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Summary
The effect of an orally administered, glutamine-enriched,
elemental diet on the regeneration of small bowel mucosa and hepatic
steatosis following massive small bowel resection was examined by
determination of the levels of the bromodeoxyuridine labelling indices,
alkaline phosphatase activity in the residual jejunal mucosa, and histological change of the liver. The serum glutamine level was significantly
higher in the glutamine-enriched diet group than in the glutamine-free
diet group, as were the alkaline phosphatase activity in the homogenate
of the residual jejunal mucosa and the bromodeoxyuridine labelling
index in the residual jejunal mucosa. The histological findings showed
that the fat infiltration in the liver was more severe in the glutamine-free
diet group than in the glutamine-enriched diet group. These findings
suggest that an orally administered, glutamine-enriched, elemental diet
promotes the regeneration of the intestinal mucosa and prevents the liver
from fat infiltration following a massive small bowel resection.
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slowing of motility. As a result, diarrhea and steatorrhea are reduced, and absorption of nutrients is improved [1]. Appropriate nutrition is required for supplying
the substrates to change the small bowel mucosa during this period of adaptation.
Glutamine is an important respiratory substrate for enterocytes [2], and improves
intestinal morphology and function in 5-fluorouracil-induced enterocolitis [3] .
Glutamine deficiency is associated with gut mucosal atrophy [4]. Addition of
glutamine to standard intravenous nutrition attenuates intestinal atrophy [5], and
has trophic effects on the pancreas and protective effects against hepatic steatosis
[6].
This study was undertaken to determine whether the addition of glutamine to
an elemental diet would accelerate the adaptation of the small bowel mucosa and
attenuate the development of hepatic steatosis following small bowel resection.

MATERIALS

AND

METHODS

Ten male wistar rats (210±25 g) were anesthetized by intraperitoneal administration of pentobarbital (45 mg/kg). The abdomen was opened and about 80%
mid jejunoileal intestinal resection was performed by transection of the small
bowel 5 cm distal to the ligament of Treitz and 5 cm proximal to the ileocecal
junction. Bowel continuity was reestablished by end-to-end anastomosis. After the
operation, the animals were randomized to receive an oral elemental enteral
nutrient solution without glutamine (Ajinomoto, Tokyo [7]) or a glutamineenriched diet solution (Ajinomoto). The glutamine-free diet contained 14,012 mg
of amino acids and 79.37 g of dextrose per 100 g diet, and appropriate concentrations of electrolytes, vitamins, and minerals. The glutamine-enriched diet contained 21,512 mg of amino acids, 7,500 mg of glutamine, and 79.37 g of dextrose per
100 g diet, and the same concentrations of electrolytes, vitamins, and minerals as
the glutamine-free diet (Table 1). The nutrient solutions were prepared as 1 kcal/
ml in tinted bottles. The animals were allowed to drink the nutrient solution from
the bottle ad libitum. All animals were given free access to tap water during the
first 10 h following the operation and to one of the two nutrient solutions from the
first postoperative day until the end of the study.
Animals were weighed and the daily feeding volume measured on every
postoperative day. On the seventh day of feeding, animals were anesthetized 2 h
after an intraperitoneal injection of 20 mg/kg of bromodeoxyuridine (BrdUrd),
and blood was drawn from the left ventricle into a heparinized syringe for the
measurement of plasma glutamine, alanine, and glutamic acid levels, which were
determined by high-performance liquid chromatography [8]. Immediately following exsanguination, the liver and residual jejunum were rapidly excised. The
jejunum was divided into two segments. The mucosa was scraped with a slide glass
from 2 cm of jejunum and homogenized in 2.0 ml of saline. The content of protein
and the level of alkaline phosphatase (Al-p) activity in the homogenate were then
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determined [9, 10] . The activity of Al-p was expressed as international units (IU)/
mg protein.
A small portion of the liver and a small segment of the jejunum were placed
in 10% buffered formalin and processed for histologic examination. The sections
of jejunum were incubated with anti-bromodeoxyuridine monoclonal antibody
(Becton Dickinson Monoclonal Center, Mountain View, CA) and then stained by
the avidin-biotin-peroxidase complex method [11]. All labeled nuclei were regarded as positive. One thousand epithelial cells of jejunum were counted in each of
the 5 to 10 microscopic fields to determine the average BrdUrd labelling index
[11].
Data were expressed as means ± SD, and analyzed by Student's t-test. Statistical significance was accepted at the p <0.05 level.
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diet group and 42±14 kcal in the glutamine-enriched diet group; and that from the
fourth to sixth postoperative day was 56 + 25 kcal and 60+ 21 kcal, respectively.
Again, there were no significant differences between the two groups (Table 2).
The plasma glutamine and alanine contents in the glutamine-enriched diet
group were 573.1 + 23.0 nmol/ml and 394.1 ± 24.5 nmol/ml, respectively, which
were significantly higher than the values of 504.3±51.3 nmol/ml and 306.2±51.8
nmol/ml, respectively, in the glutamine-free diet group. The plasma glutamic acid
content showed no significant difference between the two groups (Table 3).
The BrdUrd labelling index in the residual jejunal epithelium and Al-p
activity in the homogenate of the residual jejunal mucosa were, respectively, 0.32±
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experimental rats fed a glutamine-free or a glutamine-enriched elemental diet for 7 consecutive days following 80% resection of the jejunoileum.
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1. Histology of the liver (x 60). (a) Liver from a rat fed a glutamine-free elemental diet
for 7 consecutive days following 80% resection of the jejunoileum. There is extensive
fatty vacuolization of hepatocytes predominantly located around the portal area. (b)
Liver from a rat fed a glutamine-enriched elemental diet. There is no evidence of fat
infiltration in the liver.

0.07 and 0.24±0.041U/mg protein in the glutamine-enriched group and 0.19±0.02
and 0.16±0.03IU/mg
protein in the glutamine-free group. The values in the
glutamine-enriched diet group were significantly higher than those in the glutamine-free diet group (Table 4).
The histological findings showed that fat infiltration in the liver was more
severe in the rats fed the glutamine-free diet than in those given the glutamineenriched one (Fig. 1).
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Glutamine is an essential nutrient for rapidly dividing cells [12], and has
been reported to promote cellular differentiation in the intestine in vitro [ 13].
Furthermore, glutamine is an important amino acid for maintenance of gutassociated lymphatic tissue and for prevention of bacterial translocation from the
gut [14]. The present study showed that serum glutamine levels, mucosal Al-p
activity, and BrdUrd labelling index were all significantly higher in the glutamineenriched diet group than in the glutamine-free diet group. The BrdUrd labelling
index is an indicator of the regenerative ability of epithelium [11]. Mucosal Al-p
is a brush-border enzyme, and its activity is increased by fat feeding [15].
Therefore, an orally administered, glutamine-enriched, elemental diet is suggested
to promote the regeneration and differentiation of the intestinal mucosa following
massive small bowel resection.
The histological findings in the present study showed that the fat infiltration
in the liver was more severe in the glutamine-free diet group than in the glutamineenriched diet group. The mechanism by which glutamine prevents hepatic steatosis
has not been established. Helton et al. [6] suggested that the prevention of hepatic
steatosis by glutamine may be due to both glucagon-dependent and glucagonindependent mechanisms. However, other studies have demonstrated that enteral
infusions of glutamine can decrease peripheral lipolysis [16] and fat uptake by the
liver [17] independent of insulin and glucagon. Increased glutamine metabolism
by hepatocytes in the peripoeral region, which cells contain a high level of
glutaminase, has been reported to alter lipid uptake and/or metabolism [18].
In summary, oral intake of an elemental glutamine-free diet with hypertonic
dextrose resulted in hepatic steatosis in rats following small bowel resection. The
addition of glutamine to the elemental diet significantly attenuated hepatic fat
accumulation and promoted the regeneration and differentiation of the intestinal
mucosa. The significant effect of orally administered glutamine on the histological
change in the liver and regeneration of small bowel mucosa illustrates that
glutamine is important for the adaptation of the small intestine following massive
bowel resection.
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