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Abstract  

Background and Aim Previous studies have shown that the hydroalcoholic extract of Echinophora platyloba inhibits 

the acquisition of morphine dependence and the rewarding effects of the drug. Therefore, the purpose of the present 

study was to evaluate the impact of the plant's hydroethanolic extract on tolerance to morphine-induced hyperactivity. 

Materials and methods Male mice (24-28 g) were randomly assigned into groups of 8. To evaluate the effects of 

drugs on locomotor activity, mice received morphine (0.5, 5, 10, 20, 40 mg/kg, s.c.) and the plant extract (25,50, 75 

mg/kg, i.p.). Respective control groups received saline. In the next phase, the plant extract (25,50, 75 mg/kg) or saline 

was administered one hour before the dose of morphine (40 mg/kg), which induced hyperactivity. Finally, during the 

induction of tolerance to hyperactivity by morphine, four groups of mice received saline or plant extract (25,50, 75 

mg/kg) one hour before receiving morphine doses. 

Results Morphine, depending on its dose, had dual inhibitory or stimulatory effects on locomotor activity, but all 

doses of the plant extract inhibited the spontaneous locomotor activity of the animals. In addition, when the plant 

extract was administered before morphine (40 mg/kg), it completely abolished the morphine-induced hyperactivity. 

Lastly, administration of the plant extract before morphine, in days of tolerance induction, attenuated the development 

of tolerance to morphine hyperactivity in mice.  

Conclusion The hydroethanolic extract of E. platyloba may have preventive effects on the induction of morphine 

tolerance. Therefore, E. platyloba may have therapeutic potential in morphine addiction treatment. 
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Introduction  

Nowadays, opioid addiction is considered an 

important global health crisis. This epidemic has 

manifested itself with the increase in the number 

of people who abuse these substances and suffer 

from their dangerous consequences (1). This 

issue also imposes a heavy economic burden on 

society as a result of loss of health, decreased, 

productivity reduced quality of life, and even 

mortality in users (2). Furthermore, the increase 

in opioid addiction has intensified the need for 

healthcare interventions, including emergency 

overdose treatments and rehabilitation services, 

which are frequently insufficient (3). This 

situation underscores the urgent need for research 

focused on understanding the root causes of 
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opioid addiction and for creating effective 

medications for prevention, treatment, and harm 

reduction. Despite this, opioids are widely used 

in medicine, especially in pain management (4). 

One of the most important opioids in medicine is 

morphine. Today, despite the variety of available 

painkillers, morphine is still used as the gold 

standard in the treatment of different kinds of 

pain (5). People who receive morphine in the long 

term (either for therapeutic or recreational 

purposes) face the phenomenon of tolerance (6). 

Tolerance is considered a physiological response 

of the brain to counteract drug effects. It is an 

important aspect of addiction to addictive drugs.  

When tolerance occurs to the effect of morphine, 

the dose needs to be escalated to achieve the same 

effect as before. Tolerance may occur to most of 

morphine's different effects. Long-term 

administration of morphine can induce tolerance 

to morphine’s analgesic, respiratory depressant, 

rewarding, and locomotor-depressing or -

stimulating effects (6).  

Medicinal plants, as a rich source of 

phytochemicals, are increasingly recognized as 

valuable candidates for future medicines (7). 

Their potential in treating nervous system 

diseases is well-documented in 

ethnopharmacological studies (8), sparking 

interest in their use in treating opioid addiction. 

Previous research has explored the use of 

medicinal plants to prevent or treat different 

aspects of morphine addiction, such as tolerance 

and dependence (9), highlighting the intriguing 

potential of these natural remedies in morphine 

addiction treatment.  

Khosharizeh (Echinophora platyloba L.) is a 

medicinal plant native to Iran. It is a member of 

the Apiaceae (Umbelliferae) family (10). Local 

people use the Khosharizeh plant as a flavoring 

and preservative agent in food. Furthermore, in 

traditional medicine of Iran, it is believed that it 

has many applications in treating various diseases 

(10). Although the previous research on the 

phytochemicals in this plant seems to be limited, 

some studies have proven the existence of 

chemical compounds with therapeutic properties 

in this plant (11).  

Previous research has shown that the ethanolic 

extract of this plant may inhibit morphine 

dependence (12). Moreover, the plant extract can 

inhibit the acquisition of morphine’s rewarding 

effects (13). Thus, the purpose of the present 

study was to evaluate the possible effects of a 

hydro-ethanolic extract of the plant on tolerance 

to the locomotor-stimulating impact of morphine. 

Material and Methods  

Animal 

NMRI male mice (weight: 24-28 g) were 

purchased from the Pasteur Institute, Tehran, 

Iran, and used in the present research. The choice 

of male mice for this study was due to hormonal 

changes caused by the female reproductive cycle, 

which may affect the results of the experiment.  

Moreover, NMRI mice is a strain that is 

commonly used in behavioral tests, especially in 

the evaluation of drugs’ effects on locomotor 

activity (14, 15). The animals were kept and 

tested in the animal house at the University of 

Maragheh. Before the onset of experiments, a 

one-week acclimatization period was considered 

for all the animals. The mice were kept in 

polycarbonate maintenance boxes, and 

commercial rodent food and tap water were freely 

available except for the time of injections and 

testing. The conditions of keeping mice were 

standard: temperature (20-24), light-dark cycle 

(12 hours light/12 hours darkness), and humidity 

(40-60 %). At the beginning of the experiments, 

the animals were randomly divided into groups of 

eight. In each phase of the experiments, intact 

animals were used. Before the conduction of 

experiments, all experimental protocols on 

laboratory mice were approved by an academic 

ethics committee at Maragheh University (ethics 

code: IR.UM.1402.007). In line with these 

regulations, all the efforts of the researchers were 

to make the animals suffer as little as possible 
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during the experiments. To avoid any bias, the 

experimenter who conducted the tests on mice 

was blind to the experimental conditions. 

Furthermore, the device's capability for 

automatically measuring locomotor activity 

contributed significantly to reducing human 

mistakes. 

Drug 

Morphine sulfate ampoules (10 mg/cc) that were 

purchased from Daru Pakhsh Co. Tehran, Iran, 

were used as sources of preparation of different 

doses of morphine. The contents of the ampoules 

were diluted with normal saline to prepare 

different doses of morphine. The drug was 

administered subcutaneously to the mice. 

Preparation of the plant extract 

The plant material (E. platyloba) was collected 

from Maragheh, Iran, and authenticated by a 

plant taxonomist (at the University of Maragheh). 

Then, a voucher herbarium specimen (code: UM-

DB-001) was deposited. The ethanolic extract of 

the plant was prepared in the following steps: 

first, after drying the plant material in the shade, 

it was ground into a powder. Subsequently, 100 g 

of the powder was immersed in 100 cc of ethanol 

(80%) and  was shaken using a shaker incubator 

for 72h at room temperature. Then, the non-

dissolved materials were separated from the 

resultant solution using Whatman filter papers. In 

the next step, alcohol was separated from the 

solution using a rotary evaporator. Finally, the 

remaining watery solution was placed under a 

hood to obtain a dry material after evaporation of 

water.  The dried plant extract was kept in a 

refrigerator (12). 

Apparatus and activity measurement 

The present research used two identical custom-

made wooden devices with the same 

characteristics. In brief, each apparatus consists 

of a box (32cm×32cm on the floor and 50 cm 

high) and an electronic part. The inner walls and 

the floor  of the boxes were colored white and 

black, respectively. Three infrared transmitters or 

receivers were located on each of two opposite 

walls, three centimeters above the floor. In such a 

design, when the device was on, infrared lights 

divided the floor of the apparatus into 16 squares. 

The device’s monitor showed the number of mice 

beam-crossing as the number of locomotor 

activities. The duration of assessment of 

locomotor activity was 20 minutes for all mice, 

and before the onset of locomotion measurement, 

a one-minute adaptation period was considered. 

Locomotion was measured under dim light. After 

each test in the device, the ground arena and the 

inner walls were cleaned thoroughly with 70 % 

ethanol.  

Tolerance induction with morphine 

To induce tolerance to the locomotor-activating 

effects of morphine, we used the method of 

Sahraei et.al. with little modifications (16). In this 

procedure, the mice received seven doses of 

morphine (40 mg/kg) in four consecutive days as 

follows: two daily doses at 9 A.M. and 3 P.M. on 

the first three days and a single challenge dose at 

9 A.M. on the last day. For each morphine 

injection, the mice were transported from the 

colony room to the test room, and immediately 

after receiving the drug, they were returned to the 

colony room.  

Experimental design 

Effects of morphine on locomotor activity of 

mice 

Six groups of mice were randomly selected to 

obtain the dose-response effects of morphine on 

locomotor activity. One group, the control group, 

was injected with saline (10 ml/kg) and the other 

five groups received morphine (0.5, 5, 10, 20, 40 

mg/kg, s.c.). The animals' locomotor activity was 

measured for 20 minutes immediately after the 

injections. 

Effects of hydro-alcoholic extract of E. 

platyloab on mice locomotor activity 
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To do this, four groups of mice received saline 

(10 ml/kg) or the plant extract (25,50, and 75 

mg/kg, i.p.), and the locomotor activity of the 

mice was measured for 20 minutes.  

Effects of hydro-alcoholic extract of E. 

platyloab on hyperactivity induced by an 

effective dose of morphine 

Four groups of mice one hour before receiving 

the effective dose of morphine (40 mg/kg, s.c.) 

received saline or the plant extract (25,50, and 75 

mg/kg, i.p.). One hour later, the animals' 

locomotor activity was measured. 

Effects of hydro-alcoholic extract of E. 

platyloab on tolerance to hyperactivity induced 

by an effective dose of morphine 

To do this, four groups of mice one hour before 

receiving the first six tolerance-inducing doses of 

morphine (40 mg/kg) received saline or the plant 

extract (25,50, and 75 mg/kg, i.p.). On the 

following day, the animals received only 

morphine (40 mg/kg, s.c.). 

Statistical analysis 

Statistical analysis was performed using SPSS 

software (16th edition). Data from the 

experimental and control groups were analyzed 

using one-way ANOVA to find any significant 

difference between the groups. When significant 

differences between groups were observed, a 

post-hoc Tukey HSD (Honest Significant 

Difference) test was conducted. After analysis, 

values were presented in mean ±SEM (standard 

error of the mean). The P value less than 0.05 was 

considered a significant difference. 

Results 

Effects of morphine on mice locomotor activity 

Administration of saline and morphine (0.5-40 

mg/kg, s.c.) had a significant effect on mice 

locomotor activity [F (5, 42) = 16.63, η² = 0.66, p 

< 0.001]. Eta-squared (η²) of 0.66 indicates that 

66% of the variance in locomotor activity can be 

explained by morphine administration. Further 

analysis (Tukey post hoc test) showed a dual 

effect of morphine on the locomotor activity of 

mice Low Dose (5 mg/kg, s.c.): Compared to 

saline-treated animals, mice that received 5 

mg/kg morphine exhibited a significant decrease 

in locomotor activity (Mean ± SEM: Saline: 592 

± 56 counts/min, 95% CI: 482-701; Morphine 5 

mg/kg: 242 ± 47 counts/min, 95% CI: 150-334, p 

< 0.01). High Dose (40 mg/kg, s.c.): Mice that 

received 40 mg/kg morphine showed a significant 

increase in locomotor activity compared to 

saline-treated animals (Mean ± SEM: Saline: 592 

± 56 counts/min, 95% CI: 701-482; Morphine 40 

mg/kg: 975 ± 95 counts/min, 95% CI: 89-1161, p 

< 0.01. Morphine (40 mg/kg, s.c.) was selected as 

an effective dose for the induction of 

hyperactivity in the next experiments. 

 
Fig.1 Effects of morphine on the 

locomotor activity of mice: saline 

(control) and different doses of 

morphine (0.5, 5, 10, 20, and 40 

mg/kg, s.c.) were injected into mice. 

Immediately after the injection, the 

locomotor activity of the animals was 

measured for 20 minutes. Tukey post 

hoc test showed that morphine, 

compared to saline, decreased 

locomotor activity at a dose of 5 

mg/kg and increased this behavior at 

40 mg/kg. ** indicates P<0.01. 

 

 

0

200

400

600

800

1000

1200

Saline 0.5 5 10 20 40

Lo
co

m
o

to
r 

ac
ti

vi
ty

 (
n

u
m

b
er

s)

Morphine (mg/kg)

**

**



 Amir Abbas Barzegari et al 

 
26 Herbal Medicines Journal. 2025, 10(2) 

 

Effects of E. platyloba extract on mice 

locomotor activity 

Administration of saline and the plant extract 

(25,50, 75 mg/kg, i.p.) one hour before the test 

induced a significant effect on the locomotor 

activity of the animals [F (3, 28) = 4.5, η² = 0.32, 

p < 0.05]. Eta-squared (η²) of 0.32 indicates that 

32% of the variance in locomotor activity can be 

explained by the plant extract treatment. Tukey 

post hoc test showed that all three doses of the 

plant extract significantly reduced locomotor 

activity compared to saline (Figure 2) . 

Plant extract 25  mg/kg: Mean ± SEM: Saline: 543 

± 51 counts/min, 95% CI: 443-642; Extract: 287 

± 75 counts/min, 95% CI: 140-434, p < 0.05.  

Plant extract 50  mg/kg: Mean ± SEM: Saline: 543 

± 51 counts/min, 95% CI: 443-642; Extract: 290 

± 52 counts/min, 95% CI: 188-391, p < 0.05 . 

Plant extract 75 mg/kg: Mean ± SEM: Saline: 543 

± 51 counts/min, 95% CI: 443-642; Extract: 258 

± 68 counts/min, 95% CI: 125-391, p < 0.05. 

 
Fig.2 Effects of E. platyloba 

extract on locomotor activity of 

mice: saline (control) and 

different doses of the plant 

extract (25, 50, and 75 mg/kg, 

i.p.) were injected into mice. 

One hour after the injections, the 

locomotor activity of the 

animals was measured for 20 

minutes. Tukey post hoc test 

showed that all doses of the 

plant extract, compared to 

saline, decreased the locomotor 

activity significantly. * Shows P 

< 0.05. 

 

 

Effects of acute injection of E. platyloba extract 

on morphine-induced hyperactivity 

Treatment of the animals with saline and the plant 

extract (25,50, 75 mg/kg, i.p.) one hour before 

receiving the high dose of morphine (40 mg/kg, 

s.c.) had a significant impact on mice locomotor 

activity [F (3, 28) = 17.46, η² = 0.65, p < 0.001]. 

Eta-squared (η²) of 0.65 indicates that 65% of the 

variance in locomotor activity can be explained 

by the plant extract treatment. Tukey post hoc 

analysis showed that all doses of the plant extract 

decreased the mice's locomotor activity 

significantly compared to saline (Figure 3) . 

Plant extract 25  mg/kg: Mean ± SEM: Saline: 874 

± 43 counts/min, 95% CI: 789-958; Extract: 375± 

45 counts/min, 95% CI: 287-463, p < 0. 01 . 

Plant extract 50  mg/kg: Mean ± SEM: Saline: 874 

± 43 counts/min, 95% CI: 789-958; Extract: 455 

± 68 counts/min, 95% CI: 322-588, p < 0. 01 . 

Plant extract 75 mg/kg: Mean ± SEM: Saline: 874 

± 43 counts/min, 95% CI: 789-958; Extract: 492 

± 53 counts/min, 95% CI: 388-596, p < 0. 01. 
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Fig.3 Effects of E. platyloba 

extract on morphine-induced 

hyperlocomotion in mice: saline 

(control) and different doses of the 

plant extract (25, 50, and 75 

mg/kg, i.p.) were injected one hour 

before morphine dose (40 mg/kg, 

s.c.) that could induce 

hyperactivity. Tukey post hoc test 

showed that compared to the 

saline, all doses of the plant extract 

attenuated the morphine-induced 

hyperactivity significantly. ** 

shows P less than 0.01. 

 

 

Effects of E. platyloba extract on the 

development of morphine tolerance to its 

locomotor-activating effects 

Treatment of the mice with saline and the plant 

extract (25,50, 75 mg/kg, i.p.)  one hour before 

injection of tolerance-inducing doses of 

morphine (40 mg/kg, s.c.) had a significant 

impact on mice locomotor activity on test day [F 

(4, 35) = 6.05, η² = 0.40, p < 0.01]. Eta-squared 

(η²) of 0.40 indicates that 40 % of the variance in 

locomotor activity can be explained by the plant 

extract treatment. Further analysis revealed that 

only the plant extract at doses of (25 and 50 

mg/kg, s.c.) could significantly inhibit the 

induction of tolerance in the animals (Figure 4) . 

Plant extract 25  mg/kg: Mean ± SEM: Saline: 437 

± 60 counts/min, 95% CI: 319-554; Extract: 843 

± 85 counts/min, 95% CI: 676-1009, p < 0.05 . 

Plant extract 50  mg/kg: Mean ± SEM: Saline: 437 

± 60 counts/min, 95% CI: 319-554; Extract: 936 

± 133 counts/min, 95% CI: 675-1196, p < 0.01 . 

Plant extract 75 mg/kg: Mean ± SEM: Saline: 437 

± 60 counts/min, 95% CI: 319-554; Extract: 631 

± 73 counts/min, 95% CI: 488-773, p > 0.05.  

Fig.4 Effects of the extract of E. platyloba on the 

development of tolerance to the locomotor-activating 

effects of morphine: Saline and different doses of the 

plant extract (25-75 mg/kg) were injected into four 

groups of mice one hour before the first six injections 

of morphine (40 mg/kg, s. c.), during tolerance 

induction. One other group (positive control) received 

only an acute hyperactivity-inducing dose of morphine 

(40 mg/kg, s.c.) on test day. HSD post hoc test showed 

that compared to the animals in the positive control 

group, the animals that received saline before the 

tolerance-inducing doses of morphine showed a 

significant decrease in locomotion. Also, the 

administration of the plant extract (25 and 50 mg/kg, 

s.c.) inhibited the induction of tolerance significantly. 
&& Indicates P less than 0.01 compared to the positive 

control group. *  and ** shows P less than 0.05 and 

0.01 compared to saline group in morphine-tolerant 

mice, respectively. 
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Discussion 

The Present study investigated the effects of 

chronic administration of E. platyloba extract on 

morphine-induced hyperactivity and on tolerance 

to the morphine-induced locomotor stimulation. 

The results showed that hydroethanolic extract of 

E. platyloba significantly inhibited the 

hyperactivity and the acquisition of morphine 

tolerance in male mice.  

The first part of the present research showed that 

morphine had inhibitory or stimulatory effects on 

locomotor activity depending on dose. In 

agreement with these results, previous studies 

have also shown the dual effects of morphine on 

locomotor activity in laboratory animals (17, 18). 

It seems that the effects of opioids on locomotor 

activity depend on the opioidergic, dopaminergic, 

and GABAergic systems of the brain (19-21).  

In the next phase of the present study, it was 

shown that the extract of E. platyloba per se may 

have inhibitory effects on spontaneous locomotor 

activity of the animals. The results of this 

research were in line with the results obtained in 

our previous study with morphine-induced 

conditioned place preference (CPP) paradigm. 

The results of the CPP test showed that the 

administration of the plant extract significantly 

reduced the locomotor activity of mice. However, 

it should be noted that in the CPP experiment, the 

mice received morphine (15 mg/kg), for three 

consecutive days before the test (13). The plant 

extract contains phytochemicals that may explain 

the observed effects on locomotor activity.  It is 

rich in GABAergic agents that positively 

modulate the brain’s GABAergic system. Ursolic 

acid, saponin, stigmasterol, and quercetin may 

have positive modulatory effects on the 

GABAergic system by different mechanisms 

(22). Previous research has shown that increased 

GABA activity in the brain may decrease the 

ambulatory activity in laboratory animals (23, 

24). In another study on Wistar rats, it was shown 

that administration of g-acetylenic GABA (a 

GABA transaminase inhibitor) or baclofen (a 

GABAB receptor agonist) may decrease 

locomotor activity (25). On the contrary, 

inhibition of GABAB receptors by different 

antagonists may lead to stimulation of locomotor 

activity in mice (26). In line with our results, 

other plant extracts have been shown to decrease 

locomotor activity in mice, potentially through 

GABA-mediated mechanisms. Dicranopteris 

linearis different leaf extracts suppressed CNS 

activity and reduced locomotor activities, 

mimicking GABA agonist effects (27). In another 

study, Biota orientalis leaf extract containing 

isopimaric and sandaracopimaric acids 

modulated GABA(A) receptors and decreased 

locomotor activity in mice (28). Likewise, the 

leaf extract of Crataeva nurvala Buch-Ham may 

influence locomotor activity and anxiety-related 

behaviors, potentially via the GABAergic system 

(29). These studies suggest that various plant 

extracts can decrease locomotor activity in mice, 

often through GABA-related pathways. 

The results of our experiments also showed that 

injection of the plant extract one hour before a 

high dose of morphine (40 mg/kg) inhibited 

morphine-induced hyperactivity. The inhibitory 

effects may also be the result of the activation of 

the brain’s GABAergic system by the plant 

extract. As mentioned in the previous paragraph, 

the plant extract has some phytochemicals that 

can increase GABAergic tone or act as ligands 

that activate GABA receptors (22). On the other 

hand, previous studies have shown that 

GABAergic agents have preventive effects on 

stimulant effects of morphine and other addictive 

drugs on locomotor activity. In a study by Cott 

et.al. administration of GABA-like drugs could 

inhibit the stimulation of locomotor activity by 

ethanol in mice (30). In addition, injection of 

baclofen and positive allosteric modulators of 

GABAB receptors (CGP7930, and GS39783) 

could reduce locomotor stimulation by nicotine 

(31). A similar study showed that administration 

of various GABAergic agents prior to 

amphetamine prevented the locomotor-activating 
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effects of amphetamine in a dose-dependent 

manner (32). Likewise, it has been shown that 

both intraperitoneal and intracerebroventricular 

administration of muscimol, a positive 

GABAergic agent, can decrease morphine-

induced hyperactivity in laboratory animals (21, 

33). Moreover, gamma-butyrolactone, which 

enhances the activity of GABA in brain, and 

aminooxyacetic acid (a GABA transaminase 

inhibitor that prevent GABA degradation) when 

administered before morphine, could 

significantly inhibit morphine induced 

hyperactivity in NMRI mice (32). As a result, the 

same mechanisms may be involved in the effects 

of the plant extract on morphine-induced 

hyperactivity. The presence of multiple agents in 

the plant extract with GABAergic activity (11) 

may explain the potent effect of the plant extract 

in inhibiting morphine’s stimulatory effect on 

locomotor activity. Lastly, the results showed that 

the administration of a high dose of morphine (40 

mg/kg, s.c.) with the method used in this study 

(16) could induce a significant tolerance to 

morphine-induced hyperlocomotion. Our data 

confirm the ability of this method to induce 

tolerance. Induction of tolerance to locomotor-

stimulating effects of morphine (40 mg/kg, s.c.) 

was confirmed by the reduction of locomotor 

activity in the group that received saline before 

tolerance-inducing doses of morphine. Moreover, 

it was demonstrated that administration of the 

plant extract  (25 and 50 mg/kg) in the days of 

induction of tolerance before morphine could 

inhibit the development of morphine tolerance to 

its locomotor-enhancing effects. Because the last 

dose of the plant extract was administered at least 

16 hours before the test, it rules out the role of 

acute effects of the extract on the obtained data. 

Moreover, it should be noted that while acute 

administration of the plant extract decreased 

locomotor activity, its chronic administration 

increased it. Despite many studies that have been 

conducted on tolerance, the exact mechanism of 

this complex phenomenon has yet to be 

determined.  Previous research has shown that 

many neurotransmitter systems of the brain, 

including opioids, serotonin, norepinephrine, 

dopamine, acetylcholine, GABA, adenosine, 

glutamate, and nitric oxide systems, are involved 

in tolerance induction (6). Modulation of the 

neurotransmitter systems may have therapeutic 

potential to treat tolerance. On the other hand, 

many phytochemicals can modulate different 

brain neurotransmitter systems. Consequently, 

medicinal plants or their active ingredients may 

have therapeutic potential in the treatment of 

various aspects of addiction, such as tolerance. In 

line with this hypothesis, earlier studies have 

shown that medicinal plants or their active 

components can affect the acquisition or 

expression of tolerance to different effects of 

morphine (34-36). (37) The exact mechanism by 

which the plant extract inhibits tolerance to the 

locomotor effects of morphine is unknown. 

However, one may ascribe some role to the 

modulation of neurotransmitter systems by its 

active ingredients in this process. Quercetin, the 

flavonoid present in the plant extract, may inhibit 

the development of tolerance to the analgesic 

effects of morphine through the inhibition of 

nitric oxide synthase (NOS) activity (37). The 

plant extract also contains alkaloids. Previous 

research has shown that alkaloids may attenuate 

the development of morphine analgesic tolerance 

(38, 39). Thus, alkaloids may be involved in the 

inhibitory effects of the plant extract on tolerance. 

However, it is important to mention that there are 

different kinds of alkaloids, and so far, the type of 

alkaloids in the plant extract has yet to be 

identified. Besides, modulation of the glutamate 

system of the brain by the plant phytochemicals 

may be involved in tolerance inhibition. Previous 

research has shown that ursolic acid may inhibit 

glutamate release in synapses (40), and inhibition 

of glutamatergic activity may inhibit morphine 

tolerance (41, 42). This may be another 

mechanism by which the secondary metabolites 

of E. platyloba inhibit morphine tolerance. 
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Recent data also indicate that between-system 

mechanisms are involved in the process of 

morphine tolerance induction. In this respect, the 

new mechanism including the role of 

microRNAs, oxidative stress, change in flora of 

intestinal microbiota, and inflammation may play 

a role in tolerance (43-46). Previous research 

indicates that chronic morphine administration 

induces the production of free radicals and 

inhibits the antioxidant system of the brain (47). 

On the contrary, some studies have shown the 

antioxidant effects of the plant extract (48) or its 

metabolites (49). As a result, it is possible to 

consider the role of the antioxidant property of 

the plant in preventing tolerance to morphine.  

The plant also has secondary metabolites with 

anti-inflammatory effects, including, alkaloids, 

echinophorines, quercetin, and Ursolic acid (11, 

50, 51). Knowing that inflammation plays an 

important role in inducing tolerance, one may 

confirm the importance of these anti-

inflammatory substances in plant extracts in 

preventing tolerance to morphine. In line with 

this hypothesis, new research indicates that 

medicinal plants or their phytochemicals may 

inhibit morphine tolerance through the inhibition 

of oxidative stress and/or inflammation by 

various mechanisms (52-54). 

Finally, because of the various secondary 

metabolites present in the plant extract, in this 

study, it is impossible to determine the role of 

each of these compounds in the observed effects. 

The reason is that each effect may be the sum of 

synergistic, agonistic, and antagonistic effects of 

different phytochemicals. Therefore, identifying 

specific phytochemicals responsible for the 

effects of plant extract in this experiment or 

investigating the mechanisms in more detail is 

advised for further research.  Furthermore, the 

phytochemical composition of plant extracts can 

vary due to multiple factors, such as geographic 

location, harvest time, and processing methods. 

This variability can influence the reproducibility 

of biological effects and the generalizability of 

the findings to other batches of the extract or 

other plant sources. In our study, we acknowledge 

that we did not standardize the extract, and future 

research will address this limitation by 

quantifying active compounds and evaluating 

these variabilities to ensure consistency in the 

effects observed. 

The last point is that despite the previous research 

identifying the plant metabolites, due to the 

native nature of this plant, some of the 

compounds of this plant are probably still 

unknown (11). Consequently, to achieve a more 

comprehensive understanding of the results 

obtained, it is advisable to await further research 

on phytochemical identification within the plant.  

Conclusion  

to sum up, the plant's hydroethanolic extract may 

inhibit morphine's locomotor tolerance, possibly 

through different mechanisms. These data along 

with previous research, show the therapeutic 

potential of this plant in treating different 

dimensions of morphine addiction. Therefore, we 

suggest that future research investigate the effects 

of the plant (extract or essential oil) on other 

aspects involved in morphine addiction. In 

addition, due to the common mechanisms that 

exist in addiction to different substances, the 

plant may also have therapeutic potential in 

treating addiction to other addictive substances. 
However, the applicability of these results to 

humans remains uncertain and requires further 

investigation through rigorous preclinical studies, 

compound standardization, and multicentric 

clinical trials. We urge caution in extrapolating 

these findings beyond the preclinical context at 

this stage. 
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