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Removal of free oxygen radicals, generated during reperfusion of an is-
chemic organ by scavengers protects the tissue from reperfusion injury. The
calcium channel blocker verapamil is an effective cytoprotective agent, pre-
venting against reperfusion injury. The effects of verapamil were investi-
gated previously using hepatic, renal or cardiac ischemia-reperfusion injury
models. We investigated the effects of intravenous and intraportal admini-
stration of verapamil in prevention from the injury caused by free oxygen
radicals generated during hepatic ischemia-reperfusion in rats. Thirty six
male Sprague-Dawley rats after laparotomy were subjected to hepatic ische-
mia for 30 and 45 min followed by 60 min of reperfusion. Two minutes be-
fore ischemia the rats were pretreated by intravenous or intraportal admini-
stration of verapamil. The levels of glutathione and thiobarbituric acid react-
ing substances (TBARs) referred to as malonyldialdehyde (MDA) and the
serum levels of transaminases were measured in liver tissue 1 and 24 h after
the onset of reperfusion. Statistical analysis of the data by Student’s #-test
showed statistically significant differences between the group pretreated in-
traportally with verapamil and the other groups. Verapamil given intrapor-
tally exerted more beneficial effect. Therefore, we conclude that intraportal
verapamil administration reduces the ischemia-reperfusion injury caused by
free oxygen radicals.
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INTRODUCTION

In ischemic states, elevated levels of calcium in
cells or tissues have been shown in rat kidneys
models [1-3, 11]. During reflow the mitochondrial
calcium increased progressively so that a mitochon-
drial calcium loading occured despite improvement
in respiratory function within 1 to 4 h of reperfu-
sion. Moreover, it has been believed that the ele-
vated cytosolic calcium concentration during ische-
mia activates a protease capable of converting xan-
thine dehydrogenase to xanthine oxidase which is
the main source of the superoxide radical, and cal-
cium potentiates the damaging effect of oxygen-
-derived free radicals on the mitochondrial electron
transport chain due to impairment of NADH-coen-
zyme Q-reductase activity. Calcium activates phos-
pholipases A1, A2, C and some proteases. This ac-
tivation results in an increase in the activity of
membrane phospholipid hydrolases which causes
the formation of oxygen free radicals which pro-
duces cellular damage [4-6].

A calcium channel blocker, verapamil, has been
shown to be effective in preventing cellular damage
during ischemia-reperfusion injury by acting on
calcium influx [2, 5, 6, 11]. Pretreatment with vera-
pamil has been demonstrated to be beneficial to
preventing ischemia-reperfusion injury [1, 2]. The
effects of verapamil and other scavengers ([-toco-
pherol, allopurinol, superoxide dismutase, N-ace-
tylcysteine) as an adduct to preservation solutions
[4, 8], or the effects achieved by intravenous ad-
ministration of these agents have been investigated
but little is known about intraportal pretreatment.
In this study, we investigated the effects of intra-
portal administration of verapamil on hepatic is-
chemia-reperfusion injury and compared it with
intravenous administration. Serum glutamyl oxalo-
acetyl transaminase (SGOT) and serum glutamyl
pyruvic transaminase (SGPT) were used as indica-
tors of hepatocellular injury, hepatic tissue ma-
lonyldialdehyde (MDA) level was a marker of oxy-
dative membrane injury and the level of reduced
glutathione was used to show free oxygen radical
generation.

MATERIALS and METHODS

Thirty six male Sprague-Dawley rats weighing
200-250 g were used in this study. All the animals
had free access to food pellets and tap water before
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the experiments. Experiments were carried out on
rats receiving intraperitoneally urethane at 1 g/kg
(Sigma Chemicals Co.). Polyethylene cannulas were
inserted to left femoral artery for blood pressure
monitoring and blood sampling and to left femoral
vein for drug and saline administration. All animals
received intravenously 80 U of heparin. A midline
laparotomy was performed and liver hilum was ex-
posed. During the experiments 0.5—1.0 ml of saline
was given intravenously at 15 min intervals to
maintain hemodynamic stability. The entire hepatic
pedicle was clamped with a vascular clamp. Ani-
mals were randomized into three groups (Tab. 1).
In the control group (Group 1) no free-radical scav-
enger was used. In the groups of rats receiving pre-
treatment 2 min before the onset of warm ischemia,
verapamil at 0.2 mg/kg was administered either by
intravenous (Group II) or intraportal (Group III)
route. Half of the animals in each group was sub-
jected to ischemia for 30 min and the other half for
45 min. Sixty minutes after the beginning of reper-
fusion by removal of the clamps, blood samples
were taken for the measurement of SGOT and
SGPT levels and tissue samples were taken to
measure the levels of reduced glutathione and
MDA. Twenty four hours later relaparotomy was
performed and tissue and blood samples were taken
for the same measurements as mentioned before.

Table 1. Experimental groups

Warm ischemia duration

Group
30 min 45 min
I Control (no pretreatment) n==6 n==6
1T Intravenous verapamil n==o6 n==6
pretreatment
II' Intraportal verapamil n==o6 n==6

pretreatment

Measurements of SGOT and SGPT activi-
ties. The levels of SGOT and SGPT were measured
with autoanalyzer (Hitachi-911, Hitachi Co., Ja-
pan). The results were expressed as U/L.

Measurements of reduced glutathione levels.
Fairbanks and Klee’s method with 5,5’-dithio-bis(2-
-nitrobensoic acid) (DTNB) was used [3]. Glutathio-
ne levels were expressed as U GSH/mg of protein.

Measurements of thiobarbituric acid react-
ing substances (TBARs). After homogenization of
the tissue, Stocks and Dormandy’s method was
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used to determine TBARs [13] and Lowry’s me-
thod was applied for protein measurement [7]. Lipid
peroxide levels were expressed as nmol MDA/mg
of protein.

Statistical analysis. The results are given in the
text as means = SE. Comparisons of the means
were made using Student’s 7-test.

This study was approved by the Ethics Commit-
tee of Akdeniz University, Antalya, Turkey.

RESULTS

SGOT and SGPT levels after 30 min of warm
ischemia were significantly better in the group pre-
treated intraportally with verapamil (p < 0.05). The
group administered the drug intravenously had
lower SGOT and SGPT levels compared with the
control group but this difference was not statisti-
cally significant. Forty five minutes of prolonged
warm ischemia resulted with a rise in the activities
of both transaminases in all the groups. The group
receiving intraportal verapamil pretreatment had
the lowest levels and the difference was statistically
significant (p < 0.05), whereas the lower levels ob-
served in Group II compared with Group I were not
significantly different (Tab. 2, 3).

Table 2. Mean + SE SGOT levels (U/L)

30 min of warm 45 min of warm

Group ischemia ischemia
1h 24 h 1h 24 h
1 508 + 62 932 + 444 1299 + 201 1422 + 148
11 510+ 189 889 +235 819+ 159 915+318
TIT 305+133 533+115 467 + 88 525+ 85

Table 3. Mean + SE SGPT levels (U/L)

30 min of warm 45 min of warm

Group ischemia ischemia
1h 24 h 1h 24 h
1 349+ 42 685+226 85998 1116+154
11 377+70 637+123 653115 811+277
111 196 +52  397+22 297+ 18 363 + 84

Intraportal verapamil pretreatment caused a de-
crease in the formation of MDA in comparison
with the other groups (Tab. 4). This decrease was

statistically significant both after 30 and 45 min of
ischemia (p < 0.05). Forty five minutes of warm
ischemia produced a rise in MDA formation in all
the groups. The MDA levels observed in the group
pretreated with verapamil intravenously was lower
than in the control group but this difference was
also not statistically significant.

Table 4. Mean + SE hepatic malonyldialdehyde levels (nmol
MDA/mg of protein)

45 min of warm
ischemia

30 min of warm

ischemia
Group

lh 24h lh 24h

I 395+£0.58 438+£0.84 3.65+0.58 558+227
11 254+0.23 353+0.92 3.23+0.24 4.05+0.77
1 1.68+0.26 236+0.74 232+048 3.22+0.59

Table 5 shows reduced glutathione levels. There
is no obvious change in reduced glutathione levels
with the duration of warm ischemia. The group re-
ceiving intraportal verapamil had higher levels of
this compound compared with other groups. The
difference was statistically significant (p < 0.05).
The results in the group administered verapamil in-
travenously were better but not significant in com-
parison with the control group.

Table 5. Mean + SE reduced glutathione levels (U GSH/mg
of protein)

45 min of warm
ischemia

30 min of warm

ischemia
Group

1h 24h 1h 24h

I 1.41+0.84 136+0.59 1.48+0.56 1.35+0.41
IT 1.72+£0.78 1.81+£038 1.90+026 1.87+0.47
1 273+0.67 231+0.22 2.70+0.37 2.69+0.71

DISCUSSION

Much attention has been focused on the role of
calcium channel blockers in the prevention of
ischemia-reperfusion injury. Either the addition of
verapamil to perfusate, or intravenous pretreatment
with verapamil has been shown to be beneficial in
ischemia-reperfusion injury [2, 6, 11, 12]. In accor-
dance with these reports, our study shows that pre-
treatment with verapamil reduces ischemia-reper-
fusion injury, and the route of administration plays
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an important role. To the best of our knowledge,
this is the first study concerning intraportal admini-
stration of verapamil or other scavengers. Current-
ly, some agents are administered intraportally for
chemotherapy.

The molecular interaction between calcium
channel blockers and free oxygen radical injury is
not clear. Verapamil can block the conversion of
the intracellular enzyme xanthine dehydrogenase to
xanthine oxidase and by this mechanism it can pre-
vent free radical generation as Ishii et al. have de-
monstrated in ischemic rat livers [5]. Vasodilator
effects of calcium channel blockers may also play
arole. It has been reported that intravenous verapa-
mil pretreatment increased bile secretion, and a de-
crease in SGPT and lactic dehydrogenase levels
compared to the control were obtained at the end of
24 h [6, 9, 10]. The same report suggesting the
minimal protective influence of verapamil on early
effects of liver ischemia-reperfusion demonstrates
that verapamil does not prevent the early genera-
tion of oxygen radicals upon reperfusion, and cal-
cium plays a role in late hepatocyte injury. It has
also been suggested that studies investigating the
protective action of verapamil on the effects of
warm liver ischemia-reperfusion should be carried
out for at least 24 h post reperfusion [9, 10, 12]. In
our study, intraportal verapamil pretreatment re-
sulted in protection from warm ischemia-reper-
fusion injury at 1 and 24 h after reperfusion. Stein
et al. have suggested that a beneficial effect of
verapamil occurs only in rats sensitized to oxyda-
tive injury by chemical depletion of hepatic glu-
tathione with diethyl maleate [12]. In another re-
port it has been shown that intravenous verapamil
pretreatment gave better but not significant results.
Adding a prostacycline analogue made the results
significant [2]. In our study, the group pretreated
intravenously with verapamil had better SGOT and
SGPT levels than the control group but this dif-
ference was not found to be statistically significant
as it is the case also for MDA and GSH. Our results
are in line with those presented by Stein and
Dosluoglu. Intraportal route by direct access to he-
patic microcirculation may be the key for obtaining
a higher drug concentration in the hepatocellular
membranes, hence giving rise to significant results
that could not be obtained by the intravenous route.
In the study of Totsuka et al. it has been indicated
that intraportal administration of PGE1 has a greater
protective effect than intravenous administration
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against ischemic liver injury. The results of this
study are similar to our study [14].

In this study, verapamil pretreatment via intra-
portal route resulted in better protection againts
ischemia-reperfusion injury than after the intrave-
nous drug administration. This suggests that pre-
treatment with other scavengers via the intraportal
route is worth studying. Further studies with the
use of intraportal verapamil pretreatment may
prove that it can be useful in hepatic resection and
transplantation.
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