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THE METABOLISM OF UNDER-NOURISHED.INFANTS,

The condition known as infantile atrophy, athrepsia or
marasmus is found m@at frequently among babies fed entirely
on artificial foods, In an analysis of 100 cases recently
admitted to hospital, only 2 had been entirely breast-fed,
19 had been fed completely on artificial foods and the
renaihder were partially breast+{ed, [?arsens (11] .
Utheim (2) states that of 102 cases studied by her, all but
one had been fed artificially, 1t seems probable therefore,
that food may be at any rate an important factor, and that the
gondition may be to some extent caused by the inability of the
infant to digest and absorb cow's milk or its modifications as
easily as human milk,

Various studies have been made during recent years on
the metabolism of atrophic infants, In most records, only a
few cases have been observed, and frequenily over a very short
period, The literature dealing with the absorption of fat is
often conflicting and seems inconclusive, Few observations have
been made, beyond a series of 17 cases by Utheim (ibid), on the
calcium metabolism of definitely atrophic children, and the
information on the metabolism of the otherconstituents of food
is vague., Woreover, none of the available records are classified
according to the kind of milk, whether ordinary whole milk modi=-
fied, whole milk dried or condensed; or modified and dried, This
has proved to be a very important point in the discussion,

This investigation on the metabolism of atrophic infants
was undertaken at the request of Dr, Leonard G, Parsons,
Physician to the Children's Hospital, Birmingham, on cases under
his care, The infants selected for observation were, with 2
exceptions, under 6vmonths of age, Two were just 6 menths and
most of the others were about 3 months old, They were all less
than 80% of the expected weight for their age, since Talbot (3)
has shown that there is no change in the metabolism of these
infants till there is a loss of 20% of the body-weight; and none

of them showed other evidence of disease,
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Preliminary observations showed that there is considerable
variation in the composition and amount of exereta from day to |
dﬁy: it was theretére deemed advisable to make the period of
observation five days if possible, Since also it was faund,
as Lesage has said, "Chaque organisme a sa personalité, son
‘coefficient de fixation", it was considered impossible to draw
any definite conelusions from a few cases only. Lighty-two
cases of simple atrophy and 9 cases of pyloric stenosis have
been observed for fat metabolism and the metabolism of many of
‘these for other factora{also at the same time, so that the
relationship between them could be established,  The actual
intake was rigidly ascertained by analysis and not by cal=-
gulation from percentage composition of foodstuffs already

‘published, The following routine was observed,

COLLECTION OF SPECIMENS,

The time required for food to pass through the alimentary
canal of atrophic infants varies from 8 hours %o 3 days‘
l:Parsons (If].ln.erdek to obtain stools therefore from a
known intake of any of the constitutuents 6f food, the infant
was given the specified diet for at leést 3 wholé days before tﬁe
stools were collected as well as during the period of collection,
"Since the composition of milk varies from da§ to day and the
composition of the feeds dependa.oh the proper mixing of the
milk and accuracy in dilution, half an ounce extra was prepared
for each meal and these samples were put together with a trace
of formalin and analysed for the respective constitutuents every
24 hours for 5 days, The actual food intake was also observed
and any food vemited was noted and subtracted from the intake,
There wae little vomiting in the cases reported in this
communication, At the end of 3 days, the 1nfant was placed'onv

the metabolism bed* and stools and urine were collected separately

* A canvas covered frame or hammock 8o arranged that the excreta
could be collected quantitatively,
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for 5 consecutive days, (Any variation in the perioed of
collection of specimens is noted in the tables,) The
specimens were removed at short intervals from the metabolism
bed an@ kept cold till the 24-hours colleection was complete,
when they were taken to the laboratory and the analysis was
begun as soon as possible, The urine was collected under
toluene, ‘

The mean of five 24-hours specimens is taken as the
daily average for both intake and output of any of the constit-
uenta.

Since it had been shown previously by Holt, Couitney

and Fales (4) that in diarrhoea the digestion of fat may be
aarioualy affected, probably by the rapid passage of the
food through the intestinal tradt, no case showing diarrh6ea
is included in this series though many of the stools were
loose, Most of them were formed or semi-~formed, A few
were constipated, |

The results are classified according to the kind of
diet,

1, FAT METABOLISH,
&1toggtﬁrg.

The following figures for fat absorption by athreptic
infants are quated by ﬁtheim (ivid),

Rubner & Heubner (1899); 84,5% on a milk diet ) 1 case,

564 9% "o carbo- 3§ggontha.

hydrate,
diet, )

Bendix (1909); 59%. Age not given: 1 case,

Keyer (1910); 74.2%,24,9%,51%,68,3% and 78% for 5
periods, Age 3 months: 1 case,

Fife & Veeder (1911) found in 2 cases that the absorption
was less than in healthy children,

Freund (1909) found abaerptiona of 90%,97%, and 81,8%
in 3 cases, Age not given,

In 1912, Czerny (5) expressed the opinion that the

main cause of infantile atrophy is difficulty in dealing with
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fat, and he insisted on thé occurence of Milchnahrschaden and

especially of FettniAhrschaden, Czerny's theory was based

on work previously done by Keller in 1897, and Steinitz in
1903 (voth quoted Utheim) who stated that ﬁhgre was in-
creased output of ammonia in the urine of . athreptio:children
and that it was increased by a high fat diet, Czerny believed
that in order to neutralise thﬁwexcéss of free fatty acid in
the intestinal tract from the uhabaoxbed food fat, alkalies
were takén from the tissues and excreted. In constipation
with soap stools caleium, and in diarrhdea ﬁotassium.and
_sodium are thus excreted; and in order to make up for the ‘i
koss of alkali, ammonia was formed in the body and excreted in
the urine, The basis of this theory has been criticised from
- time to time; and in 1922 Utheim (ibid) stated that while she
was of the opinion that athreptic children do have a low
assimilative power for fat, and that the amuonia excretion is
higher than in normal childrén, found that there was only a
relatively amé}l increase in the excretion of ammonia rolloi~
ing a great increase in the fat of the diet in 2 cases, and
no variation in a third case, The output of ammonia in the
urine of 34 of the cases of marasmus in this investigation
has been observed and the results show that on a diet of
humanised dried milk with a high fat content, the output of
ammonia is considerably lower than with a diet of ordinary
milk and water with a medium or low fat content, or a dried
milk preparation with a low fat content, (See Tables 12 & 13)
This was also found to be the case quite definitely for an
infant on the same kind of food, but of a different strength
in two 5-day periods of observation, - viz:=- :

% Fat in diet, mg.NH31n Total output NHS
100 c.sin urine . mg. in 24 hours.
2.4 10,9 ' By o
449 842 23,0

It may be, however, that the difference in the output of

ammonia on diets of humanised milk and skim milk is not
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altogether connected with the fat intake, but depends some-
what on the nitrogen intake, This is discussed later in
this communication (Page 22), . '

Failure to confirm the theory th#& the output of

; am&nnia in the urine of athreptic children is increased by a
high fat diet is supported by an examination of Fig, V.
which shows that the output of free fatty acid in the stools
from humanised milk diet with a high fat content is much
greater than in the cases on diets of low fat content, If
Czerny's theory were correct, there should of course be
a greater output of ammonia on & humanised milk diet than on
a skim milk diet, |

It seems clear then that Czerny's theory as to the cause
of athrepsia is based on an 1§correot assumption, The
output of ammonia may be a little higher than normal,

(It has only been possible to investigate 2 cases of normal
infants for comparison here), The percentage of ammonia found
in the urine of athreptie infants on milk and water diets

in this series of observations is certainly a little higher
than that of the cases of pyloric stenosis on milk and water
diets where the fat metabolism is normal,

[Parsoua & Barling (611. But according to these observations,
it ié not increased by increasing the fat in the diet,

Whether the absorptive power of athreptic infants for
fat is,as stated by Czerny and Utheim, really lower than that
of normal infants will now be discussed.

Fign;ea given by wvarious authors for the percentage
absorpsion of fat have been quoted, They are not in agree-
ment with each other, but the observations were made on one
or two cases only from which no definite conclusions can,
in my opinion, be drawn as there is a very great variationzin
individuals and even in the same individual from day to
day, Hutchison in 1919 (7) however, ex#mined 22 normal and
22 atrophic children, but he did not siate the ages, nor

give information as to how the fat intake was estimated or
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whether the figures given were for one 24-hour period or

the average of a number of 24-hour periods, He found the
average absorption of fat to be 73.,5% in the atrophic group
~and 98,47 in the normal éhildren; but the argument is not
eenvinéing nor confirmed by figures quoted by Fleming &
Hutghison (8) in a2 later report of a set of observations on

4 healthy and 8 marasmic children, each experiment lasting

for at least 3 days, no gastro-intestinal disturbance being
present, IHutchison attributes fhis low value of 73,5%
absorption to the low fat intake, which averaged 17,8g, in

24 hours as agﬁinst 35ge in the normal infants, In the present
‘series a higpupercentage}absorption has been found when the
fat intake was low, The arguments set forth in Fleming &
Hutchison's papers are based on the agsumption that the fat
excreted is constant at about 1/3 of the weight of the dried
faecesy The ovservations recorded in this paper do not
confirm this as the average daily faecal output of fat has
been found to vary from 5 to 63% of the dry faecal weight in 82
cases of marasmus on varying diets, the average being 36,8%.
Hutchiaon also ataé? that the daily faecal output by atrophie
infants is about 10g, and continues the argument after reducing
the faecal weight to this level in all cases, As & matter of
fact, the faecal weights vary very much in actual life, 1In
this investigation, it was found that the average of the 82
cases observed was only 6,0g, This covers 396 days! observat-

ions,
Holt, Courtney and Fales (ibid) examined the fat meta-

bolism of a2 larger number of cases hoth of breast-fed and
artificially fed infants, They state that "most cases examined
were normal, though some had digestive disturbances of varying

severity", and their figures are classified according to the
nature of the stools, They found that in the case of breast-

fed infants the percentage fat in the dried faeces varied from
4,4 to 57,7%,the average of 44 estimations being 34,5%. The
daily execretion of fat in sick children may be,
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according to these workers, up to 12 grams and the average
absorption 52,5 to 79.0%., The average absorption of fat in
children gaining weight was 95,1% the range being 90.3 to
99.2%. In Holt's series of cases fed on modified cow's milk, 128
specimens from 77 infants of 2 - 18 months of age were gnalyaed
for fat, the figures reported being averages for 2 or 3 days,
frequently longer, Their results, together with those of Flem-
ing & Hutchison and of Utheim are given in Table 1 for com=
parison with the present series, ; |

Utheim's series of 20 estimatians’for the fat absorption

~of 13 athreptic infants includes some cases suffering from

diarrhoéka and also 5 caeea-cbaerved for a period of 1 or 2 days
only, These 5 have been excluded for comparison with this
series, She reached the conclusion that fat absorption is low
in athreptic infants - resulting in a high calerié loss through
the intestine, \ '

Fat absorption on different diets.

The present series of figures has been obtained by an
examination of 469 specimens from 82 sets of observations on
cases of simple atrophy or marasmus and 69 specimens from 9
sets of observations on cases of pyloric stenosis, Cases of
pyloric stenosis after the Rammstedt operation have been
examined and reported for comparison with the cases of
marasmus because here the wasting is unquestionably due to
atarvation;[ Parsons (12, In the earlier part of the
investigation every stool was examined separately; but im the
majority of cases the-24 hours complete collection was analysed.

A few of the cases reported are of the same child at
different times and on different diets, Sixty»threa of these
cages éﬁ@% elready been quoted and commented on by Parsons (10,

it is to be regretted that up to the present time only
2 cases of infants of normal weight within the age limit of
this series have been available for metabolism investigation.

They are given here for comparison (Table 8,)
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Method of Analysis,

The moist stool was mixed very thoroughly to make
it as homogeneous as possible, The whole of a proportionate
part was dried for 24 hours (or longer if big) over an
electric heater, thus ensuring a moderate temperature of
: 60 80°, and then weighed,

‘8ince the most complete study of the fat metabolism
of infants has been made by Holt, Courtney and Fales (4), it
was decided to use a comparable method and to record the
observations in this series in the same way, The total
weight of the dried faeces for the 24 hours having been esti-
mated, about 0,5g, of the dry pulverised material was weighed
into each of two fat extraction tubes, To one was added 10 cyc.
of 30% H C1, and to the other 10 c.c. of distilled water,

Eoth were heated in a boiling waternbath for half an hour,
- eooled and extracted with 40 Co Co of ether by shaking, After
settling, 20 c40y of the clear ether solution was transferred
with a pipette to a weighed flask of about 50 c.cs capacity
and eveporated, Repeated experiments under the same conditions
but without the material te be extracted showed that on the
average 3.4c,c, of the ether dissolved ir the watéx or dilute
acid, so that the weight of the residue from 20c¢c,c¢, of the
extraot must be multiplied by 183 %o give the tetal weight of
the fat extracted from the known weight of the dried faeces,
This eliminated the filterihg process which is essential when
all the ether extract is evaporated as in the modified Rose-
Gottieb method used by Holt and his co-workers,

This method was tested out by eatimating the fat in
specimens of milk powder by this process and by a Soxhlet extract-
ion process, The following figures were obtained:« }

Soxhlet, Hickmans,
1 22,87 " |
. 7% 22 2?%
2, 28,63
28 47
3 30.38

352
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The residue from the ether extract of the dried faeces
after treating with hydrochloric acid is reported as "total
fat®, The ether extract after heating with water only is
reported us "unsaponified fat", “Total fat" - "unsaponified fat"
gives “"saponified fat", all being in terms of free fatiy acid.
The free fatty acid was detérmined by re-dissolving the "un~
saponified fat® in 10e.c, of ether and 5.¢.¢. of alcohol and
titrating '1th1§5“'x&qx using phenolphthalein as indicater,
and calculating to stearic acid, Helt, Courtney and Fales
have shown that in drying the stools of children fed on cow's
milk, the amount of total fat and the distribution of fat is
unchanged uxeept'in cases of diaxrhé%ai acid ataais. Such
have been excluded from this series. The reaults'ara given

in Tables 2 ~ 9.
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Table 6 Pat Metabolism on Cow's Milk diluted &
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.Disgussion of Results,

It may be stated at once that the results of this
investigation show that in general, there is no defect in the

power of the atrophiec infant to absorb fat, The type of

case desceribed by Czerny as Milchnahrschaden or Fettnahrechaden,
and by'?in#elstein as Bilanzstorung, in which there is diminishe
eded tolerznce for fat, does not appear to be common, In thev
82 cases of marasmus reported and many others not completely
investigated and therefore not reported hirre, only one case,

in the opinion eof Dr, Parsons, approached this condition -

viz. No.37. Here, while fat aplitting was normal, the fat
absorbed was only 55,87,the intake being about the same as that
of the others in the group, The fact that this case was only
found when more than half of this extensive series was done
paints to the importance of not drawing any very definite cancluau
- ions nnless & large number of cases are observed, DBut while
genarally speaking the absorption of fat is nommal, it differs
very much on different diets; a fact which is very important

in its relation to infant feeding generally,

Relationshiv between Intake and Output of Fat. It must be

understood that in this communication, by "fat absorbed” is

meant the difference in weight between the fat intake and fat
excreted in the stools. VWhether excreted fat has the same chemi~
cal composition as the diet fat has been discussed by Hill &
Bloor (9) working with adults, and by Holmes & Kerr (10) working
with dogs and cats, The latter state that wha}ever kind of fat
the diet contains, the ether extract of the faéceslappears to be
uniform and that the saponification anc iodine values of the
faecal fat are quite different from those of the diel fat. Hill &
Bloor state that there is always fat in the faeces even when there
is none in the food; that the addition of moderate amounts of fat
does not increase the faecal fat to any considerable extent, and
that the composition and properties of the excreted fatity material
is largely independent of the fat of the food, They believe hhaﬁ.
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the comparative constancy of the amount and campﬁsitioa
of faecal fat under a variety of conditions indicates that it
- is not o be regarded as unabsorbed food fat, but rather as an
excretion,
In a later paper by Sperry & Bloor (11) this idea is
reaffirmed - that the faeccal fat does not arise directly from
the unabsorbed fatty meteridal of the food, and that the output
of fat during fasting (which is considerable in amount) is
-pimilar in properties and in the relations of its components
to that excreted vhen food is given, They also state that the
composition of the faecal fat is different from that of the
food fat,
While not prepared to express an opinion at present as
to whether the faecal fa€ differs in composition from the food
fat in the case of atrophic infants, the writer is not in agree-
ment with Hill & Bloor when they state that the addition of a
moderate amount of fat to the food does not increase the faecal
fat to any coneiderable extent., A consideration of Pig. 1. which
shows the average daily intake and output of fat in 91 cases of
atrophic infants, indicates that where the fat intake is
decidedly low (less than 12g. daily) the average daily fat output
is fairly constant, but small in amount ; viz., about 1 gram or
§§sa. Possibly this amount represents the daily output of truly
;;e:eted fat, But for anlintaie about 12g., it may be 3 or 4
times this amount when the diet is cow's milk and water and up
t0 10 or 11 times this amouni when the diet is a humanised
dried milk br a dried milk mixture with a high fat content,
The case showing fat excretion of 6.6g on a diet of ordinary
milk and water mizture can be excluded from this argument, being
the one referred to above as showing "fat intolerance®,
Fig. 1. also shows that the amount of fat excreted on a
diet of humanised milk appears to be greater on the whole
than from a diet of cow's milk and water giving the same fat
intake (Compare A=~eewe---B with Céii«ssD) ng?Zneluded in
this series of infants fed on a patent infant food A, which is

)
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made from egg yolk, butter, malto.dextrins and decitrated
fresh fruit juice and no milk, show a high fat intake and small
output, If this observation is confirmed after investigating a
number of cases on the same diet, it points to means of
introducing a large quantity of fat into the diet without

excessive excretion,

Hutchison (ibid) state that the dried faeces always contain

about 33% of fat, Holt 's figure for all cases artificially fed
was 34.1% with a range from 11,2 to 82.6%; for breast-fed
children 34,5%, but for children under 6 monthe artificially fed
it was 37.1%. The average for the 82 cases of marasmus reported
here is 36.8%, bat it varies very much, Fig 11 shows that
where .the fat intake is less than 12g, daily (below x on the
graph), the faeceal fat is, with one ex-eption 337 or less,
the average of 13 cases being 21.97%, corresponding to an average
daily output of less than 0.9g. The average percentage fat in
the dried feeces of 50 cases on a normal diet of milk and water
with a medium fat content (Neo. 37) being excluded) is 37.4 higher
then Hutchisox's figure for atrophic infants, but the same as
calculated fov Holt's cases up to six months and excluding
diarrhoea, The average of 11 cases on humanised dried milk is
45,1%. The two cases on food A showed faecal fat 33.8 and
37.2%. The nine cases of pyloric stenosis show an average
percentage faecal fat of 32,7. Again, by comparing Aeseesec-weeB
with CesweeewesD in Fig 11, it is clear that for the same fat
intake from humanised milk and milk and water, the percentage
fat in the dried faeces is much higher on the humanised milk
diet than on the milk and water diet or on the food A,

The average weight of the daily faecal output (dried)
from atrophic infants is stated by Hutchison to be about 10g,
The average found in this investigation of 396 days' specimens
from 32 atrophic infants (excluding pyloric stenosis) is
6.0g,, but it varies on different diets, The average of 13
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observations on humanised dried milk and full-cream dried

milk is 9,5g. while the 2 cases on food A with a high fat
intake shows an average of 4,4g, dried faeces, On the ordinary
milk and water diet, the weight of the dried faeces tends

to decrease slightly with a decided decrease in the daily fat
intake down to 12g. but[:gﬁ)a{ it tends to rise, This is
obviously due to the general increase in the output of total
mineral matter as shown in Fig. 111, Again the faecal matter
from humanised milk tends to be greater than from ordinary milk
and water diet giving the same intake of fat. The average
weight of the dried faeces from the humanised milk diet is 9.2g.
for 6 cases as compared with 6,9g for 7 cases on ordinary

milk and water diet, (Compare EeesweeF with Gee--weH in
Fig.I1,)

Since the pareenﬁags of fat in the dried faeces from
humanised milk diet is higher than from milk and water diet, and
since the weight of faecal matter is aldg|greater, it follows
that léés fat is absorbed from the same fat intake with
humanised milk then with ordinary milk and water diet. (Compe re
Keeoueoll with He--=s-P FigiII.) The conclusion to be drawn
is that although the amount of fat absorbed from humanised
milk may actually be véry high when the fat intake is high,
it ie absorbed with the expenditure of more anergy than is
the fat fram ordinary milk and water,

It seems evident from Fig, II that if the fat supply is
less than laﬁﬁaily, it is insufficient, A similar conclusion
is reached from a consideration of the calcium metabolism,
which depends'to some extent on the fat supply, The fat
intake must be not less than 12 - 14 grams daily to ensure
an adequate absorption of calcium|Hickmans (12),

The high percentage absorption with a low fat diet seems
to indicate that more fat could be absorbed if supplied.

The Amount of Fat Absorbed, The average percentage absorption

in 82 cases of marasmus was found to be 87.7%; Since this

average figure includes a very wide range (55.8 to 97.7) it
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is better to consider the actual amount of fat asbsorbed, It
is clear that with a h}gh fat intake, there can be a high
actual absorption, These caseé show a maximum figure of
31.6g. per day on cow's milk and water, 34.8g. on inmanised _
milk and the two cases on food A 35.0g and 37.0;. respectively.

The greatest gains in weight on milk and water and the

corresponding amounts actually absorbed and the amount abeorbed
per kilogram of bedy-weight are given here for comparison witn

some other figures,

‘Diet, Age, Absorption | Absorp~ Intake | Gain
(weeks) | per day. tion per per | or loss
; ' kilo of | kile gs in wt,
| | body wt, | '
Cow's milk & ; %
Water, 25 28.4g. 6.3g. ; 6.9g. +8%oz,
: s ‘ |
i 8] e 5.0 } 5.7 ! +7%
" (casee) M. N 6.2 e MG
A 13 14,9 4.1 1 4% | "N
 ( HC1,) 13 13.8 5.0 e L el
Humanised Milk A 15 34,8 741 | iy | ¢
. 14 34,1 8.9 i 10.8 414
Food A 23 ' 37.0 9.2 | 9.6 +14
| i

Lindberg's normal infant quoted by Hamilton (13)
absorbed 27.3g. or 6.3g. per kilo daily., This is practically
the same firgure as found in the case here with the best gain
in weight. Holt & Fales (14), state that healthy nursing
ehxldrén require 20g. oétgaily, increasing to 40g. at 6 -
7 months, or 4g. per kilo; but that infants on eow's'milk should
have smaller amounts than this., Galbraith ( 15) says that the
amount is 18g. in the first month, rising to 28g. in the seventh
month, It is clear from this investigation that many atrophie'
infants of 6 months of age or under cang%ﬁ%ually absorb as much
fat as is suggested for healthy nursing children by Holt &
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‘Fales and umre than suggested by Galbraith, 1. e, - up to 31.6g. on
cow's milk aaﬂ water, and up to 34.8g. and 37.0g. on humanised
milk and food A respectively: and while the average absorption
in 82 cases is 4,0g. per kilo, individuals can absorb per kile
more than this - viz, up te 6g. per kilo on cow's milk and up tp
about 9g. per kilo on humanised milk or on food A, This higher
absorption is only to be expected when under-nourished children are
puliing thei:‘weight up to normal in the absence of gﬁatro»intestinal
disturbances. But in the opinien of Dr, Parsons the absorption of
such large amounts of fat from such an uneconisgal food as humanised
milk appears to be, because the excretion is somewhat excessive,
‘may place such a strain on the child's resources that it may
eventually lead to fat intolerance if continued for any length of
time, _
Digestion of Fat, The proportion of meutral fat in the total fat
excreted has not exceede 14.47 in any group except that on
food A, though individuals show a higher figure, An analysis
of the results shows:-

Neutral fat less than 5% of total feaal fat in less than 377 of
{the cases,

' * Dpetween 57 & 10% # " 8 34% of the cases
" "  over 10% % w & lgps than 30%Z of the
cases.

Two out of 4 cases showing over 207 neutral fat occur on
food A, Here however, the actual amount of neutral fat excreted is
fairly low because the total fat excreted was small, (See Figs.lV &
V). It is diffioult to account for the high percentage of neutral
fat in cases 61 and 55, ‘

Holt's observation showed that fat splitting was good in
all cases he exaniﬁed exeept in diarrhéea, The£é=1s'hsre neo
indieation that lipase is défieient in marasmus in the absence
of diarrhdea; and since the average neutral fat for fhe group of
pylorie stenosis cases is 5.8% total fat, there is no deficiency
there either,

Holt states that the free fatiy aeid is 174 i# normal cases,

increasing to 30% in diarzh&%a. Although the average of 82 cases
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here examined is 20,9%, there are 17 cases where 30% is ex-
ceeded without showing diarrhoea, Three were; however, very
i11 at the time of observation and died a few days later, One
is the case showing fat intolerance, previously commented on, and
one was a case of pyloric stenosis who also died a few days later,
Five of the remainder were on foods other than ordinary milk and
watef mixtures,
Fig,1V. showing thcintake of fat daily and the distribut-
ion of the saponified fat, free fatty acid and neutral fat in
" the faecal fat, does not show any particular relationship between
these beyond the fact that the proportion of total fat excreted in
the form qf saponified fat remains about the same (within fairly
large limits) whether the intake is large or small, except in
the faeces from food A where it is decidedly low, The percentage
of neutral fat tends however, to increase when the fat intake
becomes very small, both in marasmus and pyloric stenosis,
The percentage of neut:dl fat is also higher for the same intake
of fat from humanised milk than from cow's milk and water.
(Compare Ae==-meneceeB With Qewe-ece-e-=D Fig,1V,) This is
possibly explained by the lower amount of ecalcium in the humanised
milk then in the cow's milk and water ([Hickmans (12ﬂ.
Pig, V shows that there is much less variation in the
actual output of saponified fat, free fatty acid and neutral
fat when the intake is below 12g, This would tend to confirh
the idea that all fat excreted when the intake is less than 12
grams is truly excreted fat,
Summary of Fat Metabolism,
1, Fat digestion and absorption, in the absence of diarrhéea,
is in general normal in atrophic infants fed artificially, It
differs very much however, on different diets, The occurence
of ﬁat'"fat intolerance" is very rare,
2, The output of fat is affected to some extent by the intake
of fat, It appears to be fairly constant in amount when the

intake is below 12g,: but is considerably increased in
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amount on dried milk preparationa giving a high fat intake,

Broadly speaking however, & high fat intake results in 2 high
fat absorption, particularly in the cases fed on food A, the

- fat of which is egg and butter fat combined,

3.

4o

e

6,

7s

8,

9

10,

The average faecal fat for 82 cases of marasmus in infants

up to 6 months. of age fed on different diets was found to

be 364,8% of dried faeces, It was 37.4%7 for the cases on
ordinary milk and water diet of medium fat content, but con-
siderably higher in those cases fed on dried milk preparations
with a high fat content, The faeces from humanised milk
contained a higher percentage of fat than the faeces from
ordinary milk and water giving the same fat intake,

The average weight of dried faeces in 82 cases of marasmus
was found to be 6,0z, but was considerably higher in the
cases fed on dried milk with high fat content and lowest in
the cases fed on skim milk and food A,

The output of faecal matter tends to inerease when the fat
intake is below 12-l4g, corresponding to an increase in the
output of total mineral matter,

Fat up to 37.0g. per 24 hours can bg absorbed by atiophic
infants under 6 months of age on certain diets,

Individual cases have shown an aﬁsozption of 6g., per kilograpm
of body weight on ordinary milk and water diet, and 9g.

per kilo on humanised milk or food A,

Although the absorption on humanised milk is good, it involves
excessive fat excretion which may lead to fat intolerance

if cnntinﬁed for any length of time,

Fat digestion is good in the absence of diarrhéea in all
groups, The jercentage of neutral fat excreted was found to
be highest in the cases fed on food A, A few exceptional
cases on milk and water diet showed stools with a high pers
centage of free fatty acid; also some of the cases on prepared
foods,

Probably there should be at least 12g, of fat in the diet per
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24 hours,

11, This investigation fails to confirm the the'ery‘er Czerny
that the output of ammonia in the urine of athreptic
infants is increased by a high fat diet, or that the main
cause of infantile atrephy is diffioultyin dealingf;‘vith
fat,
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I CALciom MeTasoLsM.
- The calcium metabolism of 62 of the 82 cases of marasmus

Just described has been studied and the relationship between
the fat and calcium metabolism established, The results
obtained in 48 of these cases have been published in the Bio-

chemical Journal (1924 18 5), a copy of which is appended,

The results obtained for the remaining 14 cases are given in
Table 10, and are in general agreement with the 48 cases, the
average absorption for the 12 cases on humanised milk, dried
milk, condensed milk and dried skim milk preparations being
43,4% as against 43,0% for the 48 cases,

The 2 cases on food A are of especial interest however,
They both show & normal intake, but an abnormally low output
of calcium, resulting in a high percentage absorption, If this
is confirmed by the investigation of further cases, this food
will be highly valuable from the calcium standpoint as well as
from the fat standpoint,

I _PROTEIN METABOLI

The literature on the protein metabolism of atrophic
infants is not extensive., In a study made by Heubner and Rubner
{quoted by Utheim -« ibid) in 1899 on an atrophic baby, 3%
months old, the nitrogen loss through the intestine is
given as 18,27% as compared with 6,387 for a normal weight baby
of 7 months; that is = the absorption is only 81,73% compareéd
with 93,6% normally, In 1910 Meyer (quoted by Utheim) found
a negative balance in 2 cases out of 3 which he considers due
to salt loss, Utheim, in the paper previously quoted, has
reported total nitrogen determinations on 18 atrophic children,
Some of these estimations were for 1 or 2 days only and 5 were
over 6 months of age. Fliminating these for comparison with
this series, the averages of 22 observations on 14 infants are:-
absorption 75.4% and retention 36,0%, the average intake being




- 20 =

1,70g. (range 0,6 to 3,6z,), She found that the nitrogen
balance might be negative even with inereasing weight, The
estimations were done on moist fresh stools preserved under
toluol and kept on ice and anal&aed immediately after
collection was complete, z

Utheim concludes that nitrogen absorption is fairly
normal, but that the retention is poor "due to a deficient
utilization throughout the organism or to actusal destruct-
ion of the body tissues",

Fleming & Hutchison (8) maintain also that nitrogen
- absorption in 'marasmus is not impaired, and state that in
atrophy, nitrogen can be satisfactorily retained in the body,

The average percentage ahsorption found by them for
37 daily observations over 10 periods is 85,0%, and the
retention68,4%, the average intake being 3,96g. of nitrogen
per day, They state that there was no example of a negative
balance in any of these observations "probably due to the
large intake of nitrogen in nearly all the cases",

rﬁe present series of observations on nitregen
absorption cohsists of 143 days' observations on 29 atrophic
infants and 2 infants of normal weigﬁt. the results being
shown in Table 11, The analyses were made ﬁy the Kjeldahi -
Gunning method on a proportiomate part of the 24-hrs, speci-
mens of moist faeces,; collected as previously described,
The output of nitrogeu by the urine was determined in 18
cases only owing tallosa of urine during the collection
period,
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The absorption and Retention of Nitrogen.

Rela between the D Faecal Weight, the Protein Output,
an e Fai tput Fig. V1 shows clearly there is a

much greater variation in the output of fat than in the output
of protein (N x ('25). The output of protein remains fair-
ly constant though there is some decreases with considerable
decrease in total weight of dried faeces, - The 2 cases on
dried skim milk preparations show a much larger proportion

of protein however than the cases on ordinary milk and water
diet, The fat output'in these two cases was very small,

Relationship between the Intake and Output of Nitrogen, Rig.V1l

shows that the constancy in the output of faecal nitrogen is
maintained although there is a cousiderable difference in the
intake in the cases - This means roughly that the more
nitrogen is given, the more is absorbed, This is represented
graphically in Fig.V1ll and is also endorsed by the following

figures:=
Author, Av, inteke per
‘ 24 hours, Av, % absorption, ,Av, wt.absorb
\
Utheim 1, 70g. 75.4 1.28g,
Hickmans 2,50 868 2,20
Fleming & | 3,96 85,0 3,37
Hutenison, ; | : '

_iﬁénahtﬁutmét nitrogen in the urine varies consideradbly, It
decreases only slightly with a considerable decrease in intake
on a milk and water diet (Fig.,V1l) and this means again that
the weight of nitrogen retained is much less on a low nitrogen
intake than on a high nitrogen intake (Pig,V1l,) The output
of nitrogen by the urine on a diet of dried milk preparations
appears tc be on the whole greater than with a corresponding
intake of nitrogen from ordinery milk and water (Fig,vll) and
consequently the retention is lower (Pig,V1ll,) It is impossible
to say however, whether the dried milk protein is more diffie-
cult to utilise than protein from ordinary milk until further

work has been done, The protein retention in the one
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Case Ho, | £ Fat in food | Pat intake per | Mg, ¥B3 in 100ce | Mg.H3 output
, 24 hrs, urias, per 24 rs,.

e 2340 1 ;g | -
1.8 v cg 20,48 »
262 u§ "' -
M & & | i
iy 137 815 :
3. 4.4 69.9 -
1.6 647 3 oz -

I\ Awn%o. 23.9 .



Table 13, Ammonia Output & Urine,
. ( w}
: % Fat Mg 333  No, of Av, total | Ho,ef
Author, Diets | in Foods | Periods output of | perieds
: m 100cc,| of ob- m:s(yg. ) of obe
Urine, serva- | | servas
| tion, | per 24 hrs. {ion,
Uthetn ‘ st e e b | 9
i : . ¥56 g-dag ob~
: . | servation,
Hickmens | (Humanised 24 to 4,8 11.8 S 16.2 8
’ HI2K & | 1.6 t0 3.4 26,3 19 114,38 14
" Dried | 2,0 %0 2.6 296 | .2 6644 2
Hilk, !
. Skim 0,2 to 1.6’ 45,6 | 1 139.0 5
Milk, | |
Hickmans \
E n} Hilk & | 203 t0 2,8 99 2 3044 2
Water, k
':.mw
loric » :
ﬁm oion® 1.5 %0 2,2| 23.9 9 . ..
| -
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caseé on fobd A that has been examined so far appears to be
coapa;able with that from ordinary milk and water diet, This
protein is derived from egg yolk and not from milk, The low
intake of ﬁitrogen in the cases on humanised milk (where the fat
content is fairly high) is notimeable, (Compare the low calcium
intake on the same food,)

Ko Basg of a negative nitrogen balance has yet been

found.
Observations have been made during this investigation on the
ammbnia output of 34 cases of marasmus, and are reported in
Table 12, The estimations were made by the method of Folin
and are therefore comparable with those of Utheim done by the '
same method, From her figures for volume and percent of
"Ammonia® nitrogen in the urine of 9 of her cases (eliminating
the one case over six months of age),'the total ammonia eliminated
in 24 hrs, has been calculated and is given for comparison in
Table 13, tégethe;'with&he percentage ammonia in the urine dure
ing 9 periods of obsefvation in pyloric stenosis (covering
42 observations), in which the fat absorption is not defective

E?araona & Barling, (6)3.

These observations were made with the intention of establishing

l\:\ "Q.

the relationship between the ammonia output and the fat outpul

in marasmus, czerny3a theory of fat intolerance having been based
on the assumption that ammonia output was abnormally high in
atrophy and increased with an 1nc£eaaed fat intake, Unfortunate-
iy in this investigation it has not been possible to examine the
output of ammonia for many normal infants, bdbut the output in

the cases of pyloric stenosis (where although the fat absorption
is normal, very small feeds were being given) is somewhat lower
than that observed in marasmus on the same kind of diet (milk
and water), The output of ammonia varies very much, however,

on the different diets, being low in the cases on dried humanised
milk with a high fat content, and high on skim milk diets,

while the group on ordinary milk and weter diet gives an inter-



o]
mﬂdiaﬁéavélue; the range however, in this group, being
large, zgﬁe fact that there is a low output of ammonia on the
humanised milk may be connected with the fact that the intake of
nitxﬁgﬁn i;'low; and the high output of ammonia on skim milk due
to the ﬁi«{sr intake of nitrogen, (See Fiz, V1l) It is regretable
that up;@& 4he present the nitrogen and ammonia estimations were
not a;j&yﬁ'done on excreta from the same infant, bui this point
wilxghﬁ’investigated a8 opportunity arises, Until further

l has been done, no definite conclusions can be arrived at,

Summary 6f Protein Metabolism,

(1) The daily faecal output of nitrogen in the various cases is
fairly eonatﬁnt, evén with considerable variation in the intake,
(2) The weight of nitrogen.absorbed inereases with an increase
in intake of nitrogen, :
(3) The output of nitrogen in the urine shows considerable
variation in the different cases and appears to be somewhat
greater on diets of dried milk preparations than from diets of
ordinary milk and water giving the same nitrogen intake,

{4) There has not been a case of negative nitrogen palance in
this investigation,

(5) The ammonia output in the urine of atrophic infants wa.s
found to be low on humanised milk diet and high on skié:;;et
This may be connected with nitrogen intake rather than with
the fat intake, but this point remains to be investigated,

. (6)i2he absorption of protein by atrophic infants on artificial
dieié is normal in the absence of diarrhoea} but the retention

h?ariea considerably and may be low,
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