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Abstract: The medicinal plant Peganum harmala has been used in 

traditional Moroccan medicine to accelerate the healing process of various 

diseases and to relieve the pain. The antinociceptive effect of the Aqueous 

(AE), Dichloromethane (DE) and Butanolic (BE) extracts of the Peganum 

harmala L. was tested in mice and rats by chemical and thermal models. 

Plant seed extracts were given intraperitoneally 30 min before the 0.6% 

acetic acid injection. Dichloromethane (DE) at doses of 25 mg/kg (68.4%; 

p<0.001), 50 mg/kg (79.75%; p<0.001), AE in doses 25 mg/kg (2.65%; 

p>0.05), 50 mg/kg (24.39%; p<0.05) and BE in doses 25 mg/kg (36.82%; 

p<0.001), 50 mg/kg (74.26%; p<0.001) induced decrease in torsional 

reaction relative to control group. The DE, BE and AE (25, 50 mg/kg, 

intraperitoneally injection (i.p.,); 60 µg/kg, intracerebroventricular 

injection (i.c.v.,)) extracts of P. harmala generated a significant latency 

increase in the tail-flick response to thermal stimulation and generated a 

significant increase in the reaction time in the hot plate test. Whereas in 

formalin test, DE, BE and AE revealed a significant impact on both phases 

when given by intraperitoneal route. The antinociceptive effect of extracts was 

lower than morphine (10 mg/kg, i.p.,) in the hot-plate test and in both the 

phases of formalin test. Data suggest that extracts of P. harmala have 

inhibitory activity on the mechanisms of peripheral and central pain. Analgesic 

activity of this plant could potentially be associated with the presence of 

alkaloids, flavonoids, tannins, saponins and steroids in all P. harmala (Linn) 

seed extracts. It seems that the reason of popular use to relieve some pains. 

 

Keywords: Peganum harmala, Antinociceptive Activity, Writhing Test, 
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Introduction 

Analgesic drugs are known to have a wide range of 

side effects. Finding new analgesic drugs whose effects 

are denied is considered a therapeutic priority.  

Medicinal plants and their active compounds are 

considered a new chemical substance with potentially 

therapeutic effects (Blumenthal et al., 2000). P. harmala 

has been an essential herbal medicine since antiquity, 

known to have many therapeutic activities and also 

presumed analgesic activity. 

P. harmala L. belongs to the Zygophyllaceae family 

commonly known as "Harmal". It is a hairless, perennial 

plant that grows in sandy soils in pre-desert and semiarid 

regions (Chemli, 1991). The plant is well known in 

Morocco and has been widely distributed and applied in 

North Africa, Central Asia and the Middle East as a 

medicinal plant. It has also been planted in Australia and 

America (Chemli, 1991). 

In Moroccan traditional medicine, the seeds of P. 

harmala were traditionally used as an infusion, powder 

or decoction for diarrhea, pain, abortion, rheumatism, 

fever and used on the skin and subcutaneous tumors 

(Bellakhdar, 1997; Moloudizargari et al., 2013). Also 

used for the treatment of lumbago, asthma, jaundice and 

various other human diseases (Bellakhdar, 1997).  
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Several studies published in the literature indicate a 

wide range of pharmacological properties of its seeds 

such as anti-inflammatory (Bensalem et al., 2014), 

antidepressant (Li et al., 2017), monoamine oxidase 

inhibitors (Herraiz et al., 2010), healing wounds 

(Derakhshanfar et al., 2010), antibacterial, antifungal and 

antiviral (Moradi et al., 2017; Olmedo et al., 2017). It is 

effective in the management of dermatoses (Aslam et al., 

2014), Parkinson's disease (Moloudizargari et al., 2013), 

cytotoxic activity (Bournine et al., 2017; Berrougui et al., 

2005) and many human diseases (Li et al., 2017). 

Harmine, Harmala, Harmaline, Harmalol and 

Harman alkaloids are the psychological active 

ingredients of P. harmala seeds, which are also found 

widely in a variety of herbal medicines (Cao et al., 

2007; Herraiz et al., 2010). In the central nervous 

system, these Harmala alkaloids have a broad 

spectrum of pharmacological actions, such as an 

anticonvulsive actions (Loew et al., 1985), 

tremorogenesis (Poirier et al., 1966) and binding to 

various receptors, including 5-HT-receptors and the 

benzodiazepine binding site of GABA-receptors 

(Lamarre and Puil, 1974; Rommelspacher et al., 1985; 

1980). Moreover, these substances also have inhibitory 

effects on platelet aggregation (Saeed et al., 1993), 

antioxidant effects (YH et al., 1991) immunodulatory 

effects and cardiovascular action (Li, 1996). 

Earlier phytochemical research has shown that the major 

constituents of P. harmala seeds are alkaloids (especially 

Harmine, Harman, Harmaline and Harmalol) (Li et al., 

2017), which would have a various range of potential 

applications and pharmacological activities. Currently, 

many reports have shown the analgesic effect of P. harmala 

seed extracts in animal models after peripheral injection 

(Farouk et al., 2009; Monsef et al., 2004; Pradeep 

Kumar et al., 2015). Moreover, the in vivo study of the 

alkaloid extract of P. harmala in rats showed an analgesic 

effect on the central injection model (Farouk et al., 2008). 

However, to date, there is no clear evidence for the central 

effect of peripheral therapy with P. harmala extracts on 

induced pain in several animal models. 

The objective of the current study is therefore to 

examine and compare the analgesic potential effect of P. 

harmala extracted by two injection routes 

(intraperitoneal and intracerebral) using chemical and 

thermal nociception models. 

Materials and Methods 

Plant Materiel 

The aerial parts and seeds of P. harmala L. were 

collected in June 2018 from the province of Marrakesh, 

Morocco, geographic coordinates (31°43'02.7"N 

8°06'28.7"W), in June 2018. The botanical identity of the 

plant specimen has been certified by the botanist 

(Ouhammou Ahmed, Professor in department of biology, 

Faculty of sciences Marrakech) and the voucher 

specimen (No: 4229) was deposited in the herbarium of 

the Biology Department. 

Plant Material and Preparation of Extracts 

Seeds of P. harmala were dried in laboratory at room 

temperature (25°C) and in the shade. After grinding the 

dried material to a fine powder, 210 g of powder was 

placed into Soxhlet apparatus and was extracted in a 

continuous with methanol at 50-60°C for 24 h. 

Methanolic extract has been concentrated and then 

separated successively by a series of polar solvents 

(Hexane; Dichloromethane; Ethyl acetate; Butanol). The 

resulting extracts were concentrated using a Rotary 

evaporator. The extraction yield was 6.1, 6.7 and 2.8% 

for the Aqueous (AE), Butanolic (BE) and 

Dichloromethane (DE) extracts, respectively. 

Animals 

Adult male Sprague-Dawley rats weighing 250-300 g 

and adult male mice weighing 25-35 g were used for the 

experiments. All animals were kept in a room 

maintained on a 12 h light/dark cycle and temperature 

controlled (25°C). The animals had free access to food 

and water throughout all the experiments. The animals 

were randomly divided into several groups, 6 animals 

per group of rats and 8 animals per group of mice, after 

one week of adaptation. 

All experiments included in this study were 

conducted in accordance with approved institutional 

protocols and the provisions for animal care and use 

described in the scientific procedures on live animals 

ACT 1986 (European Council Directive: 86/609/EEC).  

Drugs 

Drugs used are: Acetic acid, ketamine, 2 and 10% 

formalin. The dichloromethane, butanol and aqueous 

extracts of P. harmala, Acetylsalicylic Acid (ASA) and 

morphine were dissolved in normal saline (0.9% w/v of 

NaCl). Immediately prior to the start of the experiments, all 

drug solutions were prepared. The intraperitoneal injection 

(i.p.,) was carried out with a volume of 0.1 mL/10g body 

weight and intracerebroventricular injection (i.c.v.) was 

performed using a volume 3 µL. 

Phytochemical Screening 

Standard screening tests were used to screen plant 

extracts for various constituents. Standard protocol for 

the determination of the presence of flavonoids 

(Debray et al., 1971), tannins (Trease and Evans, 1983), 

steroids and terpenes (Odebiyi and Sofowora, 1978), 

alkaloids (Rizk et al., 1982), quinones (Mabika, 1983) 

and saponins (Paris and Moyse, 1965). 
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Test for Anthraquinones  

Benzene was added 10 mL to 6 g of the sample of 

ephedra powder in a conical flask, soaked for 10 min and 

then filtered. Additional 10 mL of a 10% ammonia 

solution was added to the filtrate and shaken vigorously 

for 30 sec and a pink, purple or red color indicated the 

presence of anthraquinones in the ammonia phase. 

Test for Tannins 

Ten milliliters of brominated water were added to 0.5 

grams of aqueous extract. Decoloration of the bromine 

water showed the presence of tannins. 

Test for Saponins 

Distilled water (5.0 mL) was mixed with aqueous 

crude plant extract in a test tube and mixed vigorously. 

Moss was mixed with a few drops of olive oil and 

vigorously stirred and the appearance of the moss 

indicated the presence of saponins. 

Tests for Flavonoids 

Fragments of magnesium ribbon and Hcl 

concentrate were mixed with aqueous crude plant 

extract after a few minutes and the pink color 

indicated the presence of flavonoids. 

Test for Terpenoids 

A total of 2.0 mL of chloroform was added with 5 

mL of aqueous plant extract and boiled with 3 mL of 

concentrated H2S04 in the water path. The result was a 

gray color that revealed the entity of terpenoids. 

Test for Steroids 

The 5 mL crude aqueous plant extract was 

supplemented with 2 mL of chloroform and concentrated 

H2SO4. A red color appeared in the lower layer of 

chloroform, suggesting the presence of steroids. 

Surgical Preparation and Technique of 

Intracerebroventricular Injection 

The rats were anesthetized with chloral hydrate 

(0,6 g/kg) and implanted stereotaxically with a 

cannula that descended into the lateral ventricle and 

was fixed on the skull (coordinates: 1.3 mm posterior 

to the bregma, lateral 1.6 mm from midline, deep 3.2 

mm from the dura). The coordinates were set 

according to the atlas of (Paxinos and Watson, 2006), 

with the bregma as the point of reference. All animals 

were given 10 days to recover after surgery. During 

this period of time, the animals were handled daily. 

Intracerebroventricular injections were made into 

the lateral ventricle through an injection cannula (0.15 

mm inner diameter) using a 30-gauge needle attached 

to a 10 µL Hamilton syringe by PE-10 tubing. The 

injection volume was 3 µL. 

Tail Flick Test 

The antinociceptive effect was evaluated in a tail-

immersion test. The tail of the rat was thrown into a 

recipient filled with warm water maintained at a stable 

temperature (55±2°C). The delay time before the tail was 

retracted was recorded in n = 6 rats by means of a 

chronometer before the injection, 15, 30, 45, 60, 90, 120, 

180 and 240 min. after the injection. 

Dichloromethane, aqueous or butanolic extracts (25, 

50 mg/kg) were administered IP and 60 µg/kg of 

dichloromethane, aqueous or butanolic extracts were 

administered i.c.v. 

The inhibition of tail-flick response was expressed 

as “Percent Maximum Possible Effect (%MPE)” 

which was calculated as [(T1-T0)/T2-T0)]*100. T0 

and T1 was the tail-flick latency before and after the 

injection respectively, whereas T2 was the cut-off 

time which was set at 10 s. 

Hot-Plate Test 

Animals were screened by placing them on a hot-

plate maintained at 55±1°C and the reaction time in 

seconds for hind paw licking or jumping were recorded 

(Turner and Hebban, 1965). The latency time taken by the 

animal to lick one of its legs or to jump is noted and 

considered as the reaction time. This time was determined 

at time 0 (just before the injection of the extract) and 

30 min after intraperitoneal administration or 10 min 

after intracerebroventricular administration of the 

extract. A latency period of 30 s was defined as 

complete analgesia as cut off time to prevent damage 

to mice (Paulino et al., 2003). 

The animals received Different Extracts (DE, BE and 

AE) of P. harmala at doses (25 and 50 mg/kg; i.p; 30 

and 60 µg/kg, i.c.v), saline solution (10 mL/kg, i.p; 3 

µL/rat, i.c.v), acetylsalicylic acid (200 mg/kg, i.p.) or 

morphine (10 mg/kg, i.p.). 

Acetic Acid-Induced Writhing in Mice  

The antinociceptive effect was evaluated by the 

writhing test (Collier et al., 1968) induced, in mice (n = 

8), by acetic acid 0.6% (0.1 mL/10 g, i.p.). Writhing was 

characterized by contractions of the abdominal muscles 

accompanied by extension of the hind limbs. 

The dichloromethane, butanolic and aqueous extracts 

(25, 50 mg/kg), acetylsalicylic acid (200 mg/kg), or 

vehicle was injected i.p. 30 min before the nociceptive 

agent. Five minutes after the acid administration, the 

number of writes was recorded for a period of 30 min. 

The percentage inhibition was determined for each 

group as follows. 
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% Inhibition = 100*(1-No. of Writhing in the 

Experimental Group/No. of Writhing in the 

Control Group) 

Formalin Test in Mice 

Twenty microliters of 2% formalin solution (0.9% 

formaldehyde) was injected intraplantarly (i.pl.) under the 

ventral surface of the right hind paw. The animals were 

placed individually in clear plexiglass chamber (503025 

cm) and observed from 0 to 30 min following formalin 

injection according to the method of (Santos et al., 1998). 

The time spent licking the injected leg was measured and 

was regarded as an indicator of nociception. Nociceptive 

behavior was quantified in two phases: The early phase, 

which normally peaks 5 min after formalin injection and 15 

to 30 min after formalin injection; the late phase, which 

represents the tonic and inflammatory responses to pain, 

respectively (Hunskaar and Hole, 1987). Animals were pre-

treated intraperitoneally with morphine (10 mg/kg) and 

acetylsalicylic acid ASA (200 mg/kg), used as positive 

control, or with the various extracts (DE, BE or AE) of P. 

harmala at doses 25 or 50 mg/kg, 0.5 h beforehand. The 

control animals received the same volume, 0.9% of NaCl 

(10 mL/kg, i.p.) used to dilute these drugs. Following 

intraplantar injection of formalin, each animal was 

immediately placed into a clear plexiglass chamber and the 

time it spent licking the injected paw was determined. 

Histological Control 

The last step is to confirm the intracerebral injection. 

The rats were anesthetized with chloral hydrate and 

infused intracardially with 0.9% saline followed by 10% 

formalin solution. The brains were dissected and fixed in 

10% formalin for 2 days, cut at 20 µm thickness and 

observed under light microscopy for visualization of the 

cannula induced tissue wound. 

Statistical Analysis 

All data are reported as mean ± Standard Error of the 

Mean (SEM) and were subjected to a unidirectional 

analysis of variance (ANOVA). The post-hoc differences 

between group means were examined by the Tukey test. 

Results with p values less than 0.05 were considered 

statistically significant (*p<0.05; **p<0.01; 

***p<0.001). Data analyses were conducted using Sigma 

Plot v. 12.5 for Windows. 

Results 

Phytochemical Screening 

Phytochemical screening of the dichloromethane, 

butanolic and aqueous extracts of P. harmala used in the 

pharmacological test showed the presence of alkaloids, 

flavonoids, tannin, sterols, saponins and anthraquinones. 

Tail Flick Response 

Intraperitoneal Injections of DE, BE and AE of P. 

Harmala 

Aqueous, butanolic or dichloromethane extracts from 

P. harmala seeds induced a dose dependant inhibitory 

effect on the nociceptive reaction elicited in the tail 

flick test when compared to vehicle injections. The 

maximal effect (peak) and the time course of this 

effect depended on the dose. Intraperitoneal injection 

of the dichloromethane extract increased significantly 

the latency to tail with-drawl (p<0.001). This increase 

developed rapidly and reached peaks of 

32.6610.17%MPE at 120 min and 37.4612.15 

%MPE at 180 min for the doses of 25 and 50 mg/kg 

respectively (Fig. 1A). 

The butanolic extract at the dose of 50 mg/kg also 

increased significantly the latency of the nociceptive 

responses (p<0.001). The peak for 50 mg/kg (%MPE) 

was in a similar value as that of the same dose of 

aqueous extract 36.455.1 at 120 min (Fig. 1B). 

Aqueous extract enhanced significantly the latency to tail 

flick reaction (p<0.01). The time course of this effect 

developed slowly then reached peaks of 

22.182.93%MPE at 60 min and of 33.4524.35%MPE 

at 120 min for 25, 50 mg/kg respectively (Fig. 1C). The 

duration of the antinociceptive effect lasted less for the 

dose of 25 mg/kg (Fig. 1C).  

However, the maximal effects of all these extracts 

didn’t reach the values of the maximal effect elicited by 

the well-known peripheral analgesic drug, acetyl 

salicylic acid, at the dose of 200 mg/kg. Indeed, the peak 

of the action of this drug was of 76.0610.61%MPE at 

90 min and lasted for a longer period (4 h). 

Intracerebroventricular Injections of DE, BE and 

AE Extracts of P. harmala 

Intracerebroventricular injections of dichloromethane, 

butanolic and aqueous extracts of P. harmala seeds at the 

dose of 60 µg/kg produced a significant inhibition of 

the tail flick response when compared to the vehicle 

injection (Fig. 2). 

The antinociceptive effect of the aqueous extract 

started at the first min after administration then reached a 

peak of 28.7012.78%MPE at 45 min. This effect 

remained significant until 90 min (p<0.001). The 

inhibitory effect of dichloromethane was also significant 

(p<0.05) with a maximal effect of 18.4711.36%MPE at 

45 min. This effect was different from control until 120 

min. The butanolic extract has a less marked effect than 

the other extracts. The antinociceptive effect started later 

at 30 min and has a weaker peak at 45 min 

(14.7910.11%MPE). However, this effect was 

significant until the 120 min (p<0.05). 
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Fig. 1: Time course of change of the Tail-flick response after intraperitoneal administration of dichloromethane (A), Butanolic (B) 

and aqueous (C) extracts of Peganum harmala L. seeds. Saline solution and Acetylsalicylic Acid (ASA) were used as 

negative and positive controls, respectively. The inhibition of tail-flick response was expressed as “Percent Maximum 

Possible Effect (%MPE)”, which was calculated as [(T1-T0)/(T2-T0)] 100. T0 and T1 were the tail-flick latencies before (0 

min) and after (15, 30, 45,60, 90 min, 1, 2,3 and 4 h) injection, whereas T2 was the cut-off time, which was set at 10 s 

 

 
 
Fig. 2: Time course of change of the Tail-flick response after intracerebroventricular injection of dichloromethane (dich), butanolic 

(but) and aqueous (aq) extracts of Peganum harmala L. seeds. Saline solution and Acetylsalicylic acid were respectively used 

as negative and positive controls. The inhibition of tail-flick response was expressed as “Percent Maximum Possible Effect 

(%MPE)”, which was calculated as [(T1-T0)/(T2-T0)] 100. T0 and T1 were the tail-flick latencies before (0 min) and after 

(15, 30, 45, 60, 90 min, 1, 2,3 and 4 h) injection, whereas T2 was the cut-off time, which was set at 10 s. Each column 

represents the mean and the vertical bar represents the S.E.M. with sex to eight rats per group 
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Hot-Plate Test 

Results of the hot plate test are shown in (Tables 1 

and 2). Administration of DE (p<0.001), AE (p<0.01) 

and BE (p<0.05) of P. harmala (50 mg/kg, i.p.; and 60 

µg/kg, i.c.v.) and morphine (10 mg/kg, i.p., p<0.001) 

increased significantly the response time to the 

nociceptive reaction in the hot plate test. 

Writhing Test 

Dichloromethane, butanolic or aqueous extracts of P. 

harmala seeds injected IP decreased significantly the 

number of acetic acid-induced writhes in mice when 

compared to their controls. The percent of reduction 

induced by the aqueous extract depended of the dose and 

were 2.65% for 25 mg/kg (P>0.05) and 24.39% for 50 

mg/kg (p<0.05) (Fig. 3C). Intraperitoneal injections of 

the dichloromethane extract were more potent in 

reducing the nociceptive effect. Thus, these reductions 

were 68.4% for 25 mg/kg (p<0.001) and 79.75% for 50 

mg/kg (p<0.001) (Fig. 3A). The percentage inhibition on 

writhing produced by the butanolic extract (25 and 50 

mg/kg) were 36.82 and 74.26% respectively (Fig. 3B). 

The potency of 50 mg/kg of dichloromethane extract 

shown to be similar to that of 200 mg/kg acetyl-salicylic 

acid (65.5%). 

Formalin Test 

Intraplantar injection of formalin (2%) evoked a 

biphasic licking response. The effect of DE, BE and AE 

of P. harmala L. in early phase (0-5 min) and late phase 

(15-30 min) of formalin test are displayed in (Fig. 4). 

The time of licking for the early phase was 85, 48±9, 36 

s and the late phase was 122, 63±10,21 s in control 

groups (Fig. 4). Extracts administered intraperitoneally 

showed a marked inhibition of inflammatory (late phase) 

and neurogenic (early phase) pain in a dose-dependent 

manner. In the tests, for reference, ASA (200 mg/kg, 

(i.p.)) provoked a marked inhibition of licking reactions 

only on the second phase of pain induced by formalin. In 

contrast, the morphine treatment of the animals (10 

mg/kg, (i.p.)) yielded a marked inhibition of both 

neurogenic (early phase) and inflammatory pain (late 

phase) in the formalin test (Fig. 4). 

 

 

 

Fig. 3: Effects of dichloromethane and aqueous extracts of Peganum harmala L. seeds on writhing responses induced with the 

acetic acid: (A): (25, 50 mg/kg) of dichloromethane extract (B): (25, 50 mg/kg) of butanolic extract and (C): Various 

doses of aqueous extract were administered intraperitoneally (25, 50 mg/kg). 30 min after treatment, an intraperitoneal 

injection was made of a 0.6% acetic acid solution (0.1 mL/10 g). The count of contortions was counted 30 min after 

the injection of acetic acid 
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Fig. 4: Effect of dichloromethane (DE), Butanol (BE) and Aqueous (AE) extracts of Peganum harmala L. on the Early (A) and Late 

(B) phases of the formalin test. Histograms represent ± S.E.M. means for eight mice ((*p<0.05), (**p<0.01) and 

(***p<0.001)) compared to normal saline). Control (C); DE, BE, AE. 

 

Table 1: Effect of intraperitoneal injection (i.p.) of Dichloromethane (DE), Butanolic (BE) and Aqueous (AE) extracts of 

Peganumharmala on hot-plate reaction time in mice. Results are presented as mean ± SEM; *P<0.05; ** P<0.01; *** 

P<0.001 Vs. Control 

  Time after treatment (min) 

  ------------------------------------------------------------------------- 

Treatment (i.p.) Dose (mg/kg) 0 30 

Control - 8.84±1.09 8.36±0.97 

DE 25 8.84±1.05 9.51±1.01* 

 50 8.80±0.84 12.09±2.03** 

BE 25 8.38±1.02 11.16±1.68** 

 50 9.41±1.45 12.99±1.72*** 

AE 25 8.54±0.70 9.79±1.28* 

 50 9.06±0.71 11.55±1.59*** 

Morphine 10 9.80±1.18 18.60±2.09*** 
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Table 2: Effect of intracerebroventricular injection (i.c.v.) of Dichloromethane (DE), Butanolic (BE) and Aqueous (AE) extracts of 

Peganum harmala on hot plate reaction time in mice. Results are presented as mean ± SEM;** P<0.01; ***p<0.001 Vs. 

Control 

  Time after treatment (min) 

  ------------------------------------------------------------------- 

Treatment (i.c.v.) Dose (µg/kg) 0 10 

Control - 5.27±0.39 5.10±0.58 

DE 30 5.13±0.46 5.05±0.50 

 60 5.03±0.54 7.62±0.62*** 

BE 30 5.22±0.65 5.45±0.99 

 60 4.70±0.81 7.33±1.53** 

AE 30 4.53±0.55 5.62±1.34 

 60 4.60±0.89 5.59±1.32 

 

Discussion 

The current study showed that the administration of 

the Aqueous (AE), Butanolic (BE) and Dichloromethane 

(DE) extracts of P. harmala L. seeds by intraperitoneal 

or intracerebral route to animals, generates significant 

antinociceptive action against chemical (Writhing and 

formalin tests) and thermal (hot plate tests and tail-flick) 

models of nociception in rats and mice. 

This work shows that the intraperitoneal injection of 

DE, BE and AE extracts of P. harmala seeds results a 

significant dose-dependent antinociception derived from 

the evaluation of acetic acid-induced abdominal 

constrictions, a model employed to assess the potential 

analgesic activity of substances. Acetic acid has been 

proposed for action by releasing endogenous mediators 

to boost nociceptive neurons (Collier et al., 1968). It has 

been reported to be sensitive to NSAIDs (non-steroidal 

anti-inflammatory drugs) (Collier et al., 1968, Santos et al., 

1998; Reichert et al., 2001). The present study results 

support earlier data in the literature by confirming that 

ASA (NSAIDs) causes significant inhibition of acetic 

acid-induced pain. The method is not just simple and 

reliable, but also permits rapid assessment of the peripheral 

type of analgesic action. There is evidence that abdominal 

constriction is related to sensitization of nociceptive 

prostaglandin receptors and increased levels of PGE2 and 

PGF2a in peritoneal fluid (Deraedt et al., 1980). It is hence 

a possibility that P. harmala produced an analgesic effect, 

probably caused by the suppression of synthesis or by the 

action of prostaglandins. A number of mediators including 

kinin, acetylcholine, substance P and prostaglandins are 

involved in the nociception of the visceral pain model 

(Vogel and Vogel, 1997) and the transmission of 

nociception from the viscera (Cervero and Larid, 1999).  

In the tail flick test, our results show that the extracts 

of P. harmala have the ability to prolong the latency of 

response which indicates an increase in the nociceptive 

threshold. Seemingly, this effect is strongly dependent 

on endogenous opioids (Tornos et al., 1999). This test 

has proven to be appropriate for the assessment of 

centrally acting analgesic and indicated that the 

pharmacological actions were aided by mu (µ) opioid 

receptors rather than kappa (κ) and delta (δ) receptors 

(Schmauss and Yaksh, 1984; Aydin et al., 1999). In 

addition, (Grumbach, 1966) demonstrated that the 

efficacy of the analgesic drug in models of tail-biting 

pain is significantly correlated with human pain relief. 

The extracts of P. harmala provided a strong 

protective effect on painful chemical (acetic acid 

injection) and thermal (tail strike) stimuli. The efficacy 

on these two stimuli is typical of central analgesics, like 

morphine, which inhibits both inflammatory and non-

inflammatory pain (Piccinelli and Silvestrini, 1969). 

Therefore, the extracts seem to have similar effects to 

those of morphine, which explains the antinociceptive 

effects on the CNS noted in this study. Data currently 

available indicate clearly that extracts of P. harmala L. 

have a dose dependent peripheral and central potent 

antinociceptive effect. 

The differences between the actions of the extracts of 

P. harmala in the analgesic response may be due in part 

to changes in the polarity and chemical nature of 

compounds found in the used extracts following our 

differential extraction process. 

Our results indicated that the time required to lick the 

injured leg was reduced significantly following 

intraperitoneal administration of butanol, aqueous and 

dichloromethane extracts in the first and last phases of 

the test with formalin. The intraplantation injection of 

2% formalin showed a biphasic licking response 

characteristic of early and late phase in this test. Drugs 

that primarily function on the central nervous system, 

like narcotics, inhibit both phases equally, while drugs 

that act peripherally inhibit the late phase (Shibata et al., 

1989; Chen et al., 1995). The early phase is likely the 

direct consequence of stimulation of leg nociceptors, 

while the later phase is due mainly to inflammation with 

release of histamine, bradykinin, serotonin and 

prostaglandins (Tjølsen et al., 1992) and at a minimum 

sensitization of central nociceptive neurons (Coderre et al., 

1990; Coderre and Melzack, 1992; Tjølsen et al., 1992). 

The test is a highly useful method not only for assessing 

antinociceptive drugs but also to clarify the mechanism 
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of action (Shibata et al., 1989). The results of the present 

study also showed that morphine, but not ASA, is 

strongly effective in preventing both the early and late 

phases of the pain induced by formaldehyde. Additional 

research studies showed that formaldehyde releases 

various inflammatory mediators (Hunskaar et al., 1986; 

Hunskaar and Hole, 1987; Santos and Calixto, 1997). 

However, ASA (a non-steroidal anti-inflammatory drug) 

is not effective during the early phase of the pain 

induced by formaldehyde. NSAIDs, such as 

indomethacin, acetaminophen and diclofenac, known to 

inhibit Cyclo-Oxygenase (COX) activity and they are 

ineffective or cause very little inhibition during the early 

phase of formaldehyde testing. (Hunskaar and Hole, 

1987; Santos et al., 1998; Malmberg and Yaksh, 1992). 

Furthermore, NSAIDs can decrease, depending on the 

dose, the late phase of formalin-induced licking 

(Malmberg and Yaksh, 1992; Santos et al., 1998). 

Nevertheless, our result showed that DE, BE and AE of 

P. harmala, administered intraperitoneally, produce an 

equal gradual inhibition of the two phases of the 

formalin test in mice (central and inflammatory 

nociception). Hence, it seemed that the effect of 

dichloromethane, butanolic and aqueous extracts of P. 

harmala on the two phases demonstrated that they have 

active analgesic principles acting both centrally 

(inhibition of stimulation of the leg nociceptors) and 

peripherally (anti-inflammatory action by inhibition of 

COX and thus of prostaglandin synthesis). In the follow 

test (Hot-plate), the DE, BE and AE of P. harmala 

administered intraperitoneal injection increase significantly 

the delay time for jumping as a function of the dose. 

However, intracerebroventricular administration exert 

antinociceptive effect only for DE and BE extracts (60 

µg/kg). Seemingly, this effect depends mainly on the 

central mechanism, which performs an essential function in 

the endogenous opioid (Thompson, 1990). Although this 

test has demonstrated that it is adequate for the assessment 

of centrally acting analgesics, it is not appropriate for the 

evaluation of peripherally acting analgesics and has been 

shown to be valid even in the presence of substantial 

impairment of motor performance (Woolfe and Macdonald, 

1994; Plummer et al., 1991). Results indicate that the 

analgesic action of the dichloromethane, butanolic and 

aqueous extracts of P. harmala is possibly related to a 

central mechanism. Our study, morphine, a centrally 

acting analgesic medicament (Heidari and Darban, 

1998; Hajhashemi et al., 2002), generated a stronger 

analgesic response than the extracts of P. harmala in 

formalin and hot plate tests. 

These extracts of P. harmala contain sterols, 

flavonoids, alkaloids, tannin and anthraquinones which 

have been demonstrated to provide analgesic activity in 

other herbal extracts (Duke, 1992). Accordingly, it could 

be suggested that the antinociceptive effect of P. 

harmala extracts might be caused by their content of 

previous active constituents. 

In support of our suggestion, several data indicate 

that these compounds have a peripheral analgesic 

activity. Camila et al., (2020) states that both quercetin 

and Rutin stop pain through activation of 

cGMP/PKG/ATP-sensitive potassium channel pathways 

in neurons and by inhibiting NF-κB and inducing 

activation of Nrf2 in immune cells. Furthermore, the in 

vivo findings demonstrate that Vitexin decreases 

capsaicin-induced pain behavior, which indicates that 

part of the analgesic effect of Vitexin is related to the 

inhibition of TRPV1 activation (Tian et al., 2016). The 

analgesic effects of Vitexin seemed to be mediated by 

opioid-related mechanisms since delta, mu and κ- opioid 

receptor antagonists reversed the analgesic effects of this 

flavonoid (Demir and Can, 2013). 

The alkaloids of P. harmala have a broad spectrum of 

pharmacological acts in the central nervous system, for 

example convulsive or anticonvulsive actions (Loew et al., 

1985), tremorogenesis (Poirier et al., 1966) and binding 

to diverse receptors, including 5-HT receptors and the 

benzodiazepine binding site of GABA (Lamarre and 

Puil, 1974; Rommelspacher et al., 1985; 1980). 

Other studies have shown that flavonoids and 

alkaloids are capable to cross the blood-brain barrier and 

by several mechanisms, including the effect on GABA 

receptors, opioid receptors and alpha-adrenergic 

receptors, can block the enzymes implicated in 

inflammation and pain in several different parts of the 

nervous system, which includes the ventral spinal cord 

(medulla Rostral ventrolateral), alpha-adrenergic receptors 

and GABA. Stimulation of this receptor can induce 

analgesia (Taherianfard et al., 2018; Taherianfard and 

Karamifard, 2018; Bahmani et al., 2014). 

Additional research, however, is needed to gain a 

better understanding of these mechanisms. We suggest 

that future efforts to improve analgesia should focus 

on the pharmacological response of active compounds 

both in vivo and that their detailed mechanisms be 

well illustrated, for example the involvement of the 5-

HT receptor, the opioid receptor and the 

GABAA/benzodiazepine or adenosine receptors in 

their analgesic effects. 

Conclusion 

In summary, current findings indicate for the first 

time that the DE, BE and AE of P. harmala L. induce a 

dose-dependent antinociceptive action in animals, which 

is parallel to the traditional use of this plant. The study of 

the mechanism which produces ED, BE and AE to 

induce analgesia is still unclear, but pharmacological, 

toxicological and chemical studies are in progress in 

order to characterize the mechanism(s) behind the 
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analgesic action and also to identify the active 

ingredients present in DE, BE and AE of P. harmala and 

are needed for use of this plant as an official herbal drug 

in clinical use. In addition, the antinociceptive effect 

showed in the current study supports, at least in part, the 

ethnomedical uses of this plant. 
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