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Abstract Glial cell activation and oxidative stress are
important factors in the induction of opioid side effects
such as tolerance and dependence. It has been demon-
strated that Satureja khuzistanica extract (SKE) has anti-
oxidative, antinociceptive and anti-inflammatory
properties; however, its influences on opioid analgesic
tolerance have not yet been clarified. Adult male Wistar
rats were rendered analgesic-tolerant by injection of
10 mg/kg morphine twice daily for 8 days. To determine
the effect of SKE on the development of morphine toler-
ance, different doses of SKE (25, 50 and 100 mg/kg i.p.)
were injected simultaneously with morphine. The tail-flick
test was used to assess the nociceptive threshold. The
lumbar spinal cord was assayed to determine glial fibrillary
acidic protein (GFAP) and tumor necrosis factor alpha
(TNFa) levels by the Western blotting method. Our results
showed that chronic morphine produced tolerance to the
antinociceptive effect of morphine. However, SKE could
prevent, in a dose-dependent manner, morphine tolerance
development. In tolerant animals, a significant increase in
GFAP and TNFa levels was observed in the lumbar spinal
cord, and was reversed to control levels by 100 mg/kg
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SKE. Our data revealed that Satureja khuzistanica had
beneficial effects in preventing opioid tolerance and the
underlying mechanisms of those effects may be due, at
least in part, to reduce spinal glial cell activation.
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Introduction

The chronic use of opioids such as morphine leads to an-
tinociceptive tolerance, which limits their serviceable and
therapeutic effects. Many mechanisms are involved in the
induction of analgesic tolerance development [1].

Within the past 20 years evidence has shown that the
immune system can alter neuronal function. The effects of
immune/glial cells on pain and opioid action occur on
multiple levels [2]. Both glial (microglia and astrocyte)
activation and enhanced pro-inflammatory cytokine levels
were observed following chronic morphine treatment at the
lumbar spinal cord of the rats [3]. In addition, following
chronic morphine, a marked glial response, astroglial
hypertrophy and increased expression of glial fibrillary
acidic protein (GFAP) were observed in the spinal cord,
posterior cingulated cortex, and hippocampus [4]. The
activation of glial cells and enhanced pro-inflammatory
cytokine expression has been implicated in the develop-
ment of morphine tolerance and morphine-induced hyper-
algesia [5]. Surprisingly, inhibition of glial activation or
antagonizing the activity of pro-inflammatory cytokines
interleukin (IL)-1B, IL-6 and tumor necrosis factor alpha
(TNFa) attenuated the development of morphine tolerance
and withdrawal-induced hyperalgesia in rats [4, 6].
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Recently, the demonstration of anti-addictive, anti-tol-
erance and antinociceptive properties of natural herbal
products has attracted intense interest [7]. However, natural
products need precise scientific experimental testing as
well as clinical trials before they can be used in the man-
agement of opioid side effects.

Satureja khuzistanica Jamzad (Marzeh Khuzestani in
Persian, family Lamiaceae) is an endemic plant that is
widely distributed in the southern part of Iran. It is famous
for its medical uses as analgesic and antiseptic in folk
medicine [8]. Amanlou and colleagues [9] confirmed that
the anti-inflammatory and antinociceptive properties of
Satureja khuzistanica are comparable to those of indo-
methacin and morphine. Furthermore, this plant has anti-
hyperalgesic effects in a rat model of diabetic neuropathy
[10]. In Persian traditional medicine satureja is used for
treating muscle and neuropathic pain as well as with-
drawal-induced pain and related side effects.

Based on the fact that glial activation and oxidative
stress occur following chronic usage of opioids and those
factors play important roles in the induction of opioid
tolerance, and that Satureja khuzistanica has antioxidant,
antinociceptive and anti-inflammatory properties, the
present study was designed to test the hypothesis that its
extract could exert effects on the induction of morphine
antinociceptive tolerance and also to determine its possible
mechanism in that phenomenon.

Materials and methods
Animals

All experiments were carried out on male Wistar rats,
weighing 200-250 g, that were housed under a 12 h light/
dark cycle in a room with controlled temperature
(22 & 1 °C) and free access to food and water. Animals
were handled daily (between 9:00 and 10:00 AM) for
3 days before the experiment days in order to adapt them to
manipulation and minimize nonspecific stress responses.
Rats were divided randomly into several experimental
groups, each comprising 6—8 animals. All experiments
followed the guidelines on ethical standards for investiga-
tion of experimental pain in animals [11] and were
approved by the Animal Experimentation Ethic Committee
of Kerman Neuroscience Research Center (EC/KNRC/91).

Preparation of satureja extract
An ethanolic Satureja khuzistanica extract (SKE) was
prepared in Razi Herbal Medicines Research Center

(Lorestan, Iran). The healthy leaves were dried in shade
conditions, and to avoid decomposition of chemical
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constituents dried leaves were powdered and stored in
clean and dry airtight containers for further studies. A
sample was deposited at the herbarium of Razi Herbal
Medicines Research Center. Two hundred grams of the air-
dried leaves were ground into fine powder. The powder
was extracted twice, on each occasion with 1 L of 80 %
ethyl alcohol. The collective ethanol extract was filtered,
and the filtrate was concentrated to dryness under reduced
pressure in a rotary evaporator; the resulting ethanol extract
was freeze-dried. Gas chromatography—mass spectroscopy
(GC-MS) analysis of the extract showed that carvacrol
(78.3 %), 9-octadecenoic acid (13.5 %), hexadecanoic acid
(6.7 %), bis(2-ethylhexyl)phthalate (1.0 %) and beta-bi-
sabolene (0.5 %) were the main components of the SKE
[10].

Drugs

Aliquot portions of the crude SKE were weighed and dis-
solved in warm physiological saline for use on each day of
our experiments. Morphine hydrochloride (TEMAD, Iran)
was also dissolved in physiological saline. SKE was given
intragastrically (i.g.) by gavage and morphine was injected
intraperitoneally (i.p.). These drugs were given in 1 ml/kg
volumes (i.g. and i.p.). Control animals received saline in
an equal volume (1 ml/kg).

Antinociceptive test

Antinociception was assessed by the tail-flick test [12].
Radiant heat (power intensity = 7) was focused on 4-7 cm
from the tail distal end. The tail-flick latency for each rat
was determined three times and the mean was designated
as baseline latency before drug injection. The intensity of
the beam was adjusted to produce a mean control reaction
time between 2 and 4 s. The cut-off time was fixed at 10 s
in order to avoid any damage to the tail. The percentage of
antinociception was determined with the following
formula:

% Antinociception (% MPE) = (reaction time of test
—basal reaction time)/(cut-off time — basal reaction time).

Morphine tolerance

To induce analgesic tolerance, morphine at a daily dose of
20 mg/kg in two equally divided doses was administrated
at 8.00 AM and 6.00 PM from day 1 to day 8. SKE or
vehicle was given according to the same schedule as con-
trol groups. Nociceptive testing was performed both before
and 30 min after morphine administration on days 1, 3, 6
and 8 [13, 14]. To determine the effect of satureja on the
development of morphine tolerance, SKE (25, 50 and
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100 mg/kg i.g.) was injected simultaneously with morphine
but on days that nociceptive testing was measured, mor-
phine was injected first and antinociception was measured
30 min after morphine administration and then SKE was
given. With such a method, compounds with antinocicep-
tive properties cannot produce a false-positive anti-toler-
ance effect.

Tissue extraction and preparation

Rats were anesthetized (exposed to a CO, atmosphere) and
decapitated. The spinal column was cut through the pelvic
girdle. Hydraulic extrusion was performed by inserting a
16-gauge needle into the sacral vertebral canal and expel-
ling with ice-cold saline. The spinal cord was immediately
placed on ice in a glass petri dish, and the dorsal half of the
lumbar cord was dissected. Tissue samples were weighed
and immediately frozen in liquid nitrogen and stored at —
70 °C until assay.

Western blot analysis

The dissected spinal tissues were homogenized in ice-cold
buffer containing 10 mM Tris—HCI (pH 7.4), | mM EDTA,
0.1 % SDS, 0.1 % Na-deoxycholate, 1 % NP-40 with pro-
tease inhibitors (1 mM phenylmethylsulfonyl fluoride,
2.5 pg/ml leupeptin, 10 pg/ml aprotinin) and 1 mM sodium
orthovanadate. The homogenate was centrifuged at 14,000 g
for 15 min at4 °C. The resulting supernatant was retained as
the whole cell fraction. Equal amounts of protein were elec-
trophoresed on 9 % SDS-PAGE gel and transferred to
nitrocellulose membranes (Hybond ECL, GE Healthcare
Bio-Sciences Corporation, NJ, USA). After blocking (over-
night at 4 °C) with 5 % non-fat dried milk in Tris-buffered
saline with Tween 20 (blocking buffer, TBS-T, 150 mM
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NaCl, 20 mM Tris—HCI, pH 7.5, 0.1 % Tween 20), the
membranes were probed with primary antibodies (1:1000
GFAP and TNFa, Santa Cruz Biotechnology, USA) for 2 h at
room temperature. After washing in TBS-T (three times for
5 min), the blots were incubated for 60 min at room tem-
perature with a horseradish peroxidase-conjugated secondary
antibody (1:15000, Santa Cruz Biotechnology). All anti-
bodies were diluted in blocking buffer. The antibody—antigen
complexes were detected using the ECL system and exposed
to Lumi-Film chemiluminescent detection film (Roche,
Germany). LabWorks software (UVP, UK) was used to
analyze the intensity of the expression. B-Actin immuno-
blotting (antibody from Cell Signaling Technology, Inc.,
Beverly, MA, USA; 1:1000) was used to control for loading.

Statistical analysis

The results are expressed as mean == SEM. The difference
in % MPE (antinociception) between groups over the time
course of study was determined by two- or one-way anal-
ysis of variance (ANOVA) followed by the Newman—Ke-
uls test. The values of protein band density obtained from
gel analysis and band densitometry were calculated. These
values were expressed as GFAP or TNFa subunit/B-actin
ratio for each sample. The averages for different groups
were compared using ANOVA followed by the Newman—
Keuls test. P < 0.05 was considered significant.

Results

Effect of SKE on development of tolerance to analgesic
effect of morphine.

As shown in Fig. 1, chronic administration of 10 mg/kg
morphine (twice daily for 8 days), induced a significant
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Fig. 3 The levels of GFAP in dorsal portion of lumbar spinal cord in
control, chronic morphine-treated (10 mg/kg, i.p.) and mor-
phine + SKE (10 mg/kg, i.p. + 100 mg/kg, i.g.) treated rats. Each
value in the graph represents the mean & SEM band density ratio for
each group (n = 5-6). B-Actin was used as an internal control.
**P < 0.01 significantly different versus control group (Cont).
*P<0.05 significantly different versus morphine-treated group (Mor)

decrease in its analgesic effect (tolerance). Simultaneous
treatment with morphine and SKE in doses of 50 and
100 mg/kg could significantly prevent the development of
tolerance to the analgesic effect of morphine. 25 mg/kg of
SKE had a moderate anti-tolerance effect. However,
vehicle treatment (saline) had no anti-tolerance effect (data
not shown).

As shown in Fig. 2, on day 8 of the experiment, the
analgesic effect of 10 mg/kg morphine in animals that
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Fig. 4 Western blot analysis of TNFo in dorsal portion of lumbar
spinal cord of animals that received morphine (10 mg/kg, i.p.) alone
and morphine concurrently with 100 mg/kg SKE (i.g.) for 7 days.
Each value in the graph represents the mean + SEM band density
ratio for each group (n = 5-6). ***P < 0.001 compared to control
animals (Conf); *P < 0.05 compared to morphine-treated group
(Mor)

received different doses of SKE plus morphine was sig-
nificantly greater than that of chronic morphine-injected
rats.

Effect of morphine and morphine plus SKE on levels of
GFAP and TNFo.

Immunoblotting data revealed that chronic morphine
resulted in elevation of GFAP in the dorsal portion of rat
lumbar spinal cord. Administration of an effective anti-
tolerance dose of SKE (100 mg/kg i.g.) prevented chronic
morphine-induced GFAP activation (Fig. 3).

In addition, under morphine-tolerant conditions an
increase in TNFo protein levels was induced. The
increased TNFa level was reversed in the rats that received
morphine plus 100 mg/kg SKE (Fig. 4).

Discussion

In the present study, chronic morphine injection induced
significant increases in the spinal levels of GFAP and
TNFa which were accompanied by a dramatic decrease in
morphine analgesia. SKE (100 mg/kg i.g.) not only atten-
uated the morphine-induced GFAP and TNFo expression
but also prevented the induction of tolerance to the antin-
ociceptive effect of morphine.

The underlying mechanisms involved in the induction of
opioid tolerance are a very complex issue. They include
modulation of intracellular adenylyl cyclase and cyclic
adenosine monophosphate-dependent protein kinase A, G
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protein uncoupling, increased binding of B-arrestin to opioid
receptors, and p-opioid receptor internalization [15]. In
addition, activation of N-methyl-p-aspartate receptor,
downregulation of glutamate transporters, upregulation of
L-type calcium channels, and glial cell activation with
increasing pro-inflammatory cytokine expression and apop-
tosis have also been observed in tolerance situations [16—19].

Glial cell activation and increased cytokine (TNFa, IL-
1B, and IL-6) expression have important roles in the
pathogenesis of morphine tolerance and suppression of
such events could be helpful in the prevention of analgesic
tolerance [20, 21].

It is well known that Satureja khuzestanica has a potent
anti-inflammatory effect in an animal model of inflamma-
tory pain [9]. The results of this study demonstrated that
SKE attenuates morphine-induced elevation in TNFa level.
The increase in TNFo expression in the spinal cord of
morphine-treated rats contributed to cytokine-mediated
neuroinflammation and the subsequent neuronal plasticity
[22]. Therefore, it seems that the attenuation of morphine-
induced TNFo over-expression by SKE is a possible
mechanism for its anti-tolerance effect.

Glial fibrillary acidic protein is expressed in the central
nervous system in astrocyte cells and is involved in many
important processes. Previous evidence demonstrated that
increased expression of GFAP is observed in the central
nervous system of chronic morphine-treated animals and
this phenomenon plays a fundamental role in the devel-
opment of opioid complications and side effects, i.e., tol-
erance and dependence [4]. It has been shown that glia
have a central role in the development of morphine toler-
ance and that administration of a glial modulating agent
attenuated tolerance formation [23].

Recently, Jin and colleagues [24] showed that
LXA4ME, a lipoxin A4 analogue, attenuates morphine
analgesic tolerance and inhibits the activation of microglia
and astrocytes through the reduction of pro-inflammatory
cytokines (IL-1B, IL-6, and TNFa) at the lumbar spinal
cord. Furthermore, it has been reported that inhibition of
ceramide biosynthesis with various pharmacological
inhibitors significantly blocks the development of mor-
phine antinociceptive tolerance through attenuation of
spinal glial activation, IL-1f, IL-6, and TNFa [25].

It is well known that such pro-inflammatory cytokines
can enhance excitatory synaptic transmission and potenti-
ate NMDA- and AMPA-induced currents in the spinal cord
[26]. In addition, the activation of AMPA and/or NMDA
receptor is correlated with morphine tolerance and hyper-
algesia [27].

Previous reports indicated that free radicals play
important roles in the development of opioid analgesic
tolerance and radical scavenging agents could be potential
tools in the prevention of morphine tolerance [28, 29].

High antioxidant activity of Satureja khuzestanica has
been demonstrated in numerous reports. Abdollahi and
colleagues [30] showed that satureja efficiently decreases
the normal blood lipid peroxidation level and increases
total antioxidant power in rats. It has been shown that
60 days’ treatment of diabetic type-2 patients with Satureja
khuzestanica significantly decreases serum lipids and
increases total antioxidant power [31]. Rezvanfar and
colleagues [32] reported that satureja protects the rat
reproductive system from cyclophosphamide-induced tox-
icity through its antioxidant potential and androgenic
activity. Therefore, it seems that the antioxidant property of
satureja can be, at least in part, responsible for such an
inhibiting response (anti-tolerance) in this study. However,
this possible mechanism needs to be clarified by further
complementary investigation.

However, for evaluating the pharmacological effects of
natural products and indicating the validity of the methods
used, a standard drug must be simultaneously evaluated as
a positive control group, but in this case it is difficult to
choose a positive control because of the lack of appropriate
standard drugs for morphine tolerance.

In conclusion, this study shows that the ethanolic extract
of Satureja khuzestanica has significant inhibitory effect
against morphine antinociceptive tolerance in rats. Thus,
satureja may attenuate morphine-induced analgesic toler-
ance through its ability to decrease spinal cord glia acti-
vation. Investigations of the pharmacology of natural
products are necessary to gain evidence concerning the
usefulness of medicinal plants in phytotherapy. Our
experiments therefore contribute to our knowledge of the
pharmacology of Satureja khuzestanica.
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