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Abstract
AIM: To evaluate the mechanical and biochemical 
pa rameters o f co lon i c anas tomot i c hea l ing in 
hypercholesterolemic rats.

METHODS: Sixty rats were divided into two groups of 30 
each according to their dietary regimens. The test group 
was fed with a high cholesterol-containing diet for two 
months while the control group had standard diet. These 
two groups were further divided into three subgroups 
consisting of ten rats each. After hypercholesterolemia 
was established, left colon resection and anastomosis 
were performed in both groups and samples from liver 
and abdominal aorta were taken to evaluate the systemic 
effects of hypercholesterolemia. Anastomotic wound 
healing, blow-out pressures and tissue hydroxyproline 
levels were evaluated.  

RESULTS: The test group had a significant weight gain 
in two months. Microscopic examination of the abdominal 
aorta revealed no atherosclerotic change in none of the 
groups, but liver tissue specimens showed significant 
steatosis in the test group. Tissue hydroxyproline levels 
and anastomotic blow-out pressures were significantly 
lower in the test group than in the controls. 

CONCLUSION: Hypercholesterolemia not only increases 
hydroxyproline levels and blow-out pressures but also 
worsens anastomotic wound healing.
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INTRODUCTION
Hypercholesterolemia is the major etiologic factor for ath-
erosclerosis in Western countries[1]. However, the effects 
of  hypercholesterolemia on anastomotic wound healing 
have not been studied. 

Leakage in colonic anastomosis has a higher incidence 
of  morbidity and mortality rate compared with that in 
small intestinal anastomosis. The overall leakage incidence 
of  intestinal anastomosis is 2-35%[2]. Most of  them are 
minimal and can be limited by the host defense mecha-
nisms. Systemic and local factors play a role in anastomotic 
wound healing. Anemia, hypovolemia, low arterial PO2, 
neutropenia, low O2 saturation, malnutrition, vitamin de-
ficiencies, zinc deficiency, jaundice, uremia and high dose 
corticosteroids are some of  the systemic factors, while 
local factors include infection, intestinal contents, prophy-
lactic antibiotics, technique of  suturing and suture material, 
radiation and mesenteric vascular occlusion[2-4]. 

In experimental studies, microscopic healing in small 
intestine is better than that in the colon[5,6]. Intestinal anas-
tomotic wound healing can be evaluated mechanically, bio-
chemically and histopathologically. Mechanical evaluation 
depends on the blow-out pressure of  the anastomotic line. 
This pressure can change with the inflation rate of  the 
intestine or the in situ procedure[2,7-9]. Continuous suturing 
technique has no effect on this pressure[10].

Biochemically, collagen production rate and amount 
in the anastomosis line are the factors to be measured. 
Since the majority of  the collagens are hydroxyproline, all 
measurements are made by detecting the hydroxyproline 
content[7,11,12]. Histopathologically, the only evidence is the 
infiltration of  several kinds of  inflammatory cells[2 ,7].

In this study, the mechanical and biochemical parame-
ters of  colonic anastomotic wound healing were evaluated 
in rats fed with a high cholesterol containing diet (2% cho-
lesterol + 1% colic acid: Sigma Co., Manchester, UK) for 
two months[13]. Abdominal aortic and liver tissue samples 
were also obtained to evaluate the systemic effects of  hy-
percholesterolemia. 
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MATERIALS AND METHODS
Experimental animals and grouping
Sixty rats of  both sexes weighing 240-300 g used in this 
study were divided into two groups according to their 
dietary regimens. The test group consisted of  30 rats fed 
with a high cholesterol diet for two months while the con-
trol group had standard diet for the same period. The test 
group had a significant weight gain at the end of  this pe-
riod (Table 1). 

These two groups were further divided into three sub-
groups, ten rats each group. Ten milliliter blood was taken 
from each rat for measurement of  serum total cholesterol 
and triglyceride levels. In the test group, serum total cho-
lesterol and triglyceride levels were significantly higher than 
in the control group (Figure 1). After hypercholesterolemia 
was established, left colon resection and anastomosis were 
performed in both groups and tissue samples were taken 
from liver and abdominal aorta.

Surgical technique
After an overnight fasting, intramuscular ketamin HCl 
(Ketalar, Parke Davies) was administered (50 mg/kg). One 
percent povidon-iodine was used for local cleansing. A 
midline laparotomy was performed and a segment of  left 
colon (1 cm) was resected. Colo-colonic anastomosis was 
made using 7/0 polyproene (Prolene, Ethicon Inc., UK) 
with 8-10 stitches for a layer. There was no postoperative 
mortality.

In both groups, 10 rats underwent relaparotomy on 
the third day and 10 rats on the seventh day. Colon lumen 
was obliterated 10 cm distal to the anastomosis using 3/0 
silk ligature. Colon was transected 10 cm proximal to the 
anastomotic line and an infusion set was inserted into the 
lumen. This set was connected to an infusion pump (Life 
Care 5000 Infusion System, Abbot, Illinois, USA) and 
isotonic sodium chloride was given at a rate of  2 mL/min 
into the lumen (Figure 2). The pressure at the moment of  
the first leakage observed from the suture line was record-
ed as the blow-out pressure. All measurements were done 
in situ. After the measurements, tissue samples were taken 
from the liver and abdominal aorta for histopathological 
examination. The experiment was terminated by creating a 
pneumothorax. 

In all groups, one centimeter segment of  colon (includ-
ing 0.5 cm proximal and 0.5 cm distal to the anastomotic 
line) was resected (Figure 3). The suture material was re-
moved and the samples were kept in liquid nitrogen until 
the assay day.

Biochemical measurements were done as described 
previously[14]. The volume of  hydroxyproline was defined 
as micromoles of  hydroxyproline per gram of  wet weight. 

Statistical analysis
Mann Whitney U test was used for statistical analysis com-
pare the blow-out pressures and hydroxyproline contents 
between groups. P < 0.05 was considered statistically sig-
nificant.

T ab l e  1  P r e -  a n d  p o s t - f e e d i n g  b od y  we i g h t s  o f 
hypercholesterolemic rats

Pre-feeding weight (g) Post-feeding weight (g)

Rat 1 250 325
Rat 2 255 330
Rat 3 245 350
Rat 4 240 310
Rat 5 260 325
Rat 6 250 335
Rat 7 275 360
Rat 8 280 355
Rat 9 270 350
Rat 10 240 340
Mean 256.5 338
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Figure 1 Mean cholesterol and triglyceride level in test and control groups.

Figure 2 Insertion of 
an infusion pump into 
the colon.

Figure 3  Anastomosis 
line.
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RESULTS
The rats in the test group gained significant weight (Table 1). 
The weight difference between the pre and post-feeding 
periods was statistically significant (P < 0.05).

After feeding with a high cholesterol containing diet 
for two months, a statistically significant difference serum 
cholesterol and triglyceride levels between the test and con-
trol groups was observed (P < 0.05, Figure 1). In the test 
group, serum total cholesterol level was 951 ± 72.4 mg/L 
and triglyceride level was 1425 ± 98.1 mg/L, while they 
were 423 ± 10.3 mg/L and 538 ± 23.6 mg/L in the control 
group, respectively.

On the third postoperative day, the mean blow-out 
pressure was 87.3 ± 11.4 mmHg in the test group and 
150.5 ± 9.7 mmHg in the control group (Figure 4A). This 
difference was statistically significant (P < 0.05). The mean 
hydroxyproline level was 0.667 ± 0.09 in test group and 
0.863 ± 0.05 in control group (P < 0.05) (Figure 4B).

On the seventh postoperative day, the blow-out 
pressure was 159.5 ± 10.4 mmHg in the test group and 
236 ± 13.5 mmHg in the control group, while the hydroxy-
proline level was 0.861 ± 0.21 in the test group and 1.366 ±  
0.06 in the control group, respectively. The difference in 
the parameters between the two groups was statistically 
significant (P < 0.05) (Figures 4A and 4B). 

Liver tissue samples of  the test group had a significant 
macroscopic steatosis compared to the control group (Fig-
ure 5A). In microscopic examination with hematoxilen-
eosin staining, significant steatosis was also found in the 
test group (Figure 5B). No difference in microscopic 
results of  the aortic specimens was found between the two 
groups.

DISCUSSION
In this study, left colon anastomosis was performed in hy-

percholesterolemic rats and the mechanical and biochemi-
cal parameters of  anastomotic wound healing were inves-
tigated. Anastomotic wound healing in the test group was 
worse than that in the control group in terms of  hydroxy-
pline levels and blow-out pressures. Significant steatosis 
was found in the liver specimens but no atherosclerotic 
changes in the aortic specimens. This finding is in accor-
dance with several studies[15-17].

Factors influencing colonic healing have been widely 
studied[2,4]. Since blood flow is the major component of  
wound healing, hypercholesterolemia-induced atheroscle-
rosis has a detrimental effect on intestinal anastomotic 
wound healing. However, the effects of  hypercholester-
olemia start long before the onset of  atherosclerosis[16-20]. 
There are also reports on how hypercholesterolemia wors-
ens vascular functions using different pathways of  micro-
endocrine system inside the endothelium[21-23]. Ross et al[24] 
have shown that monocytes accumulate on endothelium 
and damage it. Besides the macrovascular system, hyper-
cholesterolemia also plays an important role in microvas-
cular endothelial injury. 

The cause of  hypercholesterolemia-induced endo-
thelial damage is predominantly determined by loss of  
endothelium-mediated relaxation. The mechanisms are 
as follows: decrease in the relaxing effect of  NO/EDRF, 
ADP, thrombin, Ca++-ionophore A 23187 on endothe-
lium[2,16,21,25,26]; increase in platelet aggregation and turnover 
as well as the sensitivity of  platelets to aggregating sub-
stances due to the modification of  effects of  PGI2 and 
TXA2

[27-29]; increase in the release of  endothelium-derived 
vasoconstrictor substances such as serotonin and TXA2 

through the cyclooxygenase pathway[22,27].
The above effects have been shown in vivo and in vitro in 

experimental models of  rabbit aorta, monkey iliac artery, 
pig coronary artery and human coronary arteries[28]. Our 
study did not investigate these effects, but the effect of  hy-
percholesterolemia on hydroxyproline level and blow-out 
pressure was emphasized.

Why hypercholesterolemia worsens anastomotic wound 
healing is still unknown. Luminal narrowing is the net 
result of  atherosclerosis in both macro and microvascu-
lar systems. Consequently, ischemia and related injuries 
occur. Hypercholesterolemia is the major risk factor for 
atherosclerosis. In early phase of  hypercholesterolemia, 
no morphological change takes place in arterial wall but 
vasospasm occurs due to neurohumoral mechanisms[30]. 
Atherosclerosis is an irreversible process but hypercholes-
terolemia is reversible and these effects are preventable. 
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Figure 4 Mean blow-out pressure (A) and hydroxyproline level (B) in test and control groups.

Figure 5 Macroscopic (A) and microscopic (B) steatosis in liver.
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In our study, anastomotic wound healing in the test 
group was worse than that in the control group. Since 
hypercholesterolemia predominantly affects the endothe-
lium, this can partly be explained as a result of  endothelial 
damage-induced vasospasm. But we did not measure the 
anastomotic blood flow or assess the endothelial injury. 
Although a relationship between hypercholesterolemia and 
wound healing was demonstrated, our results could not 
fully explain the mechanisms. Further studies are needed 
to reveal the relationship between hypercholesterolemia 
and anastomotic wound healing. 
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