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ABSTRACT

Background: Cyclosporine therapy is associated with a variety of adverse effects. Recent studies have sug-
gested increased oxidative stress as a cause of these side effects.

Objective: Since, melatonin is one of the most powerful known antioxidants, and considering that isopro-
terenol is one of the drugs stimulating endogenous melatonin production, we tried to determine the effect
of isoproterenol on LDL susceptibility to oxidation and serum total antioxidant capacity in cyclosporine-
treated rats.

Methods: 32 male Wistar rats were divided into four groups: group A were controls that received placebo;
group B received intraperitoneal isoproterenol (20 mg/kg/d) alone; group C received intravenous cyclo-
sporine (15 mg/kg/d) alone; and group D received both drugs simultaneously at the same doses and dura-
tions—cyclosporine one week after administration of isoproterenol. Blood samples were drawn four times
from rats in each group: before injections, during the treatment, end of the treatment, and one week after
the last injections.

Results: There was a significant (p<0.05) increase in LDL susceptibility to oxidation, and a decrease in serum
total antioxidant capacity (p<0.05) in group C rats. But, there were no significant changes in group B and D
rats in terms of LDL susceptibility to oxidation and total antioxidant capacity.

Conclusion: Isoproterenol may be capable of delaying adverse effects of cyclosporine by preventing the in-

crease in LDL susceptibility to oxidation, and decrease in serum total antioxidant capacity.
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INTRODUCTION

ver the past several years, cyclospo-
Orine (CsA) has been used to prevent

rejection of transplanted organs. Nev-
ertheless, its adverse effects restrict its clini-
cal application [1-87. Chronic administration
of CsA produces renal injury, which is termed
chronic CsA nephropathy, and is thought to
be a major side effect and is one of the known
nonimmunological factors causing 30%—50%
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of chronic allograft nephropathy in the total
renal transplant population [47]. Since CsA is
the prime agent used in immunosuppressive
therapy, lack of efficacy for the prevention
of long-term allograft failure may be due to
the side effects of CsA [57. Clinical and ex-
perimental data strongly suggest that CsA-
induced nephrotoxicity results from increased
production of free radicals exclusive to the
kidney [6,7]. As oxidative stress resulting
from CsA administration may be responsible
for its adverse effects, antioxidant therapy and
usage of protective agents to reduce CsA-in-
duced free oxygen radicals were of important
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therapeutic purposes for researchers focusing
on CsA-treated patients [6,87. Usage of spi-
ronolactone, calcium channel blockers, and an-
tioxidant agents such as ramipril, allopurinol
and melatonin have resulted in some desirable
outcomes [9-117.

Melatonin (mainly secreted by the pineal
gland) has been reported to have antioxidant
properties in addition to its known hormonal
activities. It is an effective scavenger of both
the highly toxic hydroxyl and peroxyl radi-
cals. Additionally, melatonin may stimulate
antioxidant enzymes such as superoxide dis-
mutase and glutathione peroxidase, and re-
duce lipid peroxidation [12,187. Melatonin
hormone plays an important role in protecting
cells from free radicals damage [147. Amin-
istration of melatonin can reduce the level of
oxidation metabolites of DNA, lipids, proteins
and amino acids [15-17]. Exogenous melato-
nin exerts a protective eftect on CsA-induced
nephrotoxicity in rat [87]. But, the question is
that can we suppress the activity of oxygen
free radicals by stimulating endogenous mela-
tonin production?

There are a few studies around drugs capable
of stimulating biosynthesis and secretion of
melatonin, and some limited agents like epi-
nephrine and isoproterenol has been discussed
(18, 19]. Thus, we tried to investigate effect
of isoproterenol on CsA-treated rats in terms
of LDL susceptibility to oxidation, and serum
total antioxidant capacity.

LDL oxidation process consists of three phas-
es: 1) lag phase, including reactions which
result in production of lipid peroxides and
peroxyl radicals; 2) propagation phase, which
includes different reactions which result in
rapid increase of radicals in the environment,
and 3) decomposition phase, which results in
decomposition of unsaturated fatty acids and
Apo(B),,, protein, and oxidative changes of
cholesterol [20-257].

MATERIALS AND METHODS:

According to the Guide for Care and Use of
Laboratory Animals (DHEW Publication No.

78-23, NIH revised 1978) and local guidelines
for humane use of animals in research, we
housed 32 young male Wistar rats weighing
225 to 280 g three per cage, with ad libitum
access to compact food and water containing
all essential ingredients, including vitamins
and minerals. Animals were kept under simi-
lar laboratory conditions (18 °C to 23 °C room
temperature) with alternating 12-hour cycles
of light and dark.

After one week of maintenance in a standard
environment for conditioning, the animals
were randomly allocated into four study arms:
group A controls (n=8) received no interven-
tions but daily intraperitoneal, and intrave-
nous (via the tail vein) injections of normal
saline as placebo; group B (n=8) rats received
for 21 days intraperitoneal injections of iso-
proterenol (DL-isoproterenol hydrochloride;
20 mg/kg/d); group C (n=8) rats received in-
travenous CsA (15 mg/kg/d) injections via the
tail vein for 14 days without isoproterenol; and
group D (n=8) rats received both drugs—CsA
(15 mg/kg/d similar to group C) was admin-
istered one week after start of premedication
with isoproterenol (20 mg/kg/d intraperitone-
ally) and continued for 14 days.

Blood samples were collected under ether
anesthesia via the orbital sinus using a fine-
walled pipette in four stages for each group: 1)
at the beginning of the experiment just prior
to drug administration; 2) during the drug ad-
ministration protocol (10" day for groups A,
B and D, and 7" day for group C); 3) at the
end of the treatment; and 4) one week after the
treatment. Serum separated by centrifugation
for 15 min at 3000 rpm was stored at -80 °C
until analysis.

Serum melatonin concentration was deter-
mined by a commercially available enzyme-
linked immunoassay (ILB Co), and total an-
tioxidant capacity in serum samples by a
spectrophotometric method (Randox kits).
LDL susceptibility to oxidation was evaluated
by the formation of conjugated dienes induced
by copper (Cu™). LDL was separated from
plasma by ultracentrifugation (Beckman Opti-
ma TLX) with a gradient of discontinued den-
sity in a vertical column. The isolated LDL
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Figure 1: Melatonin concentrations in 4 stages of
sampling in the study groups:
A: control group
B: Only isoproterenol treatment
C: Only CsA treatment
D: CsA + isoproterenol treatment
1st Stage: basal measurements
2nd Stage: during the treatment
3rd Stage: end of the treatment
4th Stage: a week after the treatment

was dialyzed overnight at 4 °C against a 25
mM phosphate bufter, pH 7.2, and 0.1 M NaCl
The LDL (100 mg protein/mL) was then in-
cubated in the presence of 10 uM CuSO, at 37
°C. LDL oxidation kinetics was continuously
monitored by measuring the conjugated diene
formation, with the increase in absorbancy at
234 nm. The absorbance was analyzed at 10-
min intervals (Cecil 8000 Spectrophotometer).
The presentation of results is figured by the
lag phase (reflecting the resistance of LDL to
oxidation, measured in min) directly related to
the amount of antioxidant carried by the LDL.
A longer lag phase demonstrates a reduced
susceptibility of LDL particles to oxidation,
caused by a higher antioxidant concentration,
whereas a shorter lag phase means that LDL
particles take less time to oxidize, due to the
lower presence of antioxidants [26-297.

Data are expressed as mean values. The Wil-
coxon signed-rank test was used to assess the
significance of differences between basal mea-
surements and one week after the treatment.
Comparisons between the basal, during the
treatment, and end of the treatment measure-
ments were evaluated using the Friedman test.
All analytical tests were performed by SPSS.
A p value <0.05 was considered statistically
significant.

Isoproterenol and LDL Oxidation
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Figure 2: Lag phase in 4 stages of sampling in the
study groups:

A: control group

B: Only isoproterenol treatment

C: Only CsA treatment

D: CsA + isoproterenol treatment

1st Stage: basal measurements

2nd Stage: during the treatment

3rd Stage: end of the treatment

4th Stage: a week after the treatment

RESULTS

Comparison of serum melatonin, lag phase,
and total antioxidant capacity levels measured
in the first stage of sampling in all groups
(Table 1) demonstrated that there was no sig-
nificant difference in serum melatonin level
(p>0.7), lag phase (p>0.5), and total antioxi-
dant capacity (p>0.9) in all groups at the be-
ginning of the experiment (Kruskal-Wallis
test). Also, there was no significant difterence
in changes of said values in control group by
time (Table 1).

Administration of isoproterenol had signifi-
cantly (p<0.05) increased mean serum mela-
tonin level in group B and D rats (Table 1 and
Fig. 1).

There was a significant difference (p=0.044)
in changes of lag phase in group B rats (Fried-
man test), but, because these changes were not
linear, we decided to perform other analyses
in which we compared the measured amounts
in the beginning of the experiment (the first
stage), during the treatment (the second stage),
and end of the treatment (the third stage) with
each other using Wilcoxon test; there was no
significant difference (p=0.123) in comparison
of the measured amounts of the first stage and
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the second stage, nor in the measured amounts
of the first stage and the third stage (p=0.326),
but only a significant decrease in comparison
of the measured amounts of the second stage
and the third stage (p=0.017); that is to say,
isoproterenol did not have a noticeable influ-
ence on changes of LDL susceptibility to oxi-
dation in group B rats. There was no signifi-
cant changes in measured lag phase in group
D rats (p=0.607), as well. But, CsA adminis-
tration significantly decreased (p=0.005) the
lag phase in group C rats (Table 1 and Fig. 2).

There were no significant changes in groups
B and D, but a statically significant decrease
(p=0.005) in group C rats in terms of total an-
tioxidant capacity (Table 1 and Fig. 3).

One week after the drug withdrawal in group
C rats, LDL susceptibility to oxidation was
still higher (p=0.017), and the total antioxi-
dant capacity was still lower (p=0.025) than
their initial levels before administration of
CsA. Also, there was a rapid and significant
return in measured melatonin concentration,
but not a significant change in the lag phase
and total antioxidant capacity in groups B and
D (Table 1).

DISCUSSION

The present investigation revealed that ad-
ministration of CsA (15 mg/kg/d for 14 days)
resulted in a significant increase in LDL sus-
ceptibility to oxidation, and decrease in se-
rum total antioxidant capacity. So far, several
papers have reported data that shows such
adverse effects for CsA as well [30-33]. It is
obvious that these adverse effects limit CsA
clinical use. Consequently, there is much in-
terest in developing new methods to do away
with such adverse effects by using a combi-
nation of various agents with CsA [347]. The
overproduction of superoxide anion and the
impairment in the conversion of hydrogen
peroxide may contribute to the increased oxi-
dant damages in CsA-treated rats [35].

Melatonin has been reported to have anti-
oxidant properties [6,8,35], but clinical in-
vestigation of melatonin agonists has been

Isoproterenol and LDL Oxidation
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Figure 3: Total antioxidant capacity in 4 stages of
sampling in the study groups

A: control group

B: Only isoproterenol treatment

C: Only CsA treatment

D: CsA + isoproterenol treatment

1st Stage: basal measurements

2nd Stage: during the treatment

3rd Stage: end of the treatment

4th Stage: a week after the treatment

hampered by side effects such as hypother-
mia, hypotension and bradycardia [36]. An
inappropriate time schedule of melatonin ad-
ministration could induce supraphysiological
concentrations of the neurohormone and a
desensitization of melatonin receptors. A long
duration of exposure to melatonin also could
mimic an “artificial darkness” condition when
a circadian rhythm with a basal zero level dur-
ing the day needs to be conserved for a physio-
logical function. Furthermore, administration
of large doses of melatonin could induce high
concentrations of melatonin and of different
metabolites that could have deleterious effects
per se. Very little attention has been paid to
the possible side eftects of melatonin—night-
mares, hypotension, sleep disorders and ab-
dominal pain have been reported [87]. In the
light of its physiological role in animals, the
potential deleterious effects include inhibition
of reproductive function, delayed timing of pu-
berty, and influence (when taken during preg-
nancy and lactation) on the circadian status of
the fetus and neonate and on future develop-
ment. Of its significant short-term side effects
in human, sleepiness following oral ingestion
of synthetic melatonin has been also reported
[38,39. According to the adverse effects of ex-
ogenous melatonin usage, we decided to utilize
a combination to stimulate endogenous mela-
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tonin together with CsA, to take advantage of
anti-oxidative property of melatonin avoiding
its exogenous adverse effects. Isoproterenol is
reported as one of compounds able to produce
endogenous melatonin [40,417]. Isoproterenol
is able to stimulate both young and old rat pi-
neal glands no matter what the circadian stage
they are in [40].

Administration of isoproterenol solely (in
group B rats) did not make significant changes
in total antioxidant capacity and LDL suscep-
tibility to oxidation. So, isoproterenol admin-
istration, with this dosage, neither has a pro-
tective effect nor a toxic effect on the measured
indices. In our previous study, we showed that
administration of isoproterenol (20 mg/kg/d
for 21 days) did not cause a significant deterio-
ration in renal function, as well [42].

Administration of only CsA decreased the to-
tal antioxidant capacity and increased LDL
susceptibility to oxidation in group C rats,
but administration of CsA plus isoproterenol
simultaneously (in group D rats) did not make
significant changes in total antioxidant capac-
ity and LDL susceptibility to oxidation, but
caused a significant increase in the mean se-
rum melatonin level, which demonstrated that
isoproterenol had a protective etffect on the
deterioration of total antioxidant capacity and
LDL susceptibility to oxidation induced by
CsA, probably because of its ability to increase
production of endogenous melatonin with an-
tioxidant properties.

One week after the treatment in group C rats
(which had received only CsA), LDL suscep-
tibility to oxidation was still higher, and the
total antioxidant capacity was still lower than
their initial levels before CsA administra-
tion, which demonstrated that deterioration in
mentioned indices was partially irreversible—
at least until one week after discontinuation of
the drug. Nonetheless, the eftect of isoproter-
enol on the serum melatonin level is reversible
at this period after discontinuation of the drug.

We conclude that isoproterenol stimulates en-
dogenous melatonin production, and prevents
the increase in LDL susceptibility to oxida-
tion and decrease in serum total antioxidant
capacity in CsA-treated rats. So, isoproterenol

may be capable of delaying CsA-induced ad-
verse effects by preventing the deterioration of
the measured indices by means of endogenous
melatonin (a potential antioxidant agent) pro-
duction.
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