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Abstract We evaluated the effects of the oral nutritional
supplement containing arginine, glutamine, and
hydroxymethylbutyrate (Abound®) on healing of colonic
anastomoses in experimental rat model. Seventy Wistar-
Albino male rats were divided into seven groups. Colon
transection and anastomosis were performed in all groups
except for the sham group. In groups 2 and 5, rats were
fed with standard rat chow after the operation. Oral nutri-
tional supplement was added to standard nutrition for
3 days postoperatively in group 3 and 7 days in group 6
and preoperative 7 days plus postoperative 3 days in
group 4 and preoperative 7 days plus postoperative 7 days
in group 7. Bursting pressures were measured, adhesions
were evaluated, and tissue samples were taken for mea-
surement of tissue hydroxyproline levels and for histo-
pathological examination. The usage of oral nutritional
supplement had positive effects on bursting pressures, tis-
sue hydroxyproline levels, and histopathological findings

of anastomoses, but feeding with oral nutritional supple-
ment both preoperatively and postoperatively had no ad-
ditive effect on these parameters when compared with the
groups that were fed only postoperatively. The mixture of
arginine, glutamine, and hydroxymethylbutyrate may be
safely used for achieving better healing results after co-
lonic anastomoses.
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Introduction

Anastomotic leakage following colorectal resection and pri-
mary anastomosis is a major clinical problem. The increased
morbidity and mortality following anastomotic leakage are
considerable and lead to prolonged hospital stay. Despite vast
improvements in surgical technique and devices, anastomotic
leakage continues to be a clinical problem. Factors that were
known to correlate with an increased leakage rate were older
age, anemia, prior radiation therapy, intraperitoneal infection,
level of anastomosis, low anastomoses in obese patients, mal-
nutrition, weight loss, alcohol intake, long operative times,
peritoneal contamination, and blood transfusions [1].

Nutritional state is an important factor for adequate anasto-
motic healing. There is a correlation between low albumin
levels and an increased incidence of anastomotic leaks.
Patients who undergo gastrointestinal surgery are at risk of
nutritional depletion from inadequate nutritional intake, both
preoperatively and postoperatively, the stress of surgery and
the subsequent increase in metabolic rate. Nutritional support
leads to improved nutritional status and clinical outcome in
severely depleted patients. It also reduces the morbidity and
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length of hospital stay. Enteral feeding results in specific clin-
ical benefits including reduced incidence of postoperative
infectious complications, and improved wound healing
response [2, 3].

The leucine metabolite β-hydroxy-β-methylbutyrate
(HMB) has anticatabolic, anabolic, and lipolytic effects.
HMB has been extensively used as an ergogenic aid; particu-
larly among bodybuilders and athletes. The nutrient combined
by arginine, glutamine, and HMB (Abound®) had been used
safely in patients with cancer-cachexia and acquired immune
deficiency syndrome and elderly. It reversed lean tissue loss,
enhanced collagen synthesis, improved wound healing, and
decreased diabetic foot ulcer duration [4–7].

According to these beneficial effects, we evaluated the ef-
fects of this oral nutritional supplement on healing of colonic
anastomoses in an experimental rat model.

Materials and Methods

Animals

Seventy Wistar-Albino male rats, weighing 200–250 g, were
included in the study. The rats were kept in the same labora-
tory conditions, fed with commercial rat chow and normal tap
water. All animals were deprived of food for a period of 12 h
before and after the operation, but had free access to water 2 h
before anesthesia. No enteral or parenteral antibiotics were
administered at any time. Rats that died during the experimen-
tal period were excluded from the study and no new rat was
included in the experiment. The procedures in this experimen-
tal study were performed in accordance with the National
Guidelines for the Use and Care of Laboratory Animals and
approved by the Animal Ethics Committee of Ankara
Research and Training Hospital.

Experimental Groups

Seventy rats were randomly divided into seven groups each
including ten animals. Colon transection and anastomosis
were performed in all groups except for the sham group
(group 1) in which laparotomy and mobilization of colon
was performed and rats were fed with standard rat chow. In
this group, bursting pressures were measured and tissue sam-
ples were taken for measurement of tissue hydroxyproline
levels and for histopathological examination on postoperative
day 7.

In group 2, rats were fed with standard rat chow after the
operation. Oral nutritional supplement (including 300 mg/kg/
day HMB for each rat) was added to standard nutrition for
3 days postoperatively in group 3 and preoperative 7 days plus
postoperative 3 days in group 4. In these groups (groups 2, 3,
4), bursting pressures were measured and tissue samples were

taken for measurement of tissue hydroxyproline levels and for
histopathological examination on postoperative day 3.

In group 5, rats were fed with standard rat chow for 7 days
after the operation. Oral nutritional supplement (including
300 mg/kg/day HMB for each rat) was added to standard
nutrition for 7 days postoperatively in group 6 and preopera-
tive 7 days plus postoperative 7 days in group 7. In these
groups (groups 5, 6, 7), bursting pressures were measured
and tissue samples were taken for measurement of tissue hy-
droxyproline levels and for histopathological examination on
postoperative day 7.

The oral nutritional supplement that was used in this study
(Abound®, Abbott, USA) is composed of glutamine (30.8 g/
100 g), arginine (30.8 g/100 g), and HMB (5.4 g/100 g). There
is no standard dose for this product for experimental wound
healing studies.We gave the nutrient at the dose of 300 mg/kg/
day HMB for each rat. This dose was given in two equal doses
by orogastric tube and then the tube was taken off.

Surgical Procedure

Animals were anesthetized by intramuscular injection of
30 mg/kg ketamine hydrochloride (Ketalar®; Parke-Davis,
Istanbul, Turkey) and 5 mg/kg xylasine (Rompun®; Bayer,
Istanbul, Turkey). Under aseptic conditions, midline laparot-
omy was performed. The left colon was transected 3 cm prox-
imal to the peritoneal reflection. Then, end-to-end anastomo-
sis was performed by one-layer, inverting, interrupted sutures
by using 6-0 polydioxanone (Ethicon, UK). The same sur-
geon, who was unaware of the grouping of each rat, per-
formed all anastomoses. The fascia and skin layers of the
abdomen were closed separately with continuous 3-0 silk su-
tures. Animals were allowed to feed 12 h after the operation.
All rats were sacrificed on postoperative day 3 or 7, according
to the groups, by high-dose diethyl ether inhalation. The ab-
dominal cavity was inspected through a U-shaped incision.
Colonic bursting pressures were measured and tissue samples
were taken for histopathological examination and measure-
ment of tissue hydroxyproline levels.

Evaluation of Adhesions

Adhesions were classified by another surgeon who was un-
aware of the groups, according to a classification system based
on the resistance against stretching forces. Scores were classi-
fied as follows: 0, no resistance; 1, separated easily; 2, sepa-
rated by traction; and 3, separated by sharp dissection.

Measurement of Bursting Pressure

The anastomotic segment was separated from the surrounding
organs. The tissues that adhered to the anastomosis too tightly
were not forced away. The colon 2.5 cm proximal and distal to
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the anastomosis was removed. One end of the segment was
tied by 3-0 silk. The cannula was inserted into the proximal
colonic segment. A catheter was inserted into the other end
and tied by 3-0 silk to avoid air leaks; it was connected to an
infusion pump connected to a barometer. The segment was put
into a container that was filled with the water and the pressure
was increased gradually. The pressure, at which the air bub-
bles were seen, was recorded as the bursting pressure in mil-
limeter of mercury.

Measurement of Hydroxyproline Levels

After measurement of bursting pressures, the colonic tissues
including the anastomotic segment were taken for measure-
ment of hydroxyproline and placed into eppendorf tubes that
were frozen in liquid nitrogen and stored in a deep-freezer at
−80 °C. The tissue samples were weighted and 50 mg of
tissues were placed into tubes, and 1 mL of 6 M HCl was
added. These mixtures were hydrolyzed by autoclaving at
150 °C for 1 h. Ten microliters of these hydrolyzed samples
were taken into other tubes and were allowed to dry at room
temperature. Chloramine-T solution (0.2 mL) was added to
the tubes. After 10 min, 1 mL of Ehrlich reagent was added
and mixed. The tubes were stored at 50 °C for 90 min. After
incubation, the absorbances of these solutions were measured
spectrophotometrically [8].

Histological Examination

The colonic segment that was including the anastomosis was
removed from each rat and the specimens were fixed in 10 %
formalin, embedded in paraffin, sectioned at 4 μm, stained
with hematoxylin and eosin, and examined under the light
microscope with a magnification of ×100 by a pathologist
blinded to the study design. The perianastomotic leucocyte,
monocyte, capillary, fibroblast, and collagen contents were
scored according to Ehrlich and Hunt numerical scale [9].
According to the scale, 0 meant no evidence, 1 occasional
evidence, 2 light scattering, 3 abundant evidence, and 4 con-
fluent cells or fibers.

Statistical Analysis

Hydroxyproline levels, histopathological scores, adhesion
scores, and bursting pressures were compared by Kruskal-
Wallis variance analysis. If the p values of the variance anal-
yses were statistically significant, differences between groups
were analyzed with the Mann-WhitneyU test. Statistical anal-
yses were performed with the SPSS 15.0 for Windows (SPSS
Inc., Chicago). Values of p<0.05 were considered to be
significant.

Results

One rat from each groups of 1, 2, 3, 5, and 7 died in the
postoperative period. At necropsy, the rat in group 3 had find-
ings of ileus. Anastomotic dehiscence and peritonitis were
recorded in rats in groups 2, 5, and 7. The cause of death of
the rat in group 1 was thought to be due to complication of
anesthesia because there was no finding of hemorrhage, peri-
tonitis, or ileus at necropsy. Thus, since five animals were lost,
the data of 65 rats were included in the final analysis.

Evaluation of Adhesion Scores

There was no significant difference between the adhesion
scores of the groups (p>0.05, Table 1).

Colonic Bursting Pressures

Mean colonic bursting pressures of groups were given in
Table 1. Groups 6 and 7 had the highest levels of bursting
pressures. No significant difference was found among these
groups (p>0.05). Significant difference was found between
the colonic bursting pressures of group 5 against groups 6
and 7 (p<0.05). Bursting pressures were higher in groups 6
and 7 than in group 5.

Group 2 had the lowest colonic bursting pressure values.
There was no significant difference between group 3 and
group 4 (p>0.05). There was a statistically significant differ-
ence between the colonic bursting pressures of group 2 against
groups 3 and 4 (p<0.05). Bursting pressures were higher in
groups 3 and 4 than in group 2.

Tissue Hydroxyproline Concentrations

The mean tissue hydroxyproline levels of the groups are given
in Table 2. The highest mean hydroxyproline level was detect-
ed in group 6, and the lowest was found in group 2.

There was no significant difference between groups 6 and 7
(p>0.05). A significant difference was found between the tis-
sue hydroxyproline levels of group 5 against groups 6 and 7
(p<0.05). Hydroxypyroline levels were higher in groups 6
and 7 than in group 5.

Group 2 had the lowest tissue hydroxyproline levels. There
was no significant difference between group 3 and group 4
(p>0.05). There was a statistically significant difference be-
tween the tissue hydroxyproline levels of group 2 against
groups 3 and 4 (p<0.05). Hydroxyproline levels were higher
in groups 3 and 4 than in group 2.

Histopathological Evaluation

The Ehrlich-Hunter mean histopathological scores of groups
were given in Table 3. There was a significant difference
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between the monocyte and collagen scores of group 3 and
group 4 (p<0.05). The scores of group 3 were higher than
those of group 4. There was no statistically significant differ-
ence between the leukocyte, capillary, and fibroblast scores of
groups 3 and 4 (p>0.05).

A significant difference was found between all histopatho-
logical scores of group 2 against group 3 and group 4
(p<0.05) except for the monocyte scores of groups 2 and 4
(p>0.05). The scores of groups 3 and 4 were higher than those
of group 2.

There was a significant difference between the leukocyte
and capillary scores of group 6 and group 7 (p<0.05). The
scores of group 6 was higher than those of group 7, but there
was no statistically significant difference between the other
histopathological scores of these groups (p>0.05).

A significant difference was found between the leukocyte
and collagen scores of group 5 and group 6 (p<0.05). There
was also a significant difference between the leukocyte, cap-
illary, and collagen scores of group 5 and group 7 (p<0.05).
These scores of groups 6 and 7 were higher than those of
group 5.

The usage of oral nutritional supplement had positive ef-
fects on bursting pressures, tissue hydroxyproline levels, and
histopathological findings of anastomoses, but feeding with
oral nutritional supplement both pre- and postoperatively
had no additive effect on these parameters when compared
with the groups that were fed with oral nutritional supplement
only postoperatively.

Discussion

Healing of full-thickness injury to the gastrointestinal tract
remains an unresolved clinical issue. Failure of healing results
in dehiscence, leaks, and fistulas, which carry significant mor-
bidity and mortality [10, 11]. Anastomotic dehiscence is one
of the most dreaded complications of operations of the large
intestine. Reported rates of anastomotic dehiscence vary be-
tween 1 and 30 %, although experienced colorectal sur-
geons often quote 3 to 6 % as an acceptable overall
leakage rate [1, 2].

Nutritional state is an important factor in contributing to
anastomotic leaks. Poor nutritional intake or lack of individual
nutrients significantly alters many aspects of wound healing.
The possible role of single amino acids in enhanced wound
healing has been studied for the last several decades. Arginine
appears most active in terms of enhancing wound fibroplasia.
Arginine deficiency results in decreased wound-breaking
strength and wound-collagen accumulation. Oral arginine
supplementation significantly increases collagen accumula-
tion. The main effect of arginine on wound healing is to en-
hance wound collagen deposition. As increases in breaking
strength during the first weeks of healing are directly related
to new collagen synthesis, arginine supplementation may re-
sult in an improvement in wound strength as a consequence of
enhanced collagen deposition. Supplementation of parenteral
glutamine decreased the postoperative complications and hos-
pital stay and in the patients undergoing the colorectal surgery

Table 1 Adhesion scores and
bursting pressures of the groups Groups Group definition Adhesion scores Bursting pressures

(mmHg)

Group 1 Sham group 2.11±0.33 149.11±35.88

Group 2 Rat chow—3 days 2.33±0.50 32.00±26.34

Group 3 Supplement—postop 3 days 1.88±0.60 55.33±23.06a

Group 4 Supplement—preop 7 days+postop 3 days 1.80±0.63 62.60±33.17a

Group 5 Rat chow—7 days 2.00±0.05 158.22±24.91

Group 6 Supplement—postop 7 days 2.10±0.32 200.20±34.26b

Group 7 Supplement—preop 7 days+postop 7 days 2.55±0.73 190.22±26.93b

Data present mean±SD
a Significantly different when compared with group 2 (p<0.05)
b Significantly different when compared with group 5 (p<0.05)

Table 2 Mean hydroxyproline levels of the groups

Groups Group definition Hydroxyproline
levels

Group 1 Sham group 1.37±0.55

Group 2 Rat chow—3 days 1.01±0.36

Group 3 Supplement—postop 3 days 1.49±0.41a

Group 4 Supplement—preop 7 days+postop 3 days 1.50±0.42a

Group 5 Rat chow—7 days 1.11±0.29

Group 6 Supplement—postop 7 days 1.59±0.48b

Group 7 Supplement—preop 7 days+postop 7 days 1.56±0.48b

Data present mean±SD
a Significantly different when compared with group 2 (p<0.05)
b Significantly different when compared with group 5 (p<0.05)
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for cancer. Recently, a dietary supplemental regimen of argi-
nine, HMB, and glutamine was found to significantly and
specifically enhance collagen deposition in elderly, healthy
human volunteers when compared to an isocaloric,
isonitrogenous [2, 10, 12].

Combining the amino acids arginine and glutamine with
HMB has been shown to reverse lean tissue loss in cancer and
acquired immunodeficiency syndrome patients. This supple-
mentation improved the emotional status, decreased feeling of
weakness, and increased red blood cells, hemoglobin, hemat-
ocrit, lymphocytes, and eosinophils when compared with
placebo-supplemented subjects [4].

Williams et al. [5] examined the effect of arginine, HMB,
and glutamine supplementation on wound collagen accumu-
lation in 35 human volunteers 70 years or older. Collagen
synthesis was significantly enhanced in healthy elderly volun-
teers by the oral administration of this mixture. The absence of
side effects or complications within the study population in-
dicated that oral administration of this mixture provided a safe
and effective nutritional means for increasing wound repair in
this age group [5]. According to these data, we thought that
this mixture might have positive effects on anastomotic
healing since collagen is the single most important molecule
for determining intestinal wall strength. As we thought the
collagen scores of the groups that were fed with oral nutrition-
al supplement were higher than the groups that were fed only
with standard rat diet (Table 3). Hydroxyproline is a major
component of the protein collagen. Hydroxyproline and pro-
line play key roles for collagen stability. In our study, the
levels of hydroxyproline were also higher in study groups
when compared with the control groups. These levels were
also correlated with the bursting pressures.

Tatti et al. [7] found that supplementation with combination
of HMB, glutamine, and arginine significantly decreased the
ulcer duration. They suggested that this combination had po-
tential clinical usefulness in treatment of diabetic foot ulcers.

Several studies indicated no adverse effects from HMB
supplementation. It appears to be safe when taken over several
months, with 3–6-g dosages in humans. It has no adverse
effects on the hepatic enzyme function, lipid profile, renal
function, or immune system. In summary, available evidence
suggests that HMB supplementation is safe and may poten-
tially improve several markers of health [6, 13–16].

Despite these studies about the benefits of the mixture of
arginine, HMB, and glutamine, there is not any study about
the effects of this nutrient on healing of intestinal anastomo-
ses. In the present study, we evaluated the effects of this mix-
ture on the healing of intestinal anastomoses. The usage of this
oral nutritional supplement had positive effects on bursting
pressures, tissue hydroxyproline levels, and histopathological
findings of anastomoses, but feeding with oral nutritional sup-
plement both pre- and postoperatively had no additive effect
on these parameters when compared with the groups that were
fed with oral nutritional supplement only postoperatively.
There are a lot of studies which investigated the effects of
perioperative nutritional support on patient outcomes. The
role of preoperative nutritional support is to improve under-
nutrition before surgery, while postoperative nutrition aims at
maintaining nutritional status in the catabolic period after sur-
gery. The timing of nutritional support is widely debated [17].
Regarding perioperative nutrition support, the ESPEN guide-
lines on enteral nutrition in surgery and organ transplantation
recommend that patients with severe nutritional risk should
receive nutritional support 10–14 days prior to major surgery
even if it means delaying surgery. Patients who do not meet
their requirements from a normal diet should be encouraged to
take oral supplements or enteral nutrition should be adminis-
tered prior to hospital admission [18]. In one study, Smedley
et al. [19] found that perioperative oral nutritional supplemen-
tation started before hospital admission for lower gastrointes-
tinal tract surgery significantly diminished the degree of
weight loss and incidence of minor complications and was

Table 3 Histopathological scores of groups

Groups Groups Leukocyte Monocyte Capillary Fibroblast Collagen

Group 1 Sham group 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

Group 2 Rat chow—3 days 2.37±0.51 1.00±0.00 1.75±0.46 1.37±0.51 1.00±0.00

Group 3 Supplement—postop 3 days 3.80±0.63a 1.80±0.42a,b 2.70±0.67a,b 2.10±0.56a 2.80±0.78a

Group 4 Supplement—preop 7 days+postop 3 days 3.60±0.51a 1.00±0.00 2.30±0.48a 2.60±0.51a 1.80±0.63a

Group 5 Rat chow—7 days 3.00±0.00 2.00±0.00 1.33±0.50 3.00±0.00 2.00±0.00

Group 6 Supplement—postop 7 days 3.90±0.31c,d 2.10±0.31 2.00±0.00c,d 3.00±0.00 3.10±0.31c

Group 7 Supplement—preop 7 days+postop 7 days 3.44±0.52c 2.00±0.00 1.44±0.52 3.11±0.33 3.00±0.00c

Data present mean±SD
a Significantly different when compared with group 2 (p<0.05)
b Significantly different when compared with group 4 (p<0.05)
c Significantly different when compared with group 5 (p<0.05)
d Significantly different when compared with group 7 (p<0.05)
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cost-effective. In another study, van Bokhorst-De Van Der
Schueren et al. [20] demonstrated that 9 days of preoperative
tube feeding, with or without arginine, did not significantly
improve nutritional status, reduce the surgery-induced im-
mune suppression, or affect clinical outcome in severely mal-
nourished head and neck cancer patients. However, the effect
of preoperative nutrition on wound healing was not studied
widely. In our study, we found conflicting results about peri-
operative nutritional support. Feeding with oral nutritional
supplement both pre- and postoperatively had no additive ef-
fect on wound healing parameters. We thought that the dura-
tion of preoperative oral supplementatiom might be inade-
quate. So, forthcoming studies should examine the effect of
preoperative supplementation on wound healing for different
durations.

In conclusion, the mixture of arginine, HMB, and gluta-
mine may be safely used for achieving better healing results
after intestinal anastomoses. Control groups did not have any
other caloric supplementation. Although the difference of cal-
ories has influence on the improvement of anastomotic
strength, we think that ingredients of the oral supplement such
as arginine, glutamine, and HMB have further positive effects
on anastomotic healing rather than caloric supplementation.
The positive effects of arginine and glutamine on wound
healing have been known for years, but we did not determine
whether HMB had an additive effect on wound healing or not.
So, further studies, which will compare the oral nutritional
supplements including arginine and glutamine against the
mixture used in this study, are needed for evaluating the addi-
tive effects of HMB on wound healing.
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