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Evaluation of the Effects of Artemisia austriaca on Morphine
Withdrawal Syndrome in Rats
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Background: Opioidal analgesics are one of the most important drugs that have been
widely used in attenuating moderate to severe pain. Unfortunately, the problems of
long term use of opiods are tolerance, dependence, and ultimately addiction to
mentioned drugs. Glial cells (microglia and astrocyte) and pro-inflammatory cytokines
are important factors in morphine tolerance and withdrawal symptoms. It has been
demonstrated that Artemisia austriaca extract has antinociceptive and antiinflammatory properties. In this study the effect of total methanolic extract of aerial
parts of Artemisia austrica on withdrawal syndrome of morphine in male rats has been
evaluated. Methods: Adult male Wistar rats were rendered morphine-dependent by
injection of additive doses of morphine subcutaneously twice daily for 9 days. To
determine the effect of Artemisia austriaca extract on morphine withdrawal syndrome,
12 hours after the last injection of morphine, different doses of the methanolic extract
of Artemisia austriaca (100, 200, 400 mg/kg, i.p.) dissolved in (%25DMSO in saline),
was injected and after 30 minutes, naloxone (4 mg/kg, i.p.) was injected and
withdrawal signs were recorded for 45 minutes. Results: The results showed that
methanolic extract of Artemisia austriaca could reduce the morphine withdrawal
symptoms in a dose-dependent manner. Conclution: The results of the present study
indicate that Artemisia austriaca has beneficial effects in reducing withdrawal
syndrome of morphine. The underlying mechanisms of this effect may consist of
reduction of inflammatory response and attenuating of pro-inflammatory cytokines
activation by its alkaloids content.
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Introduction
The main active component in opium, morphine, has
been used for thousands of years in order to pain
controlling related to various clinical conditions.
Development of physical dependence is one of major
problems associated with the chronic use of morphine.
The other issue is withdrawal of opioids which emerges
as withdrawal syndrome and is considerd a big obstacle
in treatment of addicted patients. The exact mechanism
of opioid dependence and withdrawal syndrome are
still not well known. Studies have shown the role of
immune system in morphine tolerance and withdrawal
symptoms.1,2 Long-term usage of morphine causes
increasing of inflammatory cytokines expression such
as interleukin 12 (IL 12), Tumor necrosis factor alpha
(TNFα) and also increases the activity of microglia and
astrocyte,1 In addition, analysis during morphine
withdrawal syndrome, indicates increased number of
glial cell activator markers, cytokines, and neurotrophic
factors. Suppressing the inflammatory response of glial
cells or antagonizing the activity of pro-inflammatory
cytokines of interleukin 1, interleukin 6 and TNFα

reduce hyperactivity and weight loss caused by
morphine withdrawal in rats.3 Herbs have been used for
a long time and in recent years their use for disease
treatment has been considered and lead to more
research and study in field of herbs efficacy.4,5
Artemisia is belonging to the Asteraceae family and
mostly can be found in the northern hemisphere. The
Artemisia different species have several chemical
compounds such as sesquiterpene lactones, flavonoids,
phenyl
alkynes,
coumarin,
alkamides,
and
monoterpenes.6,7 Aerial parts of different species of this
plant are traditionally used in the treatment of
inflammatory pains.8,9 Due to presence of compounds
such as coumarin, flavonoids, acetophenone,
monoterpenes, sesquiterpenes and cinnamic acid
derivatives in Artemisia species and analgesic and antiinflammatory effects of this plant, in this study we
evaluate the effect of methanolic total extract of the
Artemisia austriaca on morphine withdrawal syndrome
in male rats.
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Rasmussen method,10 total withdrawal score (TWS)
achieved, so that the values obtained for each
parameter divided by standard values according to the
table 1, then numbers were summed and an average
was calculated for each group and these symptoms
altogether reported as total withdrawal score.
Statistical analysis of each data set was performed by
SPSS software (version 11.5). All the results were
presented as mean ± SEM for 8 rats. Statistical
comparisons among the experimental groups were
made by the one way analysis of variance (ANOVA)
followed by Tukey test where differences with values
less than 0.05 were considered significant.

Materials and methods
Animals
Male wistar rats (220-280 g) were housed in cages,
four per cage, under standard environmental conditions
such as 12 hrs light-dark cycle and 22 2 temperature.
All rats had free access to food and water.
Preparation of Artemisia extract
Artemisia austriaca plant that were used in these
experiments were collected from Payam highlands of
Marand city in East Azerbaijan and in order to be
identified, botanic study was done and mentioned
species were confirmed.
After cutting aerial parts, it was dried away from direct
light and powdered by electric mill. Then 200 gram of
the powder put in soxhlet extractor and initially it was
extracted with 500 ml of n-hexan. Then remained
powder extracted by 500 ml of dichloromethane and
finally it extracted by 500 ml of methanol which we
used the methanol extract.

Table 1. Weighting factors of morphine withdrawal symptoms.

Behavior
Jumping
Wet-dog-shakes
Head shakes
Paw tremor
Genital grooming
Body grooming
Face wiping
Teeth chattering
Swallowing
Rearing

Experimental procedure and groups
56 male wistar rats were allocated into 7 different
experimental groups (n=8) randomly. The rats were
included in 2 saline treated groups (non-dependent
group) and 5 morphine treated groups (morphine
dependent groups). The procedure of the morphine
administration is as follow: day 1: 5 mg/kg/12h, days 2
and 3: 10 mg/kg/12h, days 4 and 5: 15 mg/kg/12h, days
6 and 7: 20 mg/kg/12h, and days 8 and 9: 25
mg/kg/12h. Injections were performed at 8 am and 8
pm. Under the same condition, the rats in nondependent groups were received only normal saline.
On the tenth day of the experiment, one of morphinedependent group was injected saline, and one of
morphine dependent group (the control group) was
injected extract vehicle (%25 DMSO mixture in saline)
and three morphine-dependent groups were injected
Artemisia austriaca methanolic total extract
intraperitoneally (100, 200 and 400 mg/kg) thirty
minutes before naloxone injection. One of nondependent groups was treated with saline (twice daily,
s.c.). The other non-dependent group only recieved the
highest dose of extract (400 mg/kg) thirty minutes prior
naloxone injection. In all groups in order to evaluate
and observe symptoms of morphine withdrawal
syndrome, one dose of naloxone (4 mg/kg, i.p.) was
administrated and markers of dependence evaluation
(signs of withdrawal syndrome) were recorded for 45
minutes.

Weighting factor
4
5
5
5
5
10
10
10
20
20

Fig 1. Comparison of total withdrawal score between the
control group (morphine+ vehicle treated group), morphine+
saline treated group, saline treated group and Artemisia
austriaca (400 mg/kg) treated group is shown. Data are
expressed as mean ± SEM (n=8 in each group). Shown
statistical differences are (* p <0.05, ** p <0.01 and *** p
<0.001) compared to control group (morphine + vehicle).
Mor= morphine; Sal= saline; Veh= vehicle; A.aus= Artemisia
austriaca.

Study of the withdrawal behaviors
For recording withdrawal related behavior, the animal
was placed in a glass chamber in a quiet environment
and symptoms of withdrawal syndrome such as
Jumping, Rearing, teeth chattering, paw tremor, head
shakes, wet dog shake, body grooming, face wiping,
genital grooming, swallowing and writhing were
recorded for 45 minutes and then based on adjusted

Results
The TWS in the control group (morphine+ vehicle
treated group) was increased significantly in
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comparison to that of the saline group (p<0.05) and the
group received highest dose of extract alone (p<0.001).
In addition results showed that there is no significant
difference between the control group and morphine
with saline treated group.
Administration of methanolic total extract of Artemisia
austriaca reduced the naloxone precipitated TWS in a
dose dependent pattern and administration of 200 and
400 mg/kg of Artemisia austriaca extract made a
significant difference versus control group (p<0.05 for
A. austriaca 200 mg/kg and p<0.001 for A. austriaca
400 mg/kg) as is depicted in Fig 2.

inflammatory response, at least two transcription
factor, nuclear factor-kappaB (NF-kappaB) and
Activator protein 1 (AP-1) were involved which were
activated by pro-inflammatory cytokine such as IL1,
IL6 and TNFα.2 A study on human umbilical cord
endothelial cells has shown that different species of
Artemisia extract such as Artemisia alba, and asiatica
because of having a compound named Artemisolide
significantly decrease the activation of these
inflammatory factors.12 It is well known that such proinflammatory cytokines can enhance excitatory
synaptic transmission and potentiate N-methyl-Daspartate (NMDA) induced currents.13 In addition, it
was extensively showed that the NMDA receptor
antagonists such as the MK-801 can inhibit
dependency. 14 Artemisia possesses anti-inflammatory
properties, visceral pain and headache analgesic
properties, antipyretic, anti-cough and antiseptic
properties that most of these properties are related to
flavanoid, coumarin, monoterpene and sesquiterpene
present in these plants.5,6 Eucalyptol, which is a
monotrepnoid considerably, exists in aerial parts of
Artemisia austriaca.6 According to a study on cultured
human lymphocytes and monocytes Eucalyptol
considerably has reduced the production of cytokines
IL1β and TNFα.15 Eucalyptol has considerable antiinflammatory and analgesic effects in the rats.16,17
Artemisia is an important source of flavanoids.6 The
flavonoids, suggested as having different biological
roles. The anti inflammatory actions of flavonoids in
vitro or in cellular models involve the inhibition of the
synthesis and activities of different pro-inflammatory
mediators such as eicosanoids, cytokines adhesion
molecules and C-reactive protein. Molecular activities
of flavonoids include inhibition of transcription factors
such as NF-kB and AP-1, as well as activation of
nuclear factor-erythroid 2-related factor 2 (Nrf2).18
7-Hydroxycumarin, which is the major metabolite of
coumarin has shown strong analgesic effects on animal
pain models. This chemical appears to inhibit the
secretion of proinflammatory cytokine IL1 and TNFα.
it also inhibits the production of prostaglandin E2
which is a pain process mediator. It also reduces the
pain caused by inflammation stimuli through
preventing the entry of neutrophils into damaged
tissue.19 Monoterpenes such as borneol, camphor,
eucalyptol, β-pinene, and camphene have antiinflammatory and analgesic effects. Borneol shows its
anti- inflammatory effects by inhibiting the production
of nitric oxide (NO) and prostaglandin E2. Since
mentioned monoterpene exist in Artemisia austriaca,
these effects can be attributed to this plant.20

Fig 2. Effect of Artemisia austriaca on naloxone (4 mg/kg, i.p.)
precipitated total withdrawal score. Artemisia austriaca (100,
200, 400 mg/kg) injected 30 minutes prior naloxone. p <0.05
was considered statistically significant. Data are expressed as
mean ± SEM (n=8 in each group). Shown statistical differences
are (* p <0.05, ** p <0.01 and *** p <0.001) compared to
morphine+ vehicle treated group.
Mor= morphine; Sal= saline; Veh= vehicle; A.aus= Artemisia
austriaca.

The results of this study indicated attenuation in
morphine withdrawal syndrome through Artemisia
extract. The methanolic extract of Artemisia austriaca
significantly attenuated withdrawal symptoms except
swallowing and teeth chattering as are depicted in table
2.
Discussion
Naloxone induced morphine withdrawal resulted in
emerging of withdrawal signs such as jumping, wet dog
shakes and other well-known behaviors in the rats. In
this study it was resulted that acute administration of
Artemisia austriaca methanolic total extract could
attenuate the naloxone precipitated withdrawal
syndrome dose-dependly in the rat. The underlying
mechanisms involved in the induction of opioid
tolerance and dependency are a very complicated issue,
but recent evidences had implicated a glial
inflammatory response in the pathogenesis of
dependence.2 Astrocytes and microglia respond to
repeated opioid administration in a pro-inflammatory
manner, with up regulation of markers of activation and
expression of pro-inflammatory cytokines.11 During the

Conclusion
Our results suggest that the methanolic extract of the
Artemisia austriaca can significantly reduce the
withdrawal syndrome of morphine. It seems that acute
administration of Artemisia austriaca methanolic total
extract suppresses NMDA receptor activation and
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prevents morphine withdrawal signs by its inhibitory
effects on immune system and pro-inflammatory
cytokines. 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 Artemisia

austriaca.

Table 2. Mean value of the morphine withdrawal signs induced by naloxone (4 mg/kg) in different groups during the 45-min
observation period.

Signs
Groups

Jumping Swallowing

Paw

Genital

Body

tremor

grooming grooming

Face
wiping

Teeth

Head

Rearing

chattering shakes

Mor + Sal

36.4±9

44.7±9.2

36±8.1

22.4±3.3

21.3±5.8

36.9±6.3

21.1±4.7

17.2±3.9

Mor +Veh

39.6±6

56.2±21.4

27.3±6.8

17.3±6.4

20±6.2

31.3±11

19.4±4.6

14.6±7.4 32.3±7.2

7.2±1.1*** 45.2±11.6

31.3±9.5

8.2±2.4*

14.3±4.7

19.1±6*

24.4±5.3

3.4±1.2***

21.4±6.1

10.±2.3

11.2±3.9

8.3±3*** 11.2±5.1

4.3±2** 18.2±5*

1.2±0.5*** 11.3±4.1** 9.2±3***

4.2±2.5**

3.4±2**

5.2±3***

7.4±3.1

5.6±1.4*

11±3**

2.1±0.7*** 26.2±11.4* 12±4.3**

6.1±2.3* 4.16±1.2** 18.2±7.4* 13.7±4.5

5.1±2.3*

19±4*

Mor

14.2±5

42±8.1

20±6.2*

+A.aus(100mg/kg)
Mor

30.2±9.4

+A.aus(200mg/kg)
Mor
+A.aus(400mg/kg)
Saline

A.aus(400 mg/kg) 1.1±0.2*** 13.2±7.3** 2.3±0.4*** 1.3±0.2*** 6.2±2.5*

4±1.1***

6.3±2.9

2±0.6*** 8.1±3***

Sal= saline; Veh= vehicle; Mor= morphine; A.aus = Artemisia austriaca. All data are expressed as mean ± SEM.
Shown statistical differences are (* p <0.05, ** p <0.01 and *** p <0.001) compared to control group (Mor +Veh).

References
1. Raghavendra V, Rutkowski MD, DeLeo JA. The
role of spinal neuroimmune activation in morphine
tolerance/hyperalgesia in neuropathic and shamoperated rats. J Neurosci 2002;22:9980-89.
2. Watkins LR, Hutchinson MR, Milligan ED, Maier
SF. Listening and talking to neurons: implications
of immune activation for pain control and
increasing the efficacy of opioids. Brain Res Rev
2007;56:148-169.
3. Hutchinson MR, Lewis S, Coats B, Skyba D,
Crysdale N, Berkelhammer D, Brzeski A.
Reduction of opioid withdrawal and potentiation of
acute opioid analgesia by systemic AV411
(ibudilast). Brain Behav Immun 2009;23:240-250.
4. Wichti M. Herbal drugs and Phytopharmaceticals,
4th ed, Boca Roton: CRC press 1994; p:2924.
5. Mills S. The essential book of herbal medicine. 2nd
ed, London, England: Penguin books 1993, p: 362.

6. Costa R, Definam R, Valentino MR, Rustaiyan A,

7.
8.

9.

10.

[4]

Dugo P, Dugo G. An investigation on the volatile
composition of Artemisia species from Iran.
Flavour Frogrance J 2009;24:75-82.
Mir Heidar H. Encyclopedia of plants, vol 1,
Islamic culture press. Tehran, 1994, p: 24.
Reddy AM, Lee JY, Seo JH, Kim BH, Chung EY,
Ryu SY, Kim YS, Lee CK, Min KR, Kim Y.
Artemisolide from Artemisia asiatica: nuclear
factor-kappaB (NF-kappaB) inhibitor suppressing
prostaglandin E2 and nitric oxide production in
macrophages. Arch Pharm Res 2006;29:591-596.
Muheet H, Ishrat W. Evaluation of antinociceptive, anti-inflammatory and antipyretic
activities of Artemisia scoparia hydromethanolic
extract. J Ethnopharmacol 2013;145:18-24.
Rasmussen K, Hsu MA, Vandergriff J. The
selective mGlu2/3 receptor antagonist LY341495
exacerbates behavioral signs of morphine
withdrawal and morphine-withdrawal-induced

Artemisia austriaca methanolic total extract and Morphine withdrawal sign

11.

12.

13.
14.
15.

16.

17.

18.
19.

20.
21.

22.

23.

activation
of
locus
coeruleus
neurons.
Neuropharmacology 2004;46:620-628.
Hao S, Liu S, Zheng X, Zheng W, Ouyang H,
Mata M. The role of TNFα in the periaqueductal
gray during naloxone-precipitated morphine
withdrawal in rats. Neuropsychopharmacology
2011;36:664-676.
Stalińska K, Guzdek A, Rokicki M, Koj A.
Transcription factors as targets of the antiinflammatory treatment. A cell culture study with
extracts from some Mediterranean diet plants. J
Physiol Pharmacol 2005;56:157-169.
Ren K, Dubner R. Interactions between the
immune and nervous systems in pain. Nat Med
2010;16:1267-1276.
Trujillo KA, Akil H. Inhibition of morphine
tolerance and dependence by the NMDA receptor
antagonist MK-801 Science 1991;251:85-87.
Juergens UR, Engelen T, Racke K, Stober M,
Gillissen A, Vetter H. Inhibitory Activity of 1, 8Cineol (Eucalyptol) on Cytokine Production in
Cultured Human Lymphocytes and Monocytes.
Pulm Pharmacol Ther 2004;17:281-287.
Juergens UR, Stober M, Vetter H. Inhibition of
Cytokine Production and Arachidonic Acid
Metabolism by Eucalyptol (1.8-Cineole) in Human
Blood Monocytes in vitro. Eur J Med Res 1998;3:
508-510.
Juergens UR, Dethlefsen U, Steinkamp G,
Gillissen A, Repges R, Vetter H. AntiInflammatory Activity of 1.8-Cineol (Eucalyptol)
in Bronchial Asthma: A Double-Blind PlaceboControlled Trial. Respir Med 2003;97:250-256.
Serafini M, Peluso I, Raguzzini A. Flavonoids as
anti-inflammatory agents. Chem Inform 2010;29:
33-37.
De lima FVO , Nonato FR, Couto RD, Barbosa
JM, Nunes XP, Ribeiro dos santos R, et al.
Mechanisms involved in the antiniciceptive effect
of 7-Hydroxy coumarin. J Nat Prod 2011;74: 596602.
Adam JD. The use of California sagebrush
(ASrtemisia california) liniment to control pain.
Pharmaceuticals 2012;5: 1045-1053.
Wanga X, Loramb L, Ramosb K, de Jesusa A,
Thomasd J, Chenga K, Reddyb A. Morphine
activates neuroinflammation in a manner parallel
to endotoxin. Proc Natl Acad Sci USA 2012;109:
6325-6330.
James D, Adam JR. Chemical composition and
antinociceptive activity of California sagebrush
(Artemisia California). J Pharm Phytother 2013;
5:1-11.
DeLeo JA, Tanga FY, Tawfik VL. Neuroimmune
activation and neuroinflammation in chronic pain
and opioid tolerance/hyperalgesia. Neuroscientist
2004;10:40-52.

24. Raghavendra V, Tanga FY, DeLeo JA. Attenuation

25.

26.

27.

28.

29.

[5]

of morphine tolerance, withdrawal-induced
hyperalgesia, and associated spinal inflammatory
immune responses by propentofylline in rats.
Neuropsychopharmacology 2004;29:27-34.
Huang L, Liu LX, Li DF, zhang Y, Nui HZ, Song
HY, Zhang CY. Antipyretic and anti-inflammatory
effects of Artemisia annua L. Zhongguo Zhong
Yao Za Zhi 1993;18:44-48.
Tsuboi N, Gerdes N, Schönbeck U, Libby P.
Morphine enhances interleukin-12 and the
production of other pro-inflammatory cytokines in
mouse peritoneal macrophages. J Leukoc Biol
2000;68: 723-728.
Guvenalp Z, Cakir A, Harmandar M, Gleispach H.
The essential oils of Artemisia austriaca Jacq. And
Artemisia spicigera C.koch from Turkey. Flavour
Fragrance J 1998;13: 26-28.
Ledeboer A, Hutchinson MR, Watkins LR,
Johnson KW. AV411 (ibudilast): a new class
therapeutic candidate for neuropathic pain and
opioid withdrawal syndromes. Drugs 2007;16:
935-50.
Ward J, Rosenbaum C, Hernon C, McCurdy CR,
Boyer EW. Herbal medicines for the management
of opioid addiction: safe and effective alternatives
to conventional pharmacotherapy. CNS Drugs
2011;25: 999-1007.

