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ABSTRACT

Objectives: The aim of the study was to assess the effect of the extract of Cinnamomum zeylanicum (CZ) bark in the experimental models of pain and 
anxiety-like behavior in mice.

Methods: The extract of CZ bark was administered at the doses of 100, 200, and 400 mg/kg, per orally (p.o) and morphine used as a positive control for 
pain models, was administered at the dose of 5 mg/kg, intraperitoneally (i.p.). Antinociceptive activity was evaluated using three experimental animal 
models of pain, namely, tail flick, hot plate, and formalin test. Elevated plus maze test was used to assess the effect on anxiety-like behavior. Rotarod 
apparatus and actophotometer were used to test muscle coordination and locomotor activity, respectively.

Results: Administration of CZ bark extract in the dose of 200 and 400 mg/kg showed significantly increased in the tail-flick latency and latency to reaction 
time in hot plate test as compared to the control group. In the first phase (0–5 min) of the formalin test, a significant reduction in the pain response was 
found in CZ (200 and 400 mg/kg) and morphine-treated groups, however during the second phase (30–35 min) significant reduction in formalin-induced 
pain response was observed in 100, 200, and 400 mg/kg CZ extract-treated group when compared to control group. CZ extract administration at 200 and 
400 mg/kg dose caused a significant increase in the percentage of time spent in open arms in the elevated plus maze as compared to the control group.

Conclusion: Results suggest that CZ bark extract possesses the antinociceptive activity and modulates anxiety-like behavior.
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INTRODUCTION

The bark of Cinnamomum zeylanicum (CZ) or Cinnamomum verum plant 
is commonly added as spices and flavoring agent in the food products. 
In addition, oils/extracts derived from different parts of this plant are 
also used in Indian folk medicine for various disorders since ancient 
period [1]. Cinnamomum zeylanicum belongs to the family Lauraceae 
and is commonly known as Ceylon or True cinnamon. Various parts of 
the cinnamon plant have been used since old times for the treatment 
of various ailments such as flatulent dyspepsia, anorexia, toothaches, 
cough, inflammatory conditions, and intestinal colic. [2-4]. Cinnamon 
has also been reported to have antibacterial [5], antifungal [6], 
antipyretic [7], antidiabetic [8], hypolipidemic [9], antioxidant [10], and 
uterine stimulant activities [11]. The experimental and clinical studies 
have also proven its efficacy in the treatment of type II diabetes and 
insulin resistance which is attributed due to the presence of methyl-
hydroxy-chalcone polymer compound in the cinnamon [8].

The beneficial effects produced by cinnamon are attributed to the 
presence of several bioactive compounds such as cinnamaldehyde, 
eugenol, trans-cinnamic acid, phenolic compounds, catechins, terpenoids 
gum, mucilage, resin, starch, and sugar in the cinnamon [12,13]. 
Cinnamaldehyde, a phenolic compound is identified as the main 
phytochemicals found in cinnamon bark and is responsible for most of 
the biological effects of cinnamon. Various pharmacological properties 
such as antifungal, anticancer, antimutagenic, anti-inflammatory, 
neuroprotective, and antioxidant effects are considered mainly due 
to the presence of cinnamaldehyde and eugenol in cinnamon [14,15]. 
It is well established that extracts and oils obtained from cinnamon 
have strong free radical scavenging or antioxidant activity due to the 
presence of flavonoids, polyphenolic, and phenolic compounds in the 
cinnamon [10,16].

Data from the literature have also reported the anti-inflammatory effect 
of CZ. In one study, 2’- hydroxy cinnamaldehyde derived from the bark 
of Cinnamomum cassia has been found to inhibit the transcriptional 
activity of nuclear factor (NF) -kB and production of nitric oxide 
(NO) in lipopolysaccharide-induced inflammation models [17]. 
A recent study has shown that trans-cinnamaldehyde obtained from 
Cinnamomum cassia bark suppressed activation of microglia and the 
neuroinflammatory process by inhibiting the production of NO and 
expression of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 
(COX-2), and interleukin-1β (IL-1β) [18]. Furthermore, administration 
of ethanol extract of CZ has been found to inhibit the intracellular 
release of tumor necrosis factor-alpha (TNF-α) and TNF-α gene 
expression, suggesting its anti-inflammatory property [19].

A study performed in our laboratory has demonstrated that 
administration of CZ extract also improved cognitive performance in 
scopolamine treated animals [13]. Although the analgesic activity of 
CZ has been demonstrated in some studies [20-23] using the hot plate 
and acetic- induced writhing tests, we could not find any published 
data using tail flick and formalin-induced pain models for testing of the 
antinociceptive effect of cinnamon. Therefore, the present study was 
carried out to investigate the effect of CZ extract in animal models of pain 
(tail flick, hot plate, and formalin test) and anxiety (elevated plus maze). 
Besides, the effect on locomotor activity and muscle coordination was 
also assessed using actophotometer and rotarod apparatus, respectively.

MATERIALS AND METHODS

Animals
Swiss male albino mice weighing 24–30 g were used in the study. 
Animals were procured from the Central Animal House, University 
College of Medical Sciences, University of Delhi, Delhi. Animals were 
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housed in groups of six mice per cage with a natural light/dark cycle 
and provided with free access to pellet diet and water. Procedures 
adopted during experiments on animals and their care were conducted 
in accordance with the guidelines of Committee for the Purpose of 
Control and Supervision of Experiments on Animals, India, and were 
approved by Institutional Animal Ethics Committee, University College 
of Medical Sciences, University of Delhi, Delhi.

Drug and dosing schedule
The hydroalcoholic extract of the bark of CZ (Batch No: DCP 23210) was 
supplied by M/S Tapovan Ayurved Sadan, New Delhi (Member: Central 
Institute of Medicinal and Aromatic Plants, Lucknow, India). Preliminary 
phytochemical screening of the extract was carried out for the detection 
of phytoconstituents using reference chemical tests [24]. Further, the 
extract was also analyzed by gas chromatography-mass spectrometry 
(GCMS-QP2010 Plus, Shimadzu). Rtx®-5MS (60 m´ 0.25 mm I.D. 
df=0.25 μm) film thickness column was used for analysis. The peaks 
were detected on the total ion chromatogram and were identified 
using the Wiley 8 and NIST05 mass spectral library. For the purpose 
of study extract of CZ bark was suspended in distilled water using 
carboxymethylcellulose (CMC) and administered per orally (p.o.) in the 
doses of 100, 200, and 400 mg/kg while morphine (5 mg/kg, i.p.) and 
diazepam (1 mg/kg, i.p.) were used as positive control for assessment 
of nociceptive response and anxiety, respectively.

Experimental designs for assessment of antinociceptive activity
Tail flick test
Tail flick test that represents the thermal model of pain was carried 
out using tail-flick analgesiometer (Ugo Basile, Italy) consisting of an 
infrared radiant light source. To measure tail flick response, each animal 
was gently held with, on the one hand, and it was positioned on tail flick 
unit so that lower part of the tail of the animal is exposed to radiant 
heat. To circumvent damage of tail due to constant heat, a cutoff time of 
15 s was set in the instrument so that the timer and radiant heat source 
get automatically discontinue after 15 s. The response or tail flick 
latency (TFL) was measured as time (s) taken by each animal to flick 
its tail. Total of five groups comprising six mice in each group was used 
for the test. Group I acted as the control group and was administered 
normal saline while II, III, and IV group received the extract of CZ bark 
in the dose of 100, 200, and 400mg/kg, p.o, respectively. Group V was 
treated with morphine at a dose of 5 mg/kg, i.p. TFL in each group was 
measured before (baseline) and after 30, 60, 90, and 120 min after 
administration of testing drugs/saline [25].

Hot plate test
Five different groups of mice were used. Group I received normal 
saline and worked as the control group, animals of Groups II, III, 
and IV received CZ bark extract orally in the doses of 100, 200, and 
400 mg/kg, respectively, while animals of Group V received morphine 
intraperitoneally in the dose of 5 mg/kg. To assess antinociceptive 
activity in different groups, each animal was placed on a hot plate, set at 
a temperature of 55°±0.5°C. The reaction time to the thermal stimulus 
was taken before the administration of drugs (baseline) and then at 30, 
60, 90, and 120 min after CZ extract and morphine administration. The 
reaction time (latency) to thermal stimuli was measured as the time 
taken by the animal for licking of paws or jumping response and was 
noted for each animal in all the groups. The cutoff time was taken as 30 
s to protect the animal from tissue damage [26].

Formalin test
Nociception in animals was induced by injecting formalin in the paw 
of the animal according to the method described by Abbott et al. [27]. 
0.05 ml of 1% formalin in distilled water was injected into the dorsal 
surface of the right hind paw. The animals were immediately placed 
into the testing chamber. Following formalin injection, nociceptive 
response was recorded in two phases. The first phase represents 
neurogenic pain response and lasts from 0 to 5 min immediately after 
the injection of formalin. The second phase represents inflammatory 

pain response and occurs 30–35 min after formalin injection. The 
nociceptive response was measured during both the phases as duration 
(in seconds) spent by the animal in licking or biting of injected hind 
paw. Normal saline, CZ extracts (100, 200, and 400 mg/kg, p.o.) were 
administered 1 h before formalin injection in Groups I, II, III, and IV, 
respectively, while morphine (5 mg/kg, i.p.) was given 30 min before 
formalin injection in Group V.

Assessment of locomotor activity
Locomotor activity was evaluated by means of actophotometer 
apparatus (INCO, Ambala, India). The apparatus contains a square 
arena and operates on photoelectric cells connected in circuit to the 
counter. As the beam of light falling on photocell is cut off by the animal, 
a count is recorded as a measure of locomotor activity. The locomotor 
activity was recorded for a period of 5 min, 1 h after administration of 
CMC in distilled water in Group I and CZ bark extract at 100, 200, and 
400 mg/kg dose in Groups II, III, and IV, respectively [28,29].

Assessment of motor coordination (Rotarod test)
This test was used for evaluation of neuromuscular coordination in 
animals. It was performed using horizontal rotation rod device (INCO, 
Ambala, India). Before administration of extract/vehicle, fall off time 
from the rolling rod was recorded for each animal. Then, animals 
were divided into four groups of six mice per group. Group I received 
CMC in distilled water and served as control. While Groups II, III, 
and IV received CZ extract in the dose of 100, 200, and 400mg/kg, 
p.o., respectively. Animals were again placed on the rods 1 h after the 
treatment and their fall off time [seconds] from the rotating rod was 
noted in each group. [30,31].

Elevated plus maze test
This test has been widely used to measure anxiety in rodents. The 
maze was made of wood painted gray and contained a central 
platform (8 × 8 cm) from which radiate four symmetrical arms (16 × 5 × 
10 cm) and elevated to a height of 25 cm. Total of five groups of animals 
were used. Group I received CMC in distilled water (vehicle-treated 
group). Groups II, III, and IV were given CZ extract at the dose of 100, 
200, and 400 mg/kg, p.o., respectively, while Group V received diazepam 
(1 mg/kg, i.p.) as the positive control. One hour after administration of 
vehicle and CZ extract and 30 min after administration of diazepam each 
mouse was placed in the center of the maze, facing toward open arm and 
the number of entries in open arms, enclosed arms and time spent in 
enclosed and open arms were recorded for a period of 5 min [32].

Statistical analysis
Data are expressed as the Mean±S.E.M. Analysis of variance (ANOVA) 
followed by Bonferroni post hoc test was applied for the analysis of 
results. Results were considered significant at p<0.05.

RESULTS

On phytochemical screening of extract presence of flavonoids, tannins, 
saponins, phenolic compounds, and sugars was detected in the extract. 
Analysis results of the extract on GC-MS showed 42 peaks and the 
presence of many active principles (Fig. 1).

Effect on tail flick test
Administration of CZ bark extract at the doses of 200 and 400 mg/kg 
caused a significant prolongation of mean TFL at 60 min (p<0.05 and 
p<0.001, respectively) and 90 min (p<0.05 and p<0.01, respectively) 
when compared to control group. Administration of morphine 
(5 mg/kg) also caused a significant prolongation of latency as compared 
to control group at 30 min (p<0.01), 60 min (p<0.001), and 90 min 
(p<0.001) (Fig. 2).

Effect on hot plate test
Pretreatment of CZ bark extract in 200 mg/kg showed significant 
prolongation of latency to reaction time at 60 and 90 min (p<0.05) as 
compared to the control group. Similar prolongation of latency was 
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observed with 400 mg/kg dose of extract at 60 and 90 min (p<0.01) 
when compared to the control group. Administration of morphine 
as positive control caused significant (p<0.001) increase in hot plate 
latency at 30, 60, and 90 min (Fig. 3).

Effect on formalin-induced pain response
Administration of CZ extract at the dose of 200 and 400 mg/kg during 
the first phase (0–5 min) showed significant (p<0.05 and p<0.001, 
respectively) decrease in the duration of formalin-induced pain 
response as compared to control group. However, in the second phase 
(30–35 min) the duration of response found to decrease in all three 
(100, 200, and 400 mg/kg) tested doses of CZ extract-treated group 
(p<0.01, p<0.001, and p<0.001, respectively) when compared to control 
group. Administration of morphine inhibited pain responses in both the 
first and second phase (p<0.001) (Fig. 4).

Effect on locomotor activity and motor coordination
No significant increase or decrease in locomotor activity was observed 
after administration of extract (100, 200. and 400 mg/kg, p.o.) in treated 
mice as compared to control mice. The CZ extract in all the three doses 
did not produce any significant effect on the motor coordination as 
there was no significant difference in the time of fall between controls 
and extract-treated groups (Table 1).

Effect on anxiety-like behavior
Administration of CZ bark extract in 200 mg/kg (p<0.05) and 
400 mg/kg (p<0.01) dose showed a significant increase in the 
percentage of time spent in open arms when compared with the 
control group. In diazepam (1 mg/kg, i.p.) treated group also a 
significant increase in the percentage of open arm entries (p<0.001) 
and time spent in open arm (p<0.001) was observed as compared to 
the control group (Fig. 5a and b).

DISCUSSION

The present study demonstrates the antinociceptive effects of 
hydroalcoholic extract of CZ bark on three animal models of acute 
pain. In addition, effect of the extract was also investigated on anxiety 
like behavior, locomotor activity, and muscle coordination in mice. 
The results clearly showed that oral administration of hydroalcoholic 
extract CZ bark significantly prolonged the latency of nociceptive 
response in tested animal models of pain when compared with saline-
treated animals.

True cinnamon (family Lauraceae) is one of the oldest herbal medicines 
known mentioned in Chinese texts as early as 4000 years ago [33]. The 
aromatic bark obtained from the cinnamon tree is used worldwide 

for culinary purposes. The oil obtained from its leaves, roots, bark, 
and flowers is mainly used as flavoring agent in astringent powders, 

Fig. 1: Gas chromatography-mass spectrometry chromatogram of the extract of Cinnamomum zeylanicum bark

Fig. 2: Effects of hydroalcoholic Cinnamomum Zeylanicum (CZ) bark 
extract on tail flick latency in mice. Mice (n=6 in each group) were 

pretreated with normal saline, CZ extract (100, 200, and 400 mg/kg, 
per orally). Morphine (5 mg/kg, i.p) was used as a positive control. 
TFL was measured 30, 60, 90, and 120 min after administration of 
drugs. The results are presented as Mean±SEM. Statistical analysis 
was done by ANOVA followed by post hoc Bonferroni test. ap<0.05, 

bp<0.001, and cp<0.001 as compared to the control group

Fig. 3: Effects of hydroalcoholic Cinnamomum Zeylanicum (CZ) 
bark extract in the hot plate test in mice. Mice (n=6 in each group) 

were pretreated with normal saline, CZ extract (100, 200, and 
400 mg/kg, per orally). Morphine (5mg/kg, i.p) was used as a 

positive control. Latency to reaction time was measured 30, 60, 
90, and 120 min after the administration of drugs. The results are 
presented as Mean ± SEM. Statistical analysis was done by ANOVA 

followed by post hoc Bonferroni test. ap<0.05, bp<0.001, and 
cp<0.001 as compared to the control group
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as antiseptic, and as aromatic in traditional medicine [34]. Its bark is 
also used in Ayurvedic and Traditional Chinese medicine from ancient 

time for its antihyperglycemic, digestive, antispasmodic, and antiseptic 
properties [15,35]. The bark of cinnamon has demonstrated significant 
antiallergic, antiulcerogenic, antipyretic, and antioxidant activities in 
experimental studies [7,33,36]. Animal studies have demonstrated 
that cinnamon and its active constituent cinnamaldehyde, dose-
dependently improved glycaemic control and hyperlipidemia in normal 
and streptozotocin-induced diabetic rats [37]. In a study carried out in 
the fructose-fed rat, administration of cinnamon bark has been found 
to improve glucose metabolism and lipid profile through stimulation 
of antioxidant enzymes [38]. In addition, administration of cinnamon 
extract has been found to inhibit development and progression of 
intestinal colitis by inhibiting expression of COX and pro-inflammatory 
cytokines (IL-1β, TNF-α, and interferon-γ,), suggesting its anti-
inflammatory activity [39].

In the present study, the antinociceptive effect of CZ extract was investigated 
on three experimental models of pain, utilizing thermal (tail flick test and 
hot plate test) and chemical stimuli (formalin-induced pain response 
test) to induce pain. Tail flick and hot plate test are used to explore those 
analgesic compounds that produce antinociceptive effect through centrally 
mediated mechanisms, while formalin test is used to elucidate those 
compounds that produce antinociceptive effects through both peripheral 
and central mechanisms. In another way, it can be implicit that both tail 
flick and hot plate tests are selectively used to screen the central analgesic 
agents (e.g., opiates) acting through opioid receptors [40,41].

Tail flick response and hot plate response are believed to involve spinal 
and supraspinal component, respectively [42]. The results of our study 
revealed that pretreatment with CZ bark extract significantly increased 
the TFL and reaction time in hot plate test. These results suggest that CZ 
extract may possess a centrally mediated antinociceptive effect. Earlier 
studies [20-23] have reported the antinociceptive effect of cinnamon 
in the hot plate and acetic acid-induced writhing test. Thus, the results 
of our study on hot plate test are in accordance with these previous 
studies and confirm the central antinociceptive effect of CZ bark extract.

Formalin test is commonly used as an animal model of acute 
inflammatory pain and the nociceptive response induced due to 
injection of formalin is characterized by two different phases, first 
and second phases. The first phase (0–5 min) corresponds to acute 
neurogenic pain or non-inflammatory pain, and it occurs due to direct 
stimulation of nociceptive myelinated and nonmyelinated sensory 
fibers by formalin. This phase can be attenuated by centrally acting 
analgesic drugs acting through the opioidergic pathway. The second 
phase (30–35 min) of formalin test corresponds to inflammatory pain. 
During this phase, several inflammatory mediators and cytokines 
(histamine, serotonin, bradykinins, and prostaglandins) are released 
in the periphery and spinal cord leading to activation of the neuron. 
Drugs acting on the central nervous system to reduce pain response 
can inhibit both phases of formalin-induced nociceptive response 
while drugs acting in the periphery such as COX enzyme inhibitors and 
corticosteroids can inhibit only the second phase [43,44].

Results of our study revealed that CZ bark extract abolished formalin-
induced pain response in both phases. In the first phase, no effect was 
seen in 100 mg/kg dose of CZ extract whereas in the dose of 200 and 
400 mg/kg significant inhibitory effect was observed on pain response 
in the first phase. However, the second phase of formalin-induced pain 
response significantly suppressed with 100, 200, and 400 mg/kg dose 
of CZ extract. The antinociceptive effect observed in both phases with 
CZ bark extract indicates the involvement of both peripheral and central 
mediated mechanisms.

Role of various pro-inflammatory mediators such as interleukin -6 
and - 1β (IL-6 and IL-1β), TNF and COX enzymes are well known in 
the nociceptive process. Literature has shown that administration 
of cinnamon caused the reduction in the levels of these mediators 
in various in vivo studies, suggesting the anti-inflammatory effect 
of cinnamon The anti-inflammatory effect of cinnamon reported in 
these studies is ascribed to trans-cinnamaldehyde component of 

Table 1: Effects of bark extract of Cinnamomum Zeylanicum (CZ) 
on locomotor activity and muscle coordination in mice

Groups Actophotometer Fall off time on Rota 
Rod

Before After
Control 391.6±23.4 56.7±7.2 63.4±7.4
CZ extract (100mg/kg ) 496.2±35.6 70.2±7.6 72.5±6.7
CZ extract (200mg/kg) 489.6±46.4 78.5±4.2 74.4±4.9
CZ extract (400mg/kg) 406.2±40.0 80.34±5.9 83.5±6.6
Results are presented as Mean±SEM. Statistical analysis was done by ANOVA 
followed by post hoc Bonferroni test

Fig. 4: Effects of hydroalcoholic Cinnamomum Zeylanicum (CZ) 
bark extract on the first and second phase of formalin-induced 

pain response in mice. Mice (n=6 in each group) were pretreated 
with normal saline, CZ extract (100, 200, and 400 mg/kg, per 

orally) I h before the test. Morphine (MOR) (5mg/kg, i.p.) as the 
positive control was administered 30 min before the test. The 

results are presented as Mean ± SEM. Statistical analysis was done 
by ANOVA followed by post hoc Bonferroni test. ap<0.05, bp<0.001, 

and cp<0.001 as compared to the control group

Fig. 5: (a) Effects of hydroalcoholic Cinnamomum Zeylanicum 
(CZ) bark extract on the percentage of open arm entries on 

elevated plus maze. (b) Effects of hydroalcoholic Cinnamomum 
Zeylanicum (CZ) bark extract on the percentage of time spent in 
open arm on elevated plus maze. Mice (n=6 in each group) were 
treated with CMC in distilled water and CZ extract (100, 200, and 

400 mg/kg, per orally) 1 h before the test. Diazepam (1mg/kg, 
i.p.) as the positive control was administered 30 min before the 

test. The results are presented as Mean ± SEM. Statistical analysis 
was done by ANOVA followed by post hoc Bonferroni test. ap<0.05, 

bp<0.001, and cp<0.001 as compared to the control group

a

b
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cinnamon [39,45,46]. Thus, the antinociceptive effect observed in our 
study in the formalin test may be due to the reduction in the release of 
inflammatory mediators following administration of the extract.

In addition, phytochemical screening of extract revealed the presence 
of several active principles such as phenolic compounds flavonoids and 
tannins, saponins in the extract and sugars. Thus, the antinociceptive 
effect observed in the present study might be due to the presence of active 
constituents also. Many investigators have found that phenolic compounds, 
flavonoids, and tannins are able to inhibit metabolism of arachidonic 
acid, release of histamine from mast cells, and platelet aggregation and 
showed antinociceptive, anti-inflammatory and antioxidant activity in 
in vivo and in vitro studies [23,47] It is reported that saponins bind on 
sensory nerve terminals and have shown analgesic effects through 
opioid receptor mechanism [48]. Hence, the presence of the phenolic 
compound, cinnamaldehyde, flavonoids, and others may contribute to 
the antinociceptive activity of CZ bark extract. Besides, investigators 
have also reported the potent antioxidant action of cinnamon in various 
experimental studies. There are reports which indicate the contribution 
of increased generation of reactive oxygen species in formalin-induced 
nociception [49]. Hence, it can be assumed that the antinociceptive effect 
of CZ bark extract may be due to both anti-inflammatory and antioxidant 
properties. Rotarod test and actophotometer tests were also performed 
to rule out any effect of the locomotor deficit on observed pain response. 
No change in locomotor activity or muscle coordination was observed 
following administration of CZ bark extract.

Results of elevated plus maze tests showed a significant increase in the 
time spent in the open arms at 200 and 400 mg/kg doses of CZ bark 
when compared to the control group. Several studies have reported the 
association of increased oxidative stress and inflammation with anxiety 
disorders [50,51]. Thus, the anxiolytic effect observed in this study 
may be attributed to the anti-inflammatory and antioxidant action of 
cinnamon. Previous experimental evidence has shown the anxiolytic 
effect of cinnamon and our findings on anxiety-like behavior are in 
concurrence with the observation of these studies [52,53]. In one study, 
extract of Cinnamomum cassia has been shown to exert anxiolytic effects 
through regulation of serotonin and gamma-Aminobutyric acid (GABA) 
pathways [54] hence, it can be assumed that extract of CZ bark in the 
present study might also produce anxiolytic effect through modulation 
of these pathways. Thus, it can be concluded that the administration of 
CZ extract showed inhibitory effect on both heat and chemical-induced 
pain, indicating that CZ extract exerts its antinociceptive effect through 
both peripheral and central action. In addition, the anxiolytic effect 
was also observed. However, more detailed studies are warranted 
in this direction to decode the exact mechanism responsible for the 
antinociceptive and anxiolytic effect of cinnamon.
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