
School of Pharmacy & Pharmaceutical Sciences 

Isfahan University of Medical Sciences 

Research in Pharmaceutical Sciences, October 2020; 15(5): 463-472 
Received: 12-10-2019 

Peer Reviewed: 23-12-2019 

Revised: 04-05-2020 

Accepted: 27-09-2020 

Published: 19-10-2020

Original Article

*Corresponding author: S. Mohammadi

Tel: +98-8132518064, Fax: +98-8132518065 

Email: s_mohammadi@srbiau.ac.ir  

Antinociceptive activity of Cnicus benedictus L. leaf extract: 

a mechanistic evaluation 

Davoud Ahmadimoghaddam1,2, Reihaneh Sadeghian3,4, Akram Ranjbar1,2, 

Zohreh Izadidastenaei5, and Saeed Mohammadi5,6,* 

1Department of Pharmacology and Toxicology, School of Pharmacy, Hamadan University of Medical Sciences, 

Hamadan, I.R. Iran. 
2Medicinal Plants and Natural Products Research Center, Hamadan University of Medical Sciences,      

Hamadan, I.R. Iran. 
3Student Research Committee, Hamadan University of Medical Sciences, Hamadan, I.R. Iran. 

4Medical Plants Research Center, Basic Health Sciences Institute, Shahrekord University of Medical Sciences, 

Shahrekord, I.R. Iran. 
5Neurophysiology Research Center, Hamadan University of Medical Sciences, Hamadan, I.R. Iran. 
6Department of Biology, Science and Research Branch, Islamic Azad University, Tehran, I.R. Iran. 

Abstract 

Background and purpose: Cnicus benedictus, a medicinal herb, traditionally had been used for the treatment 
of stomachache pain. In this study, the possible efficacy of Cnicus benedictus leaf methanolic extract (CBHE) 
and also cnicin, one of its major constituents, was measured on pain.  
Experimental approach: In this study, pain assessment tests include writhing, tail-flick (TF), and formalin-
induced paw licking test (FIPLT) were used. To understand the possible mediated anti-nociceptive mechanism 
of CBHE, the opioid mechanism(s), and involvement of the L-arginine/ nitric oxide/cGMP/ATP-sensitive 
potassium channel pathway (LNCaP) were scrutinized.  
Findings/Results: In TF and writhing tests, CBHE (150 and 300 mg/kg, i.p) remarkably exhibited an anti-
nociceptive effect compared to that of the control. Furthermore, CBHE (150 and 300 mg/kg, i.p) in comparison 
with the control showed a noteworthy anti-nociceptive effect (P < 0.01) in the tonic phase of FIPLT. In the 
writhing test, administration of selective opioid antagonist (naltrindole, nor-binaltorphimine, and 
naloxonazine) attenuated the anti-nociceptive effect of CBHE (300 mg/kg) in comparison with control. 
Moreover, pre-treatment with Nω-nitro-L-arginine methyl ester hydrochloride, L-arginine hydrochloride, and 
glibenclamide significantly blocked the CBHE (300 mg/kg) antinociception (P < 0.05) while administration 
of sodium nitroprusside remarkably potentiated (P < 0.05) the antinociception induced by CBHE in the tonic 
phase of the FIPLT. Besides, cnicin (30 mg/kg) showed noteworthy anti-nociceptive effects in writhing, TF, 
and FIPLT paradigms. 
Conclusion and implications: Taken together, we elucidate that both CBHE and cnicin demonstrated anti-
nociceptive effects in behavioral tests. The possible mechanisms of CBHE antinociception may involve in 
various neural signaling and modulatory pathways including LNCaP and opioidergic mechanisms. 

Keywords: Cnicin; Cnicus benedictus; L-arginine/NO/cGMP/K (ATP); Opioid Receptor; Peripheral 
antinociception. 

INTRODUCTION 

Pain is not only one of the most important 

issues that humankind has been facing to it for 

since thousand years ago, but also it is a portent 

of inflammatory responses (1). 
Nowadays, the drugs used for pain relief 

are mainly opioids. Non-opioid drugs such as 

non-steroidal anti-inflammatory drugs 
(NSAIDs) and corticosteroids are also used for 
pain (2).  
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Administration of opioids over the transient 

or long-term can cause side effects, such as 

dependency (3). Consequently, there is a strong 

tendency toward the development of novel 

analgesic/antinociceptive drugs with better 

safety profiles (4). Medicinal plants are an 

important source of new chemicals with potent 

therapeutic effects (5). However, in most cases, 

the origin and mechanism of the therapeutic 

effects are unknown (6).  

Cnicus benedictus L. popularly known as 

"blessed thistle", the sole species in the genus 

Cnicus, is a thistle-like medicinal plant in the 

family Asteraceae. It is an annual plant with 

leathery leaves. The leaf of the plant is 

astringent, diuretic, bitter, diaphoretic, and 

stomachic (7,8). An infusion of the whole plant 

has also been used for the treatment of arthritis, 

liver, and gallbladder problems (9). Blessed 

thistle leaves, flowers, and stems have been 

used in "bitter" tonic drinks and in other 

preparations taken orally to enhance appetite 

and digestion (10). This medicinal plant has 

been tested in laboratory investigations for its 

properties against cancer, infections, and 

oxidative stress (11,12). 

One of the major constituents that exist in 

Cnicus benedictus is "cnicin" that belongs to 

the terpenes family (13,14). There are 

numerous documents concerning the effects of 

terpene on treating pain (15,16). It has been also 

demonstrated that cnicin (as a terpene) has 

antibacterial and anti-inflammatory effects 

(17,18). 

Due to the chemical compounds that exist in 

this plant, such as terpene (i.e. cnicin), and the 

strong association of this components with 

tranquilizing and antinociceptive effects, and 

because the analgesic effect of this medicinal 

plant’s referred in the "Canon of Medicine, an 

encyclopedia of medicine by Avicenna (19,20), 

we decided to evaluate the antinociceptive 

effects of Cnicus benedictus leaf methanolic 

extract (CBHE) and one of its major 

constituent, cnicin, in the rats. To elucidate the 

possible underlying mechanism(s) of  CBHE 

antinociception, the involvement of the                       

L-arginine (arg)/nitric oxide (NO)/cGMP/

ATP-sensitive K+ channels (KATP) channel     

pathway (LNCaP) and opioids systems  

were analyzed. 

MATERIALS AND METHODS 

The extract of Cnicus benedictus L. 

The fresh leaves of the CBHE (1 kg) were 

collected from the mount Alvand, Hamadan, 

Iran, and then approved by a botanist. 

A specimen (No. 2573) was retained in the 

herbarium of the Bu-Ali Sina University, 

Hamadan, Iran for identification. After drying 

in the shade, the powdered plant material 

(160 g) was macerated in 300 mL of methanol 

for three consecutive 48-h extractions each, at 

room temperature. The extract was separated by 

filtration (Whatman No.1 filter paper) and the 

filtrates were combined and concentrated on a 

rotary evaporator to obtain 34.176 g of 

methanolic extract of Cnicus benedictus. 

Animals  

Male Wistar rats (220-250 g) were 

purchased from Elm-Bavarian Institute, Iran, 

and were kept in animals’ room under standard 

conditions 12/12-h dark/light cycle and 

temperature conditions of 22 ± 1 °C. The rats 

had free access to water and nourishment in 

their enclosures. The present research project 

has been approved by The Local Ethics 

Committee of Hamadan University of Medical 

Sciences, Hamadan, I.R. Iran (HUMSS, No. 

IR.UMSHA.REC.1396.390).  

Administration routes and reagents 

The agonist and antagonist drugs and the 

dosage were selected according to the previous 

studies and on pilot experiments in our 

laboratory (21-23). For all tests, the CBHE 

(50, 150, and 300 mg/kg, i.p.) and cnicin (8, 20, 

and 30 mg/kg, i.p.) were dissolved in dimethyl 

sulfoxide (DMSO). Morphine sulfate (Morph; 

1 mg/kg, i.p.), naloxone (NLX; 1 mg/kg, i.p.), 

diclofenac (Diclo; 10 mg/kg, i.p.), and xylazine 

were purchased from Daroopakhsh (Iran). 

Acetic acid and formalin were purchased from 

Merck (Germany). Cnicin isolated from Cnicus 

benedictus L., L-arg hydrochloride (L-arg 

HCL; 25, 50, 100 μg/paw), Nω-nitro-L-arg 

methyl ester hydrochloride (L-NAME; 25, 50, 

100 μg/paw), sodium nitroprusside (SNP; 125, 

250, 500 μg/paw), methylene blue (MB; 100, 

200, 400 μg/paw), glibenclamide (Gli; 25, 50, 

100 μg/paw), naltrindole (NAL; 0.99 mg/kg, 
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i.p.), nor-binaltorphimine (NBT; 1.03 mg/kg,

i.p.), naloxonazine (NAX; 3.5 mg/kg, i.p.), and

glutamate all were purchased from Sigma 

Aldrich Company; USA. 

Determination of median lethal dose 

The median lethal dose (LD50) was 

determined based on the previous report (24). 

Tail-flick test 

This test was carried out by a tail-flick meter 

(LE7106 Harvard apparatus, USA) and in 

accordance with the previously published 

method (25).  

Writhing test 

Rats were placed in a translucent plastic box 

and the doses of CBHE were i.p. administrated 

20 min before to i.p. injection of acetic acid 

0.6% (in a dose volume of 10 mL/kg body-

weight) for the ability to suppress abdominal 

constriction responses (24,26).   

Formalin induced paw licking test 

Formalin induced paw licking test (FIPLT) 

was operated according to the method 

previously reported (27).  

Involvement of L-arg/NO pathway 
To determine whether CBHE antinociception 

effects or reduce the sensitivity of pain had related 

to L-arg/NO pathway or not, animals were 

pre-treated with different doses of L-arg HCL 

(25-100 μg/paw), L-NAME (25-100 μg/paw) 

and SNP (125-500 μg/paw) and/or their 

vehicles, 10 min before CBHE (300 mg/kg, i.p) 

in rats utilizing FIPLT and nociceptive 

feedbacks were assessed 20 min later (28,29). 

Involvement of cGMP pathway 

To assess the probable involvement of 

cGMP in the reduced sensitivity of pain action 

caused by CBHE, animals were pre-treated 

with varying doses of MB (100-400 μg/paw) or 

its vehicle, 10 min before CBHE (300 mg/kg, 

i.p) administration (21). 

Involvement of KATP channel pathway 

The possible contribution of the potassium

channel in the antinociceptive effect of CBHE 

was evaluated using the method previously 

described (21). 

Involvement of selective opioid receptors (, κ, 

and ) in the antinociceptive action of CBHE  
The roles of specific opioid receptor 

subtypes (, κ, and ) were checked using 
pretreatment of NAL (0.99 mg/kg, i.p.), NBT 
(1.03 mg/kg, i.p.), and NAX (3.5 mg/kg, i.p.) 
15 min before administration of DMSO, CBHE 
(300 mg/kg i.p.) or cnicin (30 mg/kg, i.p.) 
(30,31). 

Motor performance (rotarod test) 
Motor performance was evaluated as 

previously described (32). 

Statistical analysis 
Data were presented as mean ± SEM and 

one-way ANOVA analysis of variance followed 

by Tukey post hoc test has been used to indicate 
statistically significant differences. P < 0.05 was 
determined as an index of significance. SPSS 

software was used as data analysis. 

RESULTS 

Acute toxicity test 
In this experimental model, 72 h after oral 

administration of various doses of CBHE or 
cnicin no fatalities were recorded (data not 
shown). 

Tail-flick test  
According to Fig. 1A, in the 60 and 90 min, 

CBHE treatment at 150 (P < 0.05) and 
300 mg/kg (P < 0.01) made a marked difference 
in comparison with the control (DMSO) group. 

According to the Fig. 1B, administration of 
NLX completely reversed the antinociceptive 
effects of CBHE as well as morphine. 

Writhing test 
As can be seen in Fig. 2A, CBHE at 150 and 

300 mg/kg of (P < 0.05 and P < 0.01, 
respectively) decreased writhing numbers 
compared to the control group. Furthermore, it 
was revealed that the co-administration of NLX 
with a high dose of the CBHE (300 mg/kg) 
reversed the antinociceptive effects of the 
CBHE when used alone (Fig. 2B). 
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Fig. 1. (A) Evaluation of the antinociceptive effect of CBHE at 50, 150, and 300 mg/kg and cnicin at 8, 20, and 30 mg/kg 

in the tail-flick test. Morph at 1 mg/kg and diclofenac at 10 mg/kg were used. (B) The influence of the pre-treatment with 

NLX (3.5 mg/kg) on the antinociceptive effect of CBHE at 300 mg/kg in the tail-flick test. Data represent means ± SEM; 

n = 5, in each group. *P < 0.05, **P < 0.01, and ***P < 0.001; indicate significant differences in comparison with the 

control group (DMSO). CBHE, Cnicus benedictus methanolic extract; DMSO, dimethyl sulfoxide; Morph, morphine; 

Diclo, diclofenac; NLX, naloxone. 

Fig. 2. (A) The dose-related effect of CBHE at 50, 150, and 300 mg/kg and included cnicin at 8, 20, and 30 mg/kg in the 

writhing test. Morph at 1 mg/kg and diclofenac at 10 mg/kg were used. (B) The pre-treatment influence of NLX 

(3.5 mg/kg) on the antinociceptive effect of CBHE at 300 mg/kg in writhing test. Data represent means ± SEM; n = 5, in 

each group. *P < 0.05, **P < 0.01, and ***P < 0.001; indicate significant differences in comparison with the control 

group (DMSO). CBHE, Cnicus benedictus methanolic extract; DMSO, dimethyl sulfoxide; Morph, morphine; Diclo, 

diclofenac; NLX, naloxone. 
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Fig. 3. Comparing the effects of CBHE at 50, 150, 300 mg/kg, Morph (1 mg/kg), Diclo (10 mg/kg), CBHE 300 mg/kg + 

NLX, morphine + NLX, cnicin at 8, 20, and 30 mg/kg on (A) nociceptive phase and (B) tonic phase of formalin test in 

rats. Data represent means ± SEM; n = 5, in each group. *P < 0.05, **P < 0.01, and ***P < 0.001; indicate significant 

differences in comparison with the control group (DMSO). CBHE, Cnicus benedictus methanolic extract; DMSO, 

dimethyl sulfoxide; Morph, morphine; Diclo, diclofenac; NLX, naloxone. 

Fig. 4. The Effect of maximum doses of L-arg HCL, L-NAME, SNP, MB, and Gli on CBHE (300 mg/kg)-induced 

peripheral antinociception during the early phase in the rat formalin test. Rats were pre-treated with a local injection of 

L-arg HCL, L-NAME, SNP, MB and Gli before CBHE into the right paw. Data are expressed as the area under the 

number of flinches against time curve (AUC) corresponding to the first phase of the formalin test. The bars represent 

means ± SEM; n = 5, in each group. *P < 0.05, **P < 0.01, and ***P < 0.001; indicate significant differences in 

comparison with the control group (DMSO); †P < 0.05 statistically different from CBHE-treated group. L-arg HCL, L-

argininehydrochloride; L-NAME, Nω-nitro-L-arginine methyl ester hydrochloride; SNP, sodium nitroprusside; MB, 

methylene blue; Gli, glibenclamide; CBHE, Cnicus benedictus methanolic extract. 

Formalin-induced paw licking test 

According to the results from Fig. 3A, in the 

nociceptive phase (phase I), the injection of 

cnicin (30 mg/kg) had a significant 

antinociceptive effect (P < 0.05) compared to 

the control group.  

In the tonic phase (phase II), CBHE at 150                

and 300 mg/kg (P < 0.05 and P < 0.01, 

respectively), had significant antinociceptive 

effect compared to the control group (Fig. 3B). 

effect compared to the control group (Fig. 3B). 

Involvement of the LNCaP in CBHE-induced 

antinociception in the early phase of FIPLT 

The peripheral pre-treatment with SNP 

(500 μg/paw, i.p.) had a significant effect 

(P < 0.01) on the antinociceptive response of 

CBHE (300 mg/kg, i.p.) in comparison to the 

control (Fig. 4).  
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Fig. 5. Effect of (A) L-arg HCL, (B) SNP, (C) L-NAME, (D) MB, and (E) Gli on CBHE (300 mg/kg)-induced peripheral 

antinociception during the late phase of formalin test. Rats were pre-treated with a local injection of L-arg HCL,

L-NAME, SNP, MB, and Gli then CBHE (i.p.) into the right paw. Data are expressed as the area under the number of 

flinches against time curve (AUC) corresponding to the first phase of the formalin test. The bars represent means ± SEM; 

n = 5, in each group. *P < 0.05, **P < 0.01, and ***P < 0.001; indicate significant differences in comparison with the 

control group (DMSO); †P < 0.05 and ††P < 0.01 statistically different from CBHE-treated group. L-arg HCL, 

L-argininehydrochloride; L-NAME, Nω-nitro-L-arginine methyl ester hydrochloride; SNP, sodium nitroprusside; MB, 

methylene blue; Gli, glibenclamide; CBHE, Cnicus benedictus methanolic extract. 

Involvement of the L-arg-NO pathway in 

CBHE-induced antinociception in the late 

phase of FIPLT  

We observed that co-administration of L-arg 

HCL (50 μg/paw) and CBHE (300 mg/kg, i.p.) 

decreased pain score in comparison to the 

control (P < 0.05; Fig. 5A). Moreover,      

co-administration of SNP (125, 250, and 

500 μg/paw) plus CBHE (300 mg/kg) 

attenuated pain score in comparison to the 

control (P < 0.05; Fig. 5B). However,                                             

co-administration of L-NAME (25 μg/paw) 

plus CBHE (300 mg/kg) could decrease               

pain score in comparison to the control                             

(P < 0.05; Fig. 5C).  

Involvement of the guanylyl cyclase inhibition 

in CBHE-induced antinociception in the late 
phase of FIPLT 

The analysis showed that concomitant 
administration of MB (100 and 200 μg/paw) 
plus CBHE (300 mg/kg) attenuated pain score 
in comparison to the control (P < 0.05; Fig. 5D). 

Involvement of the KATP channels in CBHE-

induced antinociception in late phase FIPLT 
As shown in the Fig. 5E, concomitant 

administration of Gli (25, 50, and 100 μg/paw, 
i.p.) plus CBHE (300 mg/kg) reversed the
antinociception effect produced by CBHE     
(300 mg/kg, i.p.) when used alone (P < 0.05, 
P < 0.05, P < 0.01, respectively). 
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Fig. 6. Effects of pre-treatment of NAL (0.99 mg/kg, 

i.p.), NBT (1.03 mg/kg, i.p.) and NAX (3.5 mg/kg, i.p.)

on the anti-nociceptive effect of CBHE (300 mg/kg) in 

the acetic acid-induced writhing test. Data represent 

means ± SEM (n = 5, in each group). Data represent 

means ± SEM; n = 5, in each group. **P < 0.01, and ***P 

< 0.001; indicate significant differences in comparison 

with the control group (DMSO); ††P < 0.01 and †††P < 

0.001 statistically different from CBHE-treated group. 

NAL, naltrindole; NBT, nor-binaltorphimine; NAX, 

naloxonazine; CBHE, Cnicus benedictus methanolic 

extract. 

Role of selective opioid receptors in the 

antinociceptive effect of CBHE  

Co-administration of NAL, NBT                       

(P < 0.01), and NAX (P < 0.001) plus CBHE 

reversed the antinociception produced by 

CBHE (300 mg/kg, i.p.; Fig. 6) when used 

alone. 

Motor performance activity  

Administration of different doses of CBHE 

(50, 150, and 300 mg/kg) and cnicin (8, 20, and 

30 mg/kg) did not show any significant changes 

in motor performance compared to xylazine 

(data not shown). 

DISCUSSION 

The results of this study report the analgesic 

activity of CBHE and one of its constituents, 

cnicin. We also demonstrated a possible role of 

the LNCaP and opioid receptors in the 

antinociceptive effects of CBHE.  

The data obtained from the tail-flick test 

indicate that the infusion of CBHE inhibited the 

nociception induced by thermal light. In the 

study carried out by Zarei et al. it is well 

established that Inula britannica, a medicinal 

plant from the Asteraceae family at 100 mg/kg 

(i.p) has an antinociceptive effect when 

evaluated by tail-flick test. In our study, 

administration of CBHE attenuated pain which 

revealed that CBHE probably has a direct 

effect on both spinal and supraspinal levels 

(29,33).  

The second pain model used for evaluating 

the effect of CBHE and cnicin on acute pain 

was an acetic acid-induced writhing test. The 

administration of acetic acid triggers the release 

of considerable mediators such as substance-p 

and prostaglandins (34). These mediators by 

increasing vascular absorption can induce 

nociceptors that are sensitive to opioids and/or 

non-opioid compounds (35). In the study 

carried out by Schneider et al. it has been 

proven that the administration of cnicin could 

decrease the number of writhing in the acetic 

acid-induced writhing test (12). In this study, 

both CBHE and cnicin remarkably decreased 

the number of constrictions, induced by acetic 

acid injections, in the abdomen of the animals. 

The reduction in the number of constrictions 

after cnicin administration proposes that this 

terpene may exert its analgesic activity 

indirectly by decreasing inflammatory 

mediators and/or directly by inhibition of their 

receptors.  

In the previous study, it is demonstrated that 

borneol, one of the important monoterpene 

constituent of CBHE, reduces nociceptive 

behavior in both phases of the formalin test 

(36). We founded that the administration of 

CBHE in formalin test can inhibit pain in the 

tonic phase. The inhibitory effect on the tonic 

phase of pain in the FIPLT could be via 

blockade of the inflammation process that 

causes the release of prostaglandins E2 and F2α 

which can lead to the sensitization of central 

neural pain (37).  

The LNCaP plays an important role in the 

analgesic activity of several constituents in the 

FIPLT (38). NO boosts the concentration of 

cGMP levels, leading to the activation of 

potassium channel which in turn induces 

analgesia (39). The previous study 

demonstrated that SNP produces significant 
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peripheral antinociception in the FIPLT (40). In 

our research, the administration of SNP                   

(500 mg/kg) potentiated the analgesic activity 

of CBHE in phase II which is in accordance 

with the previous study. 

Oghbaei et al. reported that the 

administration of L-NAME elicits 

antinociception evaluated by FIPLT (41). In 

contrast with this view, our findings indicated 

that co-administration of L-NAME                          

(100 mg/kg) and CBHE in both phases of the 

FIPLT could reverse antinociception of CBHE. 

It can be suggested that L-NAME causes the 

antinociceptive effect by stimulation of                             

L-arg/NO/cGMP pathway since the 

antinociceptive effect of L-NAME can be 

antagonized by L-NMMA and abolished by the 

guanylate cyclase inhibitors (MB). 

KATP participates in the antinociception 

induced by many drugs that activate them in the 

peripheral nervous system. It was shown that 

the co-administration of Gli and Urtica 

circularis extract did not reverse the 

antinociceptive effect of Urtica circularis 

extract alone (42). In contrast, our findings 

indicated that co-administration of Gli and 

CBHE could reverse the antinociception of 

CBHE. It can be suggested that KATP has been 

involved in the antinociceptive effect of CBHE. 

We showed that pretreatment with L-arg 

HCL, L-NAME, and Gli before formalin 

injection reversed the analgesic activity of 

CBHE in phase I of the FIPLT. This indicates 

the LNCaP did not participate in the analgesic 

activity of CBHE in the early phase of 

FIPLT. Therefore, it looks that the analgesic 

activity of CBHE in the early phase of FIPLT 

might be related to the opioidergic                        

pathway (43). 

To evaluate the interaction between the 

opioid system and the analgesic activity of 

CBHE, naloxone, a non-selective opioid 

antagonist, was used (44). The results showed 

that naloxone reversed the analgesic effect of 

CBHE, indicating the role of opioid receptors in 

the analgesic effect of CBHE (45). We used 

opioid receptors subtype-specific antagonist-

NAX, NAL, and NBT to evaluate the potential 

involvements of particular opioid receptors 

subtypes to the antinociceptive activity (46). In 

the acetic acid-induced writhing test, the 

antinociceptive effect of CBHE was 

antagonized by pretreatment with NBT, NAL, 

and NAX. These findings indicated that all 

opioid receptors (, κ, and ) may play a role in 

the analgesic effect of CBHE.  

CONCLUSION 

Taken together, we elucidate that both 

CBHE and cnicin have antinociceptive effects 

in behavioral tests. The possible 

antinociception mechanisms of CBHE may 

involve various neural signaling and 

modulatory pathways including LNCaP and 

opioidergic mechanisms. The present findings 

may offer a new approach for clinical trials 

using Cnicus benedictus as an herbal remedy 

for the treatment of nociceptive and 

inflammatory pain. 
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