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Abstract
Introduction: Nonsteroidal anti-inflammatory drugs (NSAIDs) are one of the most widely used
drugs in the treatment of pain and inflammation. Although, their side effects i.e.; gastrointestinal
and renal adverse effects, limit the use of these drugs. Therefore, investigating new compounds
with higher efficacy and fewer side effects is considerable issue. In this study, the analgesic activity
of rosmarinic acid at different doses was compared with piroxicam (known standard NSAID).
Methods: To evaluate the analgesic effects of rosmarinic acid, two well-known methods, Hot
plate, and Tail-flick, were used. The experiments were performed in 10 groups (6 male mice
per group) including the experimental groups (rosmarinic acid), the positive control group
(piroxicam), and the negative control group (normal saline). All administrations were through
intraperitoneal injection. The obtained data were analyzed separately by SPSS software and an
independent student t test.
Results: Rosmarinic acid at doses of 10 mg/kg and higher had significant analgesic effects
compared with the control group, 30 minutes after injection in both hot plate and tail flick tests
(P < 0.05). Concomitant injection of 50 mg/kg of rosmarinic acid with 15 mg/kg of piroxicam
produced significant painkiller effects when compared with the dose of 15 mg/kg piroxicam
injection alone.
Conclusion: Rosmarinic acid was able to exert analgesic effects in pharmacological tests in
a dose-dependent manner. Concomitant use of rosmarinic acid and piroxicam may lead to
synergic pain relief, especially in acute and severe pain in patients, reducing the therapeutic
dose of piroxicam and subsequently, its side effects.
Keywords: Analgesic, Hot plate, Rosmarinic acid, Rosmarinus officinalis, Tail flick

Introduction
Pain is an unpleasant sensation that is
caused by damage to various tissues
and introduced as a warning factor that
indicates the presence or possibility of
injury in an organ.1 Both acute and chronic
pain cause problems in humans, limiting or
disabling daily activities.2 For this reason,
continuously, humans have been looking
for a way to relieve pain.3 According to a
study by the American Pain Association,
50 million people of all ages in the United
States suffer from pain, which costs more
than $ 100 million to control.4
Nonsteroidal anti-inflammatory drugs
(NSAIDs) are the most widely used drugs
in this field, which unfortunately in many
cases their gastrointestinal, hepatic, and

renal complications are important factors
in limiting their use.5 Opioids, another
class of analgesic drugs, has serious side
effects, besides dependence and tolerance,
which limit their administration.6 Regard
to adverse effects of chemical mentioned
drugs, herbal medicines could be
considered as suitable alternative.7
From a long time ago Rosemary, a native
herbal plant in different areas of Iran, has
been used as a tonic, relieving fatigue and
weakness agent, anti-depressant, antiflatulence, appetite stimulant, antiseptic,
diuretic, perspiration stimulant, bile
flow stimulant, and antispasmodic.
Rosmarinic acid, (2R)-2-[[(2E)-3-(3,4dihydroxyphenyl)-1-oxo-2-propenyl]]
oxy]-3-(3,4-dihydroxyphenyl), propanoic
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acid) is one of the most abundant caffeic acid esters that
was first isolated from Rosemary in 1958 and studied as
a major biologically active component of this plant.8 It is
generally found in several plants from the Lamiaceae (the
Mint) family, such as Rosmarinus officinalis L. (rosemary),
Thymus vulgaris L. (thyme), Mentha spicata L. (spearmint),
Origanum vulgare L. (oregano), Ocimum basilicum L.
(sweet basil), and some other medicinal herbs.9 Many
therapeutic effects of rosemary such as anticonvulsant
and anti-anxiety, anti-inflammatory, antioxidant, and
anti-apoptotic effects have been attributed to rosmarinic
acid.10 It has been shown that rosmarinic acid reduces the
expression of cyclooxygenase (COX)-2 and prostaglandin
E2 (PGE2).11
In traditional medicine, rosemary has been introduced
as a remedy to relieve muscle and joint pain (especially in
topical use) and some studies have evaluated the analgesic
effects of its alcoholic extract and considered further study
on the main components of this extract.12 Therefore, the
present study seeks to investigate the analgesic effects
of pure rosmarinic acid in a mice model in comparison
with piroxicam and its possible additive interaction in coadministration with piroxicam as one of the oldest and
most common analgesic drugs of NSAIDs family.
Materials and Methods
Tools and Chemicals
The equipment and materials used in this study included
the following: standard rosmarinic acid material,
purity > 90%, purchased from Sigma Company (USA),
piroxicam ampoules purchased from Chemi Darou
Industrial Co. (Tehran, Iran), insulin syringe, animal
cage, digital scale, Hot plate, and Tail flick device made
by Tajhiz Gostar Omid Iranian Company (Tehran, Iran).
Study Population (Animals)
In this study, 66 male NMRI mice weighing 20 to 30 g
were used and the experiments were performed in 11
groups with 6 mice in each group (according to similar
studies) for testing.12 The interval between the hot plate
and tail-flick tests was performed on mice, observing the
wash-out period (5 half-lives after drug injection). Mice
were injected intra-peritoneally, as described in Table 1.
According to previous studies, the LD50 of rosmarinic
acid was determined by intraperitoneal injection in
mice, 561 mg/kg.13 In the present study, the highest dose
for injection was about one-fifth of this value (100 mg/
kg). Then, to assess other doses, the rosmarinic acid
dose was halved in each group for better comparison.
In previous studies, the effective dose of piroxicam with
analgesic effects in mice was determined to be 30 mg/kg.14
Therefore, in the present study, two doses, 15 and 30 mg/
kg were used.
Pain Assessment Tests
In this study, hot plate and tail flick pharmacological tests

Table 1. Groups and Dose of Drug Administered in Pharmacological Tests
Number of
Groups
Control

Dose

Drug Received

1 mL
0.05 mL (5 mg/kg)

Normal saline

2

0.1 mL (10 mg/kg)

Rosmarinic acid

3

0.2 mL (20 mg/kg)

Rosmarinic acid

4

0.5 mL (50 mg/kg)

Rosmarinic acid

5

1 mL (100 mg/kg)

Rosmarinic acid

6

0.1 mL (30 mg/kg)

Piroxicam

7

0.05 mL (15 mg/kg)

Piroxicam

8

0.1 mL piroxicam (30 mg/kg) + 0.5 mL
rosmarinic acid (50 mg/kg)

Rosmarinic
acid + piroxicam

9

0.05 mL piroxicam(15 mg/kg) + 0.5 mL
rosmarinic acid (50 mg/kg)

Rosmarinic
acid + piroxicam

1

Rosmarinic acid

were used to evaluate the acute analgesia. Quick responses,
reliability of results, and presenting quantitative results
are some of the advantages of these two methods. Also,
these two tests show the sensory and reactive function
of central nervous systems and related spinal reflexes,
typically involved in controlling and improving pain.15
In the tail flick test, the thermal stimulator of the light
rays of the lamp was 8.5 V. The intensity of radiation in
this device was variable and controllable and included
degrees 1 to 11 that in all experiments, the intensity of
light emitted was adjusted to 5. Piroxicam and rosmarinic
acid in different doses were injected intraperitoneally and
according to the schedule. Immediately and 30, 60, and
120 minutes after injection, the mice were placed in a
special holding chamber, the beam of radiation began to
shine, and at the same time and the latency time for mice
to remove their tail was recorded. To prevent heat damage,
the cut-off time of the experiment was 15 seconds.16
The hot plate test shows a complex response to
an acutely painful and generally non-inflammatory
stimulus. This device is a plate that is heated by electricity,
at a temperature of 55 ± 0.5°C. After adjusting the
temperature, the mice were placed on the hot plate of
the device, and the time elapsed to observe the animal’s
reaction to the thermal stimulus was recorded. In order to
adapt the mice to the conditions, the animal was placed in
the device half an hour before the experiment. The cut-off
time was adjusted to 50 seconds. 17
Statistical Analysis
All data were expressed as mean ± SD. For statistical
analysis, an independent student t-test and SPSS software
(version 19.0) were used. In each test, the P value of < 0.05
was considered significant.
Time and Place of the Study
The present study was conducted in two months, in
Baqiyatallah University of Medical Sciences, in standard
animal care settings in terms of light, temperature (22 to
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25°C), and free access to water and food. Also, the animals
were kept in a cycle of 12 hours of light and 12 hours
of darkness. The cages with a size of 24 × 13.5 × 13 cm
were provided by Tajhiz Gostar Omid Iranian Company
and the number of animals in each cage was 6. All the
principles of safety with laboratory materials and animals
(use of gloves while working, avoiding direct contact
with materials, use of masks and hoods when preparing
materials, etc) were implemented before starting work.
Results
Comparison of Rosmarinic Acid and Piroxicam Results
With Tail Flick Test
The most analgesic effects of rosmarinic acid were obtained
at a dose of 100 mg/kg. At 30 minutes after injection, the
groups receiving rosmarinic acid at doses of 10-100 mg/
kg had significant analgesic effects (P < 0.001) compared
with the control group. At 60 minutes after injection, the
groups receiving doses 100 and 50 of rosmarinic acid
exhibited significant analgesic effects (P < 0.05) compared
to the control group. At 120 minutes after injection, the
maximum dose of rosmarinic acid (100 mg/kg) had
significant analgesic effects (P < 0.05) compared to the
control group. Piroxicam in both doses of 15 and 30 mg/
kg, 30, 60, and 120 minutes after injection, was able to
produce significant analgesic effects (P < 0.01) compared
to the control group. A delayed tail retraction was also
more pronounced in the first 30 minutes after injection.
In the tail-flick test, simultaneous administration of
rosmarinic acid (50 mg/kg) and piroxicam (30 mg/kg)
at 30 minutes after injection had significant analgesic
effects after 30 minutes when compared to the injection
of piroxicam alone with the dose of 30 mg/kg (P < 0.05)
(Figure 1).

Comparison of Rosmarinic Acid and Piroxicam Results
With Hot Plate Test
Thirty minutes after injection, the groups receiving
rosmarinic acid at doses of 10 mg/kg and higher had
significant analgesic effects compared to the control
group. 60 minutes after injection, only doses of 50 and 100
mg/kg of rosmarinic acid produced significant analgesic
effects compared to the control group. 120 minutes after
injection, none of the injectable doses of rosmarinic
acid produced significant analgesic effects. Piroxicam
at both doses of 15 and 30 mg/kg at all time intervals
after injection (30, 60, and 120 minutes) had significant
analgesic effects (P < 0.001) compared with the control
group. This comparison was performed 30 minutes after
injection of these compounds. Simultaneous injection of
rosmarinic acid, 50 mg/kg and piroxicam, 15 mg/kg, had
significant analgesic effects compared with injection of
piroxicam, 15 mg/kg, alone. However, this difference was
not significant at 60 and 120 minutes later in the hot plate
test (Figure 2).
Concomitant injection of rosmarinic acid at a dose
of 50 mg/kg and piroxicam at a dose of 30 mg/kg at 30
minutes after injection had no significant painkiller
effects compared with injection of piroxicam at a dose of
30 mg/kg alone.
Discussion
In this study, the analgesic effect of rosmarinic acid
was tested by hot plate and tail-flick tests in mice. Time
latency in animals’ response to a thermal stimulus,
evaluated. Whereas the tail flick test reaction represents
the spinal response, hot plate test principally produces
a supraspinal response.15 Rosmarinic acid is one of
Polyphenol compounds which are a major family of
naturally occurring organic compounds characterized

Figure 1. (A) Comparison of analgesic effects of Piroxicam and Rosmarinic acid in tail-flick test in 30 minutes after Rosmarinic acid and Piroxicam injection in
mice. The data represent the tail retraction time presented as Mean ± SD (n = 6). The results obtained from each group were analyzed separately by independent
student t-test and SPSS software. * P < 0.05, ** P < 0.01 and *** P < 0.001 show significant analgesic effects compared to control. (B) Comparison of co-injection
of rosmarinic acid and piroxicam with the injection of piroxicam alone.
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Figure 2. (A) Comparison of analgesic effects of Piroxicam and Rosmarinic acid in Hot plate test in 30 minutes after Rosmarinic acid and Piroxicam injection in
mice. The data represent the time taken to start the reaction to the thermal stimulus as Mean ± SD (n = 6). The results obtained from each group were analyzed
separately by independent student t test and SPSS software. * P < 0.05, ** P < 0.01 and *** P < 0.001 show significant analgesic effects compared to control. (B)
Comparison of co-injection of rosmarinic acid and piroxicam with the injection of piroxicam alone.

by several phenol units.18 They have been investigated
in various studies for their antioxidant, antitumor,
antibacterial, hepatoprotective, and beneficial effects
on the cardiovascular system and anti-inflammatory
activities.19,20
The present data revealed that rosmarinic acid at
doses of higher than 10 mg/kg had analgesic effects,
which is consistent with the available information in
ethnopharmacology of medicinal plants that introduces
Rosemary as an analgesic and anti-inflammatory herb.2123
The most analgesic effects of rosmarinic acid were
observed at doses of 50 and 100 mg/kg and data indicates
the dose-dependent effects of rosmarinic acid. Also,
the effects of rosmarinic acid were reduced during the
experiment over time, which indicates a short half-life
(about 45 minutes in humans) of this compound.24
The rapid onset of action of an analgesic agent is a
remarkable criterion for developing a new compound in
this field.25 At 30 minutes post-injection, rosmarinic acid
at doses of 50 and 100 mg/kg had comparable analgesic
effects with piroxicam at 15 mg/kg. Due to its rapid onset
of action, rosmarinic acid can be a suitable alternative for
piroxicam in acute pain due to its rapid onset of action.26
The combined use of different analgesic agents to
achieve greater efficiency has a long history in pain
control.27 The evaluation of analgesic effects in two groups
who received the same dose of piroxicam along with
rosmarinic acid showed that adding rosmarinic acid could
increase the analgesic effects of piroxicam. Therefore, due
to the observed synergistic and/or potentiating effects,
combination of rosmarinic acid and piroxicam can be
used in more severe pains and better and higher response
can be obtained.
Co-administration of rosmarinic acid with a low
dose of piroxicam produced equivalent analgesic effects

compared with high-dose of piroxicam alone. Therefore,
using rosmarinic acid with a lower dose of piroxicam or
other NSAIDs almost produces the same analgesic effects.
Thus the dose of NSAIDs will be reduced and as a result,
drop many side effects. Unfortunately, a high rate of dosedependent gastrointestinal bleeding has been reported in
patients taking piroxicam and other related drugs.28
Despite the many biological properties of rosmarinic
acid, the mechanism of action of these effects has not
been fully understood. Many of these effects may be
due to the neuroprotective or anti-antioxidant effects of
rosmarinic acid.29,30 Pain is centrally regulated by various
neuronal complex systems such as opioid, dopaminergic,
serotonergic, and noradrenergic pathways.31 Rosmarinic
acid inhibits the monoamine transporters and
monoamine oxidase as well as modulation of the opioid
receptors activity.32,33
It is possible that at least a part of the analgesic effects of
rosmarinic acid is due to its anti-inflammatory properties,
which is largely attributed to the inhibition of enzymes
involved in prostaglandin biosynthesis.34 Sastry et al.
demonstrated that rosmarinic acid is a potent inhibitor
of the key enzyme phospholipase A2 in response to stress
conditions.35 Scheckel et al also showed that rosmarinic
acid is the selective inhibitor of COX-2 in human cancer
and nonmalignant cell lines.36 Inhibition of inflammatory
cytokines such as interleukins 1 and 6, interferon-gamma,
and matrix-9 metalloproteinases has been reported
for rosmarinic acid in many cell culture studies.11,23,37
NF-κB transcription factor is also an important proinflammatory factor that has played an important role
in initiating the inflammatory process in various studies
and it can be supposed that antioxidant factors such as
rosmarinic acid have a significant effect in inhibiting this
factor.38
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Conclusion
Conclusively, in the present study, rosmarinic acid
was able to prolong the latency time of response to the
analgesic stimulus in pharmacological tests, indicating
the potent analgesic effects of rosmarinic acid (even
comparable to piroxicam). Considering the result of this
study and other related investigations, it can be concluded
that rosmarinic acid has central analgesic effects which
interfere with CNS pathways and peripheral analgesic
effects with possible anti-inflammatory mechanisms.
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