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ABSTRACT 

BACKGROUND AND OBJECTIVE: Pimpinella anisum is a medicinal herb widely used in the traditional 

Iranian medicine to cure digestive, inflammatory, and spastic diseases. This study aimed to evaluate the analgesic 

effects of methanol extract of Pimpinella anisum.L in mature male Wistar rats.

METHODS: In this study, 48 male Wistar rats were divided into 8 groups of control, treated with the Pimpinella 

anisum.L extract (50, 100, 200 mg/kg), treated with morphine, aspirin, extract with naloxone and extract with 

aspirin. Extraction was performed via maceration, rating and tail flick tests. In addition, formalin tests were 

conducted to evaluate the analgesic effects of the extract, and all the injections were performed intraperitoneally. 

FINDINGS: Co-administration of 200 mg/kg of Pimpinella anisum.L extract combined with aspirin was observed 

to produce significant analgesic effects (p<0.05) compared to aspirin alone, with a one-second reduction of time 

delay in the tail flick test. In the rating test, 200 mg/kg of the extract resulted in more significant analgesic effects 

compared to aspirin alone (p<0.01), reducing the number of abdominal contractions to 10. The acute toxicity of the 

extract was determined as 2125 mg/kg.  

CONCLUSION: According to the results of this study, the methanol extract of Pimpinella anisum.L could exert 

analgesic effects in both the acute and chronic phases of pain. 
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Introduction 

Pain is normally caused by the destruction or 

damage of a tissue due to several factors such as heat, 

impact, tear, strain, and electrical or chemical factors 

(1). Opiates and non-steroidal, anti-inflammatory 

drugs (e.g. aspirin) are the two main types of analgesic 

compounds, which, despite their widespread use, are 

known to yield undesirable side effects such as 

digestive system dysfunctions, and renal and central 

nervous system damages (2). Currently, approximately 

25% of the available medications in the world are of 

herbal origins. According to the World Health 

Organization (WHO), about 80% of the population of 

the world lives in developing and underdeveloped 

countries, and they mostly use medicinal plants for 

their medicinal needs since synthetic drugs are 

expensive, unavailable, and lead to several side effects 

(3, 4). Pimpinella anisum.L is a member of the 

Apiaceae family. This plant is indigenous to the East 

Mediterranean region and contains volatile oils. It is a 

herbaceous plant with a straight root, cylindrical stems 

with no fluff between 30-50 centimeters, and it can be 

found in the northwestern and southwestern regions of 

Iran as well as in India, Turkey, and other tropical 

areas in the world (4).  

In the traditional Iranian medicine, the extract of 

this herb has been used for the treatment of 

inflammatory, gastrointestinal and anticonvulsants 

disorders, as well as an anti-asthma drug in order to 

cure shortness of breath (5). Furthermore, aqueous and 

ethanol extracts of this plant are known to have 

antioxidant and antibacterial properties (6), and several 

studies have reported of antibacterial and antifungal 

agents in this herb (7). Recently, the extract of 

Pimpinella anisum.L has been shown to have anti-

injury and cell-protective effects against chemically 

induced gastric injuries in rats (8). Moreover, the fruit 

extract of this plant has been demonstrated to have 

antiepileptic properties (9). According to several 

studies, the extracted oil of Pimpinella anisum.L is 

able to increase glucose absorption and decrease urine 

output in rats (10). On the other hand, chemical tests 

indicate that the extract of Pimpinella anisum.L is 

composed of compounds such as anethole (90%), 

estragole, ognole, methyl chavicol, anisaldehyde, and 

polyethylene (11). Many popular medicinal 

compounds such as aspirin and morphine have been 

extracted from plants with analgesic effects. Since 

focused studies on the analgesic effects of Pimpinella 

anisum.L are scarce, this study aimed to evaluate the 

analgesic effects and acute toxicity of methanol extract 

of Pimpinella anisum.L through scientific tests such as 

formalin, tail flick, and rating tests on male rats.  

 

 

Methods 

In this experimental study, 48 male Wister rats 

weighing between 220-250 grams were purchased 

from Pasteur Institute of Iran and were preserved in 

standard animal room conditions under a photoperiod 

of 12 hours of light and 12 hours of darkness (starting 

point of light phase: 7 a.m). The temperature was kept 

at 22 centigrade degrees, and the relative humidity was 

between 50-55%. The animals had free access to food 

and water in their metal cages and became accustomed 

to laboratory conditions at least 2 hours before the 

beginning of the tests. The time period of test 

performance was between 8-12 a.m. The experiments 

were approved by the Research Council of Islamic 

Azad University of Hamedan, Iran and were conducted 

following the moral principles of the International 

Association for the Study of Pain in laboratory animals 

(12). The rats were divided into 8 groups of 6, which 

were as follows:  

1) Control group (under the influence of Normal 

Saline); 2) Receiving morphine (1 

milligrams/kilogram); 3) Receiving aspirin (10 

mg/kg); 4) Treatment group receiving low, medium, 

and high doses of Pimpinella anisum.L (50, 100, 200 

mg/kg, respectively); 5) Treatment group receiving 

aspirin (10 mg/kg) accompanied with high doses of the 

extract; 6) Treatment group receiving naloxone (1 

mg/kg) with high doses of the extract 

In this experiment, all the injections of the extract 

and medications were done intraperitoneally.  

Drugs used in the experiment: Morphine sulfate and 

aspirin were purchased from Darou Pakhsh (Iran), 

naloxone from Tolid Darou (Iran), and formalin and 

acetic acid were provided from the Merck Company of 

Germany. 

Extraction method: Approximately one kilogram of 

fresh Pimpinella anisum.L leaves was collected in 

August 2013 from regions around Alvand mountain of 

Hamedan, Iran. The samples were approved by the 

botanical experts of Islamic Azad University of 

Hamedan, and the herbarium of Bu-Ali Sina 

University (identification and maintenance number: 

179). Extraction was performed by maceration method, 

and following the separation of petioles, Pimpinella 

anisum.L leaves were dried under shades at a 
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temperature of 25 degrees. Afterwards, the dried leaves 

were grinded into a powder by a mechanical grinder, 

and 100 grams of the powder was preserved in one 

liter of 80% methanol for 72 hours in order to have the 

required effective compounds derived out. After 

filtering, the obtained compound was placed into a 

rotary device, and the solvent was removed and 

preserved in a petri dish under the hood for a week to 

completely dry. After a week, the remainder of the 

extract was dissolved in different doses in a proper 

amount of saline (Chloroethyl sodium 0.9%) as to be 

used for the treatment of the male rats (13). 

Pain tests: 

The Rating test: In order for the animals to get 

accustomed to the testing environment, they were 

placed in the mentioned standard glass box about 30 

minutes before the beginning of the test. Afterwards, 

the methanol extract of Pimpinella anisum.L was 

dissolved in certain proportions of sterile saline and 

was injected intraperitoneally in dosages of 50, 100, 

and 200 milligram per each kilogram of the animal’s 

weight. Following that, about 80 milligrams of acetic 

acid per each kilogram of the body weight was injected 

after 15 minutes with a 0.6% density, and immediately 

after the injection, the number of abdominal cramps, as 

well as the number of back-leg stretching, were 

counted for 30 minutes in the animals. Each rat was 

used only once during the current experiment (14). 

The Tail Flick test: This test was performed using a 

tail-flick test device (model 5500-F, manufactured in 

Industry Tower Company of Iran). The test was 

performed according to the previously proposed model 

(15), and a reference time of 10 seconds was 

considered as the definite lighting time; in other words, 

if the rat did not pull his tail after 10 seconds of 

burning heat, the stimulus would stop in order to 

prevent tissue damage. Following that, the animals 

were horizontally placed in the Plexiglas, and one third 

of the tail was exposed to heat. The delay time of 

pulling the tail was calculated 3 times, with two-

minute intervals in between the tests, before and 20 

minutes after the injection of the drug or extract, and 

the mean of these variables were estimated and 

recorded as the delay time before and after the 

injection.  

The Formalin test: In this experiment, we used the 

Dubuisson and Dennis model (1977) in order to 

evaluate chronic pain. The animals were placed in the 

special box of formalin test one hour before the start of 

the test in order to become accustomed to the testing 

condition. The special box was Plexiglas, which was 

manufactured in dimensions of 30×30×30, and in order 

to have a clear view of the animal’s movements, a 

mirror was set under the rat and in front of the 

observer at an angle of 45°. About 30 minutes after the 

intraperitoneal injection of the drugs, 50 micro liters of 

2.5% formaldehyde was subcutaneously injected into 

the animals’ right leg and they would be returned to 

the special box. Following that, the behavior of the rat 

was evaluated for 60 minutes, in a way that once every 

15 seconds the pain motor response was recorded as 0, 

1, 2, or 3. Zero applied to the cases where the animal 

had full balance during movement and the body weight 

was distributed on both legs, and score one was 

applied to the situation where the animal could not 

carry his weight on the injected leg or would try to 

protect that leg. Score 2 applied to the situation where 

the animal would raise the painful paw avoiding 

contact to the container’s floor, and score 3 was when 

the animal would lick the painful paw, chew it or 

persistently shake the painful paw. The mean of the 

first 5 minutes of each test was considered as the first 

phase of formalin test (acute phase), and the mean of 

15-60 minutes after the onset of the tests was regarded 

as the second phase of the formalin test (chronic 

phase) (16). 

Drugs used in the tests: Morphine sulfate, naloxone 

and indomethacin were purchased from Darou Pakhsh 

(Iran), and acetic acid and formalin were purchased 

from Merck Company of Germany. 

Determination of acute toxicity (Median Lethal 

Dose: LD50): The acute toxicity was determined 

according to the previous laboratory model (17). In 

addition, different doses of the extract were injected 

intraperitoneally and separately to the male rats. The 

amount of death in the studied animals was calculated 

for the next 72 hours and LD50 of the extract was 

determined as well.  

Statistical Analysis: The collected data were 

presented in the form of mean and standard error 

(mean ± SE). Data analysis was performed using one-

way analysis of variance (ANOVA) and Tukey’s HSD 

(Honestly Significant Difference) test, and P<0.05 was 

considered as significant.  

 

 

Result 

Acute toxicity of the extract: The amount of acute 

toxicity [LD50] was intraperitoneally calculated to be 

2125 mg/kg. 
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The Rating test: The results of this test indicated that 

an injection of 100 mg/kg dose of the extract with a 

total rating of 14, as well as the injection of 200 mg/kg 

dose with a total rating of 9, could significantly 

decrease the ratings compared to the control group 

(p<0.05, p<0.01). Moreover, simultaneous injection of 

200 mg/kg of the extract and aspirin with a total rating 

of 7 could cause more impassibility compared to other 

doses of the extract in the control group (p<0.001). 

Similarly, simultaneous injection of 200 mg/kg of the 

extract and aspirin resulted in more impassibility 

compared to the aspirin-only group (p<0.05). 

Moreover, simultaneous injection of 200 mg/kg of the 

extract with naloxone with a total rating of 35 was 

observed to reverse the analgesic effects compared to 

the group receiving 200 mg/kg of the extract with 

aspirin (fig 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison of Average Number of 

Rating in male rats with different doses of 

Pimpinella anisum.L in Acetic Acid test 
*p<0.05, **p<0.01, ***p<0.001 (significant difference with the control 

group). *p<0.05,**p<0.01,***p<0.001 (significant difference with 

Pimpinella anisum.L group with dosage of 200 mg/kg+aspirin 

 

The Tail flick test: In this test, injection of 100 and 

200 mg/kg of the extract with the average time delay 

of 2.5 and 6 seconds was observed to have significant 

analgesic effects compared to the control group 

(p<0.05, p<0.01). Furthermore, the test results 

indicated that injection of 200 mg/kg of the extract 

with aspirin with the average time delay of 2.5 seconds 

(p<0.05) could increase the average time delay in the 

tail flick test more than the aspirin-only group(fig 2). 

The Formalin test: According to the obtained results 

in figure 3, injection of 200 mg/kg of the extract 

during the acute phase of the formalin test with the 

pain rate of 1.7 was able to inhibit pain more 

efficiently compared to the control group (p<0.05).  

Moreover, injection of 200 mg/kg of the extract with 

aspirin was observed to inhibit pain more efficiently 

than the aspirin-only group with the pain rate of 1.3 

(p<0.05). However, during the chronic phase of the 

formalin test, we observed an increase in the analgesic 

effects of the extract in doses of 100 mg/kg (pain rate: 

1.5) and 200 mg/kg (pain rate: 1.4) compared to the 

control group (p<0.05, p<0.01). In addition, injection 

of 200 mg/kg of the extract with aspirin (pain rate: 1) 

during the chronic phase could significantly decrease 

pain compared to the group receiving aspirin (p<0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison of Delay time in Tail flick test 

between the tested groups before and after treatment 
*p<0.05, **p<0.01, ***p<0.001 (compared to the control group). 

#p<0.05, ##p<0.01, ###p<0.001 (significant difference with Pimpinella 

anisum.L with dosage of 200 mg/kg + aspirin 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Comparison of average pain scores in 

male rats with different density of Pimpinella anisum.L 

extract during acute phase of Formalin test 
*p<0.05, **p<0.01, ***p<0.001 (significant difference with the control 

group).#p<0.05, ##p<0.01, ###p<0.001 (significant difference with 200 

mg/kg dosage of Pimpinella anisum.L + aspirin 
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Discussion  
According to the results of the present study, 

Pimpinella anisum.L extract has remarkable analgesic 

properties. In the past, medicinal herbs and plants were 

commonly used as a rich source against disease 

causing agents around the world (18). Given the fact 

that the acute toxicity of Pimpinella anisum.L extract 

has been reported to be higher than 2125 mg/kg, using 

doses of 50, 100, and 200 mg/kg of this extract was 

considered to be safe in this study. One of the most 

important tests used for screening the potential 

analgesic compounds is the Rating test, where acetic 

acid is used and it is also a chemical stimulation 

widely used in order to evaluate environmental 

analgesic activities (19). On the other hand, 

intraperitoneal injection of acetic acid is likely to cause 

acute inflammation of the peritoneum (20). Acetic acid 

can indirectly stimulate internal mediators such as 

Bradykinin, Serotonin, Histamine, Substance P, and 

Prostaglandins (21), which are also able to stimulate 

nociceptors, which have a high sensitivity to non-

steroidal anti-inflammatory drugs such as aspirin, and 

opiates such as morphin (22). The results of the rating 

test in this study indicated that the injection of 100 and 

200 mg/kg of Pimpinella anisum.L extract could 

noticeably inhibit pain. Furthermore, simultaneous 

injection of 200 mg/kg of the extract and aspirin was 

observed to have more analgesic effects compared to 

aspirin alone, which was, on the other hand, 

comparatively less than the pain relieving effects of 

morphine. The results of the current study also 

demonstrated that the injection of medium and high 

doses of Pimpinella anisum.L extract could reduce 

pain due to the thermal stimulus in the tail flick test. 

The tail flick test is normally used to evaluate spinal 

reflexes and identify central nociceptive pathways (22, 

23). In this test, the extract of Pimpinella anisum.L was 

observed to have proper analgesic effects used 

independently and in the form of injection alongside 

aspirin since it was able to exert more efficient pain 

inhibitory effects compared to aspirin alone. Therefore, 

it could be suggested that Pimpinella anisum.L extract 

exerts its analgesic effects through the central nervous 

system, and the advantage of using the evaluation 

model of formalin pain is the ability of this model to 

distinguish between the compounds taking effect 

through the central nervous system and peripheral pain 

(24). Moreover, the subcutaneous injection of formalin 

leads to two different phases that could trigger pain; 

the first is referred to as the “neurogenic” (acute) 

phase, which is generated in the proximity of active 

flicking neurons directly under the influence of 

formalin. The second phase is known as the 

“inflammatory” (chronic) phase, which is caused by 

the activation of ventral horn neurons in the spinal 

cord (25). The results of the current study indicated 

that a dosage of 200 mg/kg of Pimpinella anisum.L 

extract was able to inhibit pain and the simultaneous 

injection of this extract with aspirin also showed more 

inhibitory effects than aspirin. Pain inhibition was also 

observed during the phase of chronic pain after 

administrating doses of 100 and 200 mg/kg. 

Consequently, this analgesic agent will ultimately 

result in more pain reduction during the chronic phase 

than the acute phase. The chronic phase of the formalin 

test might be triggered due to the inflammations 

leading to the release of compounds such as 

prostaglandins E2 and F2a, which at least in some cases, 

could render the central flicking neurons more 

sensitive (26). In the current study, naloxone, which is 

an opioid antagonist, was used in order to evaluate the 

interference of opioid system under the analgesic 

effects of Pimpinella anisum.L extract, which also 

prevents the activation of opioid receptors (27, 28). 

The results of this study also suggested that the 

injection of naloxone with 200 mg/kg of Pimpinella 

anisum.L extract could decrease the analgesic effects 

of the extract; therefore, it seems that the analgesic 

effects of this extract are correlated with the activity of 

opioid receptors. Several reports have confirmed the 

existence of compounds such as Saponin, Sapogenin, 

and flavonoids, such as quercetin, in Pimpinella 

anisum.L (29), and the analgesic agents of saponins 

have been mentioned in some studies in this regard 

(30).  Furthermore, the inhibition of inducible nitric 

oxide and cyclooxygenase-2 synthesis has been 

reported to be associated with Terpenoides, which are 

able to independently cause pain inhibition (31, 32). 

Flavonoids also have numerous biological effects on 

protein synthesis, cell differentiation, and making of 

the arteries in humans (33). According to the results of 

the present study, Pimpinella anisum.L extract is 

known to have central and peripheral analgesic 

properties and could be a suitable alternative for 

chemical analgesic drugs. It seems that the existing 

flavonoids and tannins in the extract can reduce pain 

through activating several nervous paths, which is a 

subject in need of further investigation. The study of 

the mechanisms of Pimpinella anisum.L extract effects 

on the receptors and the interaction with 

neurotransmitters or their agonists and antagonists 

could determine the precise nervous paths under the 

influence of this extract.  

 

 

Acknowledgements  
Hereby, we extend our deepest gratitude to Mr. 

Hadi Golmohammadi for his sincere cooperation in 

this study. We would also like to thank all the 

colleagues who assisted us with this research project.  



64                                                                                                                      Analgesic Effects of Pimpinella anisum.L; M. Asgari Nematian, et al 

 

References 

1. Goldman L, Bennett JC. Cecil textbook of medicine. 21th ed. London: WB SaundersCo. 2013.p.103-4. 

2.  Hochain P, Capet C, Colin R. [Digestive complications of aspirin]. Rev Med Interne. 2010; 21(Suppl 1):50s-9s.  

3.  Magaji MG, Anuka JA, Abdu-Aguye I, Yaro AH, Hussaini IM. Preliminary studies on anti-inflammatory and 

analgesic activities of Securinega virosa (Euphorbiaceae) in experimental animal models. J Med Plant Res. 

2008;2(2):39-44.  

4.  Huang ZR, Lin YK, Fang JY. Biological and pharmacological activities of squalene and related compounds: 

potential uses in cosmetic dermatology. Molecules. 2009;14(1):540-54. 

5.  Zargari A. Medical Plants.2nd ed. Tehran: The University of Tehran Publication. 2012. p.502-7. [In Persian] 

6. Esmaeile Ibn Hassan Jorjani Z. Zakhirah Kharazmshahi. 3nd ed. Tehran: National Works Publications.1970. p.141. 

[In Persian] 

7.  Soliman KM, Badeaa RI. Effect of oil extracted from some medicinal plants on different mycotoxigenic fungi. Food 

Chem Toxicol. 2002;40:1669-75. 

8.  Singh G, Kapoor IP, Pandey SK, Singh UK, Singh RK. Studies of essential oils:part 10; Antibacterial activity of 

volatile oils of some spices. Phytother Res. 2002;16(7);680-2. 

9.  Pourgholami MH, Majzoob S, Javadi M, Kamalinejad M, Fanaee GH, Sayyah M.. The fruit essential oil of 

Pimpinella anisum exerts anticonvulsant effects in mice. J Ethnopharmacol. 1999;66(2):211-5. 

10.  Gulcin I, Oktay M, Kirecci E, ufrevioglu K. Screening of antioxidant and antimicrobial activities of anise 

(Pimpinella anisum L.) seed extracts. Food Chem2003;83, 371–82. 

11.  Reiter M, Brandt W. Relaxant effects on tracheal and ileal smooth muscles of the guinea pig. 

Arzneimittelforschung. 1985;35(1A):408-14. 

12.  Zimmermann M. Ethical guidelines for investigations of experimental pain in conscious animals. Pain. 

1983;16(2):109-10. 

13.  Menezes FS, Falcão DQ, de Mendoça Filho RFW, Silveira CS, Rennó MN, Rodrigues VP, et al. Chemical and 

pharmacological survey onBrazilian medicinal plants using ethnopharmacological information as a tool. Acta Hor. 

2005;675:89-95. 

14.  Collier HO, Dinneen LC, Johnson CA, Schneider C. The abdominal constriction response and its suppression by 

analgesic drugs in the mouse. Br J Pharmacol Chemother. 1968;32(2):295-310. 

15.  D’Amour FE, Smith DL. A method of determining loss of pain sensation. J Pharmacol Exp Ther. 1941; 72(1):74-9. 

16.  Dubuisson D, Dennis SG. The formalin test: a quantitative study of the analgesic effect of morphine, meperidine, 

and brain stem stimulation in rats and cats. Pain. 1977;4(2):161-74. 

17.  Lorke DA. New approach to acute toxicity testing. Arch Toxicol. 1983;54(4):275-87. 

18.  Shoeb M. Anticancer agents from medicinal plants. Bangladesh J Pharmacol. 2006,1, 35–41. 

19.  Negus SS, Vanderah TW, Brandt MR, Bilsky EJ, Becerra L, Borsook D. Preclinical assessment of candidate 

analgesic drugs: recent advances and future challenges. J Pharmacol Exp Ther. 2006;319(2):507-14. 

20.  Koster R, Anderson M, De Beer EJ. Acetic acid for analgesic screening. Federation Proceedings.1959;18(1):412. 

21.  Jensen TS, Yaksh TL. Comparison of antinociceptive action of morphine in the periaqueductal gray, medial and 

paramedial in rat. Brain Res. 1986;363(1):99-113. 

22.  Le Bars D, Gozariu M, Cadden S. Animal models of nociception. Pharmacol Rev. 2001;53(4):597-625. 

23.  Tjolsen A, Berge OG, Hunskaar S, Rosland JH, Hole K. The formalin test: an evaluation of the method. Pain. 

1992;51(1):5-17.  

24.  Shibata M, Ohkubo T, Takahashi H, Inoki R. Modified formalin test: characteristic biphasic pain response. Pain. 

1989;38(3):347-52. 

25.  Verma PR, Joharapurkar AA, Chatpalliwar VA, Asnani A. Antinociceptive activity of alcoholic extract of 

Hemidesmus indicus R.Br. in mice. J Ethnopharmacol. 2005;102(2):298-301. 

26.  Vaccarino AL, Tasker RAR, Melzack R. Analgesia produce by normal doses of opioid antagonists alone and in 

combination with morphin. Pain 1989;36(1):103-9. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Fanaee%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=10433480
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sayyah%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10433480
http://www.ncbi.nlm.nih.gov/pubmed?term=Relaxant%5BTitle%5D%20AND%20effects%5BTitle%5D%20AND%20tracheal%5BTitle%5D%20AND%20ileal%5BTitle%5D%20AND%20smooth%5BTitle%5D%20AND%20muscles%5BTitle%5D%20AND%20guinea%5BTitle%5D%20AND%20pig%5BTitle%5D
http://intl.brjpharmacol.org/
http://intl.brjpharmacol.org/


J Babol Univ Med Sci; 17(5); May 2015                                                                                                                                                                        65 

 

27.  Borras MC, Becerra L, Ploghaus A, Gostic JM, Dasilva A, Gonzalez RG, et al. FMRI measurement of cns 

responses to naloxone infusion and subsequent mild noxious thermal stimuli in healthy volunteers. JN Physiol. 

2004;91(6):2723-33. 

28.  Lin SL, Tsai RY, Shen CH, Lin FH, Wang JJ, Hsin ST, et al. Co-administration of ultra-low dose naloxone 

attenuates morphine tolerance in rats via attenuation of NMDA receptor neurotransmission and suppression of 

neuroinflammation in the spinal cords. Pharmacol Biochem Behav. 2010;96(2):236-45. 

29.  De Araujo PF, Coelho-de-Souza AN, Morais SM, Ferreira SC, Leal-Cardoso JH. Antinociceptive effects of the 

essential oil of Alpinia zerumbet on mice. Phytomedicine. 2005;12(6-7):482-6. 

30. Ozek M, Uresin Y, Güngör M. Comparison of the effects of specific and nonspecific inhibition of nitric oxide 

synthase on morphine analgesia, tolerance and dependence in mice. Life Sci 2003;72(17):1943-51. 

31. Di Carlo G, Mascolo N, Izzo AA, Capasso F. Flavonoids, old and new aspects of a class of natural therapeuticdrugs. 

Life Sci. 1999;65(4):337-53. 

32. Simoes CM, Schenkel EP, Bauer L, Langeloh A. Pharmacological investigations on Achyrocline satureioides 

(Lam.) DC, Compositae. J Ethnopharmacol. 1988;22(3):293-81. 

33. Alcaraz MJ, Hoult JR. Action of flavonoids and the novel anti-inflammatory flavone, hypolaetin-8-glucoside, on 

prostaglandin biosynthesis and inactivation. Bio Pharmacol. 1985;34(14):2477-82. 

34. Toker G, Kupeli E, Memisoglu M, Yesilada E. Flavonoids with antinociceptive and anti-inflammatory activities 

from the leaves of Tilia argentea (silver linden). J Ethnopharmacol. 2004;95(2-3):393-7. 

35. Fang S, Hao C, Liu Z, Song F, Liu S. Application of electrospray ionization mass spectrometry combined with 

sequential tandem mass spectrometry techniques for the profiling of steroidal saponin mixture extracted from Tribulus 

terrestris. Planta Med. 1999; 65(1):68-73. 

36. de Araújo PF, Coelho-de-Souza AN, Morais SM, Ferreira SC, Leal-Cardoso JH. Antinociceptive effects of the 

essential oil of Alpinia zerumbet on mice. Phytomedicine. 2005;12(6-7):482-6. 

37. Starec M, Waitzová D, Elis J. Evaluation of the analgesic effect of RG-tannin using the “hot plate” and “tail 

flick”method in mice. Cesk Farm. 1988;37(7):319-21. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=20478329
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsai%20RY%5BAuthor%5D&cauthor=true&cauthor_uid=20478329
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=20478329
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20FH%5BAuthor%5D&cauthor=true&cauthor_uid=20478329
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=20478329
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hsin%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=20478329
http://www.ncbi.nlm.nih.gov/pubmed/20478329
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=16008125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leal-Cardoso%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=16008125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12597993
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uresin%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12597993
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCng%C3%B6r%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12597993

