
Intestinal m alabsorption in m alnourished  

children and during recovery. Duodenal 
contents o f lipase, n itrogen , and m icellar fa t  

a fte r  fa t  s tim ulation1

Fernando E. V ite r i2, C ristin a  C on treras3 and 
R oberto E. Schneider3

Instituto de Nutrición de Centro América y Panamá (INCAP), Guatemala, C. A.

S U M M A R Y

F ifteen  severely P C M  child ren  w ith  edem a w ere  studied to determ ine  
the interactions between m ice lla r fa t, lipase ac tiv ity  and nitrogen content 
of duodenal aspirates w hen stim ulated  by a fa tty  em ulsion, in o rder to  
gain know ledge on the  basic mechanisms o f fa t  m alabsorption in PC M  and  
during recovery. Results show th a t a lim ited  num ber of ch ild ren  on ad ­
mission m ay have decreased lipase production to be responsible fo r  the  
m alabsorption of fa t, but th a t lipase a c tiv ity  recovers very  e a rly  In tre a t­
m ent, even w hen ch ild ren  w ere  receiving only  0.7 to 1 gram  of p ro te in /l.c .g . 
M ice lla riza tion  of fa t  recovers la te r during protein rep letion. To ta l n itro ­
gen secretion into the  duodenum  is norm al from  admission throughout re ­
covery. Consequently, lipase deficiency cannot expla in  the fa t  m alabsorp­
tion and decreased m ice llarization  of fa t  in PCM  child ren  and during  reco­
very . These studies point out at the  specific responsive capacity o f the  
pancreas even w hen severe protein depletion exists, and suggest th a t a lte ­
rations in others factors, such as in specific b ile salts and o ther am phipaths, 
m ay be more d irec tly  involved in the process of fa t  m alabsorption in P C M .
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INTRODUCTION

Children with severe-protein calorie malnutrition (PCM) 
have frank malabsorption which affects a variety of nutrients 
(1). Prominent among these are dietary fats and purified 131I 
triolein and oleic acid. The latter are malabsorbed in the same 
proportions and in a highly correlated fashion to the degree 
of protein depletion (1, 2). As a consequence, the absorption 
of these substances is corrected slowly and progressively in 
the course of protein repletion (1). The basic mechanisms in­
volved in fat malabsorption in PCM are still largely unknown, 
although from recent experiments it appears that fat mice- 
llarization may be important in explaining the characteristics 
and the severity of the fat malabsorption in this syndrome 
and when diarrhea is present. Schneider et al. (3) have re­
cently demonstrated that in severe PCM as well as in recove­
red children with diarrhea micellar fat is decreased below 4 
mg of fat ml of duodenal aspirates when fat malabsorption 
is present. In these cases, unconjugated bile salts are elevated 
and conjugated bile salts are depressed in duodenal aspirates 
(4). Furthermore, micellar fat decreases logarithmically 
as the ratio of unconjugated to conjugated bile salts increa­
ses (4).

Other investigators (5, 6) have shown decreased lipase 
activity in PCM which could be responsible for the fat mal­
absorption and decreased micellarization. However, the pre­
vious studies in Guatemalan PCM children have provided in­
direct evidence against this possibility and suggested that 
even if lipase def:ciency occurred in severe PCM, its activity 
rapidly returned to normal with dietary therapy, as has been 
shown by others (5, 7).

The purpose of this investigation was to validate the pre­
viously described indirect evidence of the adequacy of lipase 
activity in PCM children and during recovery, by direct de­
terminations of the lipase activity simultaneous to fat mice­
llarization in duodenal aspirates obtained during and after 
fat stimulation. Also, total, nitrogen in duodenal aspirates was 
measured smce the degree of protein deficiency correlates 
with fat malabsorption and with micellar capacity at the duo­
denum (3), and total protein in duodenal aspirates has been 
highly correlated with pancreatic enzyme activity in the hu­
man and under a variety of circumstances (8-10).
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MATERIALS AND METHODS

Fifteen edematous severely PCM children were the sub­
jects of this study. They were rehabilitated through dietary 
means as outlined in other publications (1, 3, 11). Their per­
tinent clinical characteristics upon admission and at different 
stages of recovery, was described in Table 1. Also, two normal 
children of similar ages were studied. Upon admission, the 
children were rehydrated and were given a stabilization diet 
which provided 0.7 to 1 gram of protein and 70 to 100 calories 
per/l.c./day, 30% of which came from vegetable fat. The pro­
tein sources were either casein + 0.2% methionine or Incapa- 
rina*, and the carbohydrate sources were corn starch, sucrose, 
and dextrinomaltoses. Recovery was achieved by increasing 
the concentration of the diets progressively to provide 3 to 4 
grams of protein and 120 to 180 calories/l.c./day. The pro­
portion of fat calories remained constant at 30%. The children 
were studied the day after admission (ADM) after 6 to 9 
days on the stabilization diets (STAB), when the children 
were recovering and the;r creatinine height index (CHI) (12) 
was between 0.60 and 0.80 (REC ± ) ,  and when they were 
fully recovered (REC) as judged by clinical appearance, 
weight for height above 0.95 and CHI greater than 0.85.

Duodenal aspirates were obtained in the course of fat mi­
cellarization studies (3) where a lipid emulsion is instilled 
into the duodenum at a total dose of 2 ml per kilo divided in 
four equal doses delivered in 5 minutes every 15 minutes. 
Th’s emulsion had 50% corn oil and 0.2 uc of trivalent 51Cr as 
tracer for dilution. Constant suction was applied at the duo­
denum jejunum junction for 90 minutes. The analytical pro­
cedure has been described in detail (3). Any amount of as­
pirate was divided in two portions: one was used for determi­
nations of micellar fat (3) and bile salts (4) and the other was 
frozen inmediately in dry ice and analyzed without delay for 
lipase activity by a modification of the method of Seligman 
and Nachlas (13). Lipase activity was calculated by subtrac­
ting that due to esterase from the total activity. Results are 
expressed as 103 lipase units per ml of duodenal aspirate (1 
unit =  change in OD equivalent to hydrolysis of 10 ug of P

* Incaparlna: Vegetable mixture of protein of high biological value consisting of lime 
treated corn and cottonseed flour, supplemented with lysine.



C H A R A C T E R IS T IC S O F  T H E  PCM

T A B L E  N« 1 

C H IL D R E N  S T U D IE D  ON A D M IS S IO N  A N D D U R IN G  R E C O V E R Y

Clinical Staqe No.
Age 

{months)

Days of 
Therapeutic 

Diet

Weight 
for 

Height 
( % )

Serum 
Proteins 
(q/100 ml)

Creatinine
Height
Index

Admission 15 40a
(15-64)

1
(1-4)

76
(52-98)

4. 2 
(2.0-5.6)

0.47 
(0. 39-0.65)

Stabilization 12 40
(15-64)

7
(6-9)

81
(60-98)

4.1
(2.0-5.6)

0.47
(0.39-0.65)

During Recovery 14 41
(16-65)

35
(21-69)

95
(69-114)

7.0 
(6.0-8. 3)

0.72 
(0. 60-0.80)

Recovered 12 46
(20-67)

122
(71-176)

109
(100-126)

7.1 
“(6.0-7.6)

0.93
(0.85-1.03)

à Mean 
(Range)
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naphthyl laureate at 37.5°C in 5 hours). Since the volumes 
released into the duodenum vary from child to child even 
though the amount of emulsion per l.c./body weigth was iden­
tical —those with diarrhea secreting large amounts of fluid— 
lipase units are expressed both per ml of aspirate and per ml 
of aspirate corrected for dilution of the emulsion by means 
of a factor obtained from 51 Chromium counting. This fac­
tor is the ratio of dilution in the aspirates of the subject divi­
ded by the mean dilution obtained in fully recovered children 
without diarrhea. Total nitrogen and TCA precipitable nitro­
gen in duodenal aspirates were measured by the micro Kjel- 
dahl technique (14). Over 95% of the total nitrogen was pre­
cipitated by TCA.

RESULTS

Figure 1 presents the individual lipase activities in chil­
dren on admission, after stabilization, during recovery and 
when fully recovered. The activity values, uncorrected for 
dilution of the fat emulsion, show that on admission only one 
child had normal lipase activity. During the period of stabili­
zation there was a tendency for a small rise in lipase activi­
ty. During recovery the activity was already similar to that 
obtained in fully recovered children and in the two control 
children. When activity values are calculated including the 
dilution of the fat emulsion, the values on admission are so­
mewhat higher although 4 patients had less than 75 X 103 
units/ml. During the period of stabilization there was a clear 
rise in the majority of children, reaching values similar or 
even higher to those of fully recovered children.

Table 2 shows the mean, standard error and range of li­
pase activity during the different cbnical stages, and the sig­
nificance of the differences between groups. The presence 
of diarrhea in the children studied was reflected in lower li­
pase activity per ml of asp;rate but this difference disappea­
red when the amount of fluid secreted into the duodenum was 
taken into consideration. Schneider et al. (3) have shown 
that in malnourished and recovered children with diarrhea 
the volume of fluid secreted into the duodenum is significan­
tly higher than that observed in children without diarrhea, 
regardless of nutritional status.
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Figure 1: Lipase ac tiv ity  in duodenal aspirates o f P C M  children  and d u ­
ring  recovery. S tim u lus consisted of fa t instilla tion  into the  
duodenum . On the le ft  graph values are uncorrected fo r  d ilu ­
tion  of the fa t  em ulsion. On the right, the values are corrected  
fo r  d ilu tion  of the fa t  em ulsion.
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L IP A S E  A C T IV IT Y  IN  D U O D E N A L  A S P IR A T E S  O F  PCM  C H IL D R E N  A N D  D U R IN G  R E C O V E R Y . R E S P O N S E  T O  F A T

IN S T IL L A T IO N  IN T O  T H E  D U O D E N U M

Clinical Stage Admission Stabilization During Recovery Recovered
Activity 
(103 units/ml)
No. of Children
Mean
S. E.

Diarrhea + 
Diarrhea -Range

7
43.17 
20. 06 

(3.0-9.8) 
(13.0-156.8)

6
47 . 53 
14.00 
( - ) 

(11.7-96.6)

6
175.47 
13. 65 

(101.2-228.0) 
(155.0-196.6)

5
189.12 
53. 27 
( - ) 

(123.8-401.8)

Activity corrected for 
dilution (103 units/ml) 
No. of Children 
Mean
S. E.

Diarrhea + 
Range Diarrhea -

7
83. 04 
28. 93 

(7. 3-45.8) 
(22. 2-212. 6)

6
162.90 
39. 93 
( - )

(66. 2-318. 2)

367.02 
151.14 

(212.5-228.0) 
(138.0-1104.8)

5
197.32 
26.95 
( - )

(136. 0-270. 0)

Significance of differences: Uncorrected samples: Admission vs. during recovery, p <  0.01; vs. Recovered, p <  0.05. Stabiliza­
tion vs. during recovery, p <  0.01, vs. Recovered, p <  0.05. Samples corrected for dilution: Adm 
vs. During recovery, p <  0.02.
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M IC E L L A R  F A T  1*4 D U O D E N A L  A S P IR A T E S  O F  PCM  C H IL D R E N  A N D  D U R IN G  R E C O V E R Y

Clinical Stage Admission Stabilization During Recovery Recovered

Micellar Fat 
(mg/ml)

No. of Children
Mean
S. E.

Diarrhea + Range „. ,Diarrhea -

10 
1 . 8 6  
0. 51 

(0.3-3.4) 
(1.4-5.3)

6
1.95 
0. 55 

(0.5-3.8) 
(0.7-1.8)

10 
6. 28 
0. 92 
(3.2) 

(2.9-12.5)

10 
5.79 
0. 91 

(1. 5-4. 5) 
(5.5-11.6)

Significance of differences: Admission and Stabilization vs. During recovery and Recovered, p <  0.01.
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Micellar fat was low on admission, remained low during 
stabilization and rose during recovery (Table 3). This con­
trasts with lipase values which rose earlier (stabilization 
period). The influence of diarrhea on fat micellarization is 
particularly evident among the recovered children, who suf­
fered a decrease in their micellar capacity to levels wich 
overlapped those observed while the children were still mal­
nourished. The values for micellar fat are all corrected for 
dilution.

Table 4 shows the results of total nitrogen in duodenal as­
pirates. There is no difference between the nitrogen concen­
tration from admission to full nutritional recovery. The nitro­
gen concentrations presented in this Table represent values 
uncorrected and corrected for dilution. Diarrhea affects the 
uncorrected values but do not affect the corrected ones.

Since simultaneous micellar lipid, total nitrogen and lipa­
se activity were not available in all the children studied, the 
results of these determinations in the children where the three 
determinations were done at different clinical stages, are pre­
sented in Table 5. These results indicate the variability obser­
ved between different children within each category.

Total nitrogen and lipase activity correlate with a coef­
ficient of 0.594 when all the samples with these two determi­
nations are considered. This correlation is relatively poor and 
is due to the following facts: malnourished children upon ad­
mission occasionally have low lipase activity in spite of ade­
quate total nitrogen concentrations. The opposite is true du­
ring recovery, where a rebound in b'pase activity seems to 
occur and which is not necessarily manifested in a rise in ni­
trogen.

With regards to micellar fat, there is a poor negative co­
rrelation with nitrogen concentration (r=  -0.440). However, 
micellar fat was below the lower limit of normality (4 mg of 
fat/ml of aspirate) in all the cases who had nitrogen concen­
trations below 75 mg/100 ml. The contrary is not true; total 
nitrogen concentrations above 75 mg/100 ml were observed 
in 13 children who had less than 4 mg of micellar fat/ml of 
asperate. Eleven of these cases were severely malnourished 
(Adm. or Stab.), 9 of which presented diarrhea at the time of 
study. The two other children were recovering and one had 
diarrhea at the time of study. Micellar fat and lipase activity
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T A B L E  N9 4

Clinical Stage Admission and Stabilization During Recovery and Recovered

DiarrheR

Total N 
(mg/ml)
No. of Children
Mean
S. E.
Range

11
59 .5

8 .5
(1 8 .0 -1 2 5 .0 )

5
127.7

35 .6
(5 5 .7 -2 1 5 .7 )

5
79 .26  

9.'21 
(5 7 .0 -1 0 7 .3 )

18
102.23

7 .5 1
(5 5 .8 -1 7 9 .8 )

Total N corrected 
for dilution (mg/ml) 
No. of Children 
Mean 
S. E-.
Range

11
113.30

27 .11
(4 0 .6 -3 5 6 .2 )

5
184.20

62 .32
(7 5 .0 -3 7 9 .9 )

5
115.72

13 .34
(9 1 .3 -1 6 5 .0 )

16
138.02

16 .88
(7 4 .7 -3 3 0 .8 )
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IN D IV ID U A L  R E S U L T S  O F  M IC E L L A R  L IP ID ,  T O T A L  N IT R O G E N  A N D  L IP A S E  A C T IV IT Y  IN  T H E  C H IL D R E N  W H O
H A D  T H E  T H R E E  D E T E R M IN A T IO N S  D O N E  S IM U L T A N E O U S L Y

Admission Stabilization Durinq Recovery Recovered
MLa N Lipase ML N Lipase ML N Lipase ML N Lipai

0.7 45 7 0.7 380 234 4.3 77 161 5.6 120 193

0.3 67 12 0.9 128 66 12. 5 75 138 3.6 91 142.

2.7 128 91 0.7 54 108 3.5 135 228 5.5 148 136

2.9 57 157 8.9 79 84 4.4 128 212 7.4 317 246

0.3 69 54 4.4 407 1105 7.1 116 147

12.8 199 428

S M L =  Micellar lipid (m g/m l) 
N =  Nitrogen (m g /100 ml) 
L ipase= (103 u /m l)
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also correlate poorly (r =  0.233) but the comments made from 
the micellar fat total nitrogen also apply, as no children with 
lipase activity below 75 X 103 units/ml had micellar fat above 
4 mg/ml of duodenal aspirate. Children upon admission or 
with diarrhea may have adequate lipase activity and yet their 
micellar fat is abnormally low.

DISCUSSION

The results from this investigation point at three facts: 
1) children withouth diarrea appeared to have less lipase ac­
tivity and nitrogen concentration than children without dia­
rrhea. Although this finding may be explained by different 
secretion rates into the duodenum, the number of cases with 
and without diarrhea here reported is not sufficiently large 
to allow definitive conclusions 2) as suspected by the indi­
rect evidence obtained by us, and through a physiologic 
stimulation by means of fat (15, 16), lipase activity even 
when low or essentially absent upon admission recovers 
rapidly and cannot account for the slow recovery in fat 
absorption seen in children during recovery from PCM 
(1). Calculations based in the lipolytic activity of duode­
nal lipase suggest that only a concentration of less than 
75 X 103 units of lipase per ml, corrected for dilution, can 
be of significance in producing fat malabsorption. This seems 
to be corroborated by the findings in this study in that all the 
children with lipase activity below this level were unable to 
micellarize lipid properly. It is only upon admission that this 
case may be present in PCM, and 3) lipase activity in severe 
PCM is low in spite of near normal protein content of duode­
nal aspirates; this activity increases even when total serum 
proteins remain unchanged during the period of stabilization. 
The diet in this period contained 30% of the calories in the form 
of fat, which amounts to a fat intake of 2.3 g/l.c.k./day. This 
finding suggests that the physiologic reserve of the pancreas, 
at least in terms of lipase production, is present and is able 
to respond to proper stimulation even when protein repletion 
is not taking place; furthermore, it suggests an adaptative 
mechanism of pancreatic lipase secretion as has been shown 
for other enzymes (17, 18). This is not in agreement with the 
interpretation of the data on PCM that Barbezat and Hansen
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give based on serum albumin-lipase correlations (5); their 
data also indicate elevated lipase secretion early during nu­
tritional recovery.

Alterations in fat micellarization and absorption in PCM 
and diarrhea cannot be adscribed to lipase deficiency alone. 
Probably abnormalities in bile salts and in other amphipaths 
play an important role as has been suggested by studies of 
bile salt concentration in the duodenum (4) and of ileal func­
tion in PCM (1, 19).
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R E S U M E N

Malabsorción intestinal en niños desnutridos y durante su recuperación. 
Contenido duodenal de lipasa, nitrógeno y grasa m icelar después de es ti­

m ulación con grasa

Quince niños con desnutrición p ro te ín ico -ca lórica  (D P C ) severa, del 
tipo edematoso, fueron estudiados con el propósito de d ete rm in ar las in ­
teracciones entre  grasa m ice lar, activ idad  de lipasa y nitrógeno tota l en 
el contenido duodenal, consecutivas a la estim ulación con una em ulsión  
de grasa. El ob je tivo  de este estudio era conocer m ejo r ios mecanismos 
básicos causantes de la m ala absorción de grasa en la DPC y  durante  la 
recuperación. Los resultados m uestran que la producción dism inuida de l i ­
pasa puede ser responsable de la m ala absorción de grasa en un núm ero  
lim itado  de niños con DPC al ingreso al hospital. Sin em bargo, la  activ idad  
de lipasa se recuperó m uy tem pranam ente  en el curso de la re h a b ilita ­
ción nutric ional, aun cuando los niños recibían únicam ente de 0.7 a 1.0 g 
de p ro te ín a /k ilo /d ía . La capacidad de m ice larizar grasa se recupera más 
tarde  durante la repleción proteínica. La secreción de N to ta l al duodeno es 
norm al desde el ingreso y  a lo largo de la recuperación nutric iona l. Por 
lo tanto, la deficiencia de lipasa no puede exp lica r ni la m ala absorción de 
Igrasa ni el defecto en m icelarización de las grasas en niños con DPC y 
durante la recuperación. Estos estudios señalan la capacidad de respuesta 
específica del páncreas aún en la depauperación proteínica severa y  su­
gieren que alteraciones en otros factores, tales como sales b iliares  espe­
cíficas y otras substancias am fipáticas  pueden estar más d irectam ente in ­
volucradas en el proceso de m ala absorción de grasas en la D PC .



626 A RCH IVO S LA TIN O AM ERICAN O S DE N U TRICION

B IB L IO G R A P H Y

(1) Viteri, F. E., J. M. Flores, J. Alvarado &  M. Béhar. Intestinal mal­
absorption in malnourished children and during recovery. Rela­
tionships between severity of protein deficiency and the malabsorp­
tion process. Submitted for publication, 1972.

(2) Viteri, F. E. &  J. M. Flores. Fat malabsorption in malnourished chil­
dren and during recovery. The relative usefulness of purified 131I 
labeled fats versus fat balance. Submitted for publication, 1972.

(3) Schneider, R. E., C. Contreras &  F. E. Viteri. Studies on the luminal 
events of lipid absorption in protein calorie malnourished children.
I. Capacity of the duodenal content to micellarize lipid; its relation 
with nutritional recovery and diarrhea. Submitted for publication, 
1972.

(4) Schneider, R. E. &  F. E. Viteri. Studies on the luminal events of li­
pid absorption in protein calorie malnourished children. II. Relation 
between micellarization capacity and changes in the bile salts in 
duodenal contents. Submitted for publication, 1972.

(5) Barbezat, G. O. &  J. D. L. Hansen. The exocrine pancreas in protein 
calorie malnutrition. Pediatrics, 42: 77-92, 1968.

(6) Gómez, P. F., R. Ramos-Galván, J. Cravioto &  S. Frenk. Enzymatic 
activity of the duodenal contents in children affected with third 
degree malnutrition. Pediatrics, 13: 548-552, 1954.

(7) Dean, R. F. A., &  R. Schwartz. The serum chemistry in uncompli­
cated kwashiorkor. Brit. J. Nutr., 7: 131-147, 1953.

(8) Hanscom, D. H., A. Littman &  J. V. Pinto. Dose response rela­
tionships to pancreozymin in normal subjects and patients with 
chronic pancreatitis. G astroenterology, 45: 209-214, 1963.

(9) Lagerlof, H. O. Pancreatic function and pancreatic disease studied 
by means of secretin. A cta Med. Scand. Suppl. 128: 1-289, 1942.

(10 ) Doubilet, H. &  L. Fishman. H u m a n  biliary-pancreatic secretion. 
A m . J. G astroenterol., 35: 499-512, 1961.

(11) Alvarado, J., F. E. Viteri &  M. Béhar. Tratamiento hospitalario de 
la desnutrición proteínico-calórica severa. Rev. Col. M éd. (Guate­
mala), 21: 231-245, 1970.

(12) Viteri, F. E. &  J. Alvarado. The creatinine height index: its use 
in the estimation of the degree of protein depletion and repletion 
in protein calorie malnourished children. Pediatrics, 46: 696-706,
1970.

(13) Seligman, A. M. &  M. M. Nachlas. The colorimetric determination 
of lipase and estearase in human serum. J. Clin. Invest., 29: 31-36, 
1950.

(14) Hiller, A., J. Plazin &  D. D. Van Slyke. A  study of conditions for 
Kjeldhal determination of nitrogen in proteins. Description of m e ­
thods with mercury as catalyst, and titrimetric and gasometric mea­
surements of the ammonia formed. J. Biol. Chem ., 176: 1401-1420, 
1948.



ARC H IVO S LATIN O AM ERICAN OS DE N U TRIC IO N 627

(15) Lagerlôf, H. 0. Pancreatic secretion: pathophysiology. In: A lim e n ta ­
ry  Canal, V o l. II Secretion. C. F. Code, ed. Handbook of Physiology, 
Section 6. American Physiological Society, Washington, D. C., 1967, 
p. 1027-1042.

(16) Borgstrôm, B., A. Dahlqvist, G. Lundh &  J. Sjôvall. Studies of in­
testinal digestion and absorption in the human. J. C lin . Invest., 
36: 1521-1536, 1957.

(17) Grossman, M., H. Greengard &  A. C. Ivy Effect of dietary com­
position on pancreatic enzymes. Am  J. Physiol., 138: 676-682, 1943.

(18 ) Ben Abdeljlil, A., A. M. Visami &  P. Desnuelle. Adaptation of the 
exocrine secretion of rat pancreas to the composition of the diet. 
Biochem. Biophys. Res. Com m un., 10: 112-116, 1963.

(19) Alvarado, J., W. Vargas, N. Diaz &  F. E. Viteri. Vitamin B 12 ab­
sorption in protein calorie malnourished children and during reco­
very. Influence of protein depletion and of diarrhea. Submitted for 
publication, 1972.




