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a-Terpineol attenuates morphine-induced physical dependence
and tolerance in mice: role of nitric oxide
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ABSTRACT

Objective(s): Dependence and tolerance to opioid analgesics are major problems limiting their clinical
application. a-Terpineol is a monoterpenoid alcohol with neuroprotective effects which is found in
several medicinal plants such as Myrtus communis, Laurus nobilis, and Stachys byzantina. It has been
shown that some of these medicinal plants such as S. byzantina attenuate dependence and tolerance to
morphine. Since o-terpineol is one of the bioactive phytochemical constituent of these medicinal
plants, the present study was conducted to investigate the effects of a-terpineol on morphine-induced
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a-Terpineol Materials and Methods: The mice were rendered dependent or tolerant to morphine by a 3-day
Dependence administration schedule. The hot-plate test and naloxone-induced withdrawal syndrome were used to
Monoterpenoid evaluate tolerance and dependence on morphine, respectively. To investigate a possible role for nitric
Morphine oxide (NO) in the protective effect of o-terpineol, the NO synthase inhibitor, L-N(G)-nitroarginine
Nitric oxide methyl ester (L-NAME) and NO precursor, L-arginine, were used.

Tolerance Results: Administration of a-terpineol (5, 10, and 20 mg/kg, IP) significantly decreased the number of

jumps in morphine dependent animals. Moreover, o-terpineol (20 and 40 mg/kg, IP) attenuated
tolerance to the analgesic effect of morphine. The inhibitory effects of a-terpineol on morphine-
induced dependence and tolerance were enhanced by pretreatment with L-NAME (10 mg/kg, IP).
However, L-arginine (300 mg/kg, IP) antagonized the protective effects of a-terpineol on dependence
and tolerance to morphine.

Conclusion: These findings indicate that a-terpineol prevents the development of dependence and
tolerance to morphine probably through the influence on NO production.
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units. They are volatile oils with highly distinctive

Dependence and tolerance to opioid analgesics are
major problems limiting the clinical application of these
drugs (1). Many attempts have been carried out to
resolve this problem but there is still the need for
efficacious solution. In this regard, various natural
compounds, medicinal herbs, and their active
constituents have been investigated for possible
inhibitory effect on opioid dependence and tolerance
(2). Several studies have shown that herbal extracts or
essential oils may be beneficial in the prevention of
dependence and tolerance to opioid analgesics (2-4).

One of the most biologically active and best
studied herbal compounds, are monoterpenoids.
Monoterpenoids are considered as a substructure of
an important naturally occurring organic compound
named terpenes (5). They have a wide variety
of structures but generally consist of two isoprene

aromas and flavors (5, 6). More than 90% of the
essential oils of medicinal plants consist of
monoterpenoids (5). Monoterpenoids have been
extensively studied for their potentially therapeutic
effects (6-8). Amongst monoterpenoids, o-terpineol is
emerging as a unique molecule with outstanding
therapeutic effects. Several pharmacological properties
including antioxidant (9, 10), anticonvulsant (11), and
antinociceptive (7, 12, 13) effects have been attributed
to a-terpineol. Analytical studies have shown that a-
terpineol is the major constituent of several medicinal
plants such as Eucalyptus spp. (14, 15), Myrtus
communis (16-18), Laurus nobilis (19), and Stachys
byzantina (20). In addition, it has been reported that
some of these medicinal plants such as S. byzantina
afford protection against morphine-induced
dependence and tolerance (21). Since a-terpineol is one
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of the active constituent of S. byzantina, it can be
hypothesized that the preventive effects of S. byzantina
on morphine-induced dependence and tolerance may
arise from the neuroprotective effects of a-terpineol.

Moreover, several lines of evidence indicate that
nitric oxide (NO) system might be involved in the
development of dependence and tolerance to opioid
analgesics (22, 23). In support of this view, various
NO synthase (NOS) inhibitors have been used to
attenuate  morphine-induced dependence and
tolerance (22-24). In this regard, it has been
reported that some of the pharmacological effects of
a-terpineol is exerts through the inhibition of NO
production (12).

Based on these evidences, the present study was
carried out in order to clarify the effects of a-
terpineol on the development and the expression of
dependence and tolerance to morphine in mice. Also,
the involvement of NO system in the preventive
effects of oa-terpineol on morphine-induced
dependence and tolerance was evaluated through
the use of NOS inhibitor, L-N(G)-nitroarginine methyl
ester (L-NAME) and NO precursor, L-arginine.

Animals

Adult male NMRI mice weighing 20-30 g were
used. The animals were kept at 23+2 C on a 12 hours
light/dark cycle. Commercial food pellets and tap
water were freely available at all times except during
the experiments. The study was performed in
accordance with the guidelines of Shahid Beheshti
University of Medical Sciences for laboratory animal
care and use.

Drugs

The following drugs were used in this study: o-
terpineol (Sigma-Aldrich), morphine sulfate (Temad,
Iran), naloxone hydrochloride (Inresa Arzneimittel
GmbH, Germany), L-N(G)-nitroarginine methyl ester
(Sigma-Aldrich), L-arginine (Sigma-Aldrich). Drugs
were dissolved in normal saline. a-Terpineol was
suspended in 0.8% (v/v) Tween 80. All compounds
were  prepared freshly and  administered
intraperitoneally (IP) in a volume of 0.1 ml/20 g
body weight. Control animals received the same
volume of normal saline + Tween 80 as the vehicle.

Induction of dependence and tolerance

In order to induction of morphine dependence
and tolerance in mice, morphine was injected
intraperitoneally three times daily at 9 am (50
mg/kg), 1 pm (50 mg/kg), and 5 pm (75 mg/kg) for 3
consecutive days. The dose of 75 mg/kg at 5 pm was
administered to prevent overnight withdrawal
syndrome in mice. One more dose of morphine (50
mg/kg, IP in morphine-dependent and 10 mg/kg, IP
in morphine-tolerant mice) was administered at 9

am on the fourth day (25). Straub-tail reaction and
hyperactivity were seen after the injection of
morphine in mice. Weight loss and death were
recorded during the administration of morphine.

Evaluation of the effect of a-terpineol on morphine
dependence

The animals subjected to morphine dependence
were randomly allocated into 7 groups (each
consisting of 7 mice): Group 1 (control) received
vehicle (normal saline + Tween 80). Groups 2, 3, and
4, received different single doses of a-terpineol (5,
10, and 20 mg/kg, IP) 30 min before the injection of
naloxone on the fourth day. These groups of animals
(2 to 4) were used to evaluate the effect of a-
terpineol on the expression of morphine
dependence. Groups 5, 6, and 7, received different
doses of a-terpineol (5, 10, and 20 mg/kg, IP) three
times daily, 30 min before each dose of morphine on
days 1 to 3. These three groups (5 to 7) were
considered to evaluate the effect of o-terpineol on
the induction of morphine dependence.

Two hours after the administration of the last
dose of morphine (50 mg/kg) on the fourth day, a
single dose of naloxone (2 mg/kg, IP), the selective
antagonist of opioid receptors, was injected to the
animals (groups 1 to 7) to precipitate withdrawal
syndrome. After the injection of naloxone, mice were
immediately placed individually in a Plexiglas box
and the number of jumps, as the sign of morphine
withdrawal syndrome, was recorded for 30 min (25).

Evaluation of the effect of a-terpineol on morphine
tolerance

The animals subjected to morphine tolerance were
randomly allocated into 7 groups (each consisting of 7
mice): Group 8 (control) received vehicle (normal
saline + Tween 80). Groups 9, 10, and 11 received o-
terpineol (10, 20, and 40 mg/kg, IP) 30 min before each
dose of morphine during 3 days. These groups of
animals (9 to 11) were considered to evaluate the
effects of a-terpineol on the development of tolerance
to analgesic effects of morphine. Groups 12, 13, and 14
received different single doses of o-terpineol (10, 20,
and 40 mg/kg, IP) 30 min before the injection of
morphine (10 mg/kg, IP) on the fourth day. These
groups of mice (12 to 14) were considered to assess the
effect of a-terpineol on the expression of tolerance to
morphine. Moreover, the analgesic effect of a-terpineol
(10, 20, and 40 mg/kg, IP) was evaluated in 3 more
groups of mice to determine whether or not, a-
terpineol possesses antinociceptive effect on its own.

In order to assess tolerance to analgesic effects of
morphine, the hot-plate test was used. Thirty minutes
after the injection of morphine (10 mg/kg, IP) at the
beginning (day 1) and the end (day 4) of treatment, the
mice in groups 8 to 14 were placed on the hot-plate
(55+1 C) and the latency of nociceptive responses
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(licking or flicking of the limbs or jumping) were
measured. A cut-off time of 40 sec was selected to
prevent tissue damage (26).

Evaluation of the role of NO in morphine dependence
and tolerance

In order to assess the possible role of NO in the
preventive effects of o-terpineol on morphine-induced
dependence and tolerance, NO synthase inhibitor,
L-N(G)-nitroarginine methyl ester (L-NAME) and NO
precursor, L-arginine, were used. Animals were divided
into 4 groups (n=7) and were then rendered tolerant to
(groups 15 and 16) or dependent on (groups 17 and 18)
morphine by a 3-day administration schedule. Thirty min
before the injection of a-terpineol (20 mg/kg, IP), L-NAME
(10 mg/kg, IP) was given to the animals in groups 15 and
17, and L-arginine (300 mg/kg, IP) was given to the
animals in groups 16 and 18.

To further examine whether L-NAME or L-arginine
afford protection against morphine-induced tolerance
or physical dependence, in an additional set of
experiments, the mice subjected to dependence or
tolerance to morphine received L-NAME (10 mg/kg, IP)
or L-arginine (300 mg/kg, IP) in the absence of -
terpineol.

Evaluation of locomotor activity

The effect of a-terpineol on the locomotor activity
of the animals was assessed using open-field test.
The apparatus, made of white wood, had a floor of
100 x 100 cm divided by red lines into 25 squares of
20 x 20 cm. The walls (30 cm high) were also painted
in white. Thirty min after the injection of a-terpineol
(5, 10, and 20 mg/kg, IP), the animals were placed in
the center of the open-field and their behavior was
observed for 10 min. The total number of squares
crossed by each mouse (total locomotion) and the
numbers of rearings (standing on two hind paws
without touching the walls) and leanings (one or two
paws in contact with the wall) were recorded (27).

Statistical analysis

The data were expressed as mean values+SEM for
each group (n=7) and tested with analysis of variance
(ANOVA) followed by the multiple comparison test of
Tukey. Differences between means were considered
significant if P<0.05.

Effects of a-terpineol on morphine dependence
Administration of naloxone (2 mg/kg, IP) two
hours after the injection of the last dose of morphine
(50 mg/kg, IP) on the fourth day, precipitated the
jumping behavior as the major sign of withdrawal
syndrome in control group (Figures 1 and 2). This
indicated that repeated administration of morphine
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Figure 1. The effect of a-terpineol on the expression of morphine
dependence in mice. The animals received morphine 3 times daily
(50, 50, and 75 mg/kg, IP) for 3 days. Two hours after the
administration of the last dose of morphine (50 mg/kg, IP) on day
4, naloxone (2 mg/kg, IP) was injected to the animals. a-Terpineol
and control were administered 30 min before the injection of
naloxone. Control: Normal saline + Tween 80; Values are
expressed as mean+SEM for 7 mice; *P<0.05, ***P<0.001, as
compared to control

has induced physical dependence in mice.

Administration of different single doses of a-
terpineol (5, 10, and 20 mg/kg, IP) 30 min before the
injection of naloxone (2 mg/kg, IP) on the fourth day,
significantly decreased the number of jumps in
morphine dependent mice (Figure 1). Moreover,
repeated administration of a-terpineol (5, 10, and 20
mg/kg, IP) 30 min before each injection of morphine
during the days 1 to 3, significantly decreased the
number of jumps in morphine dependent mice (Figure
2). Loss of weight (5-10%) occurred with chronic
administration of morphine sulfate.
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Figure 2. The effects of a-terpineol on the induction of morphine
dependence in mice. The animals received morphine 3 times daily
(50, 50, and 75 mg/kg, IP) for 3 days. a-Terpineol and control
were administered 30 min before each dose of morphine on days
1 to 3. Two hours after the administration of the last dose of
morphine (50 mg/kg, IP) on day 4, naloxone (2 mg/kg, IP) was
injected to the animals. Control: Normal saline + Tween 80; Values
are expressed as mean+SEM for 7 mice; *P<0.05, ***P<0.001, as
compared to control
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Figure 3. The effects of a-terpineol on the induction of morphine
tolerance in mice. First, an analgesic dose of morphine (10 mg/kg,
IP) was injected in mice (day 1). Then, the animals were rendered
tolerant to morphine by the injection of morphine 3 times daily
(50, 50, and 75 mg/kg, IP) for 3 days. a-Terpineol and control
were administered 30 min before each dose of morphine on days
1 to 3. Thirty minutes after the injection of morphine (10 mg/kg,
IP) on day 4, the hot-plate test was performed. Control: Normal
saline + Tween 80; Values are expressed as mean+SEM for 7 mice;
*P<0.05, **P<0.01, ***P<0.001 (compared to control); *P<0.05,
++P<0.001 (compared to morphine on day 4)

Effects of a-terpineol on morphine tolerance

Administration of a single dose of morphine
(10 mg/kg, IP) significantly prolonged the hot-plate
latency in mice at the beginning of the experiment (day
1), while following repeated administration of
morphine during 3 days, tolerance to morphine
developed and the analgesic effect of morphine
abolished (P<0.001, Figures 3 and 4). But,
administration of a-terpineol (20 and 40 mg/kg, IP) 30
min before each dose of morphine during 3 days,
significantly attenuated the development of morphine
tolerance (Figure 3). The administration of single doses
of a-terpineol (10, 20, and 40 mg/kg, IP) 30 min before
the injection of morphine (10 mg/kg, IP) on day 4,
could not restore analgesic effect of morphine (Figure
4). The attenuating effect of o-terpineol on the
development of morphine tolerance was not attributed
to the analgesic effects of o-terpineol, because none of
doses of a-terpineol used in this study (5, 10, 20, and 40
mg/kg), produced any antinociceptive effects on their
own (Figure 5).

Effect of L-NAME and L-arginine on the preventive
effects of a-terpineol on morphine-induced tolerance
and dependence

Pretreatment of animals with L-arginine (300
mg/kg, IP) for 3 days antagonized the attenuating effect
of a-terpineol on morphine tolerance (Figure 6).
However, the administration of L-NAME (10 mg/kg, IP)
before a-terpineol (20 mg/kg, IP) during the 3-day
administration schedule did not have any effect on the
inhibitory effect of a-terpineol on the development of
tolerance to analgesic effect of morphine (Figure 6). In
addition, the attenuating effect of a-terpineol on the
development of morphine withdrawal syndrome
following the naloxone injection was enhanced by the
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Figure 4. The effects of a-terpineol on the expression of tolerance
to analgesic effects of morphine in mice. First, an analgesic dose of
morphine (10 mg/kg, IP) was injected in mice (day 1). Then, the
animals were rendered tolerant to morphine by the injection of
morphine 3 times daily (50, 50, and 75 mg/kg, IP) for 3 days.
Thirty minutes after the injection of the last dose of morphine
(10 mg/kg, IP) on day 4, the hot-plate test was performed.
o-Terpineol and control were administered 30 min before the
injection of the last dose of morphine (10 mg/kg, IP) on day 4.
Control: Normal saline + Tween 80; Values are expressed as
mean+SEM for 7 mice; ***P<0.001 (compared to control);
++P<0.001 (compared to morphine on day 4)

administration of L-NAME (10 mg/kg, IP) 30 min
before each injection of a-terpineol (20 mg/kg, IP)
during 3 days. However, the difference between two
groups was not statistically significant (P=0.49).
Pretreatment of mice with L-arginine (300 mg/kg, IP)
significantly abolished the inhibitory effect of
o-terpineol on the development of morphine
dependence (Figure 7). Furthermore, the results
showed that pretreatment of animals with L-NAME (10
mg/kg, IP) or L-arginine (300 mg/kg, IP) did not
attenuate the development of dependence and
tolerance to morphine on their own (Figure 8).

Effects of a-terpineol on locomotor activity

In the open-field test, a-terpineol (5, 10, and 20
mg/kg) did not have any effect on the total
locomotion and numbers of leanings and rearings in
mice (Table 1).
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Figure 5. The effects of a-terpineol on the nociceptive responses
of mice in hot-plate test. Thirty min after the injection of
o-terpineol, animals were placed on the hot-plate and the latency
of nociceptive response was recorded. Control: Normal
saline+ Tween 80; Values are expressed as mean+SEM for 7 mice
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Table 1. The effect of a-terpineol on leaning, rearing, and total
locomotion of mice in open-field test

Treatment Rearing  Leaning 1 Total.
ocomotion
Control 13.147.7 43.94+3.6  230.6+14.3
a-Terpineol (5 mg/kg, IP) 14.8+6.7 35.8t6.3  209.6t£18.3
a-Terpineol (10 mg/kg, IP) 15.5+2.8 30.5+4.2  250.5+10.3
o-Terpineol (20 mg/kg, IP) 11.142.8 36.3£39  219.4+14.9

Control: Normal saline + Tween 80; Values are expressed as
mean+SEM for 7 mice

The results of this study clearly showed that a-
terpineol inhibited the induction of dependence on
morphine and attenuated the signs of withdrawal
syndrome in morphine-dependent mice. In addition, o-
terpineol prevented the development of tolerance to
analgesic effects of morphine. The present study also
provided evidence for the involvement of NO in the
inhibitory effects of a-terpineol on morphine-induced
dependence and tolerance.

In consistent with many studies (24, 25, 28), the
results obtained from this study showed that repeated
administration of morphine during a 3-day treatment
schedule, induced physical dependence in mice so that
the injection of naloxone elicited morphine withdrawal
manifestations (Figures 1 and 2). The results also
showed that repeated administration of morphine over
the course of 3 days resulted in a progressive decrease
in the pain threshold in mice which reflects
development of tolerance to the analgesic effect of
morphine (Figures 3 and 4).
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Figure 7. The effects of L-NAME and L-arginine on the inhibitory
effects of a-terpineol on morphine tolerance in mice. The animals
were rendered tolerant to morphine by the injection of morphine
3 times daily (50, 50, and 75 mg/kg, IP) for 3 days. a-Terpineol
(20 mg/kg, IP) and control were administered 30 min before each
dose of morphine during 3 days. L-NAME (10 mg/kg, IP) and L-
arginine (300 mg/kg, IP) were injected 30 min before a-terpineol.
Thirty minutes after the injection of the single dose of morphine
(10 mg/kg, IP) on day 4, the hot-plate test was performed. Control:
Normal saline + Tween 80; L-arg: L-arginine; Values are expressed
as meantSEM for 7 mice; *P<0.05, **P<0.01, ***P<0.001
(compared to control); *+P<0.01, *+*P<0.001 (compared to
morphine on day 4); #P<0.05 (compared to o-terpineol alone)
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Figure 6. The effects of L-NAME and L-arginine on the inhibitory
effects of o-terpineol on morphine dependence in mice. The
animals were rendered dependent on morphine by the injection of
morphine 3 times daily (50, 50, and 75 mg/kg, IP) for 3 days.
a-Terpineol (20 mg/kg, IP) and control were administered 30 min
before each dose of morphine during 3 days. L-NAME (10 mg/kg,
IP) and L-arginine (300 mg/kg, IP) were injected 30 min before a-
terpineol. Two hours after the administration of the last dose of
morphine (50 mg/kg, IP) on day 4, naloxone (2 mg/kg, IP) was
injected to the animals. Control: Normal saline + Tween 80; L-arg:
L-arginine; Values are expressed as mean*SEM for 7 mice;
***P<0.001 (compared to control); +++P<0.001 (compared to o-
terpineol alone)

The results of the present study showed that the
pretreatment of animal with either single or repeated
doses of o-terpineol, prevented dependence on
morphine and attenuated the signs of withdrawal
syndrome in a dose-dependently manner (Figures 1
and 2). On the other hand, repeated administration of
o-terpineol (20 and 40 mg/kg) before each dose of
morphine during 3 days, dose-dependently prolonged
the hot-plate latency in mice (Figure 3). This finding
indicates that o-terpineol can prevent the induction of
tolerance to the analgesic effect of morphine.
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Figure 8. The effects of L-NAME and L-arginine on morphine
tolerance in mice. The animals were rendered tolerant to
morphine by the injection of morphine 3 times daily (50, 50, and
75 mg/kg, IP) for 3 days. L-NAME (10 mg/kg, IP) and L-arginine
(300 mg/kg, IP) were administered 30 min before each dose of
morphine during 3 days. Thirty minutes after the injection of the
single dose of morphine (10 mg/kg, IP) on day 4, the hot-plate test
was performed. Control: Normal saline; L-arg: L-arginine; Values
are expressed as mean+SEM for 7 mice; ***P<0.001 (compared to
control); +*P<0.001 (compared to morphine on day 4)
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As shown in figure 5, a-terpineol alone did not have
any antinociceptive effect. This finding indicates that
the inhibitory effect of a-terpineol on the induction of
morphine tolerance is not attributed to the analgesic
effects of o-terpineol. In confirmation of this finding,
our results showed that the administration of different
single doses of a-terpineol before the injection of the
last dose of morphine on the fourth day could not
restore the analgesic effect of morphine (Figure 4). It
should be noted that the dosing regimen used in the
present study is considerably lower than that used in
previous studies of o-terpineol. There have been
reports of antinociceptive effects of a-terpineol at
doses higher than those used in the present study
(7, 12, 13). What is certain is that repeated (but not
single) administration of non-analgesic doses of a-
terpineol might be efficacious against development
of morphine tolerance.

Tolerance to opioid drugs, which result in the loss
of their analgesic effects, necessitate the use of
higher dose of the opioid agent for equivalent
analgesic effect. This may also lead to dependence on
opioid drug and further complicate the process of
pain management (1). Several mechanisms have
been suggested to be involved in the induction and
development of tolerance and dependence to opioids
(29). It is becoming increasingly evident that the
production of NO and the activity of NOS enzyme
contribute in the development of morphine
dependence and tolerance. In support of this view, it
has been well established that L-NAME, as a non-
selective NOS inhibitor (23), 7-nitroindazole, the
selective inhibitor of neuronal NOS (30), and
aminoguanidine, the selective inhibitor of inducible
NOS (31), attenuate the development of morphine
tolerance and dependence. Several naturally
occurring organic compounds with inhibitory action
on NOS enzyme have been also used to attenuate
dependence and tolerance to morphine and their
beneficial effects have been well established. For
example, it has been reported that Nigella sativa oil
and its major constituent, thymoquinone, attenuated
tolerance and dependence to morphine and tramadol
through inhibiting the activity of NOS enzyme
(24, 32).

Consistent with these findings, the results
obtained from the present study showed that the
inhibition of NOS enzyme by L-NAME potentiated the
attenuating effect of o-terpineol on morphine
tolerance, however the effect was not statistically
significant (P=0.49). Conversely, pretreatment of
animals with L-arginine, the only metabolic
precursor for NO Dbiosynthesis, significantly
antagonized the preventive effect of a-terpineol
against morphine dependence and tolerance. Our
results also showed that the administration of L-
NAME or L-arginine could not diminish morphine-
induced dependence and tolerance in the absence of

o-terpineol. These results were obtained from
repeated administration of non-analgesic doses of L-
NAME or L-arginine. Some evidence indicates that L-
NAME at doses higher than those used in the present
study may prevent the development of tolerance to
the analgesic effect of morphine. For example it has
been reported that L-NAME at the doses of 20 to
200 mg/kg, IP, given in single or repeated doses,
produced a significant decrease of naloxone-
precipitated withdrawal jumping (33, 34). However,
L-NAME at such a high doses significantly increases
the pain threshold on nociceptive assay (35, 36).
Collectively, these observations provide evidence
implicating the contribution of NO in the inhibitory
effects of o-terpineol on the development of
morphine dependence and tolerance. These results
are consistent with the findings of the previous
studies indicating the inhibitory effect of a-terpineol
on the production of NO (12).

o-Terpineol and its parent medicinal plants
including Eucalyptus spp. M. communis, L. nobilis,
and S. byzantine are amongst well-studied
antioxidant compounds (37-42). Several studies have
shown that oxidative stress might be involved in the
induction and development of dependence on and
tolerance to opioid analgesics (22, 23). In support of
this view, various antioxidant agents have been used
to attenuate morphine-induced dependence and
tolerance. For example, it has been reported that N.
sativa oil and its major constituent, thymoquinone,
inhibit tolerance to and dependence on morphine
through the inhibition of oxidative stress (24, 32).
Consistent with these findings, there are some
evidence indicate that a-terpineol functions as a
potent antioxidant and radical scavenger (9, 10). It is
thus suggested that the antioxidant activity of a-
terpineol, may play a role in the attenuation of
morphine dependence and tolerance. However, this
effect needs to be assessed in further investigations.

The results obtained from open-field test showed
that o-terpineol did not have any effect on the
numbers of leanings, rearings, and total locomotion
in mice (Table 1). This precludes the possibility that
the impairment of locomotor activity by a-terpineol
may have had some influence on behavioral
responses of animals in both jumping and hot-plate
tests.

Based on the results of this study, it can be
concluded that oa-terpineol can  attenuate
dependence on and tolerance to morphine in mice.
These effects of o-terpineol may be mediated
through the inhibition of NO over-production. The
current study provides evidence for the effectiveness
of applying o-terpineol to prevent tolerance to the
analgesic effects of morphine and to attenuate the
acute signs of morphine withdrawal syndrome.
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