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ENZYMATIC ANTIOXIDANT DEFENCE MECHANISM IN RAT
INTESTINAL TISSUE IS CHANGED AFTER ISCHEMIA—
REPERFUSION. EFFECTS OF AN ALLOPURINOL PLUS
ANTIOXIDANT COMBINATION

Murat Kagmaz, MD;* H. Serdar Oztiirk, MD, PhD;* Muammer Karaayvaz, MD; Cengiz Giiven, MD;¥ ilker Durak, PhD*

OBJECTIVES: To establish the antioxidant status of rat intestinal tissues after ischemia—reperfusion and to
determine if pretreatment with an allopurinol and antioxidant vitamin combination gives any protection
against mucosal injury.

EXPERIMENTAL ANIMALS: Twenty rats were divided into 4 groups of 5 animals each.

METHODS: Group 1 (control) rats were not subjected to ischemia—reperfusion and received no allopurinol
plus vitamin combination; group 2 rats received vitamins C (200 mg/kg) and E (100 mg/kg) and allo-
purinol (50 mg/kg) combination daily for 3 days preoperatively; group 3 rats were subjected to is-
chemia-reperfusion only; and group 4 rats were subjected to ischemia-reperfusion and received the vita-
min and allopurinol combination.

MAIN OUTCOME MEASURES: Activities of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px)
and catalase (CAT) enzymes, the level of thiobarbituric acid-reagent substances (TBARS) and histologic
grading of tissue samples.

ResuLTs: SOD and GSH-Px activities were decreased, but the CAT activity and TBARS level increased.
Pretreatment of the rats with the allopurinol-vitamin C-vitamin E combination did not have any significant
effect on the enzyme activities. However, it resulted in important reductions in the TBARS tissue levels.
Histologic investigation revealed significant mucosal injury in group 3 rats compared with group 4 rats
(mean [and standard deviation] for grading, 4.6 [0.5] versus 1.8 [0.4]).

CONCLUSIONS: The enzymatic antioxidant defence system was significantly changed after ischemia-reperfu-
sion and intestinal tissue was exposed to increased oxidant stress, the results of which were peroxidation of
some cellular structures and increased concentrations of oxidative products. Although antioxidant treat-
ment did not drastically affect the enzyme activities or afford complete protection of cellular structures
against deformation, it apparently could eliminate oxygen radicals and prevent peroxidative
reactions.

OBJECTIES : Déterminer le statut antioxydant de tissus intestinaux de rats apres une ischémie-reperfusion et
déterminer si le prétraitement au moyen d’une combinaison d’allopurinol et de vitamines antioxydantes
protege contre les lésions des muqueuses.

ANIMAUX EXPERIMENTAUX : Vingt rats divisés en quatre groupes de cinq animaux chacun.

METHODES : Les rats du groupe 1 (témoins) n’ont pas été soumis a une ischémie-reperfusion et n’ont pas
recu de combinaison d’allopurinol et de vitamine; ceux du groupe 2 ont re¢u une combinaison de vita-
mines C (200 mg/kg) et E (100 mg/kg) et d’allopurinol (50 mg/kg) tous les jours pendant trois jours
avant P’intervention; les rats du groupe 3 ont été soumis a une ischémie-reperfusion seulement et ceux du
groupe 4, a une ischémie-reperfusion et ont re¢u une combinaison de vitamines et d’allopurinol.
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PRINCIPALES MESURES DE RESULTATS : Activités des enzymes superoxyde-dismutase (SOD), glutathion-
peroxydase (GSH-Px) et catalase (CAT), niveau de substances qui réagissent a I’acide thiobarbiturique
(TBARS) et classement histologique des échantillons de tissus.

RESULTATS : Lactivité de la SOD et celle de la GSH-Px ont diminué, mais celle de la CAT et le niveau de
TBARS ont augmenté. Le prétraitement des rats au moyen de la combinaison allopurinol-vitamine C-
vitamine E n’a pas eu d’effet important sur I’activité des enzymes. Il a toutefois entrainé d’importantes ré-
ductions des taux de TBARS dans les tissus. L’analyse histologique a révélé une importante lésion des
muqueuses chez les rats du groupe 3 comparativement a ceux du groupe 4 (moyenne [et écart type] de la
classification, 4,6 [0,5] contre 1,8 [0,4]).
CONCLUSIONS : Le systeme de défense antioxydant aux enzymes a changé considérablement aprés une
ischémie-reperfusion et I’exposition des tissus intestinaux a un stress plus lourd causé par ’oxydation qui a
entrainé une peroxydation de certaines structures cellulaires et une élévation de la concentration de pro-
duits oxydants. Méme si le traitement aux antioxydants n’a pas eu d’effet spectaculaire sur I’activité des en-
zymes ou n’a pas protégé completement les structures cellulaires contre la déformation, il semble qu’il

pourrait éliminer des radicaux oxygene et prévenir des réactions peroxydantes.

emorrhagic mucosal lesions
are often found in the small
intestine of patients during
or after shock or hypertension.' Mu-
cosal injury is considered an important
factor in the development of the shock
state in intestinal tissues.>® The is-
chemic intestine appears especially sen-
sitive to reperfusion injury, and the
mechanism has been related to
oxygen-derived free radicals.** A car-
diodepressive substance is thought to
be released from ischemic intestine
into the general circulation, and the
mucosal damage initiates a cycle that
leads to fatal circulatory deteriora-
tion.”* Hypoxia of intestinal tissue dur-
ing shock or hypotension plays an im-
portant role in the pathogenesis of the
cellular injury.*” However, in local in-
testinal ischemia, additional tissue
damage occurs when blood flow is re-
stored.®® There is general agreement
that this additional tissue damage is
caused by oxygen free radicals occur-
ring during reoxygenation of the hy-
poxic tissue.*®
It has been proposed that the basic
source of the oxygen-derived free rad-
icals is the xanthine oxidase (XO) sys-
tem.”"” During ischemia, xanthine
dehydrogenase is converted to XO.
Although the mechanism of this con-
version reaction is not understood in
detail, protein kinase activation is
thought to play a part." Accelerated
breakdown of adenosine triphosphate
(ATP) due to ischemia causes an ac-
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cumulation of hypoxanthine and xan-
thine substrates for the XO enzyme.
High substrate concentration and in-
creased XO activity may both cause
more superoxide radical production.
It has been suggested that superoxide
radicals produced by this reaction are
responsible for the ischemia—reperfu-
sion injury.***

We believe that increased radical
concentrations may not be the only
factor in this process. An inability to
destroy the radicals produced may also
play a role in the mucosal injury. As far
as we know, no attempt has been made
to elucidate this subject in the intesti-
nal ischemia-reperfusion injury. We
wished to investigate the enzymatic
antioxidant potential of intestinal tis-
sues exposed to ischemia—reperfusion
injury and to establish whether allo-
purinol (an inhibitor of XO enzyme)
plus antioxidant vitamin (vitamins
C and E) pretreatment had any pro-
tective effect on the development of
mucosal injury.

MATERIALS AND METHODS
Animals

In this study, 20 Sprague—Dawley
rats each weighing about 220 g and
about 3 months old were fed a standard
laboratory diet. Ten of the rats were
pretreated with a combination of allop-
urinol (50 mg/kg), vitamin E (100
mg/kg) and vitamin C (200 mg/kg)
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daily for 3 days before operation. Allo-
purinol was given orally, and vitamins
were given by intramuscular injection.
Animals were divided into 4 groups of
5 as follows: group 1 — control (no is-
chemia-reperfusion, no allopurinol plus
vitamin combination); group 2 — al-
lopurinol plus vitamin combination
only; group 3 — ischemia-reperfusion
only; group 4 — ischemia-reperfusion
and allopurinol plus vitamin combina-
tion. All rats were first anesthetized with
an intramuscular injection of detamine
hydrochloride (80 mg/kg). Intestinal
ischemia was produced in groups 3 and
4 by clamping the superior mesenteric
artery for 40 minutes; this was followed
by 40 minutes of reperfusion. After the
ischemia-reperfusion process, intestinal
tissue samples were obtained from the
jejunum; some were used for histologic
investigation, others were frozen at
—30 °C for about 3 days to be used in
the biochemical assays.

Histologic examination

After fixation in 5% formalin, sam-
ples of intestinal tissue were embed-
ded in paraffin, cut at about 5 pm and
stained with hematoxylin—eosin. The
slides were coded and examined for
morphologic changes by light mi-
croscopy. Samples were graded ac-
cording to the scale of Chiu and asso-
ciates' as follows: 0 = normal villi, 1 =
subepithelial space at the tip of the vil-
lus, 2 = moderate separation of mu-



cosa from the lamina propria, 3 = ex-
tensive subepithelial separation of mu-
cosa from the lamina propria down
the sides of the villus and ulceration of
the villus tip, 4 = denuded villi, 5 =
disintegration of the lamina propria,
hemorrhagic ulceration.

Biochemical assays

Parts of the tissue samples were ho-
mogenized in physiologic saline solu-
tion and centrifuged at 5500 x 4 for
30 minutes. Clear supernatant was
taken for the enzymatic assays. Super-
oxide dismutase (SOD) (measured in
U/mg protein) and glutathione per-
oxidase (GSH-Px) and catalase (CAT)
(measured in IU/mg protein) activi-
ties were determined as previously de-
scribed.”®"* The protein content was
determined by the method of Lowry
and associates.'* One unit of SOD
activity was defined as the amount of
enzyme protein causing 50% inhibi-
tion in the nitroblue tetrazolium re-

duction rate. Other parts of the sam-
ples were used to determine levels of
thiobarbituric acid-reagent substances
(TBARS).”

Statistical analysis

The results were analysed by
Tukey’s test and by analysis of vari-
ance. A p value of less than 0.05 was
considered significant.

RESULTS

The mean (and standard deviation)
values of the enzyme activities and
TBARS levels in the intestinal tissues
of the rats are shown in Table I. SOD
and GSH-Px activities were decreased,
but the activity of CAT increased in
the intestinal tissues after ischemia—
reperfusion. Levels of TBARS were
higher in the ischemic tissues than in
the tissues of control and antioxidant-
treated rats. Although antioxidant
pretreatment did not have a significant

Table |

Mean (and SD) Values for Superoxide Dismutase (SOD), Glutathione Peroxidase (GSH-Px) and
Catalase (CAT) Enzyme Activities and Thiobarbituric Acid-Reagent Substances (TBARS) Levels
in the Intestinal Tissues of Rats After Ischemia—Reperfusion With or Without Pretreatment
With Vitamins and Allopurinol

Groups, n = 5/group SOD, U/mg GSH-Px, IU/mg  CAT, IU/mg  TBARS, nmol/g tissue
1 20.85(2.11) 0.173(0.010) 3.35(1.04) 0.208 (0.066)
2 19.20 (2.40) 0.170(0.015) 4.50(1.05) 0.017 (0.001)
3 15.16 (2.86)  0.150 (0.009)  7.91 (1.06) 0.364 (0.017)
4 17.73 (1.46) 0.153 (0.014) 7.03(1.99) 0.195 (0.019)
One-way ANOVA

F values 5.677 11.73 12.487 80.348

p values <0.01 <0.001 < 0.001 <0.001
Tukey's test,

p values

lvs. 2 NS NS NS <0.01
1vs. 3 <0.01 <0.05 <0.01 <0.01
lvs. 4 NS NS <0.01 NS

2vs. 4 NS NS <0.05 <0.01
3vs. 4 NS NS NS <0.01

1 = control, 2 = vitamins C and E and allopurinol only, 3 = ischemia—reperfusion only, 4 = ischemia-reperfusion and vitamin

and allopurinol combination, NS = not significant.
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effect on the enzyme activities, it low-
ered tissue levels of TBARS.

Histologic examination showed se-
rious mucosal injury in group 3 and
moderate mucosal injury in group 4.
There was no difference histologically
between groups 1 and 2 (Table II,
Figs. 1 to 3).

DisCcussION

Hemorrhagic mucosal lesions of the
small intestine are often seen in experi-
mental animals subjected to shock pro-
tocols.>"”'* Similar lesions were also seen
histologically in this study. In this re-
spect, our results confirm the earlier ob-
servations that significant mucosal dam-
age occurs after ischemia—reperfusion
and that this damage is caused by
oxygen-derived free radicals. Free rad-
icals can cause peroxidation in lipid
components of cellular membranes,
resulting in increased levels of TBARS
in the tissues affected.>"*?

In previous studies, the main prob-
lem in ischemia—reperfusion injury was
thought to be the overproduction of
oxygen radicals due to accelerated XO
reactions.**?"** In this study, we also
found that the enzymatic antioxidant
defence system was meaningfully
changed in the intestinal tissues after
ischemia-reperfusion. Cytoplasmic
components of the enzymatic antioxi-
dant defence system, namely SOD
and GSH-Px, were suppressed, and
lysosomal CAT was activated. Oxidant
stress is known to upregulate gene ex-
pression of antioxidant enzymes and

Table I

Histopathological Grading of Rat
Intestinal Tissues in the 4 Groups

Group Grade, mean (and SD)
1 0

2 0

3 4.6 (0.5)

4 1.8(0.4)

F=230.24, p=<0.001.
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may be mediated by downregulation
of antioxidant gene expression. For
these, various time periods have been
reported. For example, in a previous
study, manganous SOD gene expres-
sion was reported to be induced
within 1 hour of treatment,” and in
another study, transcript levels of
CAT, manganous SOD and copper/
zinc SOD were reported to be down-
regulated in 8 hours.”*

In the ischemia—reperfusion process

it seems that on one hand the produc-
tion of oxygen radicals is increased and
on the other hand their normal catab-
olism is prevented because of reduced
cytoplasmic antioxidant capacity, the
results of which are accelerated peroxi-
dation reactions.

Although CAT activity was in-
creased, we believe this was of sec-
ondary importance since this CAT en-
zyme was mainly localized in cell
lysosomes. In fact, this activation may
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FIG. 1. A tissue sample from group 1 (control), showing normal intestinal villi (hematoxylin—eosin,
original magnification x 40).

FIG. 2. A tissue sample from group 3 (ischemia—reperfusion) shows disinte-
gration of the lamina propria, ulceration of villus tips and denuded villi
(hematoxylin—eosin, original magnification x 40).
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be a compensatory mechanism against
lowered GSH-Px activity because
both enzymes use hydrogen peroxide
as substrate, the product of SOD-
catalyzed dismutation reaction.
Whatever the reasons were, the re-
sult was that the cytoplasmic antioxi-
dant defence system of intestinal tissue
was reduced after ischemia—reperfusion
and could not eliminate oxygen radi-
cals produced at a normal catabolic
rate. Thus, cellular peroxidation reac-
tions were accelerated, resulting in mu-
cosal damage. Our results also show
that these consecutive events can be
prevented in part by a combination of
vitamins C and E and allopurinol. In a
previous study, ascorbic acid was also
shown to prevent peroxidative tissue
injury.” Allopurinol has dual functions:
as an XO inhibitor and an antioxidant.*
Pretreatment of the rats with these an-
tioxidants effectively prevents superox-
ide radical production by the XO enzy-
matic system and eliminates free
radicals produced by other sources.
This is clearly seen from decreased level
of TBARS as a result of antioxidant
pretreatment. Histologic examination
also indicated that antioxidant pretreat-
ment did not afford complete pro-
tection of cellular structures against
ischemic deformation although it

F )
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FIG. 3. A tissue sample from group 4 (ischemia—reperfusion and pretreat-
ment with vitamins C and E and allopurinol) shows separation of mucosa

from the lamina propria (hematoxylin—eosin, original magnification x 40).
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prevented oxidative reactions. This
means that increased free radical pro-
duction is not the only factor in the de-
velopment of ischemic damage and
that other radical-independent factors
play a role."””

CONCLUSIONS

Intestinal mucosa is subjected to
oxidant stress because of an overpro-
duction of free radicals and an inability
to destroy them, during and after is-
chemia-reperfusion. Allopurinol plus
antioxidant pretreatment eliminates
the oxidant stress and protects intesti-
nal mucosal tissue against free radicals.
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