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Abstract: The effects of saffron ethanolic extract and its constituent, safranal, on the acquisition and expression
of morphine-induced place preference (CPP) in male Swiss Webster mice (20-25 g) were investigated m the
present study. An unbiased place conditioning method was applied for assessment of morphine reward
properties. The saffron extract and safranal were administered intraperitoneally (i.p.) during (acquisition) or after
induction (expression) of morphine CPP. In a pilot study, the extract and safranal were alone admimstered to
the animals to assess if they have any reward properties. Subcutaneous (s.c.) of morphine (4 and 8 mg kg™
and extract (50 mg kg™'; i.p.) induced CPP. Extract (10, 50 and 100 mg kg™"; i.p.) reduced the acquisition and
expression of morphine CPP. The same results were obtained when safranal (1, 5 and 10 mg kg™, i.p.) was used.
It may be concluded that both ethanolic saffron extract and safranal can inhibit the acquisition and expression

of morphine-induced CPP in the mice.
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INTRODUCTION

Opioid dependence has become one of the major
problems worldwide. Humans use opioids seeking
pleasure or avoiding stress (Cami and Farre, 2003). The
dopaminergic projections originating from the ventral
tegmental area and projecting to the nucleus accumbens
are considered as the mam biological substrate of the
remforeing and stimulant effects of opioids (D1 Chiara,
2002). Opioids produce their effects by reducing tonic
mhibition of the dopaminergic neurons through actions at
p-opioid  receptors  on  GABAergic internewrons
(Johnson and North, 1992). Data also confirmed that
morphine elevates the extra cellular concentration of
dopamine in the mucleus accumbens (Pontieri et al., 1995).
Unfortunately, despite of developments occurred in our
understanding about how opicids function in the central
nervous systemm, the problem of opioid addiction remains
unresolved.  Several therapeutic strategies have
developed for opioid dependence (Cami and Farre, 2003).
In this regard, studies have shown that natural products

such as the extracts of medicinal herbs which have good

efficacy and low toxicity can be use for opioid abuse
(Pourmotabbed et ai., 2004; Sahraei et al, 2006).

Saffron, Crocus sativus 1. (Tridaceae), is used in folk
medicine for aphrodisiac, antispasmodic, expectorant and
antidepressant (Sarris, 2007). Recent studies have
demonstrated that saffron extract and its constituent
crocin, shows interactions with morphine reward
properties (Imenshahdi et @l., 2011; Khakpour et al., 2008;
Mobasher et al., 2006, Mojabi et al, 2008a, b;
Sahraei et al, 2007, 2008). Interestingly, these
investigators have shown that the extract may interact
with the neural elements located in the shell part of the
nucleus accumnbens (Mojabi et af., 2008b). On the other
hand, Hosseinzadeh and Younesi, (2002) have shown
that the extract and safranal and crocin can reduce the
signs of morphine withdrawal syndrome in mice
(Hossemzadeh and JTahanian, 2010).

Chemical studies on Crocus sativiis have shown the
presence of constituents such as crocin, crocetin, safranal
and picrocrocin. Among the constituents of saffron
extract, safranal 1s considered as one of the main element
responsible for some of these pharmacological
activities (Schinidt et al, 2007). However, there is no
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study considering the effects of the ethanolic extract of
Crocus sativis and safranal on rewarding effects of
morphine. In the present study, the effects of peripheral
administrations of ethanolic extract of Crocus sativis
stigma and safranal on the acquisition and expression of
morphine-induced CPP in male mice were investigated.

MATERIALS AND METHODS

Animals: Male Swiss-Webster mice (20-25 g, Pasture
Institute, Tehran, IRAN) were used throughout the study
(6-8 mice for each experiment). Anmimals were housed in
groups of 10 per cage ina 12/12 h light-cycle (lights on at
07.00 a.m), with adlib food and water available. The
ammals were randomly allocated to different groups of the
experiment. All experiments were conducted in accordance
with standard ethical guidelines and approved by the
local ethical committee (The Bagiyatallah (a.s.) University
of Medical Committee on the Use and Care of Ammals,
81/021, July 10, 2002).

Drugs: The following drugs were used in these
experiments: morphine sulfate (TEMAD, Iran), safranal
(Fluka, Germany). The drugs were dissolved in sterile
saline. Morphine was injected subcutaneously (s.c) to the
animals in a volume of 10 ml kg™ The extract and
safranal were given intraperitoneally m a volume of
10 mL kg~ and was prepared befere use. The control
groups received saline.

Plant material: The saffron used in tlis study was
dedicated by Talakaran-E- Mazrach agricultural Co.
(Torbat Heydarieh, Khorasan-e-Razavi, Tran). The plant
was authenticated by M. Kamalejad (Department of
Pharmacognosy, Faculty of Pharmacy, Shahid Beheshti
University of Medical Sciences, Tehran, Iran) and a
voucher specimen coded P-408 has been deposited at the
herbarium of Department of Pharmacognosy, Faculty of
Pharmacy, Shahid Beheshti Umiversity of Medical
Sciences, Tehran, Iran. The part of Crocus sativus that
were being used as additive and also herbal medicine was
stipma. The stigma’s extract was prepared as follow:
100 g of dried and milled stigmas were extracted with
1000 mL ethanol 100% by maceration procedure. The
extract was dried by evaporation in temperature between
35 and 40°C. The vield of extraction was 12 mg of freeze-
dried powder for 100 mg of the dry stigma. The extract was
dissolved in normal salme and was mmmediately
administered to the animals.

Quantification of safranal in saffron extract: The
quantifying method for safranal m saffron extract was
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used elsewhere (Hosseinzadeh and Jahanian, 2010), with
modifications. The extract doses were used in these
experiments was standardized according to its safranal
content.

Apparatos: A two compartment CPP apparatus
(15%15%30 c¢m) was used m these experiments. The
apparatus was made of wood. Both compartments were
identical in size (the apparatus was divided into two
equal-sized compartments by means of a removable white
guillotine door) and shading (both were white) but
distinguishable by texture, olfactory and visual cues. To
provide the tactile difference between the compartments,
one of the compartments had a smooth floor, while the
other compartment had a nylon white mesh floor. A drop
of menthol was placed at the nght center of the
compartment with a textuwed (nylon mesh) floor, to
provide the olfactory difference between the
compartments. For visual differences, the compartments
were differently striped black on their sides. In thus
apparatus, mice showed no consistent preference for
either compartment, which supports our un-biased CPP
paradigm.

Behavioral testing: Fach conditioning session consists
of 5 days. Onthe first day of the experiments, each mouse
was placed separately into the apparatus for 10 mmn, with
free access to all compartments and the time spent by
mice in each compartment was measwred. In the second
phase which consisted of a 3-day schedule animals
recelved three trials in which they experienced the effects
of the morphine while confined in one compartment for
45 min and three trials in which they experienced the
effects of saline while confined in the other compartment
for 45 min. Access to the other compartments was blocked
on these days. On the 5th day (the preference test day)
the partition was removed and the mice could access the
entire apparatus. The mean time for each mouse spent in
either compartment during a 10 min period was determined
as the preference criterion. No injection was given during
the acquisition tests.

Experimental design

Experiment 1: Dose-response effects of place
conditioning produced by morphine, saffron extract and
safranal: In these experiments, we established a dose-
responise function for morphine, saffron extract and
safranal on place conditioning paradigm. Morphine
{1,2,4 and 8 mgkg™", s.c.), saffron extract (10, 50 and
100 mg kg™', i.p.) and safranal (1, 5and 10 mg kg™, i.p.)
were tested for producing place preference. In order to
confirm that the injection and conditioning schedules did
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Fig. 1: Conditioned place preferences induced by morphine (a) and Crocus sativus L. extract (b). Each point shows the
Mean+SEM of conditiomng score for 6-8 rats, *p<0.05 *p<0.05, **p<0.01, ***p<0.001 different from the saline
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Fig. 2. Effects of different doses of the extract of Crocus sativies on the acquisition (a) and expression (b) of morphine-
induced CPP. Each point is the MeantSEM for 6-8 rats, *p<t0.05, **p<0.01, ***p<0.001 different from the saline

control groups

not affect the time spent in the compartments, three
separate groups of animals received saline (10 mg kg™,
$.c. or 1.p.) in two compartments. These groups were used
as control (Fig. 1).

Experiment 2: Effects of the saffron extract and safranal
on the acquisition of conditioned place preference
induced by morphine: To test the effects of saffron extract
and safranal on the acquisition of place preference
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induced by morphine, seven groups of animals received
either saline (10 mg kg™, i.p.), the extract (10, 50 and
100mg kg™, i.p.), or safranal (1, 5and 10 mg kg™, i.p.) and
30 min later was injected with morphine (8 mg kg™, s.c.)
during the conditioning session (Fig. 2).

Experiment 3: Effects of the saffron extract and safranal
on the expression morphine-induced conditioned place
preference: In order to examine the possible influence of
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Fig. 3: Effects of intra-nucleus accumbens admimstration of the Crocus safivis methanolic extract (1, 5 and 10 g rat)
on the acquisition (a) and expression (b) of morphine-induced CPP. Each point is the MeantSEM for 6-8 rats,
**p<0.01, ***p=<0.001 different from the control groups

saffron extract and safranal on the expression of
morphine-induced place preference, seven groups of the
animals were conditioned with morphine (8 mg kg™, s.c.)
and tested 24 h later. They received either saline
(10 mg kg™, i.p.) as control or different doses of saffron
extract (10, 50 and 100 mg kg™, i.p.), or safranal (1, 5 and
10mg kg™, i.p.) 30 min before the test session (Fig. 3).

Data analysis: Conditioning score represents the time
(in seconds) spent in drug-paired compartment minus the
time spent in the saline-paired compartment was
calculated for each ammal and expressed as Meant-SEM.
Data were analyzed using one-way Analysis of Variance
(ANOVA) followed by Newman-Keuls. Differences with
p<0.05 were considered significant.

RESULTS

Morphine, saffron extract and safranal dose-response on
CPP paradigm: The effects of morphine, saffron extract
and safranal are shown in Fig. 1. Injection of morphine
(4 and 8 mg kg™, s.c.) to mice caused a significant CPP
[F (4,32) =3.25, p<0.01]. Subcutaneous injection of saline
to the animals (saline control group) did not produce any
preference or aversion for either place. I addition,
administration of different doses of the extract (10, 50 and
100 mg kg™'; ip.) also induced place preference
[F (3,20)=2.11, p=0.05], while safranal had no effect
[F (3, 20) = 0.723, p=0.05] (Fig. 1).
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Effects of systemic injections of saffron extract on the
acquisition and expression of morphine CPP: Different
doses of the extract (10, 50 and 100 mg kg™ was
administered either 30 min before the morphine (8 mg kg™,
s.c.) injection in the conditioning period of the
experiments (acquisition) or 30 min before the test in post
conditioning phase (expression) (Fig. 2). The control
animal groups received sterile saline (1 mL kg™') instead
of the extract. Present results indicated that both the
acquisition and expression of morpline CPP were
reduced significantly [F (3, 25) = 28.54, p<0.0001] and
[F (3, 27y = 20.357, p<0.0001], respectively.

Effects of systemic injections of safranal on the
acquisition and expression of morphine CPP: Different
doses of safranal (1, 5 and 10 mg kg ', ip.) was
administered either 30 min before the morphine
{8 mg kg™, s.c.) injection in the conditioning period of the
experiments (acquisition) or 30 min before the test in post
conditioning phase (expression) (Fig. 3). The control
animal groups received sterile saline (1 mL kg™') instead
of safranal. Our results indicated that both the acquisition
and expression of morphine CPP were reduced by
safranal pre-administration [F (3, 20)= 66.2, p<<0.0001 and
[F (3, 24) = 48.24, p<0.0001], respectively.

DISCUSSION

The results obtained from these experiments indicate
that both saffron ethanolic extract and safranal may
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interact with the positive reinforcement properties of
morphine and suppress both the acquisition and
expression of morphine-induced place preference and
provide the animals’ response to place aversion.
Furthermore, the ethanolic extract of Crocus sativies but
not safranal per se enables to induce place preference.

The present study revealed that animals exhibit a
marked preference for the environment associated with
administration of morphine. Previous studies revealed that
morphine can activate p-opioid receptors located on the
GABAergic interneurons plasma membrane in the Ventral
Tegmental Area (VTA) and inhibit their tonic inhibition on
dopaminergic newrons and increase dopamine release in
the nucleus accumbens and induce reward (JTohnson and
North, 1992, Pontieri et al., 1995). In addition, previous
studies have indicated that saffron water extract may have
rewarding properties as shown by place conditioning
paradigm and locomotor activity (Mobasher et al., 2006;
Sahraei et al., 2007; Sahraei et al., 2008, Khakpour et al.,
2008; Mojabi et al., 2008a, b). More recently Shams et al.,
(2010) have shown that saffron extract can increase
dopamine concentration in the rat brain. Since as
mentioned above the abused drugs such as morphine
induce their reward properties by increasing dopamine
release in the brain, it is likely that saffron extract can
induce place preference by similar mechanism. However,
safranal did not induce place preference or place aversion
in our study. The drug cannot induce dopamine release in
the rat brain mn the previous study (Shams et @f., 2010). In
addition, there is no study concerning the effects of the
safranal on brain reward system.

In the next part of the experiments, peripheral
administration of the extract has reduced the acquisition
and expression of morphine CPP. One may conclude that
the extract interacts with reward properties of morphine in
the way that inhibits the acquisition of morphine CPP and
as a result the ammals do not feel or receive reward
properties of morphine when the opioid mjection 1s
matched with the extract.

The extract may induce dopamine release in the brain
(Shams et af., 2010). Considering the role of dopamine in
morphine reward (Pontieri et al., 1995), it is anticipated
that the extract could enhance the acquisition and
expression of morphine CPP. It must be noted that
increase in brain dopamine activity can reduce morphine
reward properties in rat (Karami, et al., 2002). However,
the opposite effect has been obtained in the present
study is in agreement with owr previous data about the
effects of the saffron water extract on morphine CPP in
mice (Mobasher et al., 2006, Sahraei et af., 2007, 2008,
Khakpour et al., 2008) and rat (Mojabi et al., 2008a, b). In
addition Imenshahidi and co-workers have shown that
another saffron extract constituent, crocm, also can
inhibit morphine CPP (Tmenshahidi et al., 201 1). Moreover,
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several data indicated that the extract may improve
learmng and memory by activation of N-Methyle-D-
Aspartat (NMDA) glutamate receptors (Abe and Saito,
2000). Because it has been shown that NMDA receptor
agomists and antagonists can unpair the acquisition and
expression of morphine CPP in the rat (T zschentke, 2007),
the same mechamsm may be involved in the present
study. Further researches should be focused on these
contradicted results. We suggest that applying different
methods  including morphine self-administration may
provide more clear results. Unknown pharmacokinetic
interactions between morphine and the extract also may
be the cause of the results obtained from the extract to
reduce the acquisition of morphine CPP.

In the last part of the experiments, the results show
that administration of safranal as one of the extract
constituents can alse reduce the acquisition and
expression of morphine CPP. Tt is important finding which
indicates the interaction between safranal and morphine
reward through the mechamsms which are not fully
understand. As mentioned above, safranal can increase
dopamine release in the rat brain (Shams et al., 2010)
which may safranal may interact with morphine by such
mechanism. However, safranal cannot induce CPP by
itself, which may indicate that above mentioned
mechanism 15 not true for the effect observed from
safranal.

CONCLUSION

It seems that the extract and safranal are effective for
inhibition of the reward and/or memory mechanisms,
which are activated by morphine under chronic and acute
administration. Since the extract and safranal may improve
the memory (Abe and Saito, 2000), it is surprising that
they inhibit the acquisition and expression of morphine
CPP. However, several mechamsms including NMDA,
dopamine and serotonine receptor and/or systems i the
brain may be activated after the extract administration
(Ahmad et al., 2005; Akhondzadeh et al., 2004; Abe and
Saito, 2000). Investigators have shown that all of these
mechanisms are involved in morphine CPP (Tzschentke,
2007). Tt is possible that the extract and safranal may
1inhibit the acquisition and expression of morphine CPP by
one or more of these mechanisms.
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