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Abstract 

Reperfusion injury following ischemia is thought to be the consequence of reactive oxygen species. Role of  these free radicals on the 
damaging effects of ischemia in colon has been investigated. A rat experimental model was used in which colon was subjected to 
ischemia and reperfusion and mucosal damage was assessed by biochemical and histological studies. Activity of myeloperoxidase, 
a neutrophil marker, was increased after ischemia (I) and ischemia/Reperfusion (I/R). Lipid pemxidation products sqch as 
malonaldehyde and conjugated diene did not show any change in the experimental colonic mucosa as compared to control. Mucosal 
level oflow molecutar weight thiots were found to be altered after I/R. A decrease in a-tocopherol revel was noticed after ischemia 
and the decrease was prominent after reperfusion. Histology indicated morphological changes in colon due to ischemia and reperfusion 
and the damage was more severe after reperfiasion. These results suggest that colonic mucosa[ damage occurs during I/R and free 
radicals generated by the infillraled neutrophils may play a role in this damaging process. (Mol Cell Biochem 151: 9-14, 1995) 
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Introduction 

Ischemic conditions are known to produce damage to vari- 
ous organs. In the gastrointestinal tract, severe ischemic stress 
leads to damage to mucosa and/or muscular layer, which 
includes ulceration, transmural necrosis and perforation. It 
was hypothesized that iLschemia is the early event that occurs 
in inflammatory bowel diseases [ 1 ]. Although different trig- 
gering mechanisms may lead to the ischemic insult, the patho- 
genic mechanism that cause the morphologic damage is still 
debated. Reperfusion following ischemia in various tissues 
is accompanied by pathological changes that are additive to 
the damage caused by ischemia alone. The role of oxygen- 
derived free radicals in the pathogenesis of  injury associated 
with ischemia/reperfusion of many tissues including small 
intestine has been reported [2~,}. [t has been shown that oxy- 
gen radical scavengers such as superoxide dismutase and 
dimethyl su~foxide attenuate gastric mucosal injury associ- 
ated with I/R. Much of the work has focussed on xanthine 
oxidase as the primary source of  reactive oxygen species 

during reperfusion. This conclusion was derived by using in- 
hibitors or inactivators of xanthine oxidase which reduced 
reperfusion injury [5, 6].Another important source of reactive 
oxygen metabolites is the infiltrated polymorpholeukocytes 
[7]. The results obtained from the studies ofZimmerman et al. 
[8] suggest that either H202 or radical species derived from 
the interactions of superoxide and H202 with iron elicit I/R 
induced granulocyte infiltration in the intestine. Our earlier 
work using XO-deficient rats has shown that infiltrated 
nentrophils rather than xanthine oxidase is responsible for  
generation of free radical in the ischemic small intestine [9]. 

Unlike small intestine, vascular supply of  large intestine 
is by both superior and inferior mesenteric arteries. To gen- 
erate ischemia in the c~lon both these arteries have to be 
occluded. In rats difference in the mucosal damage between 
small intestine and colon in response to ischemia and repot- 
fusion has been reported [10]. [a the present study morpho- 
l~g~caI and biochemical changes have been studied in rats 
subjected to colonic ischemia. 
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Materials and methods 

Thiobarbituric acid (TBA), bovine serum albumin (BSA) 
alpha tocopherol, oxidised and reduced glutathione,3,3' 
tetramethoxy propane, 1 flouro 2,4 dinitrobenzene, cysteine 
and cystine were all obtained from Sigma Chemical Com- 
pany USA. All solvents were distilled before use and for 
HPLC, special grade solvents were used. All other chemi- 
cals used were of analytical grade. 

Development of ischemia/reperfusion 

Overnight fasted rats were anaesthetised with sodium pento- 
barbitone (50 mg/kg body weight). The large intestine was 
isolated after midline abdominal incision and cannulated 
immediately distal to the caecum using silastic tubing. An- 
other cannula was inserted into the rectum. The luminal con- 
tents were removed by gently flushing with Krebs Henseleit 
(KH) buffer pH 7.4. Vascular supply of colon is by both su- 
perior and inferior mesenteric arteries [ 11 ] and to perform 
ischemia, both these arteries were occluded for 1 h with a 
clamp and released for 5 min for reperfusion. The arterial 
pulse assessed through a magnifying glass was absent dur- 
ing ischemia and returned in all rats after blood supply was 
established. The isolated portion of the gut was returned to 
the abdominal cavity and the abdominal wall was closed to 
minimize dehydration during the course of the experiment. 
Control rats underwent the same procedure without occlusion 
of arteries. Body temperature was maintained at 37~ with 
an overhead lamp. After the corresponding time periods, the 
colon was removed, mucosa scraped, homogenized in KH 
buffer and this was used for further studies. Protein was 
measured using BSA as standard [12]. 

Biochemical studies 

Malonaldehyde estimation 
Malonaldehyde was estimated by the TBA reaction [13]. 
Assay mixture contained 0.2 ml of 8.I% sodium dodecyl 
sulfate, 1.5 ml of 20% acetic acid (pH 3.5). 1.5 ml of 0.8% 
TBA and tissue homogenate corresponding to 1 mg protein 
in a total volume of 4 ml. This was heated in a boiling water 
bath for 60 min. After cooling, 1 ml of distilled water was 
added and the red pigment extracted with 5 ml n-butanol: 
Pyridine (15:1 V/V) and the colour measured at 550 nm. 
Amount of  malonaldehyde formed was calculated from 
standard curve prepared using 1,1', 3,3' tetramethoxy propane 
and values were expressed an nmole/mg protein. 

Conjugated diene 
Total lipid was extracted from the homogenate as described 
[I4] and evaporated using nitrogen. This was dissolved in 1 
ml heptane and conjugated diene formed was measured at 233 
nm and calculated using molar extinction coefficient of 2.52 
xlO 4. 

Arachidonic acid level 
Total lipids extracted from control and ischemic mucosa were 
hydrolysed and methylated using methanolic HC 1. Fatty acid 
methylesters were quantitated after separation on a 5% EGSS- 
X column using Pye Unicam gas chromatograph. Hepta- 
decamaic acid was used as internal standard. 

Tocopherol estimation 
Alpha tocopherol content was measured using HPLC. Mucosal 
tocopherol was extracted [ 15] and quantitated using Shimadzu 
6A HPLC [ 16]. 

Myeloperoxidase 
The myeloperoxidase activity was measured using O-dianisi- 
dine [ 17]. 1 unit ofmyeloperoxidase act'ivity is defined as that 
degrading one micromole of peroxide per minute at 25~ 

ThioI estimation 
Levels of  both oxidised (GSSG) and reduced glutathione 
(GSH) in the acid supernatent of control and ischemic mucosa 
were measured after derivatisation using HPLC. The thiols 
were treated with iodoacetic acid to form s-carboxy methyl 
derivatives which was followed by chromophore derivatisa- 
tion with 1 flouro 2,4-dinitrobenzene. This derivative was 
then separated on amino column using a gradient of  metha- 
nol and sodium acetate and detected at 365 mn[ 18]. Cysteine 
and cystine were measured using acid ninhydrin reagent [ 19] 
and the amount was calculated by reference to cysteine stand- 
ard curve. Dithiothreitol was used to reduce cystine to 
cysteine and the total cysteine was determined. The amount 
of cystine was determined from the difference between the 
two values. 

Protein carbonyl group estimation 
Trichloroacetic acid precipitate ofmucosal protein was thor- 
oughly washed with ethanol:ethyl acetate (1:1 v/v) and dis- 
solved in 1 ml of 6M guanidine HC1 and the carbonyl 
content was measured as described [20]. 

Mucosal adenosine deaminase [21] and 5"Nueleotidase 
activities were measured as described [22]. 

Histologic studies 
The colonic tissue proximal to rectum was excised and fixed 
in 10% formalin immediately, after ischemia and reperfusion. 
After fixation, the tissue was dehydrated through graded al- 
cohol, cleared with chloroform, infiltrated and embedded in 



paraplast. Three to four micron sections were cut, stained with 
haemotoxylin and eosin and observed under light micro- 
scope. Using a graticul[e in the eye piece, total height of  the 
mucosa from the base of  the crypt to the surface was meas- 
ured in five different areas and an average was taken. Simi- 
larly maximum diameter o f submucosal veins and its accom- 
panying artery of  at least 10 pairs from each animal was also 
measured. The number of  neutrophil polymorphs in the 
lamina propria was counted at 400 x in 20 different overlap- 
ping areas to include the total width of  the mucosa. 

Data were analysed by Students t test and Mann Whitney 
U test. 

Results 

Figure 1 shows the histological appearance of mucosal in- 
jury after I/R in comparison to normal colonic mucosa. Fig- 
ure 1A is the section from control showing intact mucosa with 
well preserved surface cells. Figure 1B shows the mucosa 
following 1 h ofischaernia, where there is loss of  surface cells, 
increase in neutrophil polymorphs in the lamina propria and 
dilation of  submucosal veins and arteries. Figure 1C is 
Ischaemia followed by reperfusion which shows more promi- 
nent cell loss from the surface with shortening of  crypts and 
many  desquamated  cells in the lumen. Neutrophil  
polymorphs were more in number and neutrophil adhesion 
to endothelial cells were also seen (Magnification for Fig. 
1 A ~ 2 -  11,800 x). Table 1 shows histological changes in the 
mucosa after I and I/R as compared to control. Figure 2 shows 
the peroxidation parameters measured after ischemia and I/ 
R. There was no marked change in the level of  malonalde- 
hyde and conjugated diene after I/R in comparison to con- 
trol. Total arachidonic acid was increased after ischemia and 
I/R as compared to the: control mucosa. As shown in Fig. 3 
myeloperoxidase, a neutrophil marker, was increased signifi- 
cantly after ischemia (p < 0.01 as compared to control) and 
reperfusion (p < 0.001 as compared to control). Gt-tocopherol, 
the lipid soluble antioxidant was slightly decreased after 
ischemia but significantly decreased after I/R (p < 0.001).- 
Quantitation of  soluble thiols showed decrease in GSH con- 
tent after I and I/R (p < 0.05) as compared to control and the 
level of  GSSG was not altered (Fig. 4). Cysteine and cystine 
levels were increased after ischemia and reperfusion. Protein 
carbonyl content was measured after I/R and compared with 
control mucosa. The values were 4.3 + 1.5, 5.2 + 0.6 and 5.5 
• 0.5 nmoles/mg protein in control, ischemia and I/R respec- 
tively and there was a slight increase in the carbonyl content 
in experimental groups as compared to control. Adenosine 
has been earlier shown to attenuate ischemic injury in brain 
and the enzymes which are involved in adenosine metabo- 
lism were measured in the intestinal mucosa after ischemia 
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Fig. 1. Illustration of colonic mucosal injury after ischemia and I/R in 
rat. A) Control intestine with normal surface epithelium and crypt with 
minimal separation of surface cells from basement membrane. B) 60 min 
after complete occlusion of superior and inferior mesenteric arteries. C) 5 
rain reperfusion after 60 rain occlusion of arteries. 

and I/R. No significant alteration was observed in the activi- 
ties of  adenosine deaminase or 5'nucleotidase (Specific ac- 
tivity of  adenosine deaminase was 0.5 + 0.02, 0.45 + 0.01, 
0.37 + 0.01 and 5' nucleotidase was 0.77 + 0.03.0.67 + 0.01 
and 0.58 + 0.013 in control, ischemia and I/R respectively). 
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Fig. 2. Comparison ofmalonaldehyde, conjugated diene and arachidenic 
acid levels in colonic mucosa of  control rats, after 60 rain ischemia and 5 
min reperfusion. Data represents mean • SD of  3 separate experiments. 
Statistically significant increase was observed for arachidonic acid after 
I/R. (p < 0.001). 
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Table 1. Histological changes in the colonic mucosa after ischemia and 
reperfusion 

Control I I/R 

2 1 8 •  2 2 0 •  Total height of  mucosa (gin) 310 + 20 
Neutrophil polymorphs 
per field at 400 x 6. ] • 1.7 
Mean diameter o f  sub-mucosal 5.6 + 1.7 
Mean diameter of  sub-mucosal (gm) 2.9 • 0.9 

14.5•  22.7+3.7 
11.7+5.4 12.4+4.9 
5.2+ 1.9 4 .0 •  

Total height of  the mucosa was significantly decreased after I and I/R (p 
< 0.001). Number of  neutrophil polymorphs were increased after I (p < 
0.01) and I/R (p < 0.01). After 1/R the number of  polymorphs were more 
when compared to I (p < 0.05). Mean diameter of  submucosal veins and 
arteries were also significantly altered after ! and I/R when compared with 
control (p < 0.001). 

D i s c u s s i o n  

Blood supply to colon is by both superior (SMA) and infe- 
rior (IMA) mesenteric arteries. SMA plays an important role 
in the blood supply of  caecum and transverse colon and IMA 
supplies the rest of the large intestine [11 ]. Hence occlusion 
of  both these arteries is necessary to produce ischemia in the 
colon. Studies were done after 1 h ischemia and 5 rain 
reperfusion. Earlier reports indicate that duration of  the 
ischemic insult appears irrelevant to the amount of  tissue 
injury produced. One mitt of  SMA occlusion in rat produces 
the same mortality as 30 or 90 min occlusion [23-25]. 

Ischemia and reperfusion after ischemia are known to ini- 
tiate the formation of  oxygen-derived free radicals. There is 
considerable evidence indicating xanthine oxidase as the 
source of oxygen free radical in the small intestine although 
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Fig. 3. Changes in the level of myeloperoxidase activity (A) and (B) a-tocopherol in colonic mucosa after ischemia and reperfusion in comparison to 
control rats. Data represents mean + SD o f  3 separate experiments. Statistically significant change in (~-tocopherol was observed after I/R. (p < 0.001) and 
significant increase in ME0 levels after ] (p < 0.01) and I/R (l 3 < 0.00 l).There was a significant increase in MP0 levels after I/R when compared to I (p < 
0.05). 



13 

12 

LO -- 

8 
0 

ca. 

~m 

6 ~- 

"d 4 -  

o 

-If f f ~  

r11 

r11 

GS~ 

o ~ a ~. _ - ' i -  " 

o - -  ~ - 

GSSG CYSTEINE CYSTINE 
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this has been questioned [26]. Unlike the small intestine 
which is a rich source of  xanthine oxidase, its activity in the 
colon is very low [27]. Oxygen-derived free radicals may also 
be generated from other sources such as infiltrated phago- 
cytes and mitochondrial oxidation. Various reports support 
the concept that neutrophil infiltration is an important element 
in ischemic damage to intestinal mucosa. Recent study indi- 
cates that neutrophil infiltration into the ischemie small bowel 
is initiated by endothelial cell xanthine oxidase derived oxy- 
gen metabolites [28]. Free radical involvement is shown in 
ischemic colitis induced in rats [29]. In the present study 
infiltration ofneutrophits was assessed by the marker enzyme 
myeloperoxidase which was increased after I and I/R. 

One of the mechanisms by which free radicals damage the 
cells is through peroxidation of  membrane lipids. Extent of  
peroxidation can be assessed by the products of  lipid peroxi- 
dation such as malonaldehyde and conjugated diene and both 
these parameters were not increased after I and I/R as com- 
pared to the control. Since peroxidation occurs on the 
polyvarsaturalid fatty acid, arachidonic acid of  membrane 
lipids, depletion of  arachidonic acid is an indication of  the 
extent ofperoxidation. Arachidonic level was not decreased 
after I or I/R whereas an increase was observed. This may 
be due to the absence of lipid peroxidation and contribution 
of  tissue arachidonic acid by the infiltrated neutrophils af- 
ter I/R. Total arachidon~ic acid in the lipid extracts of  colonic 
mucosa was shown to be increased in ulcerative colitis and 
crohn's disease [30, 31} and it is known that in these inflam- 
matory conditions, an increase o f  phagocyte infiltration oc- 
curs. Although there was no increase in the peroxidation 
parameters, ct-tocopherol, the membrane associated lipid 
soluble antioxidant was found to be decreased after I and I/ 
R which suggests that tocopherol was used up in scaveng- 
ing the free radicals. This may be due to the direct oxida- 

tion of tocopherol by oxidants. Histology revealed consid- 
erable damage to the mucosa after ischemia and I/R and the 
damage became more severe after reperfusion. It has been 
shown that adenosine deaminase inhibitors attenuate 
myocardial ischemic injury [32]. In the present study 
adenosine deaminase and 5 ~ nucleotidase, the two enzymes 
involved in purine metabolism, were measured after I and 
I/R and no significant change in activities were observed as 
compared to control. Since the activity ofxanthine oxidase 
which utilizes the purine metabolites to generate superoxide 
is low in the colonic mucosa, probably purine metaboliz- 
ing enzymes may not have a significant role ischemia of  the 
colon. 

The damage to colonic mucosa by free radical mechanism 
during I/R is supported by the indirect evidence showing the 
depletion of GSH level and ct-tocopherol, known free radi- 
cal scavengers as observed earlier in brain [33]. In studies on 
the small intestine of  the cat, it was observed that ischemia 
followed by reperfusion resulted in a substantial decrease in 
GSH, and increase in GSSG [34]. In colonic mucosa, GSH 
level was decreased without any change in GSSG. Work of  
Gibson e t  a l  [35] demonstrated that no oxidation of  GSH 
occurred during intestinal reperfusion nor was there an in- 
crease of GSSG during this reoxygenation period. In a recent 
report [36] in which a rat kidney model was employed, the 
authors describe a decrease in GSH content in ischemia that 
was also accompanied by a nearly stoichometric increase in 
cysteine. They demonstrated that the cysteine was derived 
from the degradation o f  GSH. In the colonic mucosa an in- 
crease in cysteine and cystine were observed. 

These results suggest that similar to the small intestinal 
ischemia, prevention of  blood supply to colon leads to dam- 
age to the mucosa and the free radicals generated by the infil- 
trated phagocytes may play a role in this damaging process. 
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