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Abstract

Background and purpose: Opiates are traditionally used for the treatment of pain. Chronic consumption of
opiates such as morphine (MOR) induces tolerance and dependence. This study aimed to investigate the effects
of valsartan (VAL), as an angiotensin Il receptor blocker, on the induction and expression of MOR analgesic
tolerance and physical dependence in rats.

Experimental approach: MOR 10 mg/kg was injected s.c. twice a day for 7 days to induce tolerance and
dependence. For evaluating the effect of VAL on the induction of MOR analgesic tolerance and physical
dependence, 20 mg/kg VAL was administered orally (once a day) during the 7 days of the examination period.
The tail-flick test was performed every day. On day 7, 5 mg/kg naloxone () was injected s.c. into the morphine-
dependent rats and the rats were monitored for 30 min for the frequency of withdrawal signs such as jumping,
diarrhea, defecation, head tremor, rearing, scratching, sniffing, teeth chattering, and wet-dog shake. For
evaluating the effect of VAL on the expression of MOR-analgesic tolerance and physical dependence, 45 min
before the last MOR injection, VAL was administered only on day 7. The tail-flick test was performed and
naloxone was injected into the addicted rats and they were monitored for 30 min for the frequency of
withdrawal signs such as jumping, diarrhea, defecation, head tremor, rearing, scratching, sniffing, teeth
chattering, and wet-dog shake.

Findings/Results: Our results revealed that the co-administration of VAL with MOR for 7 consecutive days
reduced the induction of MOR tolerance. Moreover, VAL administration for 7 days along with MOR reduced
the frequency of diarrhea and defecation in naloxone-injected animals.

Conclusion and implications: According to the results presented in this study, chronic administration of VAL
prevented the induction of MOR-analgesic tolerance and dependence in rats.
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INTRODUCTION ceased abruptly the withdrawal signs will

appear (5). Mood disorders, back and

Morphine (MOR) as an opioid drug has been leg pain, disturbances of sleep, fatigue,

used for the treatment of acute and chronic pain and restlessness are the most important
(1). The most important problem of the long- MOR-withdrawal signs (6).

term consumption of MOR is analgesic
tolerance and physical dependence (2). In MOR

tolerance, the analgesic effects of MOR decline Access this article online

due to the repetitive administration (3). In order

to reach the analgesic effect, increasing the Website: http://rps.mui.ac.ir

administrative dose is necessary (4).

In MOR dependence, if the consumption is DOI: 10.4103/1735-5362.314827
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Thus far, the precise underlying mechanisms
of these phenomena are not clear but several
of the involved mechanisms include the
down-regulation of receptors (7),
overproduction of free radicals in the central
nervous system (CNS) (8), induction of the
inflammation in CNS (9), and activation of the
N-methyl-D-aspartate (NMDA) receptor and
protein kinase C (4). There is no standard
treatment for MOR-analgesic tolerance and
physical dependence. Therefore, the tolerance
and dependence induced by MOR are real
challenging conditions that can restrict the use
of this beneficial drug (10).

Sartan agents such as valsartan (VAL) as
angiotensin 11 receptor blockers (ARBs) are
wildly prescribed for the treatment of
hypertension and renal disease (11). These
drugs selectively inhibit the angiotensin Il type
1 receptor (AT1) (12). Recently, it has been
demonstrated that sartans have neuroprotective
effects (13,14). These effects have been
shown in different animal models such as stroke
and traumatic brain injury models through
reducing oxidative stress, inflammation, and
apoptosis (13-15). It has been reported that
another sartan called losartan attenuates the
memory impairments in Alzheimer's disease
(14). VAL increases the activities of
antioxidant defense enzymes such as
superoxide dismutase and catalase as well as
decreasing the oxidative stress indices such as
malondialdehyde in the brain (12). On the other
hand, it is well-established that angiotensin Il
can enhance the release of glutamate, and
blocking the AT1 receptor increases the down-
regulation of NMDA receptors (16,17).
Moreover, it has been found that reducing the
production of angiotensin Il by captopril can
reduce the withdrawal signs and self-
administration of MOR as well as morphine-
induced conditioned place preference in
rats (18-20). In another study, the acute
effect of losartan on MOR analgesia was
investigated and it was revealed that
losartan did not alter the MOR-analgesia
response in nonaddicted animals (21).

To the best of our knowledge, there is no
report on the role of the AT1 receptor
in MOR tolerance and dependence. Regarding
the longer half-life, more potency, and higher
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selectivity of the AT1 receptor of VAL (13),
this study was designed to evaluate the efficacy
of VAL in the induction and expression of
MOR-induced tolerance and dependence in
rats.

MATERIALS AND METHODS

Animals

A total of 48 male Wistar rats (250 £ 20 g)
were used in this study. The rats were obtained
from the animal house of Rafsanjan University
of Medical Sciences. They were housed in
groups of 3 rats per plastic cage, maintained
under a 12/12-h light/dark cycle (lights on
from 7:00 to 19:00) with free access to
food and water, and kept at 23 + 2.0 °C.
All the experimental procedures were carried
out in accordance with the guidelines for the
care and use of laboratory animals in Rafsanjan
University of Medical Sciences (Ethic No.
IR.RUMS.REC.1399.043) and the European

Communities  Council Directive of 24
November 1986 (86/609/EEC).

Drugs

MOR was obtained from Temad Company
(Iran).  Naloxone was obtained from
Tolidaru Company (lran). VAL was

purchased from Sigma-Aldrich (Germany; Cat.
Number: 1708762). All drugs were dissolved
in saline.

Induction of MOR tolerance and dependence

MOR tolerance and dependence were
induced in rats by repeated s.c. injection
of 10 mg/kg drug twice a day (7:00 and 19:00)
for 7 consecutive days (5).

Tail flick test

For evaluating the MOR analgesic effect, we
used a tail-flick analgesia meter apparatus
(UGO BASILE, Italy). Briefly, the tail-flick
apparatus was set to create a light beam that
focused on the ventral part of the animal’s tail.
Tail-flick latency was considered as the time
between tail exposure to radiant heat and tail
withdrawal. The cut-off time was 10 s to avoid
tissue damages. The rats were lightly restrained
in a Plexiglas rat restrainer box during
the test. The results are expressed as the
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percentage of the maximum possible effect
(%MPE) which was calculated according to the
following equation:

T1 - TO
MPE (%) = 2 = T0

where, To is the pre-treatment latency; T, the
post-treatment latency; and T, the cut-off time.

x 100

Assessment of the effects of VAL on the
induction of MOR tolerance and dependence

For evaluating the effects of VAL on the
induction of MOR tolerance and dependence,
20 mg/kg VAL (22) was administered orally
once a day during the 7 days of the examination.
MOR tolerance was evaluated by the tail-flick
test on every experimental day.

Moreover, MOR dependence was assessed
following i.p. administration of 5 mg/kg
naloxone 2 h after the last dose of MOR on the
7" day. Each rat was placed in a Plexiglas box
(35 x 35 x 45 cm) and the frequency of
withdrawal signs such as jumping, diarrhea,
defecation, head tremor, rearing, scratching,
sniffing, teeth chattering, and wet-dog shake
was recorded during 30 min (5).

Assessment of the effects of VAL on the
expression of MOR tolerance and dependence

For evaluating the effects of VAL on the
expression of MOR tolerance and dependence,
we used the animals that had received only
MOR for 7 consecutive days. 20 mg/kg VAL
was administered orally once a day only on the
7" day, 45 min before the last dose of MOR.
MOR tolerance was evaluated by the tail-flick
test, 30 min after the last dose of MOR.

Moreover, MOR dependence was evaluated
following i.p. administration of 5 mg/kg
naloxone 2 h after the last dose of MOR on the
7" day. Each rat was placed in a Plexiglas box
(35 x 35 x 45 cm) and the frequency of
withdrawal signs such as jumping, diarrhea,
defecation, head tremor, rearing, scratching,
sniffing, teeth chattering, and wet-dog shake
was recorded during 30 min (5).

Statistical analysis

Data are expressed as mean SEM.
Statistical analysis was performed via
GraphPad Prism version 6.01 for Windows
(GraphPad Software, USA). For evaluating the

+

288

induction of morphine tolerance, we used a
two-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparisons test.
For evaluating the expression of morphine
tolerance and the jumping and other signs of
withdrawal, we used Kruskal-Wallis followed
by Dunn’s multiple comparisons test. P-values
less than 0.05 were considered statistically
significant.

RESULTS

Effects of VAL on the
expression of MOR tolerance

Chronic VAL administration did not cause a
significant change in the analgesic effect
compared with the control animals (Fig. 1).
Based on these results, we can exclude the
effect of VAL on %MPE. Our results exhibited
that the repeated injections of MOR reduced the
nociception response which confirmed the
induction of MOR analgesic tolerance.
Moreover, co-administration of VAL with
MOR significantly increased the analgesic
latency on days 5 to 7 (P < 0.01 for days 5 and
7, P <0.05 for day 6) which indicated that VAL
could prevent the induction of MOR analgesic
tolerance.

In order to assess the effect of VAL on the
expression of MOR tolerance, we administered
VAL only once 45 min before the last dose of
MOR on the 7" day of the experiment in the
animals that had received only MOR. Acute
VAL administration did not cause a significant
change in the analgesic effects compared with
the control animals (Fig. 2). Moreover, the data
indicated that acute co-administration of VAL
with MOR could not reduce the MOR analgesic
tolerance expression.

induction and

Effects of VAL on the induction and
expression of MOR dependence

The animals in the control and VAL groups
showed no withdrawal jumps, whereas the
MOR-administered animals exhibited the
withdrawal signs which confirmed the
induction of MOR dependence (Fig. 3).
Moreover, co-administration of VAL with
MOR significantly decreased the frequency of
defecation and diarrhea which indicated that
VAL could prevent the induction of MOR
dependence (all P < 0.05).
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Fig. 1. The effect of chronic treatment with VAL
(20 mg/kg) on MOR tolerance induction. Data are
expressed as mean £ SEM (n = 6). ***P < 0.001 indicates
significant differences compared with the control group;
#P < 0.05 and #P < 0.01 versus the MOR-treated group.
MOR, Morphine; MPE, maximum possible effect; VAL,
valsartan.
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Fig. 2. The effect of acute treatment with VAL on MOR
tolerance expression. Data are expressed as mean £ SEM
(n = 6). *P < 0.05 and **P < 0.01 indicate significant
differences compared with the control group. MOR,
Morphine; MPE, maximum possible effect; VAL,
valsartan.
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Fig. 3. The effect of chronic treatment with VAL (20 mg/kg) on MOR dependence induction. Data are expressed as mean
+ SEM (n = 6). *P < 0.05, **P < 0.01, and ***P < 0.001 show significant differences compared with the control group;
#P < 0.05 versus the MOR-treated group. MOR, Morphine; VAL, valsartan.
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Fig. 4. The effect of acute treatment with VAL on MOR dependence expression. Data are expressed as mean + SEM
(n=6). *P < 0.05, *P < 0.05, and **P < 0.01 indicate significant differences compared with the control group. MOR,

Morphine; VAL, valsartan.

In order to assess the effect of VAL on the
expression of MOR dependence, we
administered VAL only once 45 min before the
last dose of MOR on the 7" day of the
experiment in the animals that had received
only MOR. The animals in the control and VAL
groups demonstrated no withdrawal signs,
whereas the MOR-administered animals
exhibited the withdrawal jumps, which
confirmed the expression of MOR dependence
(Fig. 4). Moreover, acute co-administration of
VAL with MOR had no effect on the frequency
of withdrawal signs which indicated that VAL
could not prevent the expression of MOR
dependence.

DISCUSSION

The results of the current study showed that
VAL (20 mg/kg, p.0.) had no remarkable effect
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on the analgesic responses in normal animals.
Moreover, we found that VAL significantly
protected rats from inducing MOR tolerance
and dependence. We also established that VAL
had no considerable effect on the expression of
MOR tolerance and dependence.

Despite  the  recent  progress in
comprehending  opioid  tolerance  and
dependence, the exact underlying mechanisms
of these phenomena are still poorly understood
(23). The induction and expression of tolerance
and dependence are the main problems
associated with the chronic use of these drugs.
Therefore, the identification of compounds that
can prevent these processes may have an
important use in clinical centers for the
management of pain (24). It is well-established
that angiotensin Il can alter the MOR effects
such as withdrawal signs and self-
administration (18,19). In these reports, the



level of angiotensin 11 was reduced by
inhibiting the angiotensin-converting enzyme
by captopril. Inhibiting the angiotensin-
converting enzyme also increased the
bradykinin and substance P levels which are
potent mediators of pain (25). In another study,
it was found that captopril potentiated morphine
analgesia, but losartan had no effects on the
morphine analgesia response. It is important to
mention that in this study, the acute effect of
these drugs was evaluated (21). We also found
that the acute administration of VAL had no
impact on the MOR-analgesia effects and
withdrawal signs.

Chronic treatment with MOR can induce
apoptosis and neuronal degeneration which
leads to structural changes in the brain (24,26).
Several investigations have reported MOR-
induced neuronal death by increasing the
production of free radicals and oxidative stress
(27,28). Interestingly, it was reported that
reducing the neuronal apoptosis and oxidative
status could mitigate the tolerance and
dependence induced by MOR (29-31). On the
other hand, the neuroprotective effects of VAL
were demonstrated in stroke. Wakai et al.
demonstrated that VAL had neuroprotective
effects against transient forebrain ischemia
via reducing the production of reactive oxygen
species as well as the release of cytochrome C
(13). VAL potentiates the brain’s antioxidant
defense system (superoxide dismutase and
catalase), decreases the oxidative markers
(malondialdehyde), and reduces the neuronal
damage in streptozotocin-induced dementia in
rats (12). Moreover, the neuroprotection and
antioxidant effects of other sartans have been
reported. For example, blocking the AT1
receptor with losartan prevented the cognitive
deficits and neuropathological lesions in an
Alzheimer’s disease model via mitigating the
oxidative stress (14). In another study,
candesartan and telmisartan decreased the
lesion volume, neuronal injury, and apoptosis in
traumatic brain injury (15). Furthermore,
losartan enhanced both short-term and long-
term memory via decreasing the oxidative
stress status in the hippocampus (32). Thus, it
seems that VAL can reduce the induction of
MOR tolerance and dependence via antioxidant
and neuroprotective properties.
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Accumulating evidences indicate that
inflammation plays important role in the
induction of MOR tolerance and dependence.
Chronic MOR administration increases the
production of pro-inflammatory cytokines such
as interleukin-1p (IL-1B), IL-6, and tumor
necrosis factor-a (TNF-a) (33,34). Blocking the
ATL1 receptors in the brain can be used as a
treatment for inflammatory brain disorders such
as stroke, cerebral hemorrhage, and traumatic
brain injury (5). Recent clinical and
experimental data show the anti-inflammatory
effects of VAL in different conditions. VAL
attenuates diabetic nephropathy  via
ameliorating the levels of IL-1B, IL-6, and
TNF-a (6). Moreover, VAL has been shown to
reduce the levels of 1L-6 and TNF-a in patients
after interventional therapy for acute
myocardial infarction (37) indicating that the
effect of VAL might be possibly mediated by
an anti-inflammatory mechanism.

NMDA receptor, as a glutamate receptor, is
known to play a role in MOR tolerance and
dependence via increasing the inflow of
calcium and trigger inflammatory processes in
the brain (23). On the other hand, it has been
found that angiotensin 11 stimulates the release
of glutamate (16). Zhou et al. demonstrated that
blocking the AT1 receptor attenuated the
pressor effect through the downregulation of
NMDA receptors in the rostral ventrolateral
medulla in rats (17). Hence, there is the
possibility that VAL could mitigate the
induction of MOR tolerance and dependence
via inhibiting the glutamate release as well as
the downregulation of NMDA receptors.

CONCLUSION

Our results indicated that VAL had a
remarkable effect on the induction of MOR
tolerance and dependence. The results revealed
that oral administration of VAL had no effect
on the analgesic response. Moreover, acute
administration of VAL had no effect on the
expression of MOR tolerance and dependence.
Since VAL, as an antagonist of AT1 receptor,
could attenuate the induction of MOR tolerance
and dependence, it seems that these receptors
are involved in this phenomenon and further
studies are required to clarify the exact
underlying mechanisms.
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