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Abstract It is well known that the tendency toward the 
medicinal plants is increasing in recent years. They have 
low side-effects and high varieties of efficient 
components. This study was designed to investigate the 
analgesic effect of hydro alcoholic leaf extract of Rhus 
coriaria (HRCLE) in a rat model. For this purpose, 42 
adult male rats were divided into 7 groups: control, 
HRCLE (80, 100 and 300 mg/kg, i.p.), morphine (1
mg/kg, i.p.), aspirin (1 mg/kg, i.p.), and HRCLE 300 
mg/kg plus naloxone (1 mg/kg, i.p.). The analgesic 
effects of HRCLE were assessed with writhing, tail flick 
and formalin tests. The data were compared with control 
by one-way ANOVA and Tukey post hoc test. All dose 
levels of HRCLE inhibited the number of contractions 
induced by acetic acid in the writhing test signi���	
����
None of the dose levels of HRCE have been showed
antinociceptive activity in the formalin test except the 
dose of 100 mg/kg (at chronic phase) and the dose of 300 
mg/kg (at chronic– acute phase). In the tail flick model, 
the highest effect was at the dose of 300 mg/kg of 
HRCLE (P < 0.01). Utilization of naloxone plus extract 
inhibited the antinociceptive effect of HRCLE. In this 
study, our findings suggest that analgesic effect for the 
HRCLE may be mediated via both peripheral and central 
mechanisms. The presence of flavonoids might be 
responsible for the antinociceptive activity of this plant.

Keywords Pain • Formaldehyde • Rhus coriaria • Medi-
cinal plants • Rat

Introduction

Pain is a somatic sensation such as touch, pressure and 
proprioception. Always pain has been a serious challenge 
in medicine as which has an important protective role in 
avoiding or treatment of actual or potential tissue 
damages. Although, nonsteroidal anti-inflammatory or 
opioid drugs are mostly used to control pain, but these 
drugs have a many adverse effects and cause 
gastrointestinal and renal disorders sometimes. 
Therefore, most people looks for new drugs that have 
fewer side effects and are cheaper and easily available 
[1].

There is also increasing evidence that in traditional 
medicine prescribing medicinal plants to treat a pain and 
an inflammation is prevalently but the origin and 
structure of such plants have often remained unknown. 
Therefore, information about the pharmaceutical effects 
of these plants can be applied as a logical research 
approach in order to discover new drugs [2, 3].

It believes that plants belongs to Anacardiaceous 
family have a variety pharmaceutical effects as an 
analgesic, anti-inflammatory and antipyretic [4-6].
Sumac with scientific name Rhus coriaria, is a perennial 
plant that contain over 250 individual species of 
flowering plants belong to Anacardiaceous family [7], its 
name is derived from the word of sumaga that means red 
[8]. This plant have a latex stems, simple or compound 
leaves, small flowers, fruits and dense cluster [9] which 
grows over the wide in Mediterranean, Iraq and Iran.

Sumac is used in traditional medicine as an anti-
bacterial, anti-spasmodic, anti-virus and anti-
inflammatory agent and a drug for treatment fever, 
diarrhea, gastrointestinal diseases and dermatitis [10, 11]. 
It also has anti-microbial and anti-oxidant effects and 
these properties have been proven in modern medicine 
[12-14]. The old claim of traditional medicine for anti-
inflammatory properties of sumac due to the strong 
relationship between inflammatory and pain processes. 
Previous studies have clearly not showed the analgesic 
effects of this plant. On this foundation, this study was 

Antinociceptive effects of Rhus coriaria L. extract in male rats

Saeed Mohammadi • Mohammad Zarei •

Mohammad Mahdi Zarei

© The Journal of Physiological Sciences 2015

ORIGINAL PAPER 

S. Mohammadi
Department of Biology, Faculty of Basic Sciences, Islamic Azad 
University of Hamadan, Hamadan, Iran

M. Zarei (�)
Department of Physiology, Faculty of Medicine, Hamadan Uni-
versity of Medical Sciences, Hamadan, Iran
e-mail: mmmzarei@yahoo.com

MM. Zarei
Faculty of Veterinary Medicine, Karaj Branch, Islamic Azad Uni-
versity, Karaj, Alborz, Iran



S-24 J Physiol Sci (2015) 65 Suppl 2: S-23 – S-28

8th FAOPS Congress, November 22-25, 2015, Bangkok, Thailand

designed to investigate antinociceptive effect of hydro 
alcoholic leaf extract of Rhus coriaria using formalin, 
writhing and tail flick tests in rat model.

Methods

Plant material collection

Some of fresh Rhus coriaria leaves were prepared and 
authenticated by a botanist and then a voucher specimen
number of the plant was deposited in the herbarium of 
the department of biology, faculty of basic sciences, Abu 
Ali Sina University of Hamadan, Iran. For preparation of 
hydro alcoholic extract, Rhus coriaria leaves were shed 
dried at room temperature in the shade and were 
pulverized mechanically using a grinder. One hundred 
grams of powdered Rhus coriaria leaf was placed in one 
liter of 80 % methanol for 72 hours to extract the 
required active ingredients. The obtained mixture was 
placed in a rotary device to remove the solvent and then 
to dehydrate the substance, it was put in a dish and under 
a hood for one week. After that, the residual material at 
the bottom of the container, extract, was dissolved in the 
appropriate amount of saline (0.9 % saline) to treat rats 
with different doses.

Animal experiments and drug administration

Forty-two adult male Wistar rats (200–250 g) were 
purchased from Pasteur’s institute of Iran. The animals 
were housed three to four per cage and kept at a 
controlled temperature of 23 ± 1  C under a light/dark 
cycle of 12:12 h with food and tap water available ad 
libitum. All experiments were conducted between 10:00 
and 16:00. All rats were treated humanely and were 
conducted in concordance with the IASP guidelines on 
the use of laboratory animals [15]. The animals were 
randomly divided into seven equal groups (n = 6 rats per 
group): control, HRCLE (80, 100, and 300 mg/kg, i.p), 
morphine (1 mg/kg, i.p.), aspirin (1 mg/kg, i.p.) and 300 
mg/kg of HRCLE plus naloxone (1 mg/kg i.p.). Sulfate 
morphine, naloxone and aspirin were purchased from 
Darou Pakhsh (Iran), and acetic acid and formalin from 
Merck Inc (Germany).

Tests of pain

Writhing test: On the experiment day, 30 minutes before 
running the experiments, the animals were sent into a 
standard experiment glass box to get used to the 
conditions. The HRCLE was solved in sterile physiologic 
serum and injected intraperitoneally in doses of 80, 100, 
and 300 mg /kg. After 15 minutes, acetic acid on the 
scale of 1 mg/kg of the body weight with the density of 

6 % was injected and immediately after the intra-
peritoneal injection of the acetic acid, the number of 
abdominal contractions was counted for 30 minutes (both 
legs stretched). It is also necessary to mention that each 
animal was used only once [16]. In the control group, 
after intraperitoneal injection of saline, the writhing test 
was run. It is worth mentioning, based on CPCSEA 
report in 2004 which was stated that laboratory animals 
used for the experimentation should be properly used and 
pain and sufferings inflicted in animals should be 
avoided or minimized if avoidance is not possible  so, we 
proceeded on the basis that experimental procedures that 
cause pain or sufferings in human beings will also cause 
similar pain or sufferings in animals be minimize [17].

Tail Flick Test: The tail flick test is a test of the pain 
response in animals, similar to the hot plate test. It is 
used in basic pain research and to measure the 
effectiveness of analgesics, by observing the reaction to 
heat. It was first described by D'Amour and Smith in 
1941 [18]. Most commonly, a light beam is focused on 
the animal's tail and a timer starts. When the animal 
flicks its tail, the timer stops and the recorded time 
(latency) is a measure of the pain threshold. For the tail 
flick test, we used a tail flick analgesimeter apparatus 
made in Borj Sanat Iran Company. Animals were 
separately put in a restrainer and 30 minutes after 
ingestion, the baseline reaction time was measured by 
focusing a light beam on the distal one-third portion of 
the animal’s tail. Each 15 minutes interval, the reaction 
time was recorded until 2 hours. However a 15 seconds 
cut off time was used for preventing tissue damage. 
Percent of maximum possible antinociceptive effect was 
calculated for each time.

Formalin test: In this experiment, suggested model of 
Dubuisson and Dennis, was used in order to evaluate the 
chronic pain. One hour before the test, the animals were 
sent into the special box of formalin test in order to get 
used to the experiment condition. The box was made of 
Plexiglas in the dimensions of 30 × 30 × 30 cm. 
Positioned in 45°, a mirror was inserted below the box 
and in front of the observer to observe the animal’s 
behaviors more clearly. Thirty minutes after the 
intraperitoneal injection of the drugs, there was a 

����
�	���
� �	!��
��	� ��� "#� $�� ��� ��" % formalin 
solution into the sub plantar surface of the left hind paw; 
then the animal was sent to the test special box again. 
The animal’s behavior was observed and labeled for 60 
minutes as following: once every 15 seconds, the motor 
response to pain was rated and recorded on a scale of 0, 
1, 2, and 3. The numbers indicate the following reactions: 
number 0, the animal moves with complete balance and 
its weight distributed equally on both feet; number 1, the
animal could not tolerate its body weight on the being-
injected foot or take care of that foot; number 2, the 
animal raised the painful claw and has no contact with
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the box floor; and number 3, the animal licks the painful 
claw, chewed or moved severely. The average of first 5-
minute grades was considered as phase 1 (acute phase) 
and the average of minutes 15 to 60 was considered as 
the phase 2 (chronic phase) [19].

Lethal dose (LD50)

The acute toxicity was determined by the previous 
laboratory model [20]. Various doses of the extract were 
injected separately and intraperitoneally to the male rats. 
The number of deaths of the animals was counted within 
the next 72 hours and the LD50 of the plant extract was 
determined.

Data analysis

All data were expressed as mean ± S.E.M. Foe analysis 
of data, one-way ANOVA followed by Tukey’s post hoc 
test was used and a calculated P < 0.05 was considered 
statistically significant.

Results

Writhing test: Statistical analysis of this study revealed 
that injection doses of 80, 100 and 300 mg/kg of the 
beneficial effect of HRCLE caused a significant 
reduction in comparison with the control group (with P <
0.05 and P < 0.01, respectively). As it was shown in Fig.
1, there was a very significant reduction in morphine and 
aspirin groups in comparison with control group (P <
0.001 and P < 0.01, respectively).

Tail flick test: According to Fig. 2, group of the 
HRCLE 300 mg/kg showed a very significant increase of 
tail flick latency when compared to the control group (P
< 0.01). Injection of morphine and aspirin were increased 
tail flick latency as well as (P < 0.001 and P < 0.01, 
respectively).

Regarding formalin test, injection of 300 mg/kg of 
HRCLE was strongly decreased pain score in both acute 
and chronic phase in comparison with control group (P
< 0.01), while injection dose of 100 mg/kg of HRCLE 
led to the significant decrease of the pain score in chronic 
phase (P < 0.05). Although, injection dose of 80 mg/kg 
of HRCLE was shown no significant change in pain 
score. Groups of aspirin and morphine were also 
significantly decreased pain score when compared to the 

Fig. 1 Effect of different doses of hydro 
alcoholic extract of Rhus coriaria on acetic 
acid induced writhing in rats. As compared 
with control: *P < 0.05, **P < 0.01 and ***P <
0.001 (n=6, mean ± S.E.M) 

Fig. 2  Effect of different doses of hydro 
alcoholic extract of Rhus coriaria on the 
reaction time in rats. As compared with 
control: **P < 0.01 and ***P < 0.001 (n = 6, 
mean ± S.E.M.).
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control group (P < 0.001; Fig. 3). At the all of tests of 
pain, the treatment of naloxane plus HRCLE (300 mg/kg) 
inhibited the antinociceptive effect of HRCLE. There 
was also no significant change in weight of animals in 
each group. Lethal dose of the plant intraperitoneally was 
5100 mg/kg.

Discussion

The proper management of pain has been identified as a 
primary indicator of quality assurance. Pain and sub-
stance abuse co-occur frequently, and each can make the 
other more difficult to treat [21]. Non-steroidal anti- in-
flammatory drugs (NSAID) such as aspirin is widely 
used in the treatment of pain, but often of these cause 
gastrointestinal injury [22]. The present research indi-
cates antinociceptive effect of hydro alcoholic extract of 
Rhus coriaria leaf (HRCLE) on an animal model. Stan-
dard tests of writhing, tail flick and formalin were used in 
order to investigate the antinociceptive effects of 
HRCLE. 

One of the most important tests is writhing test which 
usually used to screen possible antinociceptive mixtures. 
In this test acetic acid is a chemical stimulation which is 
extensively used to evaluate peripheral antinociceptive
activity [23]. The HRCLE prevented abdominal constric-
tion caused by acetic acid therefore, it is imagined that its 
alleviative effects are supported by the environmental 
mechanisms. Intraperitoneal injection of acetic acid can 
cause the acute inflammation of the peritoneum [24]. In 
this model, it seems that peripheral antinociceptive ef-
fects of HRCLE are indirectly due to internal mediators 
such as bradykinin, serotonin, histamine, substance P, 
and prostaglandin. It is justified that all of these media-
tors are associated with the stimulation of peripheral no-
ciceptive neurons [23].

The tail flick assay or tail flick test uses a high-

intensity beam of light aimed at a rodent's tail to detect 
nociception [18]. In this study, injection of the extract 
high dose decreased pain. Experimental tests of the tail 
flick testing method showed that the temperature of the 
skin of the tail plays a major role in the critical tempera-
ture, i.e., the temperature at which the tail flicks in re-
sponse to pain. Since tail flick test performed to evaluate 
the spinal reflexes and the central analgesic pathways 
[25] therefore, it seems that the antinociceptive effect of 
the extract involves a central nervous component which 
may be elicited from several defined areas in the CNS.

Among the several models of persistent nociception, 
formalin test has well been established as a valid model 
for screening of anti-inflammatory and antinociceptive 
agents that act through central pain route from peripheral 
pain [26]. Intraplantar injection of formalin evokes signs 
of nociception such as flinching and licking of the in-
jected paw early (phase 1), and subsequently a quiescent 
period was characterized by fewer pain behaviors and 
late-hyperalgesic components (phase 2) that last for ap-
proximately 1 hour. The early phase or neurogenic noci-
ception results direct activation of peripheral nociceptors 
whereas the late phase due to inflammatory nociception 
that reflect induction of a spinal state of facilitation, cen-
tral sensitization, development of inflammation and en-
largement of receptive fields and also the concurrent 
presence of low level input from both large and small 
afferents [27]. The results showed that HRCLE have an 
inhibitory effect over the pain. The HRCLE under inves-
tigation in this study showed antinociceptive activity in 
both phases of formaldehyde-induced pain in rat. It was 
found that its decreasing effect is more potent in the 
chronic phase than the acute phase. Inhibition of the 
chronic phase of the formalin test by HRCLE can be a 
result of inflammation, so that part of the antinociceptive 
effect seems to be mediated by releasing compounds like 
prostaglandins F��� and E2 in some amounts sensitized 
by central nociceptive neurons [28]. 

Fig. 3  Effect of different doses of hydro alcoholic 
extract of Rhus coriaria on formalin induced 
nociception in rats. As compared with control: *P
< 0.05, **P < 0.01 and ***P < 0.001 (n = 6, mean ± 
S.E.M.).
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To evaluate opioid system interference with antinoci-
ceptive effect of this extract, we were used one of the 
antagonist drugs in opioid system i.e.,  naloxane,  which 
prevents the activation of opioid receptors [29]. The re-
sults indicate that naloxone attenuates the antinociceptive 
effect of HRCLE. Therefore, it seems that the effect of 
HRCLE in pain relief is due to the opioid receptors. 

However, the analgesic activity of HRCLE is mediated 
by opioid receptors and may produce the dependence 
effect similar to opioids therefore, the further studies and 
suitable methods need to be established for the identifica-
tion the dependence effects. 

Biologic or therapeutic activity of herbs has a close re-
lationship with their chemical combinations [30]. It has 
been known that Rhus coriaria contains several com-
pounds such as organic acids, phenolic acids and deriva-
tives, hydrolysable derivatives, anthocyanins and deriva-
tives, flavonoids and isoflavonoid derivatives, terpenoid 
derivatives and other compounds [10, 31, 32] which pos-
sess antioxidant, anti-inflammation and antinociception 
properties [33]. The active ingredients or major bioactive 
components of Rhus coriaria which produce morphine-
like antinociceptive effect are the flavonoids and isofla-
vonoid derivatives. A total of 61 flavonoid derivatives 
were detected and characterised in sumac. Apigenin-7-O-
(6%-O-galloyl)-�-D-glucopyranoside which corresponds 
to apigenin in structure. This compound was reported as 
an active compound in Euphoria. In the same manner, 
dihydrotamarixetin galloyl-hexoside was tentatively pro-
posed as this effect [31, 32]. As far as we know, there is 
no alkaloids compound with structures similar to mor-
phine in this plant [10, 30, 34]. 

Previous studies have been shown that inhibition of N-
methyl-D-aspartate receptor cut intracellular calcium 
down. Consequently, the synthesizer enzyme of calcium-
related nitric oxide and phospholipase A2 decreases too 
and with the reduction of nitric oxide and prostaglandins, 
especially the prostaglandin E2 and F���reveals its anti-
nociceptive effects [35]. Many flavonoids and tannins are 
able to chelate free radicals such as hydroxyl radicals and 
subsequently dismutate ROS. In this regard, there are 
reports that tannins have roles in creating antinociceptive 
and anti-inflammatory effects [36]. Therefore, another 
part of antinociceptive effect of this extract is due to tan-
nins inside the plant.

Conclusions

The results of the present study suggest that the anti-
nociceptive effect of this extract may be due to their con-
tent of flavonoids. In this study reduction in writhing, 
increase in tail flick and inhibition of both phases of the 
formalin test approved antinociceptive effect of Rhus 
coriaria.

Finally, we conclude that extract possess analgesic ef-
fect that is probably due to inhibition of prostaglandin 
synthesis and inhibition of the central and peripheral 
nervous system. So this extract could potentially be used 
to control the painful disease.

Acknowledgements  We thank Masoud Mohammadi for his assis-
tant in this work and all who helped us in conducting this research 
are highly appreciated. This paper was extracted from master thesis 
of Saeed Mohammadi that submitted at Islamic Azad University of 
Hamadan in Iran and financially supported by grant no. 91223 from
this university.

Conflict of interest  The authors declare that they have no conflict 
of interest.

References

1. Baker MD, JN Wood (2001) Involvement of Na+ channels in 
pain pathways. Trends Pharmacol Sci 22(1): 27-31.

2. Javan M, et al. (1997) Antinociceptive effects of Trigonella 
foenum-graecum leaves extract. J Ethnopharmacol 58(2): 125-
129.

3. Nafisy A (1997) A review of traditional medicine in iran.
Isfahan University Publications Isfahan 8(11): 121.

4. Neto A, et al. (2005) Analgesic and anti-inflammatory activity 
of a crude root extract of Pfaffia glomerata (Spreng) Pedersen.
J Ethnopharmacol 96(1): 87-91.

5. Zarei M, et al. (2015) The Antinociceptive Effects of 
Hydroalcoholic Extract of Bryonia dioica in Male Rats.

6. Mohammadi S, et al. (2015) In Vivo Antinociceptive Effects of 
Persian Shallot (Alliumhirtifolium) in Male Rat.

7. Kossah R, et al. (2009) Comparative study on the chemical 
composition of Syrian sumac (Rhus coriaria L.) and Chinese 
sumac (Rhus typhina L.) fruits. Pakistan Journal of Nutrition,. 
8(10): 1570-1574.

8. Wetherilt H, M Pala (1994) Herbs and spices indigenous to 
Turkey, Amsterdam: Elsevier Science BV.

9. Andrade SF, et al. (2007) Anti-inflammatory and 
antinociceptive activities of extract, fractions and populnoic 
acid from bark wood of Austroplenckia populnea. J
Ethnopharmacol 109(3): 464-71.

10. Duke JA (2002) Handbook of medicinal herbs: CRC press.
11. Brunke EJ, et al. (1993) The essential oil of Rhus coriaria L. 

fruits. Flavour and fragrance journal 8(4): 209-214.
12. Nasar-Abbas S, AK Halkman (2004) Antimicrobial effect of 

water extract of sumac (Rhus coriaria L.) on the growth of 
some food borne bacteria including pathogens. International 
Journal of Food Microbiology 97(1): 63-69.

13. Özcan M, H Haciseferogullari (2004) A condiment [sumac 
(Rhus coriaria L.) fruits]: some physicochemical properties. 
Bulgarian Journal of Plant Physiology 30(3-4): 74-84.

14. Kosar M, et al. (2007) Antioxidant activity and phenolic 
composition of sumac (Rhus coriaria L.) extracts. Food 
Chemistry 103(3): 952-959.

15. Zimmermann M (1983) Ethical guidelines for investigations of 
experimental pain in conscious animals. Pain 16(2): 109-110.

16. Collier H, et al. (1968) The abdominal constriction response 
and its suppression by analgesic drugs in the mouse. British 
journal of pharmacology and chemotherapy 32(2): 295-310.

17. Gawade S (2012) Acetic acid induced painful endogenous 
infliction in writhing test on mice. Journal of Pharmacology 



S-28 J Physiol Sci (2015) 65 Suppl 2: S-23 – S-28

8th FAOPS Congress, November 22-25, 2015, Bangkok, Thailand

and Pharmacotherapeutics 3(4): 348.
18. D'amour FE, DL Smith (1941) A method for determining loss 

of pain sensation. Journal of Pharmacology and Experimental 
Therapeutics 72(1): 74-79.

19. Dubuisson D and SG Dennis (1978) The formalin test: a 
quantitative study of the analgesic effects of morphine, 
meperidine, and brain stem stimulation in rats and cats. Pain 4:
161-174.

20. Lorke D (1983) A new approach to practical acute toxicity 
testing. Archives of toxicology 54(4): 275-287.

21. Russo S (2008) Integrated pain management: using omega 3 
fatty acids in a naturopathic model. Techniques in Regional
Anesthesia and Pain Management 12(2): 105-108.

22. Fiorucci S, E. Antonelli, and A. Morelli (2001) Mechanism of 
non-steroidal anti-inflammatory drug-gastropathy. Digestive 
and Liver Disease 33: S35-S43.

23. Negus SS, et al. (2006) Preclinical assessment of candidate 
analgesic drugs: recent advances and future challenges. Journal 
of Pharmacology and Experimental Therapeutics 319(2): 507-
514.

24. Koster R, M Anderson, E De Beer. Acetic acid-induced 
analgesic screening. (1959) Federation Proceedings.

25. Jensen TS, TL Yaksh (1986) I. Comparison of antinociceptive 
action of morphine in the periaqueductal gray, medial and 
paramedial medulla in rat. Brain research 363(1): 99-113.

26. Tjølsen A, et al. (1992) The formalin test: an evaluation of the 
method. Pain 51(1): 5-17.

27. Shibata M, et al. (1989) Modified formalin test: characteristic 
biphasic pain response. Pain 38(3): 347-352.

28. Verma PR, et al. (2005)Antinociceptive activity of alcoholic 
extract of Hemidesmus indicus R. Br. in mice. J
Ethnopharmacol 102(2): 298-301.

29. Borras M, et al. (2004) fMRI measurement of CNS responses
to naloxone infusion and subsequent mild noxious thermal 
stimuli in healthy volunteers. Journal of neurophysiology 
91(6): 2723-2733.

30. Hashemi SR, et al. (2008) Acute toxicity study and 
phytochemical screening of selected herbal aqueous extract in 
broiler chickens. International Journal of pharmacology 4(5):
352-360.

31. Abu-Reidah IM, et al. (2015) HPLC–DAD–ESI-MS/MS 
screening of bioactive components from Rhus coriaria 
L.(Sumac) fruits. Food Chemistry 166: 179-191.

32. Abu-Reidah IM, RM Jamous, MS Ali-Shtayeh (2014)
Phytochemistry, Pharmacological Properties and Industrial 
Applications of Rhus coriaria L.(Sumac). Jordan Journal of 
Biological Sciences 7(4).

33. Di Carlo G, et al. (1999) Flavonoids: old and new aspects of a 
class of natural therapeutic drugs. Life sciences 65(4): 337-353.

34. Hashemi SR, H Davoodi (2011) Herbal plants and their 
derivatives as growth and health promoters in animal nutrition. 
Veterinary Research Communications 35(3): 169-180.

35. Woodman OL, EC Chan (2004) Vascular and anti-oxidant 
actions of flavonols and flavones. Clinical and Experimental 
Pharmacology and Physiology 31(11): 786-790.

36. Starec M, D Waitzova, J Elis (1988) Evaluation of the 
analgesic effect of RG-tannin using the "hot plate" and "tail 
flick" method in mice. Ceskoslovenská farmacie 37(7): 319.




