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ABSTRACT

Introduction: Intestinal wound healing is an essential process 
for surgical reconstruction of the digestive tract. The purpose of 
this study is to evaluate the effect of perioperative administration 
of glutamine and synbiotics on the biological behavior of intestinal 
mucosal barrier and the healing of colonic anastomosis in rats.

Material and methods: 80 Wistar rats were divided in five 
groups. A: Control. B: Mechanical bowel preparation and antibiotics. 
C: Glutamine. D: Synbiotics. E: Glutamine and synbiotics. The 
animals were sacrificed on 3rd and 7th postoperative day. 

Results: Zero mortality and no septic complications were 
noted. On 3rd postoperative days, a significant weight loss was 
observed in all groups in comparison with the preoperative weights, 
but on the 7th day in groups C and E, in contrast with the other 
groups, weight loss was not significant. On the 3rd postoperative 
day, neoangiogenesis, inflammatory infiltration and fibroblast 
activity were significantly enhanced in group E compared to control. 
On the 7th postoperative day in group E fibroblast activity was 
significantly enhanced and inflammatory infiltration was significantly 
limited compared to control. The bursting pressures as well as the 
hydroxyproline tissue content were significantly higher in the group 
E on 3rd and 7th postoperative days. The percentage of positive 
mesenteric lymph node cultures were significantly limited in group 
E compared to control.

Conclusions: The administration of synbiotics in conjunction 
with glutamine resulted in increasing the mechanical strength of the 
anastomosis, thus increasing the bursting pressure and decreasing 
or effacing of anastomotic dehiscence and limiting bacterial 
translocation. 
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INTRODUCTION

Intestinal wound healing is an essential process for sur-
gical reconstruction of the digestive tract (1-6). The anas-
tomotic dehiscence and leakage that occurs as a result of 
it may lead to high rates of morbidity and mortality. The 
risk of anastomotic leakage is high in large bowel surgery 
in contrast with surgery of the small bowel (7-11). Many 
factors, including pathological conditions, surgical tech-
nique, the localization (left colon or right colon) and type 
of operation, the patient’s age, the presence of obstruc-
tion and whether the operation was elective or emergency, 
which may affect the success of anastomotic healing have 
been studied (12-26). The nutritional status of the patient 
affects wound healing during the early postoperative pe-
riod directly, and nutritional support facilitates healing, 
especially in malnourished patients (27-29).

Glutamine is the most abundant amino acid in plasma 
and skeletal muscle, but circulating and tissue concentra-
tion fall precipitously after injury, surgery, or infection. 
It has been shown that postoperative glutamine enriched 
diet improved wound healing in rats. Glutamine supple-
mented nutritional support enhances gut mucosal growth, 
repair, and function, decreases gut related sepsis, and im-
proves intestinal atrophies, intestinal injuries, and the in-
testinal adaptation of animals and humans (30-37).

Synbiotics (pre- and probiotics) act synergistically in 
the large bowel. Prebiotics are broken down by probiotics 
to omega-fatty acids which stabilize the intestinal barrier. 
They also lead to an increase of stool mass, a reduction of 
pressure in the large bowel, and a positive trophic effect 
by increasing the DNA synthesis of enterocytes and their 
absorptive function. Probiotics have antimicrobial activ-
ity, to stimulate the host’s immune system, activate mac-
rophages in the liver and peritoneum, and improve the 
intestinal immune function. Recent experimental studies 
could demonstrate a synergistic effect if several probiot-
ics strains were combined (38-41).
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Investigating wound healing and attempting to im-
prove its outcome necessitates process quantification. Pa-
rameters for anastomotic repair and adhesion formation 
may be mechanical, biochemical, or histological. Two 
mechanical parameters, breaking strength and bursting 
pressure, have been used to evaluate the healing of colon-
ic anastomosis (42-47). 

The present study was designed in the animal model 
to evaluate the effect of oral glutamine and synbiotics 
administration on intestinal wound healing after the con-
struction of a colonic anastomosis and to compare me-
chanical and biochemical alternations in the large intes-
tines.

MATERIALS AND METHODS

Animals

Eighty male and female sibling Wistar rats, aged 2-3 
months, all coming from the Experimental Laboratory 
“Theagenio” Cancer Hospital of Thessaloniki (Thessa-
loniki, Greece), with an average weight of 200-300 g, 
were studied. All animals were supplied by van in filter 
boxes and quarantined in the Department of Veterinary 
Medicine, Aristotle University of Thessaloniki. The ex-
perimental protocol was approved by the General Direc-
torate of Veterinary Services of the Prefecture of Thes-
saloniki, Thessaloniki, Greece (permit no. 13/6155/10-
5-2006), according to Greek legislation regarding eth-
ical and experimental procedures (Presidential Decree 
160/1991, in compliance with EEC Directive 86/609, 
and Law 2015/1992, and in conformance with the Eu-
ropean Convention “for the protection of vertebrate ani-
mals used for experimental or other scientific purposes, 
123/1986).

Husbandry and feeding during experiment

All animals were housed, in an open system, four per 
cage. Wooden, dust-free, litter was used for bedding, with 
no pretreatment The conditions in the animal house were 
15 air changes/hour, with regulated environmental tem-
perature at 22 ± 2 °C, regulated relative humidity 55 ± 10 
% and artificial light/dark at 06.00/18.00, using fluores-
cent lighting c.300 lux. 

The animals were fed ad libitum a commercial pelleted 
food and had free access to tap water.

Experimental procedure

The animals were divided in five groups of sixteen an-
imals, four experimental and one control. 

–  Group A: Control group, n = 16.

–  Group B: Mechanical bowel preparation and antibi-
otics, n = 16. All animals received two mechanical 
bowel preparations with solution of sodium phos-
phate in 2 ml of normal saline before surgery. All 
animals were given two doses of antibiotics, per os, 
by using orogastric tube. The first dose was admin-
istered 1 hour before the surgery and the second in-
traoperatively. The antibiotics that were used were 
cefuroxime and metronidazole. 

–  Group C: Glutamine, n = 16. The rats received 
daily, for 7 days before the operation and during 
the postoperative period, 2 % L-Glutamine solu-
tion (L-Glutamine powder, Lamberts, Kent, United 
Kingdom), 1.5 g/kg per day, through an orogastric 
tube. 

–  Group D: Synbiotics, n = 16. The rats received dai-
ly, for 7 days before the operation and during the 
postoperative period, 1.2 g of synbiotic (Synbiotic 
2000, Medipharm, Kagerod, Sweden) dissolved in 
8 ml of water twice per day, through an orogastric 
tube. Synbiotic preparation contains 1010 CFU of 
each of Pediococcus pentoseceus 5-33:3, Leucono-
stoc mesenteroides 32-77:1, Lactobacillus paraca-
sei ssp paracasei 19 and Lactobacillus plantarum 
2362, as well as 2.5 g inulin, oat bran, pectin and 
resistant starch

–  Group E: Glutamine and synbiotics, n = 16. The rats 
received daily, for 7 days before the operation and 
during the postoperative period, 2 % L-Glutamine 
solution, 1.5 g/kg per day, as well as 1.2 g of synbi-
otics dissolved in 8 ml of water, through an orogas-
tric tube.

Rats were anesthetized by intraperitoneal injection of 
ketamine 75 mg/kg and xylazine 5 mg/kg. Median lapa-
rotomy was performed after skin asepsis with povidone 
iodine. 

After thorough shaving of the abdominal area up to 
the middle of the anterior surface of the thorax, the area 
was sterilized with the use of povidone iodine solution 
10 %. Under aseptic conditions, a 3 cm midline ventral 
abdominal incision was made, allowing entry into the 
peritoneal cavity. The abdomen and its organs were 
inspected and the ileocecal valve identified. A colonic 
segment, 1 cm of length, 10 cm distal to the ileocecal 
junction was transected and re-anastomosed end-to-
end using the 6/0 Polypropylene sutures in single lay-
er, interrupted fashion. Both suture sites were sterilized 
with the use of povodine iodine solution 10 % and the 
peritoneal cavity was washed with normal saline (NaCl 
0.9 %). The intestine was put back in the abdominal cav-
ity and the abdominal muscle wall was then closed with 
3/0 silk suture.

The weight changes over the study period was recorded. 
Eight of the animals in each group were killed on 3rd 

postoperative day and other eight of them on 7th postop-
erative day.
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Macroscopic examination

To obtain the test specimens, the animals in each group 
were euthanized by using the ether anesthesia, on the 3rd 
or 7th postoperative day. The previous abdominal incision 
was reopened, and the anastomotic site was examined 
macroscopically; the integrity of the anastomosis, the 
existence of perianastomotic abscess or peritonitis, and 
the adhesion formation were recorded. The results were 
evaluated in a blind fashion according to the scale of Van 
der Hamm et al. (48) as follows: 0 = no adhesions; 1 = 
minimal adhesions, mainly between anastomosis and the 
omentum; 2 = moderate adhesions, between the omentum 
and the anastomotic site and between the anastomosis and 
a loop of the small bowel; and 3 = severe and extensive 
adhesions, including abscess formation.

Bursting pressure

A 6 cm segment of the colon with the anastomosis in 
the middle was resected. Care was taken not to detach 
adhesions from the anastomosis, but to dissect the sur-
rounding tissues. This segment of the transverse colon 
was cleared of feces and was ligated at the distal end. A 
catheter connected to a sphygmomanometer was inserted 
into the proximal end of the lumen, and the bowel was 
firmly ligated around the tube. Through this catheter, a 
0.9 % NaCl solution was infused at a constant rate of 1 
ml/min. The bursting pressure was recorded in mmHg. 
This was the pressure at which any leakage of saline or 
gross rupture was noted. The specific area of the leakage 
or rupture was also recorded. All bursting pressure mea-
surements were obtained immediately after killing.

Histopathologic examination

After the measurement of bursting pressure, the colonic 
segment containing the anastomosis was carefully resect-
ed from the surrounding tissue and rinsed with saline. The 
anastomosis along with 0.5 cm segment of the colon at 
both sides was excised. The anastomotic site was incised 
longitudinally and was divided into two equal segments. 
One segment was placed in 4 % formalin solution for his-
topathologic examination and was stained with hematox-
ylin and eosin. Following, the specimen embedded in par-
affin was deparaffinized, and the anastomosis was graded 
histopathologically in a blind fashion using the Ehrlich 
and Hunt numerical Scale, as modified by Philips et al. 
(49). New blood vessel formation (neoangiogenesis), in-
flammatory cell infiltration (white blood cell count), col-
lagen deposition and fibroblast activity were graded from 
0 to 4, as following: 0(-): No evidence, 1(+): Occasional 
evidence, 2(++): Light scattering, 3(+++): Abundant evi-
dence, and 4(+++): Confluent cells or fibers.

Hydroxyproline

Quantification of collagen in enteric anatomosis is syn-
onymous with quantification of hydroxyproline, an amino 
acid unique to collagenous proteins in most tissues (3-6).

The second segment of the anastomotic site was 
weighed and stored at −20 °C for measurement of hy-
droxyproline. The principal of the method was the hydro-
lysis of the tissue specimen with 8N hydrochloric acid 
with the formation of free amino acids from proteins. 

The absorbance of solution was measured at 550 nm 
using spectrophotometer. Absorbance values were plotted 
against the concentration of standard hydroxyproline, and 
the presence of hydroxyproline in unknown tissue ex-
tracts was determined from the standard curve. 

The results were calculated as micrograms (μg) of hy-
droxyproline per milligram (mg) of wet tissue weight.

Quantitative cultures of mesenteric lymph nodes

Quantitative cultures of mesenteric lymph nodes were 
used as an indicator of bacterial translocation. When the 
animals were killed the mesocolon was excised under 
aseptic conditions with sterile blades and collected into 
separate sterile containers. The specimen was homoge-
nized on a Petri dish and 0.5 grams were diluted with 4.5 
ml of sodium chloride 0.9 % and were then serially dilut-
ed 1:10 ten times with sodium chloride 0.9 %. A volume 
of 0.1 mL of each specimen was plated onto MacCon-
key and blood agar for isolation of aerobic species and 
onto GN/NS agar for isolation of anaerobic species and 
incubated for 24 and 48 hours at 37 °C for aerobic and 
anaerobic species respectively. At the end of incubation, 
the number of colonies of each specimen was counted 
and multiplied by the appropriate dilution factor. Colony 
counts were expressed as the number of colony forming 
units (CFU) per ml. The lower limit of detection was 3 x 
103 colonies. 

Statistics

Descriptive statistics for discrete variables were pre-
sented as frequencies and percentages. Measurements 
were reported as means ± standard deviation The statis-
tical method employed was Fisher’s exact test for com-
parison of proportions. Differences among groups, with 
respect to non-normally distributed adhesions, weight 
changes, bursting pressures, hydroxyproline levels, and 
the wound healing process were tested using the Krus-
kal-Wallis test, whereas pair wise differences were com-
pared by the Mann-Whitney test at a Bonferroni-adjust-
ed significance level. All analyses were conducted using 
SPSS 18. A p value of < 0.05 was considered statistically 
significant (50-53).
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RESULTS

All animals decreased in weight during the experiment. 
The weight was recorded on the first day of the experi-
ment, on the day of the surgery and was compared with 
the weight of the sacrifice in each group. After surgery on 
3rd and on 7th postoperative days, a significant weight loss 
was observed in all groups in comparison with the preop-
erative weights (p < 0.000 each).

No anastomotic leakage was noted in any group. The 
adhesion formation was not statistically significant on 
3rd and on 7th postoperative days, with the p values being 
p < 0.638 and p < 0.543, respectively.

The bursting pressures were significantly higher in the 
group E (glutamine and synbiotic) (mean 137.75 mmHg) 
compared to the A (control) group (mean 46.75 mmHg), 
B (mechanical bowel preparation and antibiotics) group 
(mean 79.13 mmHg), C (glutamine) group (mean 95.75 
mmHg) and D (synbiotics) group (mean 117.13 mmHg) 
with p < 0.0005 on 3rd postoperative day. In the group 
E the bursting occurred outside the anastomotic line at 6 
cases (out of 8; 75 %) (Fig. 1).

Furthermore, the bursting pressures were significantly 
higher in the group E (mean 289.63 mmHg) compared to 
the A group (mean 118.75 mmHg), B group (mean 162.13 
mmHg), C group (mean 250.63 mmHg) and D group 
(mean 272.5 mmHg) with p < 0.0005 on 7th postoperative 
day. In all animals of the group E, all the bursts occurred 
outside the anastomotic line (100 %). 

The histopathological examination of the anastomotic 
healing included measurements of neoagiogenesis, in-
flammatory cell infiltration, collagen deposition, and fi-
broblast activity. 

Neoangiogenesis, on the 3rd postoperative day, differed 
significantly between the groups (p = 0.032). Specifical-
ly, neoangiogenesis was significantly higher in group E 
(mean 1.5), compared with group A (mean 0, p = 0.005) 

and group D (mean 0.5, p = 0.019). No other significant 
differences were recorded (mean values in group B and C 
were 0.75). On the 7th postoperative day neoangiogene-
sis differed significantly between the groups (p = 0.009). 
Specifically, neoangiogenesis was significantly higher in 
group C (mean 2.25), compared with group B (mean 1, 
p = 0.005) and in group E (mean 1.75) compared with 
group B (p = 0.005). No other significant differences were 
recorded (mean values in group A and D were 1.5). 

The average inflammatory cell infiltration on the 3rd 
postoperative day, differed significantly between the 
groups (p = 0.013). Specifically, inflammatory cell infil-
tration was significantly higher in group E (mean 3.25), 
compared with group A (mean 0.5, p = 0.001), group B 
(mean 1.63, p = 0.0325) and group C (mean 1.25, p = 
0.01). Also group D (mean 2.5) had significantly higher 
inflammatory cell infiltration compared to group A (p = 
0.019). No other significant differences were recorded. 
On the 7th postoperative day, inflammatory cell infiltra-
tion differed significantly between the groups (p < 0.001). 
Specifically, inflammatory cell infiltration was signifi-
cantly lower in group E (mean 2), compared with group 
A (mean 4, p < 0.001), group B (mean 3.25, p = 0.005), 
group C (mean 3.75, p < 0.001). Also group D (mean 
2.5) had significantly lower inflammatory cell infiltration 
compared to group A (p < 0.001) and C (p < 0.001). No 
other significant differences were recorded.

Regarding the average collagen deposition on the 3rd 

postoperative day, there were no statistically significant 
differences between the groups (p = 0.093). However, on 
the 7th postoperative day, it differed significantly between 
the groups (p = 0.023). Specifically, collagen deposition 
was significantly higher in group E (mean 2.25), com-
pared with group B (mean 1.38, p = 0.0325), group C 
(mean 1, p = 0.005). No other significant differences were 
recorded (mean values in group A and D were 1.5 and 2 
respectively).

Fig. 1. Mean colonic bursting pressure compared with the site of burst 
(3rd p.d). Group A: Control. Group B: Mechanical bowel preparation 
and antibiotics. Group C: Glutamine. Group D: Synbiotics. Group E: 
Glutamine and synbiotics.

Fig. 2. Mean colonic bursting pressure compared with the site of burst 
(7th p.d). Group A: Control. Group B: Mechanical bowel preparation 
and antibiotics. Group C: Glutamine. Group D: Synbiotics. Group E: 
Glutamine and synbiotics.
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The fibroblast activity on the 3rd postoperative day, 
differed significantly between the groups (p < 0.001). 
Specifically, fibroblast activity was significantly higher 
in group E (mean 1.5), compared with group A (mean 0, 
p = 0.005) and group C (mean 0, p = 0.005). No other 
significant differences were recorded (mean values in 
group B and D were 0.5 and 1 respectively). On the 7th 
postoperative day, fibroblast activity differed significantly 
between the groups (p < 0.001). Specifically, fibroblast 
activity was significantly higher in groups A and C (mean 
4), compared with group B (mean 2.75, p < 0.001), group 
D (mean 1.75, p < 0.001), group E (mean 2, p < 0.001). 
Also group B had significantly higher fibroblast activity 
compared to group D (p = 0.0025) and E (p = 0.005). No 
other significant differences were recorded.

The hydroxyproline tissue content was significant-
ly higher in the E group (mean 1.7688) compared to D 
(mean 1.535, p < 0.0005), C (mean 1.3738, p < 0.0005), 
B (mean 1.2175, p < 0.0005) and A (mean 0.9438, p < 
0.0005) groups, on 3rd postoperative group (Fig. 3). The 
same results were noted on 7th postoperative day. Partic-
ularly, in E group the hydroxyproline tissue content was 
significantly higher (mean 2.88) compared to D (mean 
1.58, p < 0.0005), C (mean 1.9138, p < 0.0005), B (mean 
1.4263, p < 0.0005) and A (mean 1.2813, p < 0.0005) 
groups (Fig. 4).

Regarding the quantitative mesenteric lymph node cul-
tures on the 3rd postoperative day, there were no statis-

tically significant differences between the groups. How-
ever, on the 7th postoperative day, significant differenc-
es between the groups were observed. Specifically, the 
percentage of positive cultures was significantly higher 
in group A (87.5 %), compared with group B (12.5 %, 
p = 0.005) and group E (25 %, p = 0.02). No other signif-
icant differences were recorded (percentages of positive 
cultures in group C and D were 62.5 % and 37.5% respec-
tively).

DISCUSSION

The healing process in our experiment was studied on 
3rd and 7th postoperative day. 

On 3rd postoperative day a significant weight loss was 
observed in all groups. Instead, on 7th postoperative day 
there was statistically significant reduction in weight of 
rats in the control group and in group B (mechanical bowel 
preparation and antibiotics), as well as in group D where 
synbiotic were administrated. In group C (glutamine) as 
well as in group C (glutamine and synbiotics), the weight 
loss observed was not statistically significant.

It seems, therefore, in our experiment that the weight 
loss that was noted in all groups is due to stress of im-
mediate postoperative period and the metabolic changes 
that follow surgery, while the administration of gluta-
mine alone and in combination with the synbiotic, may 

Fig. 3. Hydroxyproline values on 3rd p.d. Group A: Control. Group B: 
Mechanical bowel preparation and antibiotics. Group C: Glutamine. 
Group D: Synbiotics. Group E: Glutamine and synbiotics.

Fig. 4. Hydroxyproline values on 7th p.d. Group A: Control. Group B: 
Mechanical bowel preparation and antibiotics. Group C: Glutamine. 
Group D: Synbiotics. Group E: Glutamine and synbiotics.
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positively affect the metabolism of animals, as depicted 
by the limited weight loss. Similar results were reported 
in studies of Ding et al. (54), El-Malt et al. (28) and Da 
Costa et al. (55) who administrated total parenteral nu-
trition with a glutamine addition and found statistically 
significant difference in initial weight loss of the animals. 
Furthermore, in the studies of Aguilar-Nascimento et al. 
(56) and Yang et al. (57), where synbiotics was adminis-
trated, no statistically significant difference was noted in 
initial weight loss, just like in our experiment in group D 
(synbiotics), unlike the group E where the synbiotic were 
administrated in conjunction with glutamine. This result 
for the group E might be due to glutamine effect, which 
is known to help to increase protein synthesis in muscles 
and prevents muscle catabolism.

Zero mortality was observed in both study and control 
groups. It should be noted that no septic complications 
were observed in both study and control groups. The ad-
hesion formation was not statistically significant on 3rd 

and on 7th postoperative days. 
Dehiscence of intestinal anastomosis remains a major 

complication after gastrointestinal tract surgery and the 
most important indicator of failure of the anastomotic 
healing. The measurement of bursting pressure of anas-
tomosis is a mechanical index of anastomotic healing and 
determines resistance of intraluminal pressure. In our ex-
periment, the bursting pressures were significantly high-
er in group E (glutamine and synbiotics) on 3rd and 7th 
postoperative days where glutamine and synbiotic were 
administrated; however, the bursting pressure in group A 
(control) was significantly lower compared to all groups. 
This difference was most pronounced among the groups 
on 7th postoperative day. Other experimental models such 
as in studies of Aguilar-Nascimento et al. (56) and See-
hofer et al. (58) who examined the effect of synbiotics on 
anastomotic healing, did not note statistically significant 
difference between the control and study groups. On the 
other hand, in the study of Da Costa et al. (55) who ad-
ministrated glutamine, the bursting pressure was signifi-
cantly higher in study groups. Gökpinar et al. (59) that 
studied the effect of early and late enteral nutrition with 
glutamine on anastomotic healing, noted that the bursting 
pressure was significantly higher in groups that received 
glutamine than in groups which were fed by enteral nu-
trition only.

Particular importance for the evaluation of results of 
bursting pressure measurements is the line of the burst 
of colon. In our experiment, the greater frequency of the 
bursts occurred outside the anastomotic line in group E 
(glutamine and synbiotics), while the greater frequen-
cy of bursts on anastomotic line occurred in groups A 
(control) and B (mechanical bowel preparation and an-
tibiotics) both on 3rd and on 7th postoperative days. In 
the study of El-Malt et al. (28) who administrated total 
parenteral nutrition with glutamine, during the measure-
ments of bursting pressure, the rupture of anastomosis 

was noted on the anastomotic line in all animals of the 
experiment model.

On the 3rd postoperative day, neoangiogenesis, inflam-
matory infiltration and fibroblast activity were significant-
ly enhanced in group E (glutamine and synbiotics) com-
pared to control. On the 7th postoperative day in group E 
fibroblast activity was significantly enhanced and inflam-
matory infiltration was significantly limited compared to 
control. Regarding the histopathological examination, 
and especially the inflammatory reaction, Güven et al. 
(60), who studied the effect of glutamine on the healing 
of colonic anastomosis, observed a significantly enhanced 
inflammatory infiltration in the glutamine group com-
pared to control. However, Da Costa et al. (55) did not 
find any significant differences in the animals receiving 
glutamine compared to control. Moreover, Seehofer et al. 
(58) did not observe any significant differences, regarding 
the inflammatory reaction, in the group receiving synbiot-
ics compared to control. 

The reduction of collagen synthesis in the anastomosis 
may lead to impaired wound healing. The hydroxypro-
line is one of the essential amino acids of collagen and 
is found almost exclusively in connective tissue. In our 
study, the hydroxyproline tissue content was significantly 
higher in group E (glutamine and synbiotics) both on 3rd 
and on 7th postoperative days. Da Costa et al. (55) in their 
study observed statistically significant difference in the 
values of hydroxyproline in the glutamine group. Similar 
results were demonstrated by the study of Güven et al. 
(60) However, Gökpinar et al. (59) who studied the ef-
fect of early and late enteral nutrition with the addition of 
glutamine on healing of anastomosis, found that the val-
ue of hydroxyprline in glutamine group was higher than 
in control group, but the difference was not statistically 
significant. Aguilar-Nascimento et al. (56), who studied 
the effect of synbiotics, did not observe any statistical-
ly significant difference in hydroxyproline rates between 
control and study groups.

Bacterial translocation can be estimated by quantitative 
cultures of mesenteric lymph nodes. On the 3rd postoper-
ative day there were no significant differences regarding 
the percentage of positive cultures, but on the 7th day the 
percentage of positive cultures was significantly lower in 
group B and group E compared to control. In the study of 
Seehofer et al. (58), a significant reduction in the concen-
tration of the intestinal bacteria was noted on the lymph 
node cultures of animals treated with synbiotics compared 
to control. Similar findings have been reported by Ding et 
al. (54). On the other hand, both El-Malt et al. (28) and 
Tian et al. (61) did not find any significant differences 
in animals receiving glutamine compared to control. Fur-
thermore, both Yang et al. (57) and Mogilner et al. (62) 
did not observe statistically significant differences in ani-
mals receiving synbiotics compared to control. 

The certain multispecies synbiotics have been chosen 
over a multistrain or monostrain synbiotic regimen as a 
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certain amount of synergism between probiotics is noted 
when different probiotic species with different probiotic 
effects are combined. Also, the properties of the different 
probiotic species may be additive and different species 
with different characteristics have an enhanced chance of 
colonization and enhanced biological activity (63). 

CONCLUSIONS 

The administration of synbiotics in conjunction with 
glutamine increases the microcirculation in the mucosa, 
fibroblast activity and collagen deposition in colon anas-
tomosis and at first enhances and then limits the inflam-
matory reaction in the region of anastomosis. These ac-
tions have resulted in increasing the mechanical strength 
of the anastomosis, thus increasing the bursting pressure 
and decreasing (on 3rd postoperative day) or effacement 
(on 7th postoperative day) of rupture on anastomotic line. 
Moreover, this combination decreases bacterial transloca-
tion after surgical excision and anastomosis of the colon 
and could possibly lead in reduction or even elimination 
of postoperative septic complications. 
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