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ABSTRACT
Hepatic ischemia is an important
factor in the development of hepatic
degeneration and necrosis in different
hepatic pathological conditions.

This study was conducted to de-
clare the effect of pretreatment of
albino rats with dihydropyridine L-type
calcium channel blockers (nifedipine
and amlodipine ) on hepatic ischemia
reperfusion (I/R). Furthermore this
study investigated the effect of I/R on
plasma levels of endothelin-1 (ET-1)
and nitric oxide (NO) and their patho-
physiologic links to maintenance of
hepatic function.

This study was carried on 36 male
albino rats. The animals were divided
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into 6 equal groups, each consisted
of 6 rats. Group (1): sham operated
(rats subjected to anesthesia and lap-
arotomy). Group (ll): control I/R rats,
pre-treated with saline. Group (1:
treated with nifedipine (2mg/kg/day)
intra-gastric for 6 weeks before expo-
sure to sham operation. Group (IV) :
I/R treated with nifedipine with the
Same previously mentioned dose and
for the same duration before induc-
tion of I/R. Group (V): amlodipine
pretreated (0.5mg/kg/day) for 6
weeks, intragastrically and then ex-
posed to sham operation. Group (VI):
received amlodipine 0.5mg/kg/day for
6 weeks before being subjected to I/
R. Transient hepatic ischemia for 90
minutes was done under anesthesia
by hepatic vascular pedicle clamping
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followed by 30 minutes reperfusion.
Hepatic cell function was tested by
measuring plasma alanine transfe-
rase (ALT). This is in addition to
measurements of hepatic tissue cal-
cium content, plasma endothelin-1
and plasma nitrites. It was found that
I/R produced a significant increase in
plasma ALT, ET-1, nitrites and hepat-
ic tissue calcium. Both nifedipine and
amlodipine induced hepato-protective
effect confirmed by prevention of the
elevation in plasma levels of ALT and
hepatic tissue calcium load. Each of
nifedipine and amlodipine had equally
prevented the hepatic accumulation
of calcium. In spite of this equi-
effective protection any of the drugs
exerted significant changes in plasma
ET-1 levels, while plasma nitrites lev-
els remained high. Further studies of
these results on hepatic patients are
recommended especially in patients
given nifedipine or amlodipine for as-
sociated cardiovascular problems.

INTRODUCTION-
Hepatic ischemia occurs in hemo-
dynamic and cardiogenic shock and
interruption of hepatic blood flow can
be necessary during extensive liver
resection for trauma or tumors and in
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liver transplantation, during which re-
sections are frequently performed un-
der complete or partial vascular oc-
clusion to reduce blood loss and it
has been shown that intermittent rath-
er continuous pedicle occlusion leads
to lower post-operative morbidity and
mortality rates (1:2)

Endothelin family (endothelin1, 2,
3) consists of 21 amino acid (3). En-
dothelin-1 (ET-1) is produced mainly
by endothelial cells ,vascular smooth
muscle cells and to a lesser extent by
hepatocytes. ET-2 is mainly produced
within the kidney and intestine,
whereas the highest levels of ET-3
are found in the brain (4). Endothelin
receptors (ETp & ETp) are present in
many internal organs, e.g. heart, ad-
renals, kidneys, l'ung tissue and cen-
tral nervous system (5),

Liver has been considered to be a
major organ that greatly alters its
functions through mechanisms involv-

ing ET-1, one of the most potent vas-

oconstrictors produced by vascular
endothelial cells. ETA receptor is
predominantly expressed on vascular
smooth muscle cells and executes

vasoconstriction (7.8) on the other
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hand, ETB receptor occurs in endo-
thelial cells, Kupffer cells, and vascu-
lar smooth muscle cells and its stimu-
lation in endothelial cell induces nitric
oxide (NO) mediated vaso-relaxation
through activation of constitutive NO
synthase (9:10), The factors stimulate
endothelin production by endothelial
cells include mechanical stimulations
of the encothelium, thrombin, calcium
ions, epinephrine, angiotensin Il, vas-
opressin, dopamine, erythropoietin,
cytokines as IL-1, insulin-like growth
transforming factor beta, endotoxins
and lipids (low density lipoproteins
and high density lipoproteins). The
substances inhibiting endothelin syn-
thesis are NO, cyclic guanosine mon-
ophosphate (cGMP), atrial natriuretic
peptide (ANP), prostacyclin (PGly)
and bradykinins (4). Although circulat-
ing endothelin levels may not fully re-
flect local vascular production be-
cause more than two thirds of
endothelin is released abluminally
(11), elevated plasma endothelin lev-
els may indicate overproduction of
the peptide. Elevated endothelin plas-
ma levels have been described in ath-
erosclerosis (1213) and other cardio-
vascular diseases such as stroke,
pulmonary hypertension, cardiogenic

shock and congestive heart failure
(14,15,16) |mportantly plasma endo-
thelin levels after acute myocardial in-
farction are elevated and correlate
with the severity of the disease
(13,14), 1n addition to vasoconstriction,
it might also promote vascular cell
proliferation in atherosclerosis with
consecutive narrowing of the vessels,
especially in situations with enhanced
endothelin release and thus further
deteriorate organ perfusion and oxy-
gen supply.

Calcium channel entry blockers
(CCEBs) are drugs extensively used
in cardiology practice. CCEBs include
a broad spectrum of various drugs
with different actions <= the heart and
the vessels (17), Three groups of rou-
tinely used CCEB, the high voltage
(L-type) calcium channel have been
accepted phenylalkylamines (e.g. ve-
rapamil), dihydropyridines (nifedipine,
nimodipine ,amlodipine) and benzoth-
iazepines (e.g. diltiazem). Clevidipine
is another IV group of 1, 4 dihydropy-
ridine with ultrashort activity, being
rapidly hydrolyzed by esterases (18.
19). The first generation dihydropyri-
dine L-type CCBs, such as nifedipine,
were developed as selective and
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powerful vasodilator (20 21), To in-
crease the selectivity of nifedipine, a
series of 2nd generation CCEB e.g ni-
modipine was developed by altering
nifedipine's  physicochemical and
pharmacodynamic properties (22), A
third generation series of L-type
CCBs has also been developed and
at least one of these, amlodipine (23),
It is very likely that part of the differ-
ence between amlodipine and nifedi-
pine stems from the unexpected prop-
erty of amlodipine to release NO (24),

The aim of the present work is to
study the effect of pre- treatment with
dihydropyridine L-type calcium chan-
nel blockers (nifedipine and amlodi-
pine) on hepatic ischemia-reperfusion
(I/R) induced injury in albino rats. In
addition the purpose of this study was
to examine the effects of I/R on plas-
ma levels of ET-1 and its pathophy-
siologic links to maintenance of he-
patic functions.

MATERIALS & METHODS

Animals used :

This experiment was carried on 36
male albino rats, weighing 220-260
grams/rat. Animals were having free
access to water & food. They were
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exposed to similar housing conditions
of heat & humidity.

Drugs used :

- Nifedipine (Epilat capsules): 10
mg, supplied by Epico-Co.

- Amlodipine (Norvasc tablets): 5
mgy, supplied by Pfizer-Co.

Animals grouping :

The animals were divided into 6
equal groups, each consisted of 6
rats.

Group (1) : Sham operated (anesthe-
sia + laparotomy) but with-
out hilum clamping of the
hepatic vascular pedicle.
This group pretreated with
intragastric saline, 0.5 ml/
kg/day for6weeks. )

Group (2) : Control group (anesthe-
sia + ischemia reperfusion;
I/R). These animals pre-
treated with saline in the
previous amount and dura-
tion and subjected to 90
minutes hepatic ischemia
induced by hilum clamping
of hepatic vascular pedicle,
followed by 30 minutes of
reperfusion.

Group (3) : Pretreated with intragas-
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tric nifedipine in a dose of
(2 mg/kg/day) for 6 weeks
and then exposed to sham
operation(25),

Group (4) : I/R pretreated with nifedi-
pine in a dose of 2 mg/kg/
day, intragastrically for 6
weeks (29),

Group (5) : Pretreated with amlodi-
pine 0.5 mg/kg/day intra-
gastrically for 6 successive
weeks and exposed to
sham operation(26).

Group (6) : Rats with induced I/R and
pretreated with amlodipine
(0.5 mg/kg /day), intragastri-
cally for 6 weeks (26).

Surgical procedures :

Liver ischemia was induced ac-
cording to the method of Nauta et al.
and Peralta et al. (8, 27). Hepatic is-
chemia was performed under general
anesthesia one hour after the last
drug dose. Sodium thiopental (the
used anesthetic agent) was given in a
dose of 30 mg/kg body weight intra-
peritoneally (IP) for induction and re-
peated when required in a dose of
10 mg/kg, IP for maintenance (27).
After section of the ligaments of the
liver, hepatic ischemia was induced

for 90 minutes by hilum clamping of
hepatic vascular pedicle using bull-
dog clamp. During the period of is-
chemia, 0.5 ml of saline was given IP
every 30 minutes to maintain hemo-
dynamic stability. Reperfusion was
established by removal of the clamp.
After 30 minutes of reperfusion, the
animals were killed by knifing and
their livers were immediately removed
for assay of hepatic calcium content.
In addition, blood was collected for
estimation of plasma alanine amino
transaminase (ALT), endothelin and
nitric oxide (nitrites).

Estimation of ALT :

ALT. activity was determined by
enzymatic technique (28) using Biotic
laboratories kits. The activity was ex-
pressed as units/liter.

MEASUREMENT OF NITRIC OXIDE

This is done by measuring nitrite
(NOo) which is one of two primary
stable and non-volatile breakdown
products of NO This method is in ac-
cord to Griess et al : (29) and Bredt
and Snyder (30), Nitrites, a stable oxi-
dation product of NO are measured
by a spectrophotometer assay using
the Griess reagents, sulfanilamide,
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HCI and N- (1-napthyl) ethylenedia-
mine (NED).

Measurement of plasma immu-
noreactive endothelin -1 (irET-1) :

It was determined according to
Rubanyi et al & Gian et al. (31& 32).
Plasma samples were drawn into
chilled EDTA tubes (1mg/ml blood)
containing aprotonin (500 KIU/ ml of
blood). Centrifuge the blood at 1.600
xg for 15 minutes at 0°C. Stored at -
7GCC until the time of assay.

Measurements of hepatic cal-
cium tissue :
At the end of the 30 minutes of reper-
fusion, the hepatic tissue calcium
load was measured using Perkin- El-
mer 22380 atomic absorption spec-
tro-photometer with air acetylene
flame. Its value was expressed in mg/
gm liver tissue (33).

Statistics :

Student's t-test according to Pip-
kins (34) was used to compare statis-
tically significant changes between
control groups and test groups. P val-
ue = or< 0.05 was considered to be
significant.

RESULTS
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A significant increase in liver en-
zyme (ALT) and hepatic tissue cal-
cium contents (from 12.1£0.3 & 0.09
+0.002to 24 £ 0.4 & 0.99 + 0.002,
respectively) were observed in the
group subjected to ischemia reperfu-
sion as compared to the control group
(Tab. 1). In addition I/R induced a sig-
nificant increase in both plasma lev-
els of ET-1 and nitrites (from 5.1 + 1
and 21.7+1.1 to 9.3 + 0.2 and 29.8
+0.9) respectively in comparison to
sham operated group (tab2 & Fig
1). When ischemia was preceded by
nifedipine administration to the rats in
a dose of 2 mg/kg/day intragastrically
for 6 weeks, the elevation in plasma
ALT and hepatic calcium levels were
prevented (table 1) . Also when I/R
was preceded by administration of
amlodipine to therats in a dose of 0.5
mg/kg/day intragastrically for 6
weeks, the increase in plasma ALT &
hepatic tissue calcium levels were
prevented ( Tab.1)

In addition nifedipine pretreatment
induced a non significant changes in
plasma immunoreactive endotheliun-
1 (irET-1) levels accompanied by in-
crease in plasma nitrites in compari-
son to I/R control groups (from 9.3
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+0.2 to 8.9 0.7 for ir ET-1 and from
29.8 + 0.9 to 37.2 +3.3 for nitrites,

Also, amlodipine pretreatment in-
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duced non-significant changes in
plasma ir ET-1 levels (from 9.3 £0.2
to 9.1% 0.8) accompanied by increase
in plasma nitrites (from 29.8 + 0.9 to
50.8 + 2.1) as showed in (tab. 2 &

Fig.1).

Table (1): Effect of intragastric pretreatment by cither nifedipine ( 2

mg/kg/day) or amlodipine ( 0.5 mg/kg/day) for 6 weeks on
plasma ALT and on hepatic tissue calcium content in hepatic
ischemia reperfusion (I/R) injury in rats (Mean + SE).

Groups Group (1) Group (2) | Group Group (4) Group (3) Giroup (6)
Sham-operated (3)

N=6 {Anesthesia + Control IR | Sham + IR Sham * IR +
laparatomy) nifedipine niledipine amlodipine | amlodipine

Plasma ALT (IU/L) 121203 | 24+04* 12,1 £0.3 | 14.5% 1.0* 122402 | 13320.9%

Flepatic tissue 0.09 4 0.002 0.99 & 0.009 + 0.09 + 0.089 + | 0.08 £ N.NN5*

calcium (mg/gm 0,002+ 0.003 0.004* 0,003

liver tissue)

SE = standard error.

ALT = alanine transaminasc

+ = Signilicant difference between control /R and sham operated group.

*= Signilicant difference between I/R drug pre- treated (amlodipine or
nifedipine) and I/R control group.
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Table (2): FEffect of intragastric pretreatment by cither nifedipine (2
myg/kg/day) or amlodipine (0.5 mg/ka/day) for 6 weeks on
plasma levels of endothelin-1 like immunoreactivity (ir E'T-1)
and nitrites in rats with induced hepatic /R (mean £ SE).

Groups Group (1) Group (2) | Group (3) | Group (4 | Group (5) Group (H) j
Sham-operated

N=6 (Anesthesia b Control IR | Sham + IR + Sham *+ IR ¢
laparotomy) nifedipine | nifedipine | amlodipine | amlodipine

Plasma 50+0.1] 934202+ 52+03| R9+07 4920291205

irkT-1

peml

Plasma 21.7% L.} 20844 29 R0 3T L 221 £0.8 ] S0R £ 2.1

nitrites n.Ye A5*

(umol/L)

SE = standard error.
ALT = alanine transaminase
« = Signilicant difference between control VR & sham operated group.

-~ Significant difference between IR and drug pre- treated (amlodipine or
nifedipine) and VR control group.
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DISCUSSION

Liver cell injury is & common event
in clinical practice. Ischemia reperfu-
sion injury considered of the most im-
portant causes of liver cell injuries. A
number of surgical maneuvers re-
quire a period of liver ischemia, on re-
perfusion hepatic injury results from
failure of the microcirculation and ex-
cessive inflammatory responses (35),
Furthermore, anoxic liver injury oc-
curs during organ preservation for liv-
er transplantation as a treatment of
end stage of liver disease (36), There-
fore, in the present work model of I/R
was chosen cue to its important clini-
cal relevance (35, 36),

In the present study, rat groups
subjected to I/R showed significant
hepatic function alternations demon-
strated by increase in plasma levels
of ALT. There were also significant in-
creases in hepatic tissue calcium lev-
els. These findings are in accord with
previous studies (37, 38), They report-
ed that interference with Ca+2 home-
ostasis and increased levels of cyto-
plasmic free ca +2 participate in cell
injury through disruption of cellular
thiol homeostasis .Certain proteins
are highly sensitive to changes in the
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thiol status, including Ca2* - depen-
dent adenosine triphosphate which
serves as membrane bound Ca2*
pumps to the ion that maintain cyto-
plasmic calcium at low levels (39,40) |
A sustained elevation in cytoplasmic
Ca2+ may mediate adverse effects on
cellular viability via activation of endo-
nucleases and phespholipases as
well as enhanced production and ac-
cumulation of free radicals (41, 42),
This can lead to a chain of reactions
involving lipid peroxidation eventually
resulting in membrane damage and
alternations of membrane bound pro-
tein function including the Ca2+ -AT
pase. Furthermore, I/R provoked a
significant increase in plasma enco-
thelin-1 and nitrites. These resuits
supported by the study of Taniani et
al (43), as they found that during
anoxia re-oxygenation , plasma ET-1
levels were elevated and blockade of
its effect by endothelin antagonists at-
tenuated reperfusion injury, suggest-
ing dgteriorating effects of this vaso-
constrictor peptide on hepato- portal
hemodynamics. Mechanism by which
ET-1 aggravates the hepatic reperfu-
sion injury has been thought to in-
volve impairment of sinusoidal paten-
cy through its vasoconstrictor actions

RS —
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(44, 45) This notation was supported
by previous studies showed that
trans- portal administration of ET-1 in-
duced a marked vasoconstriction at
portal venules and a reduction of bile
fiow (46), The increase in plasma ni-
trites levels associated with I/R could
by explained on the light of Taniani
et al study (43), where they reported
that ET-1 is released during the early
period of re-oxygenation and stimu-
lates ETB receptors -mediated signal-
ing to trigger NO-dependent and in-
dependent mechanisms.

Despite markedly different chemi-
cal structure, all compounds of the
three main classes of Ca2* antago-
nists (dihydropyridines, phenylalkyla-
mines and benzothiazepines) inhibit
the inward flow of Ca2+ ions through
( L- type) calcium charnels (44). How-
ever, because of binding at different
receptor sites, different pharmacoki-
netic properties, and different effects
at the levels of the cardiovascular
(coronary and peripheral arteries, car-
diac conduction system and myocar-
dium) and extracardiovascular sys-
tems, each of these compounds has
its own advantages and disadvantag-
es (44). For these reasons two mem-

bers of calcium channel antagonists
were used in the present study to
evaluate any possible differences in
their effects on I/R.

Pretreatment of rats with nifedi-
pine before induction of ischemia -
reperfusion produced a significant de-
crease in hepatic calcium contents ,
plasma ALT and plasma ET-1 with
significant increase in plasma nitrites
level as compared to I/R control
group. These finding are in agree-
ment with Goto et al, (25) and Sogni
et al.(45). They reported that nifedi-
pine could prevent the incidence of
halothane induced hepatotoxicity by
preventing the increase in cytosolic
calcium concentrations. Moreover, in
vitro study revealed that n.edipine
pretreatment exhibited a preventive
effect against acetaminophen - in-
duced hepatocytes injury by keeping
intracellular calcium levels within the
normal control values (48.47) Using
the isolated rat hepatocyte exposed
to ethanol, Cobreros et al. (48) ob-
served a significant decrease in ALT
and lipid peroxidation after nifedipine
treatment. The present study extends
these findings to in vivo model. Al-
though several NO synthase isoforms
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have been isolated all are homolo-
gous and divided into two categories
with different regulations and activi-
ties. The constitutive isoforms in neu-
ronal and endothelial cells are always
present (49), These NO synthase iso-
forms are inactive until intracellular
Ca2+ levels increase, the Ca2+ bind-
ing level increase, the Ca¢* -binding
protein calmodulin binds to Ca2+ and
Ca?*+ calmodulin complex binds to
and activates NO synthase (49). The
constitutive NO synthase isoforms
then synthesize small amount of NO
until intracellular Ca2* levels de-
crease. In contrast, the inducible NO
synthase isoform is normally not ex-
pressed in macrophages and hepa-
tocytes when activated by specific cy-
tokines these cells produce inducible
NO synthase enzyme that synthesize
large amounts of NO. Although the
inducible synthase is Ca2+ indepen-
dent, the dihydropyridine Ca2*+ -
channel antagonist, nifedipine re-
duced bacterial lipopolysaccharide in-
duced NO preducticn in cultured mac-
rophages (49).  Thus, in certain
preparations acute treatment with
Ca2+ antagonists may directly stimu-
late NO release as well as facilitate
the effects of NO at the level of vas-
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cular smooth muscle cells. It seems
that at least part of the increased NO
release by nifedipine is due to a pro-
tection from reactive oxygen species
(ROS), which deactivates NO (50),
However, chronic nifedipine therapy
does not improve endothelial NO re-
lease in normotensive animals (51).
The evidence of slow onset and long
duration of action, suggested that am-
lodipine had pharmacological proper-
ties distinct from other calcium chan-
nel antagonists particularly nifedipine
(52), In addition a number of studies
have suggested that amlodipine inhib-
its platelet aggregation (53), Changes
in shear stress are thought to be im-
portant in the regulation of NO pro-
duction, whenever blood flow chang-
es, so do shear and NO release (54),
Therefore all vasoactive drugs have
the potential to release NO because
of the changas in physical forces that
distort the endothelial cells. Amlodi-
pine prompts the production of NO
through the activation of eNOS. The
effsct on eNOS is apparently trans-
duced via activation of angiotensin re-
ceptor followed by the generation of
kinins & stimulation of the By- kinin
receptor (52). Amlodipine, unlike ni-
fedipine or diltiazem, caused a dose
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dependent release of nitrite, the hy-
dration product of NO. The ability of
amlodipine to release NO was unex-
pected, because: NOS is a calcium
dependent enzyme and amlodipine
should reduced intra-endothelial cell
calcium and there are no L-type cal-
cium channels on endothelial cells for
amlodipine to block (52), Several
studies have suggested that small
vessels are more dependent on the
influx of extra-cellular Ca2+* than larg-
er vessel (49). Furthermore, it has
been shown that nifedipine strongly
reduced contraction due to ET-1 in
porcine ciliary arteries (55). This may
also explain why, in the human micro-
circulation of normal subjects, intra-
arterial administration of verapamil or
nifedipine fully prevents ET- 1 in-
duced contractions (56). Interestingly
calcium antagonists can reverse en-
dothelin induced contraction in both
the porcine coronary as well as the

human internal mammary artery (57,
58).

The probable reason for this is
that, in contracting cells, ET lowers
the membrane potential of vascular
smooth muscle cells (59) which led to
opening voltage operated Ca2* chan-

nels. Therefore, once contractions
have developed, Ca2* antagonists
are able to exert an inhibitory effect.
Although ET-1 was originally consid-
ered to be an endogenous activator
of voltage- operated Ca2* channel
(49), it has been shown that ET-1 in-
teracts with specific receptors on vas-
cular smooth muscle (ETA & ETB re-
ceptors) mediating vasoconstriction
and proliferation. On endothelial
cells, ET interacts with ETB- recep-
tors, stimulating the formation of NO
and PGI2 (49). ETA receptors bind
endothelin-1 and to a lesser dcgree,
endothelin 3; ETB receptors bind en-
dothelin -1 and endothelin 3 with simi-
lar affinity (60, 61)

Administration of amlodipine in a
dose of 0.5 mg/kg/day for 6 weeks to
rats before induction of I/R produced
a non -significant changes in plasma
ET-1. In contrast to this study, Inigo
et al. (61) found that ET-1 concentra-
tions were significantly higher during
amlodipine compared with losartan
treatment in crossover trial in renal
transplant recipients. Furthermore, in
vitro study reported that amlodipine at
high dose (20 mg/kg/day) increased
preproendothelin-1 expression in rat
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ventricles and aorta of normotensive
rats because this dose can activate
the sympathetic nervous systems and
the rennin angiotensin system. Both
nor-adrenaline and angiotensin |l
stimulate preproendothelin-1 gene ex-
pression (62). However, amlodipine
attenuates the ischemia and reperfu-
sion- induced increase in cardiac ET-
1 binding sites in hearts from rats pre-
treated with amlodipine (0.25-0.5 mg/
kg) (€3). In addition in a human study,
twenty and forty minutes ischemia
caused a time dependent increase in
ET-1 binding density. Amlodipine pre-
treatment attenuated this increase in
a time and dose dependent manner.
Amlodipine (0.25-0.5 mg/kg) also
suppressed the ischemia induced in-

crease in ET-1 binding site density
(64),

:n conclusion both nifedipine and
amlodipine exerted a protective effect
against the injury associated to hepat-
ic ischemia reperfusion in rats. Six
weeks of therapy with nifedipine or
amlodipine improves liver function by
increasing the bioavailability of nitric
oxide (this increase of NO levels was
higher in groups treated with amlodi-
pine than in that treated with nifedi-
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pine ) and by preventing the increase
of hepatic calcium content that oc-
curred with I/R injury.
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