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Abstract  

Introduction: Agonists of the Mu-opioid receptors (MOR), such as morphine are lengthily 

used for the treatment of moderate to pain, depression and anxiety. But the dose involved 

achieving adequate pain relief often elicits multiple unwanted side effects, including addiction 

and tolerance. Opioids produce their actions at a cellular level by activating MOR. These 

receptors are distributed throughout the central nervous system (CNS). The target of this study 

was the effect of Smyrnium cordifolium extract (SCE) on the hippocampus Cornu Ammonis 1 

(CA1) aria MOR compared to clonidine. 

Materials and methods: Extract of the aerial parts S.cordifolium was extracted by Soxhlet 

method. Addiction was created using the subcutaneous injections of morphine for 7 days. To 

evaluate the effects of SCE, the mice were divided up 5 groups. The first group (Control) 

received just morphine. The 2th group received morphine and Clonidine (0.2mg/kg). Groups 

3, 4 and 5 were treated morphine and SCE (E1, E2 and E3). In all groups, on the seventh day 

30 min after naloxone injection, their brains were perfusion with formaldehyde and removed 

for immunohistochemical investigation.  

Results: The present immunohistochemical of the CA1 hippocampus study showed that group 

E1, there is a significant difference in MOR optical density compared to the control group at 

the level (P<0.05) and relative to the CLO group at the level (P<0.001). However, in groups 

E2, and E3 the MOR optical density increased compared to the control group and had a 

significant difference in level (P<0.001) and did not have a significant difference compared to 

the CLO group. 

Conclusion: The study showed that with increasing S.cordifolium extract concentration, the 

optical density of MOR in the hippocampus increased, and this increase was dose-dependent. 

This increase in the CA1 hippocampus MOR optical density may be due to endocytosis or 

desensitization of MOR in neurons. 
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Introduction 

Drug addiction in the world has become a 

socially unpleasant occurrence, causing 

economic problems, infectious diseases and 

mental disorders. Therefore, one of the 

goals of researchers is to find solutions for 

reducing drug dependence and addiction. 

Opioids are widely used as one of the best 

medications to relieve severe acute and 

chronic pain. But the major problem with 

long-term opioid use is the issue of 
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tolerance and dependence. The severe 

dependence on these drugs physically and 

mentally makes treatment difficult and 

makes addiction more difficult (1).  

According to certain findings of the 

mechanisms involved in opioid tolerance 

and addiction, neurotransmitter systems 

such as nitric oxide (2), glutamate (3) 

dopamine (4), and receptors of stimulatory 

amino acids, especially the receptor 

(NMDA), are important. The function of 

glutamate receptors (NMDA) has been 

proved in the opioid synaptic shaping 

process (5). Research has exposed that 

morphine exhibits an analgesic effect by 

binding to the μ opioid receptor (6). The 

major opioid receptors in the eukaryotic 

cell are called Mu (μ), kappa (k), Delta (δ), 

Sigma (σ) and Epsilon (ε) )7(. Some opioid 

receptors may be subdivided into 

subcategories, for instance, the Mu opioid 

receptor has four subtypes (μ1, μ2, μ3, μ4). 

Modern opioid analgesics generally operate 

their therapeutic effect through three classic 

opioid receptors: Mu-opioid receptor 

(MOR), kappa opioid receptor (KOR), and 

delta opioid receptor (DOR). These 

receptors belong to the G-protein coupled 

receptor (GPCR) superfamily (8). There are 

three types of endogenous opioid peptides, 

known as endorphin, dynorphin, and 

enkephalin which correspond to the 

aforesaid receptors, respectively. All three 

peptides are mighty of binding to each of 

the receptors with different affinities (9). 

Endorphin predominantly binds to MOR 

and DOR, enkephalin to DOR, and 

dynorphin to KOR. Stimulation of opioid 

receptors by endogenous or exogenous 

agonist in neurons is associated with the 

modulation of adenylyl cyclase activity 

(10), the opening of potassium channels 

(11), the inhibition of calcium channels 

(12), and the activation of mitogen-

activated protein kinases (MAPKs) (13). 

Although MOR agonists are exclusively 

operative as wide-range pain relievers, it 

has been very difficult to achieve a perfect 

separation of analgesia from many 

problematic side effects. The opioid system 

is critical for inhibitory modulation of pain 

transmission. Opioid analgesics (for 

example morphine), which mostly aim Mu-

opioid receptors, remain the most powerful 

analgesics available for pain relief. 

However, their chronic use may lead to the 

development of anti-nociceptive tolerance. 

Blockade of δ-opioid receptors results in 

enhanced morphine analgesia and reduced 

tolerance (14), suggesting interaction 

between DORs and MORs in the pain 

pathway. The Mu and Kappa opioid 

receptor are commonly associated with the 

control of sensation and stimulation (15). 

Human studies indicated that mu receptor 

motivation produced dysphoric result and a 

certain grade of anxiety (16). The evidence 

in rodents showed that mu opioid receptors 

activation produced anxiety and depression 

effects (17). The primary cause of death 

from opioid overdose is respiratory 

depression. The mu-opioid receptor is 

responsible for both the analgesic and 

respiratory depressant effects caused by 

morphine (18). Medicinal herbs have been 

used to treat all periods of human life. In 

traditional medicine Iran, S.cordifolium is 

used to treat anxiety, pain, insomnia and 

withdrawal syndrome (19). A number of 

medicinal properties namely, diuretic, 

restorative and counteracting renal 

calculus, have been described from all parts 

of the plant. Additionally, the fleshy stems 

of the plant are used as vegetables (20). The 

genus Smyrnium belongs to Umbelliferae 

family is represented in the flora of Iran by 

only Smyrnium cordifolium Boiss species 

(Avendol), which is a biennial herb and 

widely distributed in the Zagrose 

Mountains at an altitude of 1400-2000m in 

the west and northwest of Iran. This plant 

has many nutritional and medicinal benefits 

(21). 

There are some reports on the analysis of 

S.cordifolium extract containing 

curzerenone (19). So that, in a study of 

S.cordifolium of essential oil, identification 

constituents was made by GC/MS. This oil 

was characterized by a high content of 

sesquiterpenes, mostly oxygenated 
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sesquiterpenes with curzerene (16.9%) and 

curzerenone(33.8%) as major constituents 

(20). 

Since no studies have been performed on 

the effects of S.cordifolium aerial parts 

extract on the central nervous system, 

especially opioid receptors. Therefore, the 

aim of this study was to investigate the 

effects of S.cordifolium extract on the Mu-

opioid receptors of mice compared to 

clonidine. 

Methods and Materials 

Extraction method 

The aerial parts (flower, leaf, and stem) of 

S.cordifolium used for the present study 

were collected during the flowering stage 

between February and March, 2017 from of 

the Ghalajah Mountains of Ilam province in 

West of Iran. A voucher sample of the 

collection was recognized by Dr. Attar F. 

(Tehran University, Biology, Iran) and was 

deposited at the department of Biology, 

Ilam Azad University, Iran. The aerial parts 

of plant were dried in shade for a week and 

exposed to air flow at room temperature, 

then powdered with electric mill. The 

powder plant extract was prepared by 

Soxhlet extraction method. Each 15g of 

powder was crushed into a thimble paper 

and extracted with 250ml of 70% ethanol. 

The process of extraction continues for 

until the solvent in the siphon tube of an 

extractor become colorless (about 48 

hours). In order to evaporate excessive 

solvent, the sample was then concentrated 

in a rotary vacuum distiller under negative 

pressure at 50 °C. The extract was 

incubated at 30-40 °C until the solvent was 

completely isolated from the extract and 

powdered. The powder was preserved in 

sterile bottles at -20°C during experiments 

(22). 

Experiment was performed on forty adult 

male mice (25-30g) obtained from the 

Pasteur Institute (Tehran, Iran). After a 

week of adaptation to the lab environment, 

the animals were divided into five groups, 

each group consisting of eight numbers. 

The animals were individually housed in 

eight per cages with a 12/12 hours 

light/dark cycle and were allowed free 

access to food and water. Experiments were 

carried out according to a protocol 

approved by the Animal Care Committee at 

Medicine Ilam University and in 

accordance with policies and guidelines of 

the Medicine Ilam University Council on 

Animal Care. 

Morphine and Naloxone ampoules and 

Clonidine hydrochloride tablets were 

obtained from Tolid Daru Co, Tehran-Iran. 

Development of addiction to morphine in 

mice 

 The mice were injected subcutaneously 

with morphine twice daily for 7 days. The 

dose of morphine on days 1 & 2 were 2.5 

mg/kg; this dose was doubled every day 

after that to reach on day 6 a total dose of 

40 mg/kg. On day seven, the mice received 

the last injection of morphine, 50 mg/kg. 

Previous studies have shown that this 

method can addict well. 

Effect of co-administration of SCE and 

morphine 

First group Control: this group of mice 

received just morphine. The second group 

clonidine hydrochloride (CLO, 0.2 mg/kg 

i.p.) was administered concurrently with 

morphine, twice daily for 7 days. The third 

group (E100), Fourth (E200) and fifth 

(E300), were treated with different dose's 

SCE (100, 200, 300mg/kg, Gavage orally) 

respectively and morphine (23).   

Immunohistochemistry (IHC) protocol 

Animals were anesthetized with 

xylene/ketamine (0.2/0.1 ml i.p.), and 

perfused through the aortic arch with 10 ml 

0.9% warm saline, followed by 10 ml 4% 

paraformaldehyde in 0.1M phosphate 

buffer (PB, pH 7.4) in 20-30 minutes. The 

brain was removed and post-fixed for 2 

hours at 4°C in 4% paraformaldehyde in 

0.1M PB in 24h. The tissue brain was then 

transferred to 10% paraformaldehyde in 
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0.1M PB in 24h. They have been 

dehydrated by graded ethanol series of 30, 

50, 70, 90 and 100%. Tissue brain were 

clearing with xylene and embedding in 

warm paraffin. Then a microtome was used 

to collect serial coronal thickness of 7μm 

sections through hippocampus. Sections 

were mounted on gelatine coated slides. All 

sections were cut 1 day before 

immunostaining and were attached to the 

slide by heating in a 60°C oven for 1 hour. 

All slides were deparaffinised in xylene 

(three changes of xylene, 2 minutes each), 

hydrated in graded alcohols (absolute, 

95%,and 70% ethanol for 2 minutes each), 

and placed in Tris buffered saline (TBS; 

0.05 mol/L Tris base, 0.15 mol/L NaCl, 

Triton X-100 4 drops/L, pH 7.6) before 

antigen recovery and immunostaining. 

Antigen retrieval was performed with 

0.05% trypsin in calcium chloride pH 7.8 at 

37´C for 30 minutes. All 

immunohistochemical staining procedures 

were performed in dark and humidified 

chamber to avoid tissue drying out. Then 

wash in TBS and proceed with staining 

(24). 

The slides were incubated in primary 

antibody (Anti-Mu Opioid Receptor 

antibody [UMB3] ab134054; Abcam) 

1:200 Tris/EDTA  for 24h at 4C. 

Appropriate Goat Anti-Rabbit IgG H&L 

(Alexa Fluor® 488) ab150077 conjugated 

secondary antibody raised in Goats was 

used at 1:100 Tris/EDTA  dilutions 

(Abcam) for 30 minutes at 4C.  Wash slides 

in PBS three times for 5 min. Incubated 

slides in 1 μg/mL DAPI (DNA stain) for 1 

min then rinsed with PBS. The sections 

were then treated with graded alcohols, and 

xylene, placed on coverslips with Entellan 

cytology. Slides were stored in the dark at -

4°C until imaged.  Specimens were imaged 

with a fluorescence microscope (CX41, 

Olympus Germany) and software Image J. 

Statistical analysis 

SPSS 19 and Excel 2015 were used for 

statistical analysis. The optical density of 

MOR was quantified using ImageJ 

software. Statistical analysis was 

performed to compare optical density data, 

using one-way analysis of variance 

(ANOVA) and the T-test as post hoc 

analysis for the different groups . The level 

of significant was set at P<0.01.  

Results 

Figure 1 shows representative 

immunohistochemical of SCE treated mice 

used to analyses Mu-opioid receptor 

(MOR) optical density in this study. This 

figure is part of the brain of morphine-

receiving mice in the control and clonidine 

groups, which were stained with Mu 

antibody and then photographed with a 

fluorescence microscope. Due to the fact 

that in the CA1 region, the optical density 

of MOR was observed with greater clarity 

and number, therefore, this area was 

selected to examine the density of the 

MOR.  

Figure 2 shows the immunohistochemical 

results of Mu opioid receptor in the CA1 

region of the mice brain affected by the 

primary Anti-Mu EPR18881 antigen and 

the secondary antibody Alexa Fluor® 488 

in groups E1, E2 and E3, which were 

analyzed by Image J software.  
Also, statistical analysis of figure 3 shows 

that means in group E1 (receiver of 

S.cordifolium extract with a concentration 

of 100 mg/kg, images G, H, I), there is a 

significant difference in optical density 

compared to the control group at the level 

(P<0.05) and relative to the CLO group (the 

simultaneous recipient of morphine and 

clonidine with a concentration of 0.2mg/kg 

in images D, E, F) at the level (P<0.001). 

However, in groups E2 (receiver of 

S.cordifolium extract with a concentration 

of 200 mg/kg, images J, K, L), and E3 

(receiver of S.cordifolium extract with a 

concentration of 300 mg/kg, images M, N, 

O), the optical density increased compared 

to the control group and had a significant 

difference in level (P<0.01 and P<0.001, 

respectively) and did not have a significant 

difference compared to the CLO group.
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Figure 1. Immunohistochemistry of the mouse brain hippocampus in the control and clonidine groups: The 

recipient of Mu has been under the primary influence of Anti-Mu EPR18881 and secondary antibody Alexa 
Fluor® 488. Magnification of 200X fluorescence microscope, Scale: 75μm, n = 8 per group 

A: Image of the CA1 area of the hippocampus in the control group, painted with DAPI and antibody Mu, and 

photographed with a blue filter to view the nuclei. B: Picture of the CA1 hippocampal area of the control group, 

painted with Mu antibodies and filmed with a red filter to see Mu receivers. C: Image of CA1 area of merged 

hippocampus A, B with ImageJ software in the control group. D: Image of CA1 hippocampal region in clonidine 

group stained with DAPI and antibody Mu and photographed with blue filter to view nuclei. E: CA1 hippocampal 

group CA1 image stained with Mu antibody and filtered with red filter to track Mu receptors. F: Image of CA1 

area of merged hippocampus D, E with ImageJ software in clonidine group 

 

 

 
Figure 2 . Immunohistochemistry of the mouse brain hippocampus in E1, E2 and E3 groups: The Mu opioid 

receptor is affected by primary antibody Mu EPR18881 and secondary antibody Alexa Fluor® 488. Magnification 
of 200X fluorescence microscope, Scale bar: 75μm, n = 8 per group. G: Picture of the CA1 area of the 

hippocampus in E1 group stained with DAPI and Mu antibody than photographed with a blue filter to view the 

nuclei. H: Image of CA1 hippocampal region E1 group stained with Mu antibody and filmed with red filter to 

track Mu receptors. I: Image of CA1 area of merged H, G hippocampus with ImageJ software in E1 group. 

J: Picture of the CA1 area of the hippocampus in the E2 group stained with DAPI and Mu antibody, then 

photographed with a blue filter to view the nuclei. K: Image of CA1 hippocampal area E2 group stained with Mu 

antibodies and photographed with red filter to track Mu receptors. L: Image of CA1 area of merged hippocampus 

K, J with ImageJ software in E2 group. M: Image of the CA1 area of the hippocampus in the E3 group, stained 

with DAPI and Mu antibody, then photographed with a blue filter to view the nuclei. N: Image of CA1 

hippocampal area E3 group stained with Mu antibody and filmed with red filter to track Mu receptors. O: Image 

of CA1 area of merged M, N hippocampus with ImageJ software in group E3. 
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Figure 3 . The graph shows the means of optical density of the Mu receptors in groups control, CLO(Clonidine) 

and E1(receptor of SCE with a concentration 100 mg/kg), E2(receptor of SCE with a concentration 200 mg/kg), 

E3(receptor of SCE with a concentration 300 mg/kg). #P< 0.05). ##P< 0.01, ###P< 0.001, **P< 0.01, ***P< 

0.001. ns: There are no significant differences. Results are means ± SEM (n= 8). 

 

Discussion 

The results of the present study clearly 

demonstrate that repeated administration 

with S.cordifolium extract increased Mu 

opioid receptor optical density in most 

brain regions, including the hippocampus. 

The magnitude of the effect depended upon 

of extract concentration.  We have 

previously reported  that the administration 

of S.cordifolium extract at different 

concentrations in morphine-dependent 

mice reduced the symptoms of addiction 

withdrawal syndrome, such as jumping, 

rearing, and teeth chattering (19), as well as 

motor activity, tolerance and dependence 

(25). Dependence and tolerance can be 

caused by a decrease in the number of 

opioid receptors, or a decrease in their 

reactivation, and a change in the stimulus 

response that our results are consistent with 

these studies.  

The most effective opioid pain relievers are 

agonists of the Mu opioid receptors (MOR). 

Agonists of the MOR, such as morphine are 

widely expended for the treatment of 

moderate to severe pain because of their 

high efficacy. Nevertheless, the dose 

required to achieve adequate pain relief 

often elicits multiple unwanted side effects, 

including withdrawal syndrome, and 

tolerance. The withdrawal syndrome and 

tolerance effect of opioids are especially 

concerning, because it is the origin reason 

of addiction by opioid overdose. The 

identification and improvement of safer 

analgesic agents may play a main role in 

combatting the opioid epidemic. Opioid 

receptors such as Mu and Kappa are known 

to control neurotransmission of various 

peptidergic neurons, but changes in number 

and density and their potential role in 

regulation of neuronal cell communications 

is unknown (24). 

According to immunohistochemical 

images  and their analysis by Image J 

software based on the present study showed 

an increase in the density of hair receptors 

relative to the control group. Therefore, it 

can be concluded that with the increase of 

opioid receptors, especially hair receptors, 

the rate of tolerance and dependence 

decreases. 

In 2001, Harris and colleagues found that 

chronic opioid use caused desensitization of 

pre-synapse Mu receptors and reduced the 

inhibitory effects of opioids on these nerves 

(26). Also,  in our study, it is possible that 

the optical density of opioid receptors in 

some groups is increased due to their 

desensitization by the extract. 

Chronic morphine treatment induces Mu 

opioid receptors abundance in different 

brain regions (27).  Based on the results of 

this study, the optical density of the Mu 

opioid receptors in the CA1 region of 
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hippocampus was lower in the control 

group than in the clonidine group. Thus, it 

can be concluded that S.cordifolium extract 

may have increased the optical density of 

Mu opioid receptors compared to the 

control group. These results are consistent 

with Harris et al., 2001 and Fujita et al., 

2015 results. Furthermore, in 2010, Gupta 

showed in a study that opioids increase Mu 

opioid receptors (28), which is consistent 

with our findings. 

In 2012 Garzon et al., showed that the CA1 

area of the hippocampus is affected by 

some drugs that affect pain and anxiety 

(28). Our study also found that the Mu 

opioid receptor optical density in the CA1 

region of the control group was lower than 

that of the clonidine group. Therefore, it can 

be concluded that S.cordifolium extract 

may have increased the optical density of 

Mu receptors compared to the control 

group. 

Endocytosis of G-protein receptors is a 

cellular event in which the receptor is 

generally activated by agonist compounds. 

Basically, this process involves the 

formation and movement of vesicles 

originating from the plasma membrane into 

the cytoplasm. The activated receptors then 

release the cell surface into the vesicles and 

travel through various pathways that lead to 

their destruction or recycling into the 

plasma membrane. In fact, endocytosis is a 

mechanism for the cessation of various 

intracellular signaling cascades that begin 

with activation of the receptor (30). The 

present study, based on the Campa study in 

2015, changed the optical density of Mu 

opioid receptors, which may have been due 

to endocytosis or desensitization of Mu 

receptors. 

Conclusion 

In general, the present 

immunohistochemical study indicated that 

with increasing S.cordifolium extract 

concentration, the optical density of Mu 

opioid receptors in the hippocampus 

increased, and this increase was dose-

dependent. S.cordifolium extracts such as 

clonidine relieve pain caused by addiction 

withdrawal syndrome, and these effects are 

likely to be related to increased receptor 

light density in the CA1 hippocampus area 

of the brain. 
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