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Plasma lipids in tropical sprue13

C. Tiruppathi, M. Sc., P. G. Hill, Ph. D., M. C. B., and V. I. Mathan, M. D., Ph.D.

ABSTRACT Previous studies indicated that many patients with tropical sprue in southern

India have triglyceride accumulation within the cells of the intestinal mucosa. This could be due to

essential fatty acid deficiency as a result of steatorrhea in subjects on a diet normally low in linoleic

acid. Plasma lipids have, therefore, been studied in patients with tropical sprue and the results

compared to values observed in healthy controls. The low intake of linoleic acid was found to be

adequate to maintain normal levels of arachidonic acid and to repress the formation of 5,8,11-

eicosatrienoic acid in rural controls. Patients with tropical sprue had decreased levels of plasma

linoleic acid, raised monoenoic fatty acids and the appearance of 5,8,1 l-eicosatrienoic acid in the

lecithin fraction. All of these observations indicate essential fatty acid depletion although unequiv-

ocal evidence of essential fatty acid deficiency was not present in any of the patients. The degree

of essential fatty acid depletion observed is unlikely to be the cause of the mucosal accumulation

of triglyceride in tropical sprue. Am. I C/in. Nutr. 34: 1117-1120, 1981.
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More than 90% of patients with the syn-
drome of tropical sprue have steatorrhea and
accumulation of fat droplets in jejunal enter-
ocytes is seen in many patients (1). Since the

average intake of dietary fat in adults in this

part of India is only 20 g/day (2), steatorrhea
could be expected to lead to essential fatty
acid (EFA) deficiency, which in rats, leads to
malabsorption of fat and to accumulation of

triglyceride within the absorptive cells (3). It

is,therefore, possible that EFA deficiency in

patients with tropical sprue could aggravate

the mucosal lesion and lead to further stea-

torrhea. This paper compares plasma triglyc-

erides, cholesterol, individual plasma free
fatty acids, and the fatty acid pattern of the

lecithin fraction of controls and patients with

tropical sprue.

Subjects and methods

Sixteen patients with tropical sprue admitted consec-

utively to a metabolic ward from rural North Arcot

District, Tamil Nadu, were studied. Intestinal function
was tested as previously described (4). All patients had

steatorrhea (ranging from 6.5 to 13 g/24 h) and impaired

xyhose absorption. Five patients also had vitamin B�2

malabsorption.

Twenty healthy subjects age and sex matched with

the patients were used as controls in two groups: 10

members of the laboratory scientific staff, 10 normal

volunteers whose diet and socioeconomic conditions

were similar to those of the patients. None of the control

subjects had evidence of malabsorption.

Informed consent was obtained from all subjects in-

cluded in the study which was approved by the Ethics

Subcommittee of the Research Committee of this insti-

tution.

After an overnight fast, venous blood samples were

collected into centrifuge tubes with EDTA as anticoag-

ulant (2 mg/ml). The plasma was immediately separated

and stored at -20#{176}C. and assayed within 2 wk (5). Total

cholesterol and triglycerides were determined by the
methods of Zak (6) and Foster and Dunn (7), respec-

tively. Total free fatty acids were estimated by the
method of Laurell and Tibbhing (8). The individual fatty

acids of the plasma free fatty acid fraction were quanti-

tated by gas chromatography as described below after

extraction from plasma (9) and methylation ( 10). The
lecithin fraction was separated from other plasma lipids

(1 1) and lecithin fraction fatty acids were methylated

(10). Fatty acid methyl esters of the free fatty acid

fraction and the lecithin fraction were separated using a

Pye 104 gas chromatograph with injector head heater

fitted with a glass column (2 m X 4 mm ID) packed with

5% EGSS-X on Gas-chrom Q 100 to 120 mesh (Applied

Science Labs, PA). Eicosatrienoic acids (20:3�,6 and 20:

3w9) in the lecithin fraction were identified by compari-

son with fatty acids present in the liver lipids of rats fed
on normal and fat-free diets for 4 wk ( I 1 ). Other fatty

acids were identified by the use of pure standards ob-

tamed from Sigma Chemical Co. The percentage of

distribution of each fatty acid was determined by the

peak height and retention time method (12).
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Plasma lipids were measured in six patients on the

morning after admission and after 2 wk on the ward diet

(50 g fat intake). The other 10 patients were studied

within 4 days of admission.

Results

The mean plasma concentrations of cho-
lesterol (p < 0.05) and total plasma fatty acids
(p < 0.05) and in the free fatty acid fraction,
oleic acid (1 8: 1) (p < 0.0025), and linoleic
acid (18:2) (p < 0.001) were significantly
lower in the rural controls compared to the

laboratory staff (Table I). Compared to the
rural controls, patients with tropical sprue

had significantly lower mean plasma concen-
tration of cholesterol (p < 0.001) and triglyc-
erides (p < 0.025) but the total plasma free

fatty acids were not significantly different. In
the plasma-free fatty acid fraction the mean
concentration of oleic and palmitoleic acids
(16: 1) were significantly (p < 0.025) higher in

the group of tropical sprue patients than in
the rural controls but the arachidonic (20:4)

and linoleic acid concentrations were not dif-
ferent. The mean concentrations of arachi-
donic acid (p < 0.025) and linoleic acid (p <

0.001) were significantly lower in the free

fatty acid fraction ofthe patients with tropical
sprue compared to the laboratory staff.

In the lecithin fraction (Table 2) the per-
centages of oleic and linolenic (18:3) acids

were higher in the patients than in the rural

controls (p < 0.01) whereas the percentage of
linoleic acid was less (p < 0.00 1 ). The abnor-
mal fatty acid 5,8, 1 l-eicosatrienoic acid (20:
3to9) was present in detectable amounts in
only one of the rural controls, but was de-
tected in 10 of the 14 patients with tropical
sprue.

The only significant change in the fasting
plasma lipids repeated after 14 days on a
ward diet containing 50 g fat was an increased
percentage of linoleic acid in the free fatty

acid fraction (initial 24%; after 14 days 3.05%;
p < 0.01).

Discussion

Dietary intake of fat in the poorer socio-
economic groups in this area is about 20 g/
day with a total calorie intake of about 1800
kcal (1), which is within the recommended
range of dietary allowances for Indians (13).
The dietary fat is largely groundnut oil which
contains about 15% linoleic acid. Dietary in-
take of linoleic acid is therefore 3 g/day and
will provide about 1 .6% of the total energy,
which is considerably below minimal require-

ment of 7.5 g/day as suggested by some
authors (14). However, data from the village

control group indicate that their intake of
linoleic acid is sufficient to maintain normal

TABLE I
Plasma concentrations (mean and 1 SD) of triglyceride, cholesterol, total free fatty acids, and individual free fatty

acids

Group N Triglyceride Cholesterol FFA

Individual f ree fatty acids

16:1 8:1 8:2 20:4

ing/Ioo in! mg/tOO ml pinol/1 �unoI/! �smol/! �unoI/I pinol/I

Laboratorystaff 10 117 206 623 14 174 231 45

(47) (52) (148) (6) (47) (62) (13)

Ruralcontrols 10 113 167 426 11 99 126 44

(21) (39) (191) (7) (51) (53) (14)

Patients 16 76 110 519 26 174 134 33

(45) (25) (213) (7) (78) (60) (14)

TABLE 2

Percentage distribution of fatty acids in the plasma lecithin fraction

Group n 12:0 4:0 6:0 16:1 8:0 18:1 18:2 8:3 20:3�9 20:3�6 20:4

Rural controls 10 Mean 0.3 0.7 26.9 0.9 12.3 12.8 26.0 0.4 <0.1 4.9 14.7

SD (0.1) (0.1) (1.8) (0.3) (1.5) (1.7) (2.5) (0.4) (1.1) (3.2)

Patients 14 Mean 0.7 1.7 28.4 1.4 12.3 16.0 20.5 1.3 0.6 4.6 12.9

SD (0.8) (1.1) (2.3) (1.2) (2.1) (2.5) (3.3) (0.9) (0.4) (1.4) (3.0)
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serum levels of arachidonic acid and to re-
press the formation of 5,8, 1 l-eicosatrienoic
acid (20:3w9). This supports the observation
that a linoleic acid intake equivalent to 1% of

the total energy is sufficient to meet the lower
limit of adult requirement (15, 16).

Previous studies from this unit (1) on a
large group of patients with tropical sprue
(>300) showed that nutritional deficiency
states develop as a result of tropical sprue and
that their prevalence increases with increas-
ing duration of illness. In the 16 patients who
are the subjects of the present study, the

duration of symptoms ranged from 1 month
to 3’/2 yr and all showed clinical evidence of
weight loss. Ofthe patients 60% were anaemic

and in half the patients, there was evidence
of vitamin B12 and/or folate deficiency. The
jejunal mucosal morphology was consistent
with a diagnosis of tropical sprue (17) and all
patients had steatorrhea and malabsorption
of at least one other test substance. Twelve of

the 16 patients had evidence of intraepithelial
lipid accumulation after a 12 to 18-hr fast.
Although clinical evidence of EFA deficiency
was not found in the earlier study, steatorrhea
in a population on a marginally adequate fat
intake could produce depletion linoleic acid

leading to EFA deficiency. The appearance
of detectable amounts of 20:3w9 in 10 of the
14 patients, the lower plasma free arachidonic

acid (Table 1), and the significantly decreased
lecithin fraction linoleic acid, all indicate that
some degree of EFA depletion had occurred,
although the percentage of 20:3w9 was not
high enough (>5%) to diagnose unequivocal
EFA deficiency in any of the patients (18).

The increased amounts of palmitoleic and
oleic acids observed in the patients with trop-
ical sprue (Table 1) may be a further indica-

tion of linoleic acid depletion since linoleic
acid modulates 9-fatty acyl CoA desaturase
activity (19) and accelerated synthesis of
monoenoic fatty acids has been reported in
the liver of EFA-deficient rats (20, 21). Dc-
pletion of linoleic acid leads to the appear-
ance of 20:3co9 by derepression of the path-
way of its synthesis from oleic acid (22) and
biochemical evidence of EFA deficiency usu-
ally develops within 3 wk of commencing
total parenteral nutrition (23, 24). 20:3w9 ac-
counted for 10% of the lecithin fraction fatty
acids in a patient with small bowel resection

treated with fat-free total parenteral nutrition
for 100 days (14). In the patients with tropical
sprue, the highest level of 20:3w9 was 1.2% in
a patient with a 2-month history and no
correlation was found between duration of
tropical sprue and percentage of 20:3t�9. Per-
haps factors other than the loss of dietary
linoleic acid such as malabsorption of the
endogenous lipid secreted into the lumen of
the bowel may also be related to the rapid
development of EFA deficiency during total
parenteral nutrition and to its slow develop-
ment in tropical sprue.

After 2 wk on the ward diet (50 g fat

intake), the percentage of 20:3w9 had not
decreased and the only significant change
was an increase in the percentage of linoleic

acid in the free fatty acid fraction. This was
due to a small increase in the concentration
of linoleic acid and to a decrease in total free
fatty acids, neither of which were statistically
significant.

In celiac disease (gluten sensitive enterop-

athy) as in tropical sprue, steatorrhea is an
important feature. The results of a study of
lecithin fraction fatty acids in a group of
patients with celiac disease and appropriate
controls (1 1) produced results which are re-
markably similar to those of the present re-

port (Table 3). Since the pathogenesis of the
mucosal lesion in celiac disease and tropical

sprue are different this suggests that the leci-
thin fatty acid pattern is the result of fat
malabsorption and not a primary etiological
feature.

Accumulation of fat in the epithelial cells
in patients with sprue has been observed both

by light microscopy (1) and by electron mi-
croscopy (17), which is similar to that seen in
experimental EFA deficiency in rats (3). Of

the patients included in this study, jejunal
biopsies showed intraepithelial accumulation

TABLE 3

Comparison of the distribution of unsaturated fatty

acids in plasma lecithin fraction in celiac disease and

tropical sprue

Group 18:2 18:3 20:3�6 20:3�9 20:4

Controls*

Controls

Celiac diseases*

Tropical sprue

26.5

26.0

15.9

20.5

0.6

0.4
0.9

1.3

2.9

4.9

3.7

4.6

0.4

0.6

9.3

14.7

8.4

12.9

* Data from Sh imoyama et al. (11).

 at T
U

F
T

S
 U

N
IV

E
R

S
IT

Y
 on July 14, 2017

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/


1120 TIRUPPATHI ET AL.

oflipid in 12. The data presented suggest that

such accumulation is not a result of EFA

deficiency. Other possible causes of triglyc-
eride accumulation may be related to impair-
ment of the intracellular processes of apopro-
tein synthesis or chylomicron transport as a

result of damage to the mucosal cells by the
disease process of tropical sprue. a
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