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Abstract 

Herbal products are being paid particular attention by people around the world 

since they are natural, effective and without side effects. In modern medicine, 

some drugs prescribed to the patients are derived from medicinal plants. Thus, 

the aim of this study is to investigate the central nervous effects of methanol 

extract of Ephedra altissima stems, in Albino mice. Doses of 500, 1500 and 

3000 mg/kg of the methanol extract were administered in sub-acute doses (three 

doses), intraperitoneally at 24, 5.0 and 1.0 hours before scoring. General 

locomotor behavior profile, antidepressant activity and anxiolytic activity were 

studied. The results revealed that the methanol extract of Ephedra altissima at 

500, 1500, and 3000 mg/kg produced central nervous system depression, a 

remarkable decrease in the immobility time (forced swimming maze test), no 

anxiolytic-like effect by using elevated plus maze model of anxiety. These 

results suggest that methanol extract of Ephedra altissima exhibits a central 

depressant activity, antidepressant like activity and mild antipsychotic activity 

without anxiolytic-like effect in tested experimental animal models with the 

doses used. Therefore, it can be concluded that Ephedra altissima extract may 

have a central depression, antidepressant-like activity with no effect as 

anxiolytic like mood. 
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Introduction 

Medicinal plants have served as a rich source of new 

molecules with pharmacological properties that fill an 

essential gap in the search for superior therapeutic agents 

[1]. Search for novel pharmacotherapy from medicinal 

plants for psychiatric illnesses has progressed 

significantly in the past decade. Some plants are well 

known for their central effects such as antidepressant, 

analgesic, anticonvulsant, anti-muscarinic and anxiolytic 

effects. Many of today’s conventional drugs originated 

directly or indirectly from plants; many valuable 

psychoactive drugs, such as yohimbine, ephedrine, 

tubocurarine and galanthamine were discovered through 

the study of indigenous remedies. There is a pressing 

need for the development of herbal medicines which will 

be safe and have lesser side effects [2]. Ephedra species 

member of Ephedraceae family is one of the oldest 

medicinal plants known to humankind. It is mainly found 

in North Africa, Middle East, the Indian subcontinent, 

Southeast Asia, North and South-western America [3]. 

This plant is used in Chinese and Indian folkloric 

medicine for centuries as a remedy for the treatment of 

nasal congestion, allergic rhinitis, acute coryza, common 

cold, sinusitis, cough and asthma [4]. Ephedra altissima 

is high climbing joint fir, is one of the species found in 

Libya locally known as Alanda; this species is climbing 

much-branched shrubs, about 2 m long, which grows 

predominantly in north-western Libya mainly in Nafusa 

mountain. This species extends across western North 

Africa to the Canary Islands [5]. Phytochemical analysis 

has demonstrated that the principal chemical 

components of this species are alkaloids, phenols, 

flavonoids, essential oils, terpenoids, tannins, 

coumarins, saponins, sterols and glycosides [6]. 

Moreover, Ephedra species possess several biological 
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properties such as antioxidant [7], anti-inflammatory [8], 

antimicrobial [9], analgesic [10], cytotoxic [11], 

antiasthmatic [12], hepatoprotective [13], antiulcer [14], 

antihyperglycemia and antihyperlipidemia [15]. Thus, 

the aim of this study is to determine the 

neuropharmacological activities of ephedra altissima 

stem extract, also we tried to evaluate the anxiolytic and 

antidepressant activities after administration of stem 

methanolic extract to understand its neurobehavioral 

characteristic. 

Materials and Methods 

Plant collection and preparation of the extract 

The fresh stems of Ephedra altissima were collected 

from Rabtah, Nafusa Mountain, Libya. The plant was 

authenticated by Prof. Mohamed Abuhadra, Department 

of Botany, Faculty of Science, University of Tripoli, 

Libya. A specimen was deposited in the herbarium 

section. The plant was shade dried and coarsely 

powdered. The coarse powder was subjected to 

extraction with series of solvents of increasing polarity 

n-hexane, ethyl acetate then methanol, respectively, by 

cold maceration, then concentrated using a rotary 

evaporator at 60 °C to yield semi-solid mass extracts. 

Animals 

Healthy male Swiss albino mice of 25 - 35 gm bred in 

the animal house of Faculty of Pharmacy-University of 

Tripoli, Libya. The animals were placed in a standard 

laboratory environment (room temperature 25 °C ± 2 °C; 

12 hours’ light/dark cycle) and were supplied with an 

adequate amount of standard food pellet diet and water. 

Before conducting the experiments, the animals were 

kept in the laboratory for at least one day before testing 

to acclimate to a new environment. 

Chemicals and drugs 

N-hexane, ethyl acetate, methanol and Tween 80 were 

obtained from Sigma-Aldrich, Steinheim, Germany, 

imipramine hydrochloride was obtained from Novartis 

Pharma AG, KurtkÖy Istanbul and diazepam was 

obtained from Roche, Basel, Switzerland.  

Experimental protocol 

Standard drugs and extract doses were freshly prepared 

on the day of the experiment. Mice were divided into six 

groups (n = 6): group 1 (control group), mice were 

treated with 1% tween 80 (5 ml/kg) as the vehicle. 

Groups 2, 3, 4 (test groups) were administered 

methanolic extract in 500, 1500, and 3000 mg/kg, 

respectively; group 5 was administered diazepam (2 

mg/kg, as standard for anxiolytic activity); group 6, mice 

was administered imipramine (10 mg/kg, as standard for 

antidepressant activity). Sub-acute administration was 

adopted (three doses, i.p.) at 24, 5.0 and 1.0 hours before 

scoring. All drugs were administered as a homogenous 

suspension in 1% tween 80. All the animal experiments 

were carried out after ethical approval from ethics 

committee of university of Tripoli (25-2020). 

The Neuropharmacological activities of methanolic 

extract of E. altissima were estimated by Irwin test, 

elevated plus-maze test and forced swimming maze test.  

Experimental analysis 

General Pharmacological Observations (Irwin Test): 

The qualitative effects of the methanolic extract on 

behaviour and physiological function were investigated 

by using the procedure described by Irwin.  Irwin’s test 

is a test that assesses the behaviour and autonomic 

response of rodents after pre-treatment with a compound. 

In addition to the parameters assessed, the test provided 

data on the lethality of the extract or compound in 24 

hours’ period [16]. 

Elevated plus maze test: Elevated plus-maze (EPM) is a 

rodent model of anxiety that is used as a screening test 

for a putative anxiolytic or anxiogenic compounds and 

as a general research tool in neurobiological anxiety 

research. The apparatus composed of two open arms (30 

cm x 05 cm) and two close arms (30 cm x 05 cm with 

side walls of 15 cm) that extended from a common 

central platform (5 x 5 cm). The apparatus was elevated 

to a height of 45 cm above the floor level [17]. Mice were 

gently handled by the right hand and placed on the 

central platform of the maze facing the close arm. 

Different parameters were scored to evaluate anxiolytic 

effect and spontaneous motor activity in the elevated 

plus-maze, which included: time spent by the mouse on 

each of the arms, lines crossing on close or open arms 

and the number of entries into close or open arms. An 

arm entry was defined as the entry of all the four paws 

into the arm [18]. The total number of lines crossings and 

the total number of arm entries were calculated; it 

expresses the spontaneous motor activity [19, 20]. 

Anxiety measure was calculated by dividing the time 

spent on close arms by the total time of the test [20]. The 

duration of the test was four minutes. 

Forced swimming test: The forced swimming test (FST) 

is used extensively to evaluate the antidepressant 

efficacy of new compounds that prevent the depressive-

like condition. This method is based on observing the 

animals exposed to a condition of swimming forcefully 

that they become immovable and lethargic after a period 

of an energetic activity (struggling) and generating only 

the movements required to keep their heads above the 

water [21]. The mice were placed individually in glass 

cylinders (height 27 cm with diameter 15 cm) filled with 

water to a height of 16 cm (maintained at 23 – 25 0C). 
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The duration of the test was six minutes. Behaviour 

parameters (duration of immobility) were recorded 

during the last four minutes of the six minutes testing 

period [22]. Immobility behaviour is defined as the 

animal floated on the surface with front paws together 

and made only those movements with hind limbs that 

were necessary to keep float [23]. 

Statistical analysis: All data were presented as mean ± 

SEM value. Statistical analysis tested by using one-way 

Analysis of variance (ANOVA) followed by LSD post-

hoc test for multiple comparisons using SPSS Version 

20. The statistically significant level was set at a p value 

< 0.05. 

Results 

General behavioural profile –Irwin: Irwin's test results 

are presented in Table 1. Treatment of mice with 

different doses of extract produced a reduction of 

alertness and motor activity, which is represented by 

spontaneous activity and reactivity. The depressing 

effect was most intense at dose 3000 mg/kg. 

Table 1: Neuropharmacological profile of methanolic stem extract of Ephedra altissima 

in mice - Irwin observations 

All values are expressed as mean ± S.E.M. (n = 6). ∗p < 0.05 versus control group. Control Basel score 4 = normally found sign, < 4 = 

subnormal effect, > 4 = supernormal effect. Control Basel score 0 = normally not found sign, > 0 = abnormal effect. 

 

 
Observations 

 

 
Control 
group 

Extract treated groups 

500 mg/kg 
 

1500 mg/kg 3000mg/kg 

 30 min. 24hr 30 min. 24hr. 30 min. 24 hr. 

Behavioral 
 

Awareness 

Alertness 4 3.08±0.83* 4 3±0.0* 4 1.33±0.21* 4 

Visual placing 4 4 4 4 4 4 4 

Passivity 0 0.66±0.21* 0 0.83±0.17* 0 1.50±0.22* 0 

Stereotype 0 0 0 0 0 0 0 

 
 

Mood 

Grooming 4 4 4 4 4 4 4 

Vocalization 0 0 0 0 0 0 0 

Restlessness 0 0 0 0 0 0 0 

Irritability 0 0 0 0 0 0 0 

Fearfulness 0 0 0 0 0 0 0 

 
Motor 
activity 

Spontaneous 
activity 

4 3.4±0.20* 4 3.08±0.08* 4 1.33±0.21* 4 

Reactivity 4 3.4±0.20* 4 3.08±0.08* 4 1.33±0.21* 4 

Touch response 4 4 4 4 4 4 4 

Pain response 4 4 4 4 4 4 4 

Neurological 
CNS 

Excitation 

Startle response 0 0 0 0 0 0 0 

Tremors 0 0 0 0 0 0 0 

Twitches 0 0 0 0 0 0 0 

Convulsions 0 0 0 0 0 0 0 

Posture Body posture 4 4 4 4 4 4 4 

Limb posture 4 4 4 4 4 4 4 

Motor 
incoordinatio

n 

Staggering gait 0 0 0 0 0 0 0 

Abnormal gait 0 0 0 0 0 0 0 

Righting reflex 4 4 4 4 4 4 4 

 
Muscle tone 

Limb tone 4 4 4 4 4 3.58±0.15* 4 

Grip strength 4 4 4 4 4 3.58±0.15* 4 

Body tone 4 4 4 4 4 4 4 

Abdominal tone 4 4 4 4 4 4 4 

Reflexes Pinna reflex 4 4 4 4 4 4 4 

Autonomic 
 

Writhing 0 0 0 0 0 0 0 

Palpebral opening 4 3.1±0.44* 4 3.25±0.25* 4 3.33±0.11* 4 

Urination 0 0.7±0.21* 0 1.16±0.16* 0 1.16±0.16* 0 

Salivation 0 0 0 0 0 0 0 

Piloerection 0 0 0 0 0 0 0 

Skin color 4 4 4 4 4 4 4 

Lacrimation 0 0 0 0 0 0 0 

Dead Dead number 0 0 0 0 0 0 0 
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The passivity of mice was increased with the three doses. 

A mild muscle relaxant effect was observed only with 

the higher dose of methanol extract 3000 mg/kg, which 

resulted from the decrease in the limb tone and grip 

strength. The palpebral opening was slightly reduced 

with the three doses. No deaths were recorded over the 

24 h observation period. 

The anxiolytic effect of E. altissima using elevated plus-

maze model: Anxiety measure decreased after 

administration of diazepam (p < 0.05) compared to the 

control-treated group. The extract treated groups at doses 

500 and 1500 mg/kg did not show any significant 

changes in anxiety measure, the total lines crossed and 

the total number of entries (p > 0.05) compared to the 

control group. Anxiety measure was significantly 

increased, while the total lines crossed and the total 

number of entries was significantly decreased at a dose 

of 3000 mg/kg (p < 0.05). Extract treated groups of 500, 

1500 mg/kg showed a significant decrease in anxiety 

measure compared to the extract-treated group of 3000 

mg/kg (p < 0.05); while the total lines crossed and the 

total number of entries were increased in the extract-

treated group of 500 mg/kg compared to the extract-

treated group of 3000 mg/kg (p < 0.05) (Table 2).  

Antidepressant activity of E. altissima using forced 

swim maze model: The duration of mobility along with 

immobility showed by animals of standard as well as 

treated groups, in 240-second swimming session, as 

compared with that of the normal control group. 

Administration of extract at doses of 1500 and 3000 

mg/kg produced a significant reduction in the duration of 

immobility and expanded the mobility time compared to 

the control group (p < 0.05). While there was an 

insignificant reduction of the duration of immobility 

produced by extract at dose 500 mg/kg (p > 0.05). 

Administration of the standard imipramine showed a 

reduction in the duration of immobility compared to the 

control group (Table 3). 
 

 

Table 2: Effects of methanolic extract of E. altissima in elevated plus-maze model 

Treatment Dose Anxiety measure Total lines crossed Total number of entries 

Tween 80 1% 5ml/kg 0.898±0.0352 49.50±9.369      8.17 ± 2.182 

Diazepam 2mg/kg 0.696 ± 0.0765* 52.00 ± 15.591      9.67 ± 3.412 

MEEA 1 500mg/kg 0.734 ± 0.0973a 45.83 ± 8.097a      8.50 ± 1.688a 

MEEA 2 1500mg/kg 0.901 ± 0.0362a 25.00 ± 8.748      4.17 ± 1.447a 

MEEA 3 3000mg/kg 0.982 ± 0.0091* 5.67 ± 1.498*      1.17 ± 0.167* 

Each value is presented as the mean ± S.E.M., (n = 6).  MEEA = Methanol extract of Ephedra altissima       stems. *p < 0.05 

significantly different compared to control group, ap < 0.05 significantly different compared to Extract 3000 mg/kg treated group. 

 

 

 

Table 3: Effects of E. altissima methanolic extract on the duration of immobility in  

forced swim maze model 

 

 

 

 

 

 

Each value is presented as the mean ± S.E.M.; (n = 6).  MEEA = Methanol extract of Ephedra altissima stems. 
*p < 0.05 significantly different compared to control group, a p < 0.05 significantly different compared to extract 

3000 mg/kg treated group.

Treatment Dose Duration of immobility (seconds) 

Tween 80, 1% 5 ml/kg 120.02 ± 11.46 

Imipramine 10 mg/kg 75.03 ± 19.44* 

MEEA1 500 mg/kg     110.30 ± 10.22a 

MEEA2 1500 mg/kg 75.70 ± 12.09* 

MEEA3 3000 mg/kg 55.80 ± 12.85* 
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Discussion  

The present study demonstrates that E. altissima 

methanolic extract exerted central depression, sedation, 

mild muscle relaxation and mild antipsychotic like 

effect. The extract also showed no anxiolytic-like effect 

but a sedative-like effect. Decrease in behavioural 

despair significantly after extract treatment, this 

suggesting antidepressant-like-activity. The 

phytochemical screening found that the active 

constituents of the same samples of the current study 

were found to be alkaloids, saponins, tannins, 

flavonoids, terpenoids, carbohydrates, cardiac 

glycosides, and coumarins [6]. Many types of research 

showed that plants containing phenols, flavonoids, 

saponins, and tannins are useful in many CNS disorders 

[24]. It has been reported that E. altissima contains 

tannins, alkaloids, flavonoids, triterpenoids, phenols, 

sterols, and saponins [6]. The active constituents in 

ephedra species include ephedrine, pseudoephedrine, 

apigenin, quercetin, rutin, isoquercetine, kaempferol, 

linalool, hesperidin, luteolin, fucosterol and ß-Sitosterol 

and others [25].  

It has been reported that natural flavonoids possess a 

selective and relatively mild affinity for benzodiazepine 

receptors; it was found to be ligands for γ-aminobutyric 

acid type A receptor in the CNS, which led to the 

hypothesis that they act as benzodiazepine-like 

molecules. Their behavioural effects in animal models of 

anxiety, sedation and convulsion [26] support this. Some 

flavonoids might also produce their tranquilizing activity 

by acting on serotonergic receptors. Both serotonergic 

and GABA-ergic systems are activated by groups of 

metabolites, such as flavonoids, terpenes, and sterols 

[27, 28]. Data from Irwin test are also used to assess the 

safety pharmacology of drugs [29]. This test data of the 

current study showed that the methanolic extract 

decreased alertness, spontaneous activity and reactivity, 

indicating that the extract has a CNS depressant effect. 

Since, locomotors activity is a measure of the level of 

excitability of the CNS [30], this decrease in 

spontaneous motor activity could attribute to the sedative 

effect of the ephedra extract constituents; this effect was 

dose and time-dependent. High sedation was observed 

using a high dose of 3000 mg/kg E. altissima extract; the 

sedative effect in our current study could be through 

GABA-ergic mechanism related to benzodiazepine-like 

components that activate GABAA 

receptors.Benzodiazepine receptor activation leads to 

stimulate GABA receptors binding to GABA 

neurotransmitter released result in a sedative effect [31]. 

Another mechanism could be through the serotonergic 

system, due to antagonism of 5-HT1A [32] or 5-HT2A/2C 

receptors [33]. In neurological profile, the grip strength 

and limb tone were slightly reduced with the high dose 

of E. altissima extract, indicating a mild muscle 

relaxation effect. Mild significant narrowing of the 

palpebral fissure was observed, with all the doses of the 

extract, in addition to the reduction of spontaneous motor 

activity suggesting an antipsychotic like effect [34]. 

Continuous observation for 24 hours after the test, 

revealed no physical signs of toxicity or lethality with all 

tested doses. This suggests that the LD50 is greater than 

3000 mg/kg. After 24 hours of observation, the scores 

are back to normal, this indicates that the effects of the 

active constituents are reversible. In an elevated plus-

maze test, the substance has an anxiolytic effect 

generally increases the time and proportion of entrance 

into the open arms by the treated animals that are 

exposed to EPM [35]. The test is based on the natural 

aversion of rodents to open spaces. An anxiolytic-like 

effect appears as decreased open arm avoidance because 

reduced anxiety removes the interference of fear with 

exploratory tendencies and hence drives the greater 

exploration of the open arms [36].  

The present results showed that the treatment with E. 

altissima extract at dose 3000 mg/kg significantly 

decreased the time spent in open arms and percentage of 

entries into open arms compared to the control group. 

The decreased in the number of entries and time spent in 

open arms although this is usually interpreted as an 

anxiogenic effect, the extract administration also 

decreased the number of closed arms entries as well as 

the total number of entries, suggesting a sedative-like 

effect, more than an anxiogenic effect. The total lines 

crossed highly decreased with high dose (3000 mg/kg) 

indicating a decrease in spontaneous motor activity, also 

due to sedative effect; there were no significant changes 

with small doses of the extract. This finding suggests that 

E. altissima extract possesses sedative activity at high 

doses used in this study. Ephedra contains active 

constituents reported to have anxiolytic-like effects 

when studied using extracts of different plants [37] 

suggesting that the sedative effect may have masked any 

anxiolytic action. Anxiolytics possess a biphasic profile, 

showing facilitation of exploratory behavior and 

anxiolytic activity at low doses and an inhibition and 

sedative activity at high doses as observed with 

diazepam and clorazepate [38]. Therefore, the effect of 

E. altissima is probably related to benzodiazepine-like 

components, that act whereby GABAA receptors. The 

number of evidence point out the flavonoids is 

responsible for these effects, the presence of flavonoids 

like apigenin, quercetin, rutin, isoquercetin, Luteolin, 
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hesperidin, and kaempferol, suggesting the involvement 

of GABA-ergic receptors [39 - 41]. Increasing the dose 

produce mild sedation and a reduction in ambulatory 

locomotors activity, it activates the GABAA receptor by 

interacting with the benzodiazepine binding site [42, 43]. 

Flumazenil partly antagonized this effect [44]. A study 

was conducted on the methanolic extract of Tilia 

americana upon testing the anxiolytic effect in male 

mice using EPM. It found that a mixture of the 

flavonoids quercetin, rutin, and isoquercetin is 

responsible for the anxiolytic and sedative-like activity. 

This effect is produced through the activation of 

GABA/BDZ and 5HT1A serotonergic receptors, which 

were inhibited in the presence of flumazenil and 

WAY100635 (5-HT1A antagonist) [45]. 

The forced swimming test is a widely accepted 

behavioural model for assessing pharmacological 

antidepressant activity [17, 46]. Characteristic behaviour 

scored in this test is termed immobility, reflecting 

behavioural despair as seen in human depression [47]. 

The antidepressant effects of methanolic extracts of E. 

altissima and imipramine were studied by observing the 

changes in the duration of immobility in the forced swim 

test. The extract produces a dose-dependent decrease in 

the duration of immobility. Most of the medicinal plants 

exerted antidepressant effects through synaptic 

regulation of serotonin, noradrenaline and dopamine 

[48]. It was found that the effect was produced by 

activation of the 5-HT1A receptor and α2-adrenoceptors 

[49]. Rutin, a flavonoid compound isolated from Schinus 

molle, exerted an antidepressant effect in mice, probably 

through increasing noradrenaline and serotonin in the 

synaptic gap [50]. Effect on the serotonergic system and 

MAO-A activity was found with the administration of 

quercetin 4’-O-glucoside or quercetin using Swiss albino 

mice of both sexes. These substances produced 

antidepressant-like effects in mice using FST [51].  

Another flavonoid analyzed is hesperidin, which has an 

antidepressant effect on the Tail suspension test similar 

to fluoxetine and imipramine [52]. Also, it may be 

through enhancing 5-HT levels and decreasing 5-HT 

turnover in some of the brain regions [53]. 

In another study evaluated the effect of apigenin isolated 

from Circium japonica on the MAO enzyme. It also 

stimulated the uptake of L-tyrosine, a noradrenalin 

precursor [54]. In another work, administration of 

different doses of phytosterol and fucosterol to male 

mice produced antidepressant effects using FST and tail 

suspension test, achieving an effect with comparable 

efficacy of fluoxetine, a standard dose in humans. The 

antidepressant mechanism is mediated by increasing 

monoamines and reducing the rate of 5-HT metabolism 

[55]. Extract exerted effects similar to those of fluoxetine 

using FST and tail suspension test finally, the effects on 

monoamine levels in mice brains confirm that sterols 

modify the serotonergic and noradrenergic systems but 

do not impact the dopaminergic system [56]. The doses 

of ephedrine needed to induce locomotors activity are in 

the range of dopamine-releasing concentration of the 

drug. Therefore, it is suggested that ephedrine acts 

indirectly possibly through the inhibition of uptake and 

increase the release of dopamine [57]. At higher doses, 

the release of norepinephrine causes anxiety, 

restlessness, and insomnia. Prolonged use of ephedra 

may lead to neurotoxicity, resulting in depletion of brain 

monoamines [58]. Ephedrine alkaloids are CNS 

stimulants that produce excitation of the CNS. A study 

conducted to test the behavioural effects of Ephedra 

nebrodensis Tineo, which contains ephedrine alkaloids; 

mice were injected i.p. with 200 mg/kg of the extract, the 

extract produced an amphetamine-like action, 

manifested as an increase in locomotors activity, rearing 

and stereotype behaviour [59]. The increase in 

locomotion could be due to the increase in dopamine 

release [60]. Based on the available data, it has been 

assumed that E. altissima lack ephedrine-type alkaloids, 

according to a literature survey of Ephedra species, it 

was found that not all these species contain alkaloids [3]. 

Ephedrine and pseudoephedrine were not detected in E. 

altissima and E. foemina, despite claims to the contrary 

[61 - 63]. If ephedrine-type alkaloids found, their 

contents are scarcas well as CNS depressant effects [64] 

of Ephedra species [25] and in the total extract they 

probably are present in a greater quantity than ephedrine, 

also, it was demonstrated that Ephedra contains 

flavonoids and proanthocyanidols making their 

pharmacological activities less intense [65]. 

Conclusion 

The present study showed that the methanolic stem 

extract of E. altissima possesses a central inhibitory 

effect in mice; however, it has potent antidepressant-like 

activity, mild antipsychotic-like activity and devoid of 

anxiolytic activity at studied doses. 

Acknowledgments 

The authors would like to thank Professor Fathi M. 

Sherif, Department of Pharmacology and Clinical 

Pharmacy, Faculty of Pharmacy, University of Tripoli, 

Libya, for his critical review of the final form of the 

manuscript. 



www.medjpps.com Mediterr J Pharm Pharm Sci ISSN: 2789-1895 

 

 
Aburawi et al. Mediterr J Pharm Pharm Sci 1(1): 23-31, 2021   Page | 29 

 

 

Conflict of Interest 

All authors declare no conflict of interest. 

References 

1. Benneh CK, Biney RP, Adongo DW, Mante PK, Ampadu FA, 
Tandoh A, Jato J and    Woode E (2018) Anxiolytic and 

antidepressant effects of Maerua angolensis dc. stem bark extract 

in mice. Depression Research and Treatment. 2018: 1537371. doi: 
10.1155/2018/1537371. 

2. Mangrulkar SV, Dharammali P and Chaple DR (2017) Herbal 
remedies for CNS disorders. International Journal of 

Comprehensive and Advanced Pharmacology, 2(2):42-

44.Doi:http://doi.org/10.18231/j.ijcaap.    
3. Caveney S, Charlet DA, Freitag H, Maier-Stolte M, Starratt AN 

(2001) New observations on the secondary chemistry of world 

Ephedra (Ephedraceae). American journal of botany, 88(7): 1199-

1208. doi:10.2307/3558330 https://www.jstor.org/stable/3558330. 

4. World Health Organization (WHO), (1999) Herba Ephedrae. In: 

WHO monographs on     selected medicinal plants. vol. 1, Geneva, 
Switzerland, 145-153.  

https://apps.who.int/iris/handle/10665/42052. 

5. Bell A and Bachman S (2011) Ephedra altissima. The IUCN Red 
List of Threatened Species 2011: doi: 10.2305/IUCN.UK.2011-

2.RLTS.T201672A9161344.en 

6. Mezogi J, Abusaida H, El Jaafari H, Shibani N, Dali A, Abuelkhair 
K, Shalabi S, Aburawi S (2020) Effect of sub toxic dose of 

Ephedra altissima methanolic extract on reproductive system of 

male albino mice. Alqalam Journal of Medical Applied Science. 
3(1)13-22.  https://alqalam.utripoli.edu.ly/science/ eISSN 2707-

7179. 

7. Al-Rimawi F, Abu-Lafi S, Abbadi J , Alamarneh AA, Sawahreh 
RA, Odeh I   (2017) Analysis of phenolic and flavonoids of wild 

Ephedra alata plant extracts by LC/PDA and LC/MS and their 

antioxidant activity. African Journal Traditional Complementary 
and Alternative Medicine. 14(2):130-141. 

https://dx.doi.org/10.21010%2Fajtcam.v14i2.14. 

8. Kallassy H, Kazan MF, Makki R, EL-Makhour Y, Rammal H, 
Leger DY, Sol V, Kazan HF,  Liagre B, Badran B (2017) Chemical 

composition, antioxidant, anti-inflammatory and antiproliferative 

activities of Lebanese Ephedra campylopoda plant. Medical 
Science Monitor Basic Research. 23: 313-325.  

https://dx.doi.org/10.12659%2FMSMBR.905056. 

9. Ghanem S and Magly UIA  (2008) Antimicrobial activity and 
tentative identification of active compounds from the medicinal 

Ephedra alata male plant. J T U Medical Scence. 3(1): 7-15 

https://doi.org/10.1016/S1658-3612(08)70039-8. 
10. Hyuga S, Hyuga M,  Oshima N, Maruyama T, Kamakura H,  

Yamashita T, Yoshimura M, Amakura Y, Hakamatsuka T,  

Odaguchi H,  Goda Y, Hanawa T (2016) Ephedrine alkaloids-free 
Ephedra Herb extract: a safer alternative to ephedra with 

comparable analgesic, anticancer, and anti-influenza activities. 

Journal of Natural Medicne. 70:571-583. 
https://dx.doi.org/10.1007%2Fs11418-016-0979-z. 

11. Al-awaida W,  Al-hourani BJ, Akash M,  Talib WH, Zein S, Falah 

RR, Aburubaiha Z (2018) In vitro anticancer, anti-inflammatory, 
and antioxidant potentials of Ephedra aphylla.  Journal of cancer 

Research and Therapeutics, 14:1350-1354 

https://doi.org/10.4103/0973-1482.196760. 
12. Chaitanya B, Raviteja sagi SM, Shashikanth P, Karunakar K 

(2014) Evaluation of anti-asthmatic activity of ethanolic extract of 
Ephedra gerardiana WALL in mice by ovalbumin induced 

method. Asian Journal of Pharmacology and Clinical Research. 

7(1): 166-169 
https://www.researchgate.net/publication/287185719. 

13. Ghasemi M, Tahamtani Y, et al. (2014) Protective effects of 

Ephedra pachyclada extract on mouse models of carbon 
tetrachloride-induced chronic and acute liver failure. Tissue and 

Cell Journal. 46(1): 78-85. 

https://doi.org/10.1016/j.tice.2013.11.005. 
14. Pirbalouti AG, Mohammadi MA, Azizi S, Craker L (2013) Healing 

effect of hydro-alcoholic extract of Ephedra pachyclada BOISS. 

In experimental gastric ulcer in rat. Acta Poloniae Pharmaceutica 
& Drug Research. 70(6):1003-1009.   

https://pubmed.ncbi.nlm.nih.gov/24383323. 

15. Mohammad S, Masoumeh HP, Gholamali J, Hoda T (2017) 
Ephedraceae as a Treatment for Hyperlipidemia and 

Hyperglycemia: An Experimental Study. Journal of Autoimmune 

Disorder. 3(3): 36 http://www.imedpub.com/doi:10.21767/2471-
8513.100036. 

16. Irwin S (1968) Comprehensive observational assessment: A 

systematic, quantitative procedure for assessing the behavioral and 
physiological state of the mouse. Psychopharmacologia (Berl); 13: 

222-257. https://doi.org/10.1007/BF00401402. 

17. Caerols CV, Mortos AJ, Monleon S, Arenas MC, Parra A (2006) 
Acute effects of maprotiline on learning, anxiety, activity and 

analgesia in male and female mice. Acta Neurobiologica 

Expermentia. 66:23-31. 

https://pubmed.ncbi.nlm.nih.gov/16617674. 

18. Kumar S, Sharma A (2005) Anti-anxiety activity studies on 

homoeopathic formulations of Turnera aphrodisiaca ward. 
ECAM. 2(1):117-119. 

https://dx.doi.org/10.1093%2Fecam%2Fneh069. 
19. Rodgers RJ (1997) Animal models of anxiety: where next? 

Behaviour and Pharmacology. 8: 477-496. 

https://doi.org/10.1097/00008877-199711000-00003. 
20. Aburawi SM (1999) Study of neurochemical mechanisms involved 

in tolerance and physical dependence to traizolam in experimental 

animals. A thesis submitted to Cairo University for a degree of 
Doctor of Philosophy. 

21. Porsolt RD, Bertin A, Jalfre M (1977) Behavioral despair in mice: 

a primary screening test for antidepressants. Archives 
Internationalesde PharmacodynamieetdeTh´erapie. 229(2):327-

336.   https://pubmed.ncbi.nlm.nih.gov/596982. 

22. Rojeck LB, Kalodera Z, Samarzija I  (2004) The antidepressant 

activity of  Hypericum perforatum L. measured by two 

experimental methods on mice. Acta Pharmacologia. 54:157-162. 

https://pubmed.ncbi.nlm.nih.gov/15274759. 
23. Cryan JF, Page ME, Luki I (2002) Noradrenergic lesions 

differentially alter the antidepressant like effects of reboxetine in a 

modified forced swim test. European Journal of Pharmacology. 
436:179-205. doi:10.1016/s0014-2999(01)01628-4. 

24. Bhattacharya SK, Satan KS (1997) Experimental methods for 

evaluation of psychotropic agents in rodents: I-Anti-anxiety 
agents. Indian Journal of Experimental Biology. 35:565-575.   

https://pubmed.ncbi.nlm.nih.gov/9357158. 

25. Ben-Mei Z, Zhi-Bin W, Ping X, Qiu-Hong W, He B, Hai-Xue K 
(2018) Phytochemistry and pharmacology of genus Ephedra. 

Chinese Journal of Natural Medicines. 16(11):0811-0828. 

https://doi.org/10.1016/s1875-5364(18)30123-7. 
26. Marder M, Paladini AC (2002) GABA (A)-receptor ligands of 

flavonoid structure. Current Topical Medicinal Chemistry 

2(8):853-867. https://doi.org/10.2174/1568026023393462. 
27. Johnston GAR (2005) GABAA receptor channel pharmacology. 

Current Pharmaceutical Design. 11:1867-1885. 

https://pubmed.ncbi.nlm.nih.gov/15974965. 
28. Noguerón-Merino MC, Jiménez-Ferrer E, Román-Ramos R, 

Zamilpa A et al. (2015) Interactions of a standardized flavonoid 

fraction from Tilia americana with serotoninergic drugs in 
elevated pluz maze. Journal of Ethnopharmacology. 164:319-327. 

https://pubmed.ncbi.nlm.nih.gov/25656001. 

29. Adongo DW, Mante PK, Woode E, Ameyaw EO, KKE (2014) 
Effects of hyrdroethanolic leaf extract of Pseudospondias 

microcarpa (A Rich) Engl. (Anacardiaceae) on the central nervous 

system in mic. The Journal of Phytopharmacology. 3(6): 410-417. 
https://api.semanticscholar.org/CorpusID:53410164. 

30. Mansur J, Martz RMW, Carlini EA (1971) Effects of acute and 

chronic administration of Cannabis sativa and (-) delta-9-
transtetrahydrocannabinaol on the behaviour of rats in open field 

arena. Psychopharmacology. 19(4):388-397. doi: 



www.medjpps.com Mediterr J Pharm Pharm Sci ISSN: 2789-1895 

 

 
Aburawi et al. Mediterr J Pharm Pharm Sci 1(1): 23-31, 2021   Page | 30 

 

 

10.1007/BF00404383. 
31. Bateson A (2004) The benzodiazepine site of the GABAA 

receptor: An old target with new potential, Sleep Medicine, 5(1):9-

15. doi: 10.1016/S1389-9457(04)90002-0 
32. Wang LE, Zhang XQ, Yin YQ, Zhang YH (2012) Augmentative 

effect of spinosin on pentobarbital-induced loss of righting reflex 

in mice associated with presynaptic 5-HT1A receptor. Journal of 
Pharmacy and Pharmacology. 64(2):277-282. doi: 10.1111/j.2042-

7158.2011.01400.x.  

33. Cui SY, Cui XY, Zhang J, Wang ZJ, Yu B, Sheng ZF, Zhang XQ, 
Shi XL, Zhang YH (2011) Diltiazem potentiates pentobarbital-

induced hypnosis via 5-HT1A and 5-HT2A/2C receptors: role for 

dorsal raphe nucleus. Pharmacol Biochem Behav. 99(4):566-572. 
doi: 10.1016/j.pbb.2011.06.001. Epub 2011 Jun 12.   

34. Roux S, Sable E, Porsolt RD (2005) Primary observation (Irwin) 

test in rodents for assessing acute toxicity of a test agent and its 

effects on behavior and physiological function. Current Protocol 

of Pharmacology. Chapter 10:Unit 10 https://doi.org/10.1002/ 
0471141755.ph1010s27. 

35. Mazumdar MM, Islam A, Hosen MT,  Alam MS, Alam MN, 

Faruk,  Rahman M, Abu Sayeed M, Rahman M, Uddin SB (2017) 
Estimation of in vivo neuropharmacological and invitro 

antioxidant effects of Tetracera sarmentosa, Cogent Biology. 3:1, 

1300-1990.  https://doi.org/10.1080/23312025.2017.1300990. 
36. Semba J, Sakai M, Miyoshi R, Kito S (1995) NG-monomethyl-L-

arginine, aninhibitor of nitric oxide synthase, increases 

extracellular GABA in the striatum of the freely 

moving rat. Neuroreport. 6(10):1426-1428. 

https://doi.org/10.1097/00001756-199507100-00016. 

37. García-Ríos RI, Mora-Pérez A, Ramos-Molina AR, Soria-Fregozo 

C (2020) Neuropharmacology of secondary metabolites from 
plants with anxiolytic and antidepressant properties (chapter) 

Behavioral Pharmacology - From Basic to Clinical Research; 

IntechOpen: London, UK, DOI: 10.5772/intechopen.92446. 
38. Rolland A, Fleurentin J, Lanhers MC, Younos C, Misslin R, 

Mortier F, Pelt JM (1991) Behavioural effects of the American 

traditional plant Eschscholzia californica: sedative and anxiolytic 
properties. Planta Medica. 57:212-216. 

https://pubmed.ncbi.nlm.nih.gov/1680240. 

39. Paladini AC, Marder M, Viola H, Wolfman C, Wasowski C, 
Medina JH (1999) Flavonoids and the Central Nervous System: 

from Forgotten Factors to Potent Anxiolytic Compounds. Journal 

of Pharmacy and Pharmacology. 51(5): 519-526. doi: 
10.1211/0022357991772790. 

40. Fernandez SP, Wasowski C, Loscalzo LM, Granger RE, Johnston 

GA, Paladini AC, Marder M (2006) Central nervous system 
depressant action of flavonoid glycosides. European Journal of 

Pharmacology 539(3):168-176. doi:  

10.1016/j.ejphar.2006.04.004. 
41. Gazola AC, Costa GM, Castellanos L, et al. (2015) Involvement 

of GABAergic pathway in the sedative activity of apigenin, the 

main flavonoid from Passiflora quadrangularis pericarp. Revista 

Brasileria Farmacognosia. 25: 158-163. 

https://doi.org/10.1016/j.bjp.2015.03.009. 

42. Viola H, Wasowski C, Levi de Stein M, Wolfman C, Silveira R, 
Dajas F, Medina JH, Paladini AC (1995) Apigenin, a component 

of Matricaria recutita flowers, is a central benzodiazepine 
receptors-ligand with anxiolytic effects. Planta Medica, 61: 213-

216.  https://doi.org/10.1055/s-2006-958058. 

43. Al-Snafi AE (2016) Medical importance of Anthemis nobilis 
(Chamaemelum nobilis) - A review. Asian Journal of 

Pharmaceutical Science & Technology. 6(2): 89-95. 

https://www.researchgate.net/publication/313742660.  
44. Hernandez-Leon A, Gonzalez-Trujano ME, Fernandez-Guasti A 

(2017) The anxiolytic-like effect of rutin in rats involves GABAA 

receptors in the basolateral amygdala. Behavioural Pharmacology. 
28(4): 303-312. https://doi.org/10.1097/fbp.000290.           

45. Aguirre-Hernández E, Gonzalez-Trujano ME, Terrazas T, Santoyo 

JH, Fefer PG (2001) Anxiolytic and sedative-like effects of 

flavonoids from Tilia americana var. mexicana: GABAergic and 

serotonergic participation. Salud Mental. 39(1): 37-46.  doi: 
10.17711/SM.0185-3325.2015.066. 

46.  Bourin M (1991) Is it possible to predict the activity of a new 

antidepressant in animals with simple psychopharmacological 
tests. Fundamental Clinical Pharmacology. 4: 49-64.  doi: 

10.1111/j.1472-8206.1990.tb01016.x. 

47.  Steru L, Chermat R, Thierry B, and Simon P (1985) The tail 
suspension test: a new method for screening antidepressants in 

mice. Psychopharmacology (Berl.) 85:367–70.  

https://doi.org/10.1007/bf00428203. 
48.  Richelson E (1994) Pharmacology of antidepressants-

characteristic of the ideal drug. Mayo Clin Proceed. 69: 1069-81. 

https://doi.org/10.1016/s0025-6196(12)61375-5. 
49.  Guzmán-Gutiérrez SL, Bonilla-Jaime H, Gómez-Cansino R, 

Reyes-Chilpa R (2015) Linalool and β-pinene exert their 

antidepressant-like activity through the monoaminergic pathway. 
Life Sciences. 128:24-29. 

https://doi.org/10.1016/j.lfs.2015.02.021. 

50.  Machado DG, Bettio LEB, Cunha MP, Santos AR, Pizzolatti MG,   

Brighente IM, Rodrigues AL (2008) Antidepressant-like effect of 

rutin isolated from the ethanolic extract from Schinus molle L. in 

mice: Evidence for the involvement of the serotonergic and 
noradrenergic systems. European Journal of Pharmacology. 587: 

163-68.  https://doi.org/10.1016/j.ejphar.2008.03.021. 
51.  Singh V, Chauhan G, Shri R (2019) Antidepressant like effects of 

quercetin 4'-O-glucoside from Allium cepa via regulation of brain 

oxidative stress and monoamine levels in mice subjected to 
unpredictable chronic mild stress. Nutritional Neuroscience. 1:1-

10. https://doi.org/10.1080/1028415x.2019.1587247. 

52.  Donato F, de Gomes MG, Goes AT, Filho CB, Del Fabbro L, 
Antunes MS, et al. (2014) Hesperidin exerts antidepressantlike 

effects in acute and chronic treatments in mice: Possible role of 

larginine-NO-cGMP pathway and BDNF levels. Brain Research 
Bulletin. 104:19-26. 

https://doi.org/10.1016/j.brainresbull.2014.03.004. 

53.  Yi LT, Li JM, Li YC, Pan Y, Xu Q and Kong LD (2008) 

Antidepressant-like behavioral and neurochemical effects of the 

citrus-associated chemical apigenin. Life Sciences. 82(13-14): 

741-751.  doi:10.1016/j.lfs.2008.01.007. 
54.  Salehi B, Venditti A,  Sharifi-Rad M,  Kre D, Sharifi-Rad J, 

Durazzo A, Lucarini M, Santini A, Souto EB, Novellino E, 

Antolak H, Azzini E, Setzer WN, Martins N (2019) The 
therapeutic potential of apigenin. International Journal of 

Molecular Science. 20: 1305-1331.  https:// 

dx.doi.org/10.3390%2Fijms20061305. 
55.  Zhen XH, Quan YC, Jiang HY, Wen ZS, Qu YL, Guan LP (2015) 

Fucosterol, a sterol extracted from Sargassum fusiforme, shows 

antidepressant and anticonvulsant effects. European Journal of 
Pharmacology. 768: 131-138. 

https://doi.Org/10.1016/j.ejphar.2015.10.041 

56.  Zhao D, Zheng L, Qi L, Wang S, Guan L, Xia Y, et al. (2016) 
Structural features and potent antidepressant effects of total sterols 

and β-sitosterol extracted from Sargassum horneri. Marine Drugs. 

14:123.   https://dx.doi.org/10.3390%2Fmd14070123. 
57. Weissman A, Koe BK, Tenen SS (1966) Antiamphetamine effects 

following inhibition of tyrosine hydroxylase. Journal of 

pharmacology and experimental therapeutics. 151(3):339-352.   
https:// jpet.aspetjournals.org/content/151/3/339. 

58.  Maglione M, Miotto K, Iguchi M, Jungvig L, Morton SC, Shekelle 

PG (2005) Psychiatric effects of Ephedra use: An analysis of food 
and drug administration reports of adverse events. American 

Journal of Psychiatry. 162:1. 

https://doi.org/10.1176/appi.ajp.162.1.189. 
59.  Ballero M, Foddis C, Sanna C, Scartezzini P, Poli F, Petitto V, 

Serafini M, Stanzione A, Bianco  A, Serilli AM, Spina L, Longoni 

R, Kasture S (2010) Pharmacological activities on Ephedra 
nebrodensis Tineo', Natural Product Research. 24(12): 1115-1124. 

doi: 10 .10 80/14786410802680902. 

60.  Munhall AC, Johnson SW (2006) Dopamine-mediated actions of 
ephedrine in the rat Substantia nigra. Brain Research. 1069)1): 96-

103. doi: 10.1016/j.brainres.2005.11.044.  

file:///C:/Users/HP/Downloads/cute%20toxicity%20of%20a%20test
file:///C:/Users/HP/Downloads/%20of%20nitric%20oxide%20synthase,%20increa


www.medjpps.com Mediterr J Pharm Pharm Sci ISSN: 2789-1895 

 

 
Aburawi et al. Mediterr J Pharm Pharm Sci 1(1): 23-31, 2021   Page | 31 

 

 

61.  Ibragıc S, Sofıc E, Tahırovıc I, Uzunovıc A, Kresıc D, Kalcher K 
(2017) Utilisation of a simple and fast HPLC-UV method for 

separation and quantification of ephedrine alkaloids in herb of 

different ephedra species. Research and Reviews: Journal of 
Pharmacology and Toxicological Studies. 5(2): 7-10. e-

ISSN:2322-0139. 

62.  Kawatani T, Fujita S, Ohno T, Kuboki N, Hoshizaki K (1959) On 
the alkaloidal content of Ephedras cultivated at Kasukabe. Journal 

of the Pharmaceutical Society of Japan, 79(3): 392–393. 

https://doi.org/10.1248/yakushi1947.79.3_392. 
63.  O’dowd NA, Mccauley PG, Wilson G, Parnell JAN, Kavanaugh 

TAK, McConnell DJ (1998) X Ephedra species: in vitro culture, 

micropropagation and the production of ephedrine and other 
alkaloids. In: Bajaj Y. P. S. eds) Medicinal and aromatic plants X. 

Biotechnology in agriculture and forestry, vol 41. Springer, Berlin, 

Heidelberg, Germany. https://doi.org/10.1007/978-3-642-58833-
4_10. 

64.  Jäger AK, Saaby L (2011) Flavonoids and the CNS. Molecules. 

16(2):1471-1485. doi:10.3390/molecules16021471. 
65.  Harada M, Nishimura M (1981) Contribution of alkaloid fraction 

to presser and hyperglycemic effect of crude Ephedra extract in 

dogs. Journal of Pharmacobio-Dynamics. 4(9): 691-699. doi: 
10.1248/bpb1978.4.691. 

 


