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Thirty-two protein-calorie malnourished (PCM) children were studied on
admission to hospital and throughout recovery. Absorption studies in-
cluded nitrogen, fat, purified 13Y-labeled triolein and oleic acid, vitamin A
palmitate, glucose, D-xylose, and vitamin B,,. Protein depletion was mea-
sured by the creatinine/height index (CHI). Severe malabsorption of all
substances was present in all severely malnourished children (CHI <
0.55). As children became less protein-depleted with nutritional recovery,
malabsorption decreased, in the following sequences: absorption of nitro-
gen, D-xylose, and vitamin A palmitate recovered soon after initiation of
therapeutic diets; absorption of fat, purified !*!l-triolein and -oleic acid,
and vitamin B,, recovered slowly and in a highly correlated fashion. Re-
sults with both purified 13!| substrates were identical throughout. The find-
ings of this investigation are compatible with the concept that malabsorp-
tion in protein-calorie malnourished children affects mucosal function

throughout the gut as a consequence of protein depletion per se.

Intestinal malabsorption has been amply
documented in protein-calorie malnourished
(PCM) children (1,2). The physiopathologic
basis for the malabsorption, however, still re-
mains unclear, although decreased pancreatic
function (3), lactase deficiency (4), intestinal
mucosal abnormalities and dysfunction (2, 5),
and abnormal distribution and composition of
the autochthonous intestinal flora (6) have been
documented.

Recently we have shown that fat malabsorp-
tion is severe in PCM children; that it involves,
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in the same proportion, the absorption of puri-
fied 13'I-triolein and !3!'I-oleic acid; and that a
prolonged period of dietary therapy is needed
for regaining normal fat absorption (2). The
role of pancreatic lipase deficiency in producing
the malabsorption, therefore, seems doubtful.
Also doubtful in our cases is the role of lactase
deficiency, since the same pattern of malabsorp-
tion has been found in children receiving lac-
tose-free diets, and the addition of 40 g of lac-
tose per day to these diets has not produced
significant gastrointestinal alterations (7, 8).

The purpose of this investigation was to ex-
plore the intestinal absorptive function of PCM
children before and during recovery in relation
to the severity of protein deficiency, estimated
by the creatinine/height index (CHI) (9).

A battery of tests designed to investigate the
functional capacity of various parts of the gas-
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trointestinal tract and the handling of various
substrates were done in children on admission
to hospital and during recovery. The tests in-
cluded absorption of p-xylose, glucose, nitro-
gen, fat, purified *3'I-triolein and -oleic acid, vi-
tamin A palmitate, and 3’Co-vitamin B,,. Fat,
glucose, and vitamin B,, absorption improved
slowly and in a highly correlated fashion with
protein repletion, while p-xylose, nitrogen, and
vitamin A palmitate absorption appeared to re-
cover quickly after initiation of therapeutic
diets, before any significant degree of body pro-
tein repletion had taken place.

MATERIALS AND METHODS

A total of 32 severely PCM children with edema were
studied. Of these, 22 were included in absorption studies
other than ¥Co-vitamin B,;; the absorption of this vitamin
was studied in 10 children. The children were studied again
at different stages of recovery and also when they were fully
recovered (judged by clinical appearance, weight for height
greater than 95% of the 50th percentile of weight for their
height according to Stuart and Stevenson’s tables {10], and
CHI greater than 0.83) (9). The CHI index, which esti-
mates the severity of protein deficit of malnourished chil-

Table 1. Characteristics of the Children Studied

During
Admission recovery Recovered

No. of

subjects 32 27 22
Age 28* 33 34

(months) (14-73) (15-72) (24-60)
Weight for 74+ 87 106

height (%) (60-96) (62-102)  (85-120)
Total serum

proteins 3.47 5.38 7.15

(g/100 ml) (2.66-5.40) (4.76-7.60) (7.01-7.60)
Serum

albumin 1.92 3.35 4.05

(g/100 ml) (0.87-2.84) (3.17-4.60) (3.60-4.60)
Creatinine

height

index

0.55 0.78 0.94
(0.36-0.77) (0.51-1.01) (0.85-1.09)

*Mean and range
tMean minimal edema-free weight and range
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dren in relation to normal children of the same height, is
calculated as follows:

72-hour urinary creatinine of the malnourished child
72-hour urinary creatinine of a well-nourished child of the
same height

This measurement yields the same results as total body
potassium (11). The pertinent characteristics of the children
are shown in Table 1.

On admission 27 of the 32 children (84%) had nonspecif-
ic diarrhea, ranging from mild to severe; assessment was
based on the number of bowel movements per day, the stool
weight/24 hours, and the characteristics of the feces.

A smaller number of the children had diarrhea in the re-
covery phase (33%) and when fully recovered (23%).

Stool cultures revealed Shigella flexneri in 5 children on
admission and in 2 during recovery. No enteropathogens
were isolated in the rest of the children. Moderate degrees
of infection with helminths and protozoa were present in
the majority of children. Ascaris lumbricotdes, Necator
americanus, and Trichuns trichiura in single or combined
infections were present in 60% of the children. Entamocba
histolytica was identified in 3 (none of which had dysenteric
syndrome), and Giardia {amblia infection was diagnosed in
4 children. No specific treatment was administered for these
infections until after the study. Fifty percent of the children
presented helminth infections during recovery and when
fully recovered. Entamoeba hustolytica and Giardia tamblia
were identified in 4 children during recovery and when fully
recovered. There was no association between diarrhea and
parasites or enteropathogens throughout the study.

Treatment was divided into two phases (12). During the
first week of hospitalization, treatment for respiratory in-
fections and water and electrolyte imbalances was adminis-
tered. At this time the children were receiving milk or ca-
sein-based diets which provided 7 g of protein/kg, day and
70 calories/kg/day, 20 to 30% of which were derived from
cottonseed oil. Carbohydrate sources were corn starch, su-
crose, and dextrin-maltoses. After this period, the concen-
tration of the diet was increased so as to produce an intake
level of 2 to 4 g protein and 120 to 180/kg/day calories.
Throughout the study the children received a vitamin-min-
eral mixture (including FeSO,) to provide the recom-
mended allowances of these nutrients.

The tests used to measure fat absorption have been de-
scribed in detail (2); they included fat balances and purihed
Bif-triolein and -oleic acid absorption. Vitamin A absorp-
tion was explored by Mendeloff’s procedure (13). p-xylose
absorption was measured both by 5-hour urinary excretion
and by blood levels obtained in 0.2 ml of blood at 30, 60, 90,
120, and 180 minutes. The dose of p-xylose was 5 g/ 150 ml
water. One hour after this dose, 100 ml extra water was
given. D-xylose was determined by the Somogyi-Nelson
method (14) against appropriate p-xylose standards; the
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samples were preincubated with glucose oxidase.* The
variation coefhicient of this method was 1.5% and the resid-
ual reducing power of p-xylose-free samples after glucose
oxidase treatment was less than 2 mg/100 ml. p-glucose
absorption was measured by the sequential determination
of oral glucose tolerance and intravenous glucose dis-
appearance. These tests were done 1 day apart, alternating
their sequence in different children. Results did not vary
with the sequence used. The oral glucose dose varied be-
tween 2.5 and 1.75 g/kg, depending on the weight of the
child (15); the intravenous dose was 0.5 g/kg. Capillary
blood (0.2 ml) was obtained a) on fasting, b} after the glu-
cose dose at 15-minute intervals for 1 hour, ¢) at 30-minute
intervals up to 4 hours during the oral glucose tolerance
test, and d) every 5 minutes for 40 minutes during the intra-
venous glucose disappearance test.

The rate of glucose absorption was estimated mathemati-
cally by increasing the blood glucose levels obtained during
the oral test by the amount of glucose which would have dis-
appeared as expected from the blood glucose levels obtained
at different times alter the oral dose, based on the glucose
disappearance rate obtained in the intravenous test. This
correction would yield theoretic blood glucose values in time
after the oral dose, as if no glucose were disappearing from
the blood. Glucose was determined by the glucose oxidase
method (16).

Nitrogen (N) absorption was determined by accurately
measuring N intake and lccal N between two carbon mark-
ers during a 3- to 4-day period. Nitrogen was determined by
the Kjeldahl method (17). Measurement of ’Co-vitamin
B,, absorption was done by a modified Schilling test, ad-
ministering the *’Co-B,, in solution. The amount of Co
given was (.05 uCi (specific activity 750 uCi/mg B,;) + and
was followed by an intramuscular injection of 1000 gg vita-
min B,, 2 hours later. On admission, the test was performed
with and without intrinsic factor (1/3 the adult dose) one
preceding the other in an alternate fashion. Urine was col-
lected in 24-hour periods for 3 days.

RESULTS

To investigate the role of the severity of pro-
tein deficiency in the absorptive processes, the
children were cataloged according to CHI on
admission as follows: those with CHI below
0.55 (Group I, N = 12) and those with CHI
above 0.55 (Group II, N = 20). Group I was
the most severely protein-depleted. These
groups did not differ in their minimal edema-
free weight for height (Group I = mean 0.76,

* Worthington Biochemical Co, Freehold, NJ
t Abbot Radiopharmaceuticals
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range 0.60-0.96; Group I = mean 0.73, range
0.67-0.89). Serum albumin levels were lower in
Group I (mean 1.84, range 0.87-2.46) than in
Group Il (mean 1.98, range 1.34-2.84). The
differences were not statistically significant.
The recovering children were also divided into
two groups based on their CHI. Group III con-
sisted of the children whose CHI was still below
0.85, and Group IV contained those whose
CHI was above 0.85. This last group differed
from the fully recovered children (Group V) in
that they did not fulfill one of the three criteria
previously indicated for full recovery.

Fat Absorption

The results of the fat absorption studies are
presented in Table 2. On admission fat malab-
sorption was severe, particularly in the children
with greater protein deficit, indicated by a CHI
below 0.55. These children, besides showing
very low values in the fat balance studies, were
unable to absorb vitamin A palmitate. The :ual-
nourished children belonging to Group II, how-
ever, had less severe fat malabsorption, some
showing only minor fat malabsorption on the
three tests in this study. As recovery took place,
fat malabsorption soon reached normal levels,
based on fat balances and in vitamin A absorp-
tion tests. However, the '] fat absorption was
still abnormally low. The results of purified
Bll-triolein and ''I-oleic acid are presented
together since, as was shown previously (2),
there were no differences between the absorp-
tion of these two substrates in any of the groups
studied.

The regressions between CHI and apparent
fat absorption determined by fecal fat and ']
fat absorption are shown in Figures 1 and 2, re-
spectively. In both cases, the correlation
cocfhicient is highly significant; however, the
scattergram of CHI and ™1 fats discloses a
more progressive trend for improved absorption
as CHI increases than is observed with fat bal-
ance. In this case a rapid increase in fat absorp-
tion seems to occur up to a CHI of around 0.70,
and to remain essentially constant at hicher
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Table 2. Fat Absorption of PCM Children. Test Results for Fat Balance, Purified 13)|-Triolein
and -Oleic Acid, and Vitamin A Paimitate Absorption

During -
Admission recovery
Recovered
Group | Group Ib Group 1l Group IV Group V
Creatinine
height index <0.55 >0.55 <0.85 50.85 0.94 : 0.08
(range) (0.36-0.53) (0.55-0.77) (0.60-0.83) (0.85-1.01) (0.85-1.09)
Percent of:
fat absorption 55.3+18.8 785+16.5 92.4+:46 84.1+8.7 92.4:8.7
(X = SD) (9)* (7) (6) (9) (11)
Percent of 131}
fat absorption 25.6x10.1 54.3+25.5 70.1+17.7 745+11.6 89.5:45
(X = 3D) ¢ 7 (6) (9) (4) (11)
No. of children
who absorbed
vitamin A« 0 5 4 4 12
palmitate (9) (7) (4) (4) (12)

*Numbers in parentheses are numbers of children studied.
Significance levels among groups for fat absorption were: |: ail others, /> < 0.01: 11: V. /» < 0.05: for 131}
fat absorption levels were: I, P < 0.02; NN &V, P < 0.0L; 1 & IV:V, P < 0.01: NIV, £ < 0.02.

CHI values. In Figure 2 the results obtained in
a malnourished child who also had celiac dis-
ease are indicated. This child, in spite of having
recovered nutritionally, still presented fat mal-
absorption, based on !¥'l-triolein and -oleic

acid absorption values.

Correlations hetween serum albumin levels
or weight for height, and absorption of '] fut
were less satisfactory than with CHI: »r = 01,372
and r = 0.489, respectively.

110 -
100 A
90 -
80
—
e 704 Fig 1. Scattergram of fat
S 601 absorption vs creatinine
‘é. 5o height index (CHI) n mal-
e nourished children and dur-
g 401 . ing recovery. Correlation
30 - *° between CHI and apparent
20 total . fat: - absorption as
percent of intake. Fat ab-
10 4 sorption was measured by
] . . . . ] ) . — - fat determinations of intake
Q.10 020 030 040 050 060 070 0.80 Q90 100 (.10 and feces on 3 days. Y =
Creatinine height index 19.7 + 77X;r = +0.79
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D-Xylose Urinary Excretion and Glucose
Absorption Rate

Five-hour urinary bp-xylose excretion was
significantly lower in children on admission
(Table 3) but reached normal levels early in re-
covery, independent of the degree of protein

repletion. Studies conducted in 6 children
showed that as early as 10 days after initiation
of therapeutic diets, p-xylose excretion in-
creased significantly, reaching values near nor-
mal levels (mean 28.6 + 9.8). p-xylose blood
levels were higher in the children who excreted

Table 3. p-Xylose Urinary Excretion and Rate of Glucose Absorption

During
Admission recovery
Recovered
Group | Group | Group il Group IV Group V
Creatinine
height index <0.55 >0.55 <0.85 50.85 0.94 + 0.08
Percent of b-xylose
excretion
(X + SD) 154+ 3.1 177+ 1.8 340+ 11.7 31.8 = 10.7 340+ 76
(9)* (7) (6) )] (11)
Rate of glucose
absorptiont
(X + SD) 68.7 + 37.4 1240 + 71.3 145.8 + 38.7 2266 + 794 2982 + 1305
9 (6) ()] (11) (11)

*Numbers in parentheses are numbers of children studied.

{Theoretic rise of blood glucose (mg/100 m|1/60 min)

Significance levels among groups for pb-xylose excretion were: | & ILILIVV, P < 0.01; for glucose ab-
sorption rate levels were: lIII1LIV,V, P < 0.01; Il:V, P < 0.01; H1:1V, P < 0.02; 111V, P < 0.01,
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Table 4. Characteristics of Blood Glucose Metabolism
During
Admission recovery
Recovered
Group | Group Il Group Il Group IV Group V
Creatinine
height index 0.55 0.55 0.85 0.85 094 + 0.08
No. children
studied 9 7 6 9 11
Fasting blood
glucose (mg/
100 ml) 624 +12.6 68.2 =+ 6.8 702 + 8.0 743 + 5.0 766 £ 103

Blood glucose

levels at time

Qin IV test

(mg/100 ml) 3014 +966 2640 120 2526 + 35.1 247.1 +£51.2 2458 1 55.1
Glucose disap-

pearance rate

constant (K)

(%) 203 x 0.66 3.63+ 0.36 3.66 + 0.21 298 x 054 300 0.25
Peak blood glu-

cose in oral test

(mg/100 ml) 1075 + 9.7 1043 + 53 1276 + 64 1340 +163 1324 +10.1

Significance levels were: for fasting blood glucose: LIV&V, P < 0.02; for glucose disappearance rate
constant (K):l:all others, P < 0.01; IV, P < 0.02; I}V, P < 0.01; for peak blood glucose in oral test: i&!l:all
others, P < 0.01.
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more urinary xylose. In no case was there a re-
verse situation, indicating that the low urinary
excretion was not due to a decreased renal ex-
cretion of absorbed p-xylose. On the other
hand, in 7 of the 16 children belonging to
Groups I and 1 the highest p-xylose concentra-
tion in blood occurred in the 90-minute sample,
while in the rest of the children the blood levels
peaked in the 60-minute sample.

The rate of glucose absorption for the 5
groups of children, expressed as the theoretic
rise in blood glucose (mg/100 ml) in 60
minutes, as if no glucose disappeared from the
blood, is also shown in Table 3. A progressive
rise is observed as the CHI increases. The scat-
tergram of the values obtained, as well as the
linear regression and correlation coefficient be-
tween CCHI and theoretic rise in blood glucose
in 60 minutes, are shown in Figure 3. The cor-
relation coefticient (r = 0.695) is highly signifi-
cant. As occurred with fat absorption, the corre-
lations between rate of glucose absorption and
weight for height or serum albumin levels were
much lower (r = 0.477 and r = 0.430, respec-
tively).

The fasting blood glucose levels in the 5
groups of children, their extrapolated blood glu-
cose values at time O in the intravenous glucose
disappearance test, the blood glucose dis-
appearance rate constant (K), and the peak
blood glucose levels obtained in the oral glucose
tolerance test are shown in Table 4. In all of the
variables listed, except for the extrapolated
blood glucose levels at time O in the intravenous
glucose disappearance test, children belonging
to Group I had significantly lower values. Chil-
dren belonging to Group Il on admission did
not differ from those in Group I, except in the
peak values in the oral glucose test, but were
significantly different from those in Groups IV
and V in the glucose disappearance rate con-
stant (K), as well as in the peak values in the
oral glucose test. The highest blood glucose con-
centration in the oral glucose tolerance test was
delayed in only 1 child belonging to Group I,
whose blood glucose peaked in 90 minutes. In
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Group I, 5 of 9 children and in Group II, 3 of 6
children had the highest blood glucose levels in
the 60-minute sample. In Groups III, IV, and
V, 47% of children had the highest blood glu-
cose concentration in the 60-minute sample.
The 240-minute blood glucose concentration
in the oral test was the same for all groups (to-
tal mean, 74.7 mg/100 ml), although in the
children belonging to Group I the mean was
slightly higher (79.4 mg/100 ml).

Apparent Nitrogen Absorption

On admission, in the malnourished children
who were receiving 112 mg N/kg/day, N ab-
sorption (as % of intake) was significantly lower
(P < 0.02) in Group I (mean + SD =
52.6 + 16.4) when compared to Group II
(mean = SD = 69.7 + 7.3). However, when N
intake was raised to 320 mg/kg/day (2 g of pro-
tein/kg/day), apparent N absorption as % of
intake did not differ in any group, the means

and corresponding standard deviations ranging
from 78.6 + 5.4 to 84.7 + 5.2.

Vitamin B,, Absorption

To investigate the absorptive capacity of this
vitamin, 10 PCM children were studied on ad-
mission, 9 during early recovery (12 days of
therapeutic diet) and 10 when fully recovered or
in advanced recovery. The results of these stud-

Table 5. Urinary %7Co-Vitamin B,, Excretion

Early

Admission recovery Recovered

Creatinine

height index 0.58 + 0.10* 0.64+0.09 0.87+0.02

57Co Urinary
excretion in
24 hr (% of
dose)

Number of
tests

9.4 85 17.0£10.1 31.4+9.7

20 -9 10

*Mean = SD
Significance levels; recovered vs. admission,
P<0.01; recovered vs. early recovered, P<0.02
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ies are presented in Table 5. The children were
not separated on the basis of their CHI on ad-
mission, since there was no significant differ-
ence in those with CHI above or below 0.55.
Also, since intrinsic factor administration had
no effect (18) the 20 tests are presented to-
gether. Over 90% of the urinary radioactivity
appeared during the first 24-hour collection in
all cases. Recovered children excreted signifi-
cantly greater amounts of Co than children
on admission or during early recovery. There
was a significant correlation (P < 0.01) be-

tween CHI and %’Co urinary excretion (r =
0.493).

DISCUSSION

Severely PCM children were tested for sub-
strates requiring different processes of digestion
and absorption and also utilizing both upper
and lower small intestinal function; these chil-
dren appeared to have marked malabsorption of
all the substrates tested. Furthermore, the de-
gree of protein depletion on admission and of
protein repletion during recovery were highly
correlated with the absorptive capacity for fat,
nitrogen, and vitamin B,,, as well as with the
calculated rate of glucose absorption. Clearly
lower correlations were found between these
absorption tests and serum albumin levels or
weight for height of the children on admission
and during recovery.

Vitamin A palmitate absorption and p-xylose
urinary excretion did not follow this pattern.
We believe that this is due more to the nature of
the tests than to the recovery of specific gas-
trointestinal functions. Nevertheless, they are of
value in the final interpretation of results.

Vitamin A palmitate absorption is abnormal
only when the malabsorption is severe. This 1s
probably because of the massive dose adminis-
tered (75,000 units of vitamin A, IV) and be-
cause the indicator of its absorption is the peak
of vitamin A blood level (13). This peak is sub-
ject to various influences such as the space of
distribution of vitamin A and liver and tissue
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uptakes of this vitamin, which make the magni-
tude of the peak unreliable to measure different
degrees of vitamin A absorption. Vitamin A
blood levels do not reach 90 to 100 pg/100 ml
of serum (positive absorption) only when vita-
min A palmitate is essentially unabsorbed.
However, taking this test in conjunction with
the results of fat balances, and particularly with
the results of the 3'[-labeled fats, two facts be-
come apparent: first, that lipolvsis, which is an
essential intraluminal step for vitamin A palmi-
tate absorption (19), is not a primary factor in
the malabsorption of fat in PCM, except possi-
bly in the children who are most severely pro-
tein depleted. Furthermore, from this work and
from previous results (20), it can be seen that vi-
tamin A palmitate absorption recovers very
quickly (in less than a week on adequate ther-
apy), while fat malabsorption persists for longer
pertods of time. This s 1n agreement with the
fact that lipase activity, even when clearly
deficient in severe cases on admission, recovers
very early in the process of protein repletion as
has been shown in studies in Africa (3) and also
in our laboratories (21). Second, lipid transport
from the gut and from the liver may be impeded
in severe PCM and thus mav limit fat absorp-
tion (22). However, available evidence (23) also
indicates that the lipoprotein systems recover
early during nutritional rehabilitation. Blood
radioactivity patterns after a dose of purified
131].]1abeled fats (2) also do not favor defects in
intestinal re-esterification of fatty acids or de-
fects in postintestinal transport of fat.

Urinary excretion of p-xylose may be affected
by other variables besides malabsorption per se.
Low urinary excretions in 5 hours have heen re-
ported in the presence of edema (24); also, the
possible metabolism of p-xylose in the intestine
by abnormal bacterial flora in the upper gas-
trointestinal tract may decrease its apparent ab-
sorption (25). Protein-calorie  malnourished
children have increased bacterial flora in the
duodenum (6). Because of the coincidence of
high p-xylose blood levels with high urinary ex-
cretion of this pentose we believe that the renal

Digestive Diseases, Vol. 18, No. 3 (March 1973)
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phasc of this test is not impaired. This belief is
also favored by the results of renal function
studies in PCM children (9, 20).

The rate of glucose absorption, measured as
wils done in these children, deserves discussion
in light of the data in Table 4. First, in spite of
lower [asting blood glucose values in the PCM
children on admission, no signs or symptoms of
hypoglycemia were observed. Second, the ex-
trapolated blood glucose levels at 0 time in the
IV ¢lucose test were similar in all groups, in-
dicating similar spaces of glucose distribution
on a per kilo body-weight basis. However, the
blood glucose disappearance constant was sig-
nificantly slower in children in Groups I, 11,
and 111 in comparison to Groups IV and V.
The reason for this fact is not clear, but PCM
children have clevated growth hormone lev-
els (27), and insulin output secondary to glucose
stimulation 1s poor (28, 29). The decreased
blood -glucose disappearance rate on admission
and during carly recovery validates further the
use of the theoretie blood glucose rise obtained
by correcting the glveemia obtained from the
oral test. by its disappearance calculated from
the IV test. The rate of decline in blood glucose
after the maximal rise in the oral glucose test

was variable, but the blood glucose concentra-
tion in the samples obtained from 150 minutes
after the dose was similar in all groups. Figure
4 shows the usefulness of the calculations of the
rate of glucose absorption, giving results in the
same child when malnourished and when fully
recovered. Glycemia throughout the oral ab-
sorption test was similar in both instances;
however, the rate of glucose disappearance was
significantly slower when the child was mal-
nourished. As a consequence, the rate of glucose
absorption (theoretic rise in blood glucose in 60
minutes) when the child was recovered was sig-
nificantly greater than on admission.

With regard to N absorption, we do not
know if the malnourished children in this study
had some degree of protein-losing-enteropathy,
as has been described in severe PCM (30). This
possibility would easily explain the lower ap-
parent N absorption observed in children of
Groups I and 11, and the fact that the decreased
N absorption was evident only when the
children were receiving 7 g protein/kg body
weight/day.

The defect in vitamin B, absorption in PCM
children on admission and during early recov-
ery, which is not corrected by giving intrinsic

PC 155

225 IV GLUCOSE 290 IV GLUCOSE
- T2 55' T% 16
= K:00126 = K 100433
2 S
> <
£ €
o 140 ORAL GLUCOSE = 140 ORAL GLUCOSE
(%2}
S 120 3 120
> S
o 100 2 100
o 80 8O
o (o]
o 8 CORRECTED Q 8 CORRECTED
4 60 e o 60
@ BLOOD GLUCOSE = BLOOD GLUCOSE 230 mg/100 ml in 60’

40 92 mg/100 ml in 60' 40

20 20

30 60 90 120 180 30 60 90 120 - 180
TIME (min) TIME (min)
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factor, indicates that the terminal ileum of these
children is also affected in severe PCM and that
its function also recovers slowly, being partly
related to the degree of protein repletion. Other
factors besides protein depletion, such as bacte-
rial contamination, may be playing an added
role in ileal dysfunction in PCM (6, 31, 32).
Bacterial overgrowth may also be metabolizing
vitamin B, in the intestine (33).

The total integration of the results obtained
in this and other studies from our laboratories
point to a generalized decrease in the intestinal
mucosal function in PCM, which affects the ab-
sorption of substances which pass the mucosa
through various mechanisms and at different
preferential intestinal sites. Neither lactase nor
pancreatic lipase deficiencies appeared to be
major factors since: a) a similar evolution of the
malabsorption in PCM children is observed
with lactose-free therapeutic diets (8), and b)
lipase levels increase in a matter of days after fat
administration even when protein intake is in-
adequate for protein repletion, the malabsorp-
tive process remaining essentially un-
changed (21). Alterations of the intraluminal
milieu as a consequence of abnormal prolifera-
tion of autochthonous flora (6) and bacterial me-
tabolism of various substrates may play a con-
comitant role with protein deficiency by alter-
ing the physiology of the mucosa (31, 32).
However, the high correlations between relative
body protein mass as estimated by the CHI and
fat, vitamin B,,, and rate of glucose absorptions
suggest that protein depletion per se is an im-
portant factor in the malabsorptive process
present in protein deficiency.

It is concluded that the malabsorption in
PCM is primarily due to mucosal malfunction
or alterations in intestinal milieu which impede
mucosal function. The high correlation ob-
served between the degree of protein depletion
and repletion and the severity of malabsorption
in these children is compatible with the concept
that protein deficiency per se is primarily re-
sponsible for the malabsorption through still
unclear mechanisms.
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