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INTRODUCTION

Pain refers to protective, physical, and 
forced reflex. Painful stimuli generally induce strong 
withdrawal and avoidance responses. This sensation 
is highly complicated because when pain is elongated 

and tissue is damaged, central nociceptive pathways 
are sensitized and reorganized (GANONG, 2010) Pain 
sense message is received by nociceptors and reaches 
central nervous system through pain sensory nerve 
and transmitted into sensation guidance pathway in 
the spinal dorsal horn to second row nerves.
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ABSTRACT: Pain is a normal protective response to tissue injury caused by physical trauma, noxious chemicals and microbiological agents. 
Use of chemical drugs and medicinal plants is a conventional method to manage pain; however, their side effects have caused increased 
tendency to the use of herbal medicines among patients. This study was conducted to investigate antinociceptive action of Ricinus communis 
seed’s extract (RCE) in male Balb/C mice. In this experimental study, 72 male mice weighing 25-35gr were used. Animals were randomly 
divided into six groups of 12 mice each, including: Control group, three groups separately treated respectively with 100, 200, and 400mg/kg 
hydroethanolic R. communis seed extract, morphine (1mg/kg)-treated group, and naloxone (0.1mg/kg) + R. communis seed extract (200mg/
kg)-treated group. All animals received extract and drugs intraperitoneally. To evaluate the analgesic effect of the extract, writhing and tail 
flick tests were used. The 200 and 400mg/kg of the extract significantly increased pain threshold compared to the control group in writhing 
and tail flick tests (P<0.01). Moreover, 400mg/kg of the extract showed a stronger antinociceptive effect especially in writhing test compared 
to the control and other treated groups (P<0.001). Analgesic effects of hydroethanolic R. communis seed extract observed in the tail flick and 
writhing tests are probably related to activation of opioid system. Results may suggest that this plant extract might be beneficial in relieving 
human pain.
Key words: antinociception, Ricinus communis, morphine, mice.

RESUMO: A dor é um sentido com efeitos essencialmente protetores. Ouso de drogas químicas e plantas medicinais é um método 
convencional para gerenciar a dor, no entanto, seus efeitos colaterais têm causado uma maior tendência para o uso de ervas medicamentosas 
entre os pacientes. Este estudo nos levou a investigar as ações antinociceptivas do extrato de sementes de Ricinus communis (RCE) em 
camundongos machos. Neste estudo experimental, foram utilizados 72 camundongos machos com peso de 25±30gr. Os animais foram 
divididos aleatoriamente em seis grupos de 12 cada: grupo controle, três grupos tratados separadamente com 100, 200 e 400mg/kg de extrato 
de sementes de R. communis hidroetanolico, grupo tratado com morfina (1mg/kg) e naloxona (0,1mg/kg) + R. Grupo tratado com extrato de 
semente de communis (200mg/kg). Para avaliar o efeito analgésico do extrato, utilizaram-se testes de contorção e cauda. Os dados foram 
analisados pela ANOVA e pelo teste de Tukey. P<0,05 foi considerado estatisticamente significante. Dose de 200 e 400mg/kg de extrato 
aumentou significativamente o limite de dor em comparação com o grupo controle em testes de retorção e cauda (P<0,01). Além disso, 400mg/
kg de extracto apresentaram efeito antinoceptivo mais forte especialmente no teste de contorção em comparação com o controle e outros 
grupos tratados (P <0,001). Os efeitos analgésicos do extrato de semente de R. communanolanol foram observados no teste da cauda e nos 
testes de contorção. Este efeito provavelmente está relacionado à ativação do sistema opioide.
Palavras-chave: analgesia, efeito antinociceptivo, Ricinus communis, ratos.
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These nerves are crossed and climb to spinal 
sidebar and reach thalamus in different sites of brain 
stem and specific relaying nuclei. Third row neurons lead 
sensory pain nerve to different parts of brain membrane 
and limbic system from these nuclei. Suffering from 
some types of pains in the long term imposes adverse 
mental effects on affected people so that humans have 
long been seeking out remedies to relieve or eliminate 
pain and many efforts have been made to explain pain 
mechanisms and treatment. To treat pain, two types of 
drugs, synthetic drugs and herbal drugs, are used (Solati 
et al. 2017; CHEVALIER,, 1996).

Opioids are still considered drugs of choice 
to treat severe pains; however, chronic use of opioids 
causes certain effects such as sleepiness, weakness, 
prostate disorders and delay in normal process of 
drainage, constipation, skin allergy such as hives, 
itching, dizziness, lack of concentration, heartbeat, and 
nausea (WAY et al., 2001). Opioid analgesics, which are 
used to relieve pain, are metabolized in the liver, cause 
numerous side effects including central nervous system 
disorders, respiratory system disorders, cardiovascular 
disease, smooth muscle contraction, gastrointestinal 
disorders, loss of consciousness, sleepiness, and 
addiction (KAPLAN & SANDOCK, 1998).

Herbal drugs which are conventionally the 
essential oils or extracts of nature-based medicinal plants 
cause very few side effects; and therefore, are currently 
being increasingly investigated (HOSSEINZADEH 
SAMANI et al., 2017). Caster, scientifically called 
Ricinus communis L., is from family Euphorbiaceae 
and a herbaceous, annual, and single-based plant with 
influorescence green in upper parts and, in some types, 
single-based red flowers without petals. R. communis 
fruits are similar to spherical, acanaceous, and greenish 
capsules which become hard and brittle when they ripen.

R. communis seeds are wide, oval-shaped 
and similar to beans with glossy shells and a white, 
highly oily kernel inside them. R. communis seeds are 
brownish and greatly toxic (ZHANG et al , 2016).

Ricin, found in R. communis seeds, 
is a highly toxic protein (ZHANG et al, 2016). 
Antinociceptive activity of Ricinus communis 
leaves was evaluated and indicated that the extract 
exhibited considerable antinociceptive activity 
against pain in mice (TAUR et al. 2011). In light of 
the significance of pain management from medical 
perspective and since analgesic effects of the seeds 
of R. communis, which is an important medicinal 
plant, have not yet been investigated, we conducted 
this study to investigate the antinociceptive actions 
of Ricinus communis seed’s extract (RCE) in male 
Balb/C mice.

MATERIALS   AND   METHODS

Plants gathering and extraction 
First, 500g of R. communis seed was gathered 

from the Medicinal Plants Garden of Agriculture Jihad 
of Hamedan Province and then scientifically identified 
by the botanist of Bu-Ali Sina University, Hamedan. 
Samples were shadow dried under room temperature 
and then were pulverized with an electric mill.

R. communis seed powder was refrigerated 
in a beaker containing adequate amount of ethyl 
alcohol 80% for one week. Then, the contents inside 
the beaker were filtered by a filter paper and placed 
into a rotary instrument (at 55°C and 60rpm) to 
separate the solvent and concentrate completely. 
The concentrated extract was placed in a petri dish 
under a hood to dry for 48 hours. The extract was 
frozen at -20°C till use. Required doses of the extract 
were prepared with the concentrated extract and 
administered intraperitoneally (i.p). Each mouse was 
tested only once.

Animals
In this experimental study, 72 laboratory 

small white male mice weighing 25-35g were 
purchased from Pasteur Institute of Iran. Mice were 
kept in Animals House for one week to reach stability 
and adapt to the environment. The animals keeping 
(temperature, humidity, light, feeding, and other 
biological factors) were controlled. Environment 
temperature was 22±2°C and its humidity 30-40%. 
Regarding light conditions, mice were kept under 
12-h dark/12-h light. The study protocol complies 
with the Principles of Ethical Conduct in the Use of 
Animals of Islamic Azad University of Hamadan. 

Animal grouping 
1. Control group (treated with 0.25ml normal saline);
2. Morphine-treated group [1mg/kg body weight (BW)];
3. Low dose-treated group (100mg/kg BW of 
hydroethanolic R. communis extract);
4. Moderate dose-treated group (200mg/kg BW of 
hydroethanolic R. communis extract);
5. High dose-treated group (400mg/kg BW of 
hydroethanolic R. communis extract); and
6. Naloxone+extract-treated group (0.1mg/kg naloxone 
and 200mg/kg hydroethanolic R. communis extract). 
Naloxone was used as an opioid antagonist to examine 
the possible effect of the extract through opioid system.

Method of measuring pain according to tail flick test
In all the groups, before administrations of 

the treatments, tail flick test was run in triplicate with 
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Tail-flick 5500 (Borj Sanat, Iran). After administration 
of the treatments, tail flick test was run again in 
triplicate with 20-min intervals. The mean value of 
the three tests’ results was used in data analysis. This 
test is used to investigate central analgesic effects of 
drugs and chemical compounds, and is sensitive to  
drugs that act on the central nervous system. 

In this test, pain is measured by the duration 
of delay in tail’s reaction to thermal damage to tissue 
through shining of a light beam on the end of tail on 
ventral or dorsal surface. This delay is considered an 
index to measure pain (HEJAZIAN et al., 2008). 

According to this method, the intensity of 
the used light was 7 and the reference duration of 10s 
was considered to be cut off time, i.e, if the mouse did 
not flick its tail after 10s of shining the burning light, 
the stimulus was discontinued to prevent tissue damage. 
The mice were kept in horizontal position in a special 
box as they could move their tails freely. The duration 
of delay in flicking tails was measured in triplicate 2min 
after the administration. Animals that exhibited delay of 
over 6s in at least two of the three tests were excluded 
from the study.

Then, 20min after administrations, the 
test was run again in triplicate and the mean values 
were considered to be the delay duration after 
treatments administration.

In addition to the delayed response, 
represented by delayed flicking of the tail, the data 
of this test were used to estimate the percentage of 
maximal possible effect (MPE) according to the formula 
below: (Time of delayed response after administration-
time of initial response/cutoff time-time of initial 
response)×100.

Method of measuring pain according to writhing test 
Mice were assigned to different groups 

to undergo writhing test in the same manner as they 
were assigned to different groups to undergo tail flick 
test. Writhing test is a chemical stimulation which is 
generally used to investigate chemical compounds 
with peripheral analgesic action. This test is much 
more efficient to investigate central or peripheral 
pain. Intraperitoneal administration with acetic acid 
can cause peritoneal inflammation that induces a 
response associated with abdominal muscle alongside 
body stretching. This writhing response is considered 
to be one of the most important models for visceral 
inflammatory pain (DASHTI et al., 2006).

On the day of the test, each mouse was 
kept in a standard glass box for 30min before the test 
to adapt to the environment. First, normal saline was 

i.p administered. Fifteen min later, 0.1ml acetic acid 
0.6% was administered and 5min later, abdominal 
contractions were counted for 30min. 

In each turn, writhing was conducted by 
stretching abdominal and side muscles simultaneously 
with stretching out hind legs and measured according 
to the reflex of hind legs’ paws within a few seconds. 
Each mouse was used only once. The mouse of the 
extract-treated groups were administered with 100, 200, 
and 400mg/kg BW hydroethanolic R. communis seed 
extract dissolved in sterile physiology serum which 
was i.p administered and the test run. Then, the group 
administered with naloxone + 200mg/kg BW of the 
studied extract and morphine-treated group were tested. 
Drugs used in this study were morphine sulfate 10mg/
kg (DarouPaksh Co, Iran) and naloxone hydrochloride 
0.4mg/ml (Tolidaru, Iran).

Data analysis 
SPSS 20 was used to analyze the data. 

Normal distribution of the data was investigated 
by Kolmogorov-Smirnov test and confirmed. One-
way ANOVA was used for making inter-group 
comparisons and Tukey’s test for investigating 
difference between the two groups. The data were 
expressed as mean ± SEM and P<0.05 was considered 
the level of statistical significance. 

RESULTS

Comparative study of tail flick test results in different 
groups before and after the experiments 

As figure 1 illustrates, the groups 
administered with low and moderate dose (P<0.05) 
were significantly different from the control group 
(P<0.01). Furthermore, the group administered with 
naloxone (0.1mg/kg) + extract (200mg/kg) and 
the control group were not significantly different. 
Morphine-treated group exhibited a significantly 
increased time to flick the tail compared to the control 
group (P<0.001). 

Estimating percentage of the MPE in the studied groups 
According to figure 2, the estimated 

mean MPE in all the groups administered with 
hydroethanolic R. communis seed extract (HRE) 
increased significantly compared to the control group 
(P<0.001) in a markedly dose-dependent manner. The 
mean MPE in the group administered with 0.1mg/
kg naloxone (0.1mg/kg)+200mg/kg HRE increased 
compared to the control group (P<0.01), and decreased 
compared to the groups administered with different 
concentrations of the extract (P<0.01) with more 
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marked difference compared to the group administered 
with 400mg/kg BW of the extract (P<0.001). 

The three groups administered with 1mg/
kg morphine alongside other studied groups exhibited 
significant increase compared to the control group and 
the group administered with 2mg/kg + 200mg/kg HRE 
(P<0.001). 

Study of writhing test results in the studied groups 
As figure 3 illustrates, the groups administered 

with 200 and 400mg/kg exhibited a significant difference 
compared to the control group (P<0.001). The group 
administered with 400mg/kg exhibited a significantly 
increased abdominal contractions compared to morphine-
treated (1mg/kg) group (P<0.001). Moreover, the group 
administered with 200mg/kg + 0.1mg/kg naloxone was 
significantly different in writhing and tail flick tests 
compared to the group administered with 200mg/kg. 

DISCUSSION

Nature-based opioids such as morphine are 
considered to be the most important analgesic drugs 
which are derived from poppy. Generally, opiates act on 
three opioid receptors (δ, κ, and μ) in the central nervous 
system to relieve pain (MOMIN & NAIR, 2004). 
These drugs are particularly significant to treat chronic 
pain. Although, morphine has been considered to be a 
pioneering pain-relieving agent for centuries, they are 
not completely safe. Morphine is addictive and can 
cause certain side effects such as respiratory disorders, 
napping, decreased gastrointestinal movements, nausea, 
and variations in autonomic and endocrine nervous 
system (PIR-NAZAR, 1998).

Available evidence indicates that the 
compounds present in food supplements and medicinal 
plants including food fibers, vitamins, flavonoids, 

Figure 1 - Comparative study of tail flick test results in control group, the groups administered with hydroethanolic Ricinus communis seed 
extract (HRE), (100, 200, and 400mg/kg), and the groups administered with naloxone (0.1mg/kg) + HRE (200mg/kg) in male 
mice. *Significant compared to before the test (**P<0.01), (***P<0.001). Figure after reference. See instructions to authors. There 
is no need to repeat number over bars if you already have a scale like 0, 2.0 etc etc.
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sterols, and other antioxidant compounds can contribute 
to analgesia through acting on central or peripheral 
nervous tissue (ZARGARI, 1997). Hydroethanolic R. 
communis seed extract is rich in flavonoid compounds 
such as quercetin, catechin, kaempferol, sinapic acid, 
and apigenin (SUBUDHI & BHOI, 2011). Catechin 
in R. communis causes suppression of inflammation 
through acting on and being involved in inflammatory 
mechanisms, exerting anti-inflammatory effects, and 
inhibiting the enzymes involved in this pathway such as 
lipoxygenase and cyclooxygenase (YESI et al. 2004). 

In the present study, the capability of hydro-
ethanolic R. communis seeds’ extract to relieve pain was 
investigated. Administration with 200 and 400mg/kg 
hydroethanolic R. communis seed extract, in writhing test, 
caused significant decrease in abdominal contractions 
compared to the control group. Therefore, R. communis 
extract can be suggested as an agent with peripheral 
analgesic effects. Intraperitoneal administration with 
acetic acid can cause acute inflammation in peritoneum 
which induces an abdominal contraction-associated 

response alongside body stretching. This response to 
writhing is considered to be one of the most important 
visceral pain models (CHEN et al. 2007).

Regarding the findings, we can argue that 
hydroethanolic R. communis seed extract exerts its 
actions at least partly through opioid receptors and 
partly through cyclooxygenase system. It seems that R. 
communis extract can exert analgesic actions through 
affecting central and peripheral nervous system.

In tail flick test, intraperitoneal administration 
with 0.1mg/kg naloxone was found to have no effects 
on analgesic action of 200mg/kg hydroethanolic R. 
communis seed extract. However, in writhing test, 
naloxone administration caused decrease in analgesic 
action of this extract. The present study demonstrated that 
administration with 200 and 400mg/kg hydroethanolic 
R. communis seed extract caused relief of thermal 
stimulus-induced pain in tail flick test. Besides that, 
100mg/kg hydroethanolic R. communis seed extract 
caused no significant relief of thermal stimulus-induced 
pain in tail flick test. This lack of effect in tail flick test 

Figure 2 - Percentage of maximum possible effect (MPE) in the control group, morphine-treated group, the groups administered 
with 100, 200, and 400mg/kg hydroethanolic Ricinus communis seed extract (HRE), and the groups administered 
with naloxone (0.1mg/kg) + 200mg/kg HRE in male mice. *Significant compared to the control group; ¥ significant 
compared to morphine-treated group (1mg/kg); W significant compared to the group administered with 100mg/kg HRE; 
U significant compared to the group administered with 200mg/kg HRE; Ssignificant compared to the group administered 
with 400mg/kg HRE; ***P<0.001, ¥¥¥: P<0.001, UUU: P<0.001), WWW: P<0.001), SSS: P<0.001).
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can be due to synergistic effect of the compounds that 
react with other adrenoreceptors such as α2 in the spine. 

To explain these findings, we can argue that 
abdominal contractions are associated with the sensitivity of 
pain receptors to some compounds such as prostaglandins. 
Tissue damage causes release of certain compounds such 
as prostaglandins, bradykinine, serotonin, P substance, and 
histamine (PINARDI et al. 2003). These mediators are 
released from damaged sites and stimulate pain receptors. 
Therefore, R. communis is likely to induce analgesic actions 
through synthesis of the inhibitors of these compounds such 
as prostaglandins. The observations in this study may also 
suggest that prostaglandins are involved in the analgesic 
actions of R. communis.

The analgesic actions of opioid antagonist 
and non steroidal anti-inflammatory representatives can 
be detected by abdominal contractions. This method can 
be naturally used to investigate the peripheral analgesic 
actions of the drugs (PAYAN & KATZUNG 2015). 
Naloxone is one of the antagonist drugs of opioid system 
which prevents activation of opioid receptors. Naloxone 

inhibits effects of analgesic drugs such as morphine and 
even prevents induction of analgesia. Naloxone tends 
highly to absorb µ opioid receptors in central nervous 
system. Moreover, naloxone is a competitive antagonist 
for µ receptors. Besides that, naloxone is considered to 
be a competitive antagonist for δ, ķ receptors yet less 
markedly compared to µ receptors (HOSSEINZADEH 
et al. 2000).

Apigenin causes decrease in the response 
due to stimulation of NMDA receptors in cortical 
neurons in culture medium. Apigenin is a protective 
agent against glutamate-induced toxicity in cortical 
neurons. Therefore, apigenin can exert antagonist 
effects on NMDA channels. Apigenin analgesic 
actions can be explained in the light of its effects on 
neural network. Apigenin directly target NF-κB and 
prevent it from binding to DNA, which regulates iNOS 
expression (LOSI et al. 2004). 

Inhibitory effects of flavonoids on acute 
and chronic inflammation are due to their effects on 
signaling pathways including NF-κB activity and MAP 

Figure 3 - Results of writhing test in the control group, morphine-treated group (1mg/kg), the groups administered with 100, 200, 
and 400mg/kg hydroethanolic Ricinus communis seed extract (HRE) , and the groups administered with naloxone (0.1mg/
kg) + 200mg/kg HRE in male mice. *Significant compared to the control group; ¥ significant compared to morphine-
treated group; W significant compared to the group administered with 100mg/kg HRE; U significant compared to the group 
administered with 200mg/kg HRE; S significant compared to the group administered with 400mg/kg HRE; ***P<0.001, 
¥¥¥: P<0.001, UUU: P<0.001), WWW: P<0.001), SSS: P<0.001).
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kinase phosphorylation. Besides that, apigenin reduces 
accumulation of floating lipids that are required to 
signal pain. Therefore, flavonoids reduce acute and 
chronic inflammation by inhibiting accumulation of the 
receptors and signaling cascade (ROGHANI, 2015). 

Results of this study indicated that the 
analgesic effects of this extract in acute phase were 
exerted at least partly through glutamanergic pathways. 
Over the years, the role of nitric oxide as a signaling 
molecule that can stimulate diverse biological 
responses has been known. This molecule can be 
produced in spinal neurons and plays an important part 
in processing pain messages (NEVEEN et al., 2007). 
Flavonoids have been demonstrated to cause decrease 
in activity of intracellular calcium by inhibiting NMDA 
receptors’ activity, and consequently the activity of nitric 
oxide synthase and calcium-dependent phospholipase 
2 decreases. Therefore, flavonoids exert analgesic 
effects by decreasing nitric oxide and prostaglandins. 
Quercetin’s flavonoid prevents expression of iNOS 
and production of nitric oxide by suppressing NF-κB 
activity and preventing phosphorylation and nuclear 
translocation in macrophages (KIASALARI et al. 
2007). Hydroethanolic R. communis seed extract can 
inhibit production of nitric oxide because of containing 
certain flavonoids such as quercetin, kaempferol, and 
apigenin, which can partly explain the analgesic effects 
of this extract.

Although, in this study the analgesic 
activity of R. communis and the possible role of 
opioid system were revealed for the first time, but we 
did not analyzed the extract and could not show the 
main ingredient of the extract causing analgesia. Other 
negative aspect of the article is that R. communis seed 
extract was not standardized. Contents of the plant 
products vary according to various factors including the 
environmental and geographical positions. Therefore, 
it was better to standardize and analyze the extract.

CONCLUSION

Analgesic effect of R. communis seed extract 
was dose-dependent, at least within the spectrum of the 
studied concentrations, and increased with increase in 
dose. Reduced cramping and increased analgesic time 
of flicking tail confirm the plant’s analgesic actions. It 
seems that the analgesic effect of R. communis is due 
to flavonoids or other composition such as apigenin 
contained in it. In addition, opioid pathway is likely 
one of the pathways through which the extract exerts its 
analgesic actions. It should be noted that we evaluated 
the antinociceptive activity of the extract in acute 
examination. We should evaluate the chronic effects, 

including the adverse effects of this extract in human 
to realize its advantage or disadvantage over available 
opioid drugs.
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