15
10.6
192.4
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FAT METABOLISM. INFANTLLE ATROPHY

RS |

| ‘;;th’ﬁw“”%‘ e ABSOLUTEngéRﬁT[ON ~ PERCENTAGE EXCRETION )
retained of fat B S % of fat ~ Neutral  TFatty Soaps |
in dry [Total Neutral Tatty ‘ ! r atty aps
faeces | fat fat acids |Soaps absorbed fat % of acid Z of = 7% of
GMS. GMS GMs  GMS GMS ‘total fat .total fat  total fat
5.gé 23.4 s.év 6.737 20.855 2.336" 59.6 19.8 | 21.5 58.7
11.29 33.8 | 5.78 0.333 §0.339 5,002 74.8 10.3 | 10.3 9.4
13.54 30.8 | 1.57 o o923
12.07 27.9 105 o.oma |o.ir | o.846 ; 92.2 | 7.2 0.7 821
12.62 31.4 | 5.45 0.279 1.204 |1.967 | 78.5 8.1 34.9 g 57.0
9.37 31,1 | 3.735 0.093 | 1.339 |2.3 71.5 2.5 35.9 | 61.6
22.3 35.2 | 6.41 0.327 | 1.705 |4.378  78.0 5.1 26.6 § 68.3
20.53 38.8 | 4.05 83.8 ;
20.02 37.7 | 4.56 81.5 f
15.93 36.0 | 2.25 87.7 ;
10,49 50.2 | 5.74 0.275 | 2.72 |2.74 | ©64.6 4.8 4.4 ; 47.8
13.19 34.9 | 1.64 0.118 |0.68 |0.842 g 91.7 7.2 41.5 51.3
20.44 26.5 |1.19 0,034 | 0.707 |0.389 ? 94.4 2.9 64.5 |  32.6
1331 | 35.9 | 5.6 5,722 1.09 | 5.188 f 70.4 8.4 30.2 61.4
15.73 36.0. | 4.71 0.092 0.993% | %.025 . 76.8 14.7 22.1 | 64.2
15.06 38.0 | 5.38 20.371 o.760 | 4.24 737 6.9 14.3 73.3
9.38 41.0 | 4.35 Eo.o 1.93 | 2.42 69.4 c.0 | 44.5 ; 55.5
5.53 34.4 | 6.07 %6.19 5.02 |2.86 474 2.9 1 54.3 f 42.8
1.49 36.3 | 6.13 ?o.o 3.44 | 2.69 § 19.5 .0 56.1 | 4%.¢9
13.95 | 34.6  5.01°/0.005 |0.478 |2.527] %03 0.12 15.9 85.9
12.68 | 44.9 | 6.6 %1.88’ 0.74 |3.08 = 097 28.6 11.2 bf-z
8.57 | 47.8 | 6.33 |1.04 2.14 |3.15 907 16.5 53.8 49.7




FAT METABOLISM . RICKETS

T Daily | Weignt  vat 74 'ABSOLUTE EXCRETICN PERCENTAGE EXCRETION
| intake ' of dried retained of fat B s :
No. of fat | faeces . in dry Total Neutral Fatty - % of fat Neutral | Fatty =~~~ Soaps
. : | faeces . fat  fat acids 'Soaps absorbed & fat % of | acid % of 7% of
GMS . GMS . GMS _ GMS GMS. GMS  GMS  total fat | total fat total fat
45 | 25.95 W?“W“xg.s" T 21.43 é 36.0 foEE”““STI%;“W*ITEBI"TEfEZ“”‘"ééfé“"*“”“Eﬁgé'”’"“J“ézfi“““””“”7é;i““
s | 2226 | 7.3 | 18.84 | 46.9 ‘5.42 0.477 O.aaz 250 847 | 18.8 | 12.9 73.2
é 47 | 38.92 ; 20.0 g 32.42 i 32.5 6.50 . 0.046 33.534 ?2.92 83.3 0.8 54.3 44.9
% 48 | 37.41 7.9 | 35.21 | 27.8 2.20 | 0.152  1.435 0.61 94.1 6.9 65.3 . 2n.8
49 | 20.19 ; 9.4 | 17.26 eI 52.93 0.542 1.347 104 85.4 104 45.9 35.7
%50 | 24.93 . 11,5 | 20.60 | 377 4.3 0.000 2.208 2.12  92.6 £kx ~ 50.9 49.1
51 | 30.71 E 16.0 | 25.63 | 36.3 %5.08 0.000  2.160 2,02 83.4 £ 0.00 37.1 62.9
52 | 31.74 16.5 26.75 % 30.3 |4.99 - 0.0000 2.508 |2.48  84.2 0.00 50.1 | 4949
: 29.81 11.0 26.85 | 26.9 %2.96 0.000 31.782~ 1.7 90.0 0.00 60.2 9.8
31.49 8.0 | 28.64 | 35.7 2.35 0.000 1.320 |1.53  90.0 0.00 46.2 53.8
7.26 | 14.2 2.75 | 32.2 | 4.53 f - L 376
1462 15.5 11.51 | 28.2 |3.11 2 | I N
16.47 | 1.5 15.99 % 32.2 | 0.48 é i - 9.0
58 | 17.55 | 18.7 9.85 % a1.6 7.7 % | ; 56.1
.59 | 25.56 § 9.75 | 21.79  38.7 |3.77 % 0.173 30.573 3.02 . 85.2 | 46 15.2 80.2
27.27 % 9.75 22.12 = 52.9 5.15 . 0.000 %1.44 3.71 § 81.1 0.0 28.1 % 71.9
33.21 % .75 | 31.40 | 18.6 |1.81 | 0.083 0.722 [1.00 ; 94.5 4.6 39.9 . 855
28.95 % 9.75 | 24.77 | 42.9 |4.18 | 0.100 2.40 |1.68 ~ 89.0 2.4 57.5 | 40.1
25.79 | 11.5 21.87 34.6 |3.91 | 0.4s%  1.54 |2.34 82.2 3.9 42.0 | 541




FAT METABOLISM. TETANY

|
i
|
PP !, e e e PR
!
I
1

Daily | Weight | Pat | 4 ABSOLUTE EXCRETION  CERCENTAGE BxemETION T
i intake of dried  retained of fat . e
No. | of fat = faeces ; in dry | Total Neutral Fatty | 7% of fat  Neutral | Fatty T TUSeaps
1 | ‘faeces ' fat =~ fat  acids | Soaps absorbed fat % of ' acid Z of = % of
GMS - GMS .| GMS | . GUS GMS ~ GMS | GMS total fat | total fat  total fat
63 | 28.4 iﬁ;om””””mmméz.zv.?“36.6““”6;13‘ﬁ“”d[ﬁééwTETEEE"“Zﬁé§”f 8.4 9.5 | 10.6 § 79.9
64 | 17.31 | 9.1 i 14.39 | 32.0 é 2.22 0,305 50.537' 2.07 ; 33.1 . 10.4 18.4 ; 71.2
65 | 22.10 | 13.0 18.85 | 25.0 | 3.25  0.40 ;5.76 2.08 | 85.2 , 12,4 | 23.6 f 64.0
66 | 20.50 5.4 { 19.02 | 27.5 | 1.48 = 0.20 0.10 |1.08 92.7 13,7 13.1 3.2
67 | 26.55 15.5 | 22.34 | 27.2 4.2 0.10 [1.31 |2.79 84.2 2.5 31.2 66.3
!68 20,10 | 13.5 15.20 | 36.3 | 4.90 ; 0.00 [1.87 |3.03 ; 75.6 0.0 38.2 61.8
69 | 33.7 10.7 30.82 | 27.0 | 2.83 § 0.25 (0.43 |2.19 91.4 8.9 15.1 76.0
70 | 38.34 12.4 34.49 | 31.1 | 3.85 § 0.20 [0.37 [3.27  89.9 5.3 9.8 84.9
7 - Cans - 43.5 |12.08 § 1.69 [3.19 |7.20 - | 14.0 41.3 | 44.7
%72 - 22.6 - | 37.7 | 8.52 % c.72 14.93 |2.37 - s 57.8 | 33.8
| - 20.5 - | 4s.8 | 8.97 | 0.313 [2.57 | 6.08 - 3.4 28.6 | ©68.0
;74 - 6.8 . 46.5 | 3.15 ; 0.096 [0.78 |2.28 - | 3.0 24.6 72.4
?75A - 20.7 - 0.8 | 8.44 | 0.37 |5.58 |4.49 - 4.3 42.4 | 53.3
6 | - 26.4 - 49.1 112,95 | 0.184 |5.38 |7.39 = 1.5 4.5 | 57.0
mo| - | .2 - | 470 l11.8¢ | 0.00 |4.81 |7.08 - 0.0 | 406 | 59.4
"8 - 23.9 - 51.0 [12.08 | 0.00 |2.89 |9.t9 | - - 0.0 23.9 = 76.1
| - 7.1 - 45.6 | 3.23 | ) |
80 | - 2.3 - 36.8 | 0.84
' - 6.3 - | 0.0 | 2.52
2.2
- £ X8 - 9.2 | 1.03
Av. | 25.8 14.4 22.1 | 38.0 | 5.7 | 0.33 |2.15 |4.24  85.0 |  6.08 29.4 | 65.1
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