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Abstract

Background: This study aimed to evaluate the effect of nanoemulsion containing peppermint and rosemary
essential oils in rats with osteoarthritis (OA).

Methods: In this experimental study, we prepared a nanoemulsion containing peppermint and rosemary essential
oils by spontaneous emulsification and evaluated the nanoemulsion’s dermal irritation and toxicity. Investigating
the analgesic effect of the nanoemulsion, we randomly assigned 36 male rats to 6 groups: Control (saline injection
into the knee), osteoarthritis (intra-articular injection of 2 mg monosodium iodoacetate), and four groups of OA
treated with nanoemulsion gel, nanoemulsion solution, rosemary and peppermint essential oil gel, or diclofenac
sodium. Treatments were administered topically at a dose of 1 ml daily. Using behavioral tests, we assessed pain on
days 1, 4, 7, and 14 after injection. Finally, we did the histopathological and biochemical evaluation of rats’ knee
joints.

Results: There were no irritation signs on the animals’ skin after receiving the nanoemulsion and no changes in the
hematological and biochemical parameters of rats’ blood compared to the control group. Receiving nanoemulsion
decreased the mechanical (P < 0.001) and thermal allodynia (P < 0.05), thermal hyperalgesia (P < 0.05), and
ambulatory-evoked pain in comparison with the OA group. Also, the nanoemulsion receiving rats showed an
increase in SOD and GPx activity and a decrease in MDA level. Histopathology of synovial tissues confirmed the
results of behavioral and biochemical tests.

Conclusion: The nanoemulsion containing essential oils of peppermint and rosemary reduces osteoarthritis pain via
increasing antioxidant capacity and improving the histopathological features of the rats’ knee joint.
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Background
Osteoarthritis (OA) is the most common musculoskel-
etal disorder characterized by the progressive destruc-
tion of articular cartilage, local inflammation, and joint
pain [1]. The main complaint of patients is debilitating
pain, which influences their quality of life [2], and it
gradually becomes more resistant to treatment [3]. Since
no disease-modifying drugs are available, treatments’
main goals are symptomatic such as analgesic and anti-
inflammatory drugs [2]. Although these treatments ef-
fectively reduce pain, inflammation, and symptoms of
the OA, but do not have a significant impact on the pre-
vention of the disease progression [4]. Knowledge in
herbal medicine and its use has increased in recent years
due to higher safety and a reasonable price. The effect of
the various herbs on osteoarthritis treatment and pre-
vention has been investigated.
Mentha piperita (peppermint), a natural hybrid be-

tween Mentha spicata and Mentha aquatica, [5] con-
tains about 1.2–1.5% of essential oil, and menthol, as its
main active ingredient, has various therapeutic effects
such as anti-inflammatory, anti-oxidant, anti-bacterial,
anti-cancer, and analgesic effects [6]. Taher has revealed
that peppermint can reduce the writhing number in-
duced by acetic acid injection in mice [7]. Using acetic
acid-induced nociception and carrageenan-induced paw
edema tests, Kehili et al. have proved the anti-
nociceptive and anti-inflammatory effects of peppermint
essential oil in rats [8]. Also, Belemkar and colleagues
have shown analgesic effects of Mentha piperita metha-
nolic extract by both the hot-plate and tail immersion
tests in rats [9]. A study showed that topical application
of a cream containing Mentha piperita, Cinnamomum
camphora, and Pinus roxburghii essential oil reduces
pain and swelling in patients with osteoarthritis [10].
In traditional medicine, Rosmarinus officinalis L. (rose-

mary) uses as a treatment for asthma, renal colic pain, and
dysmenorrhea. The main components isolated from rose-
mary essential oil monoterpenes have anti-inflammatory,
anti-oxidant, and anti-nociceptive effects [11]. Raskovic
et al. have demonstrated that rosemary essential oil can al-
leviate pain in the hot-plate test [12]. Also, Belkhodja et al.
have studied the effect of rosemary and white poplar es-
sential oils in an animal model of knee osteoarthritis.
Radiographic and histologic data of this study have shown
that the essential oil has a protective effect against osteo-
arthritis in rats [13]. Ghasemzadeh and colleagues have
evaluated the anti-allodynic and anti-hyperalgesic effects
of rosemary extract in rats with neuropathic pain. This
study also has demonstrated that rosemary extract has
anti-inflammatory and anti-apoptotic effects that can treat
neuropathic injury [14]. Besides, an in vitro study on bo-
vine articular cartilage cells has revealed that rosemary ex-
tract slows down cartilage degeneration [15].

Despite the medicinal properties of essential oils, some
factors such as volatility, sensitivity to light and oxygen,
and hydrophobicity have restricted the use of essential
oils in pharmaceutical formulations [16]. Nanoemulsion-
based delivery systems are favorite methods for improv-
ing the stability, decreasing volatility, and enhancing
water solubility of the essential oils [17]. The nanoemul-
sification of essential oils can increase their stability and
improve antimicrobial efficacy [17]. Nanoemulsions are
transparent and thermodynamically stable dispersion of
oil and water balanced by an interfacial layer of surfac-
tant and co-surfactant molecules. The droplet size in
nanoemulsion is approximately 10–200 nm. The tiny
size of nanoemulsion droplet provided greater surface
area, enhancing skin absorption and making these sys-
tems suitable for transdermal delivery. The nanoemul-
sion improved the bioavailability of the drug and
increased the solubility of the lipophilic agent [18].
Due to the medicinal properties of peppermint and

rosemary essential oils and their limitations as a drug,
the present study aimed to evaluate the effect of nanoe-
mulsion containing rosemary and peppermint essential
oils in a rat model of osteoarthritis.

Methods
Nanoemulsion preparation
Rosemary and peppermint essential oils were purchased
from the Barij-Essence pharmaceutical company (Ka-
shan, Iran). A spontaneous emulsification technique was
used to make the nanoemulsion. To achieve the best for-
mulation for a stable nanoemulsion, various ratios of
emulsifiers and essential oils were examined (results not
published). The results showed that the best ratio for
emulsifiers is 1: 1: 3 for crudert, tween 20 and tween 80,
respectively. Also, the optimum ratio of propylene glycol
and polyethylene glycol 400 as co-solvent was obtained
1:2. To prepare nanoemulsion, the aqueous phase was
assisted by solvents and water, and an oily phase consist-
ing of emulsifiers and essential oils were prepared separ-
ately. The beaker was sealed with parafilm and placed
into bain-marie at 35 °C. In the next step, the aqueous
phase was added dropwise to the oil phase, which was
placed in a hot water bath on a heater stirrer (37 °C, 200
RPM). The homogenization process continued for 20
min at high speed to achieve a single-phase, transparent
solution. The resulting solution was transferred to a dark
container and stored at an appropriate temperature.

Animals
Healthy and adult male and female Wistar rats (12 weeks
old, 200–220 g) and New Zealand white male rabbits (15
weeks old, 2200–2500 g) were purchased from Tehran
Pasteur Institute. Animals were individually housed in
standard cages in the controlled environmental situation
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(temperature 22 ± 2 °C, humidity 40–50%). They were kept
in 12 h dark/light cycle and had free access to water and
food. All experimental procedures were carried out in ac-
cordance with the Directive 2010/63/EU on the protection
of animals used for scientific purposes and approved by the
ethical committee of Kashan University of Medical Science,
Kashan, I.R. Iran (IR.KAUMS.MEDNT.REC.1396.76).

Acute irritation study
Acute irritation study in rabbit was conducted following
Organization for Economic Co-operation and Develop-
ment (OECD) guideline number 404 with a sequential
testing strategy on three healthy white rabbits (1.2–1.5
kg) [19]. Approximately 24 h before the test, the dorsal
fur of animals was removed with an electrical clipper.
Care was taken to avoid irritating the skin, and only rab-
bits with intact skin were used.
Initial test: One patch of the nanoemulsion was placed

on the dorsal area of a rabbit’s trunk and removed after
3 min. If no serious skin reaction was observed, the sec-
ond patch was applied to a different site and removed
after 1 h. If the observation at this stage indicated that
exposure could humanly be allowed, the third patch was
applied and then removed after 4 h. The rabbit was ex-
amined for 14 days for any skin changes.
Confirmatory test: If serious skin reaction was not ob-

served in the initial test, irritant or negative response
was confirmed using up to two additional animals. One
patch of the nanoemulsion was applied on the dorsal
side of each animal’s trunk for an exposure period of 4
h. The animals were observed for 1, 24, 48, 72 h(s) and
later for 14 days after removal of patches and examined
for erythema, edema, and scar.

Acute dermal toxicity study
Acute dermal toxicity test was performed following the
guideline of OECD number 402 [20]. This study was
done on two groups of animals: control and nanoemul-
sion receiving groups. Each group included three male
and three female rats were kept individually. Approxi-
mately 24 h before the test, fur was removed from the
trunk’s dorsal area with an electrical clipper. Care was
taken to avoid irritating the skin, and only rats with in-
tact skin were used. A dose of 2000mg of the nanoemul-
sion was applied to 10% of animals’ body surface area
and covered with gauze patch and fixed with cloth glue
for 24 h. The residual test substance was removed after
the exposure period. Then, animals’ skin was studied at
30 min and 1, 2, and 4 h(s) for edema, erythema, and any
other types of dermal change. Animals were kept under
observation for any changes in the skin, eyes, mucus
membranes, behavior patterns, diarrhea, salivation,
tremor, and mortality for 14 days post-exposure. Body
weight was recorded on days 0 (before treatment), 7,

and 14. At the end of the study, animals were anesthe-
tized and sacrificed for blood sampling. Biochemical and
hematological parameters were detected.

Induction of osteoarthritis
Evaluating the anti-nociceptive effects of the nanoemul-
sion, osteoarthritis was induced by intra-articular injec-
tion of monosodium iodoacetate (MIA). Briefly, rats
were anesthetized with Ketamine-Xylazine (100–10mg/
kg, I.P.) (Alfasan, The Netherlands) and 2mg of MIA
(Sigma-Aldrich, USA) dissolved in 25 μl sterile normal
saline was injected into the left knee joint with a 27-
gauge needle inserted through the intra-patellar tendon.
Control animals were given a single injection of the ve-
hicle into the left knee joint [21]. In this study, 36 rats
were randomly divided into six groups (n = 6 for each)
including Control (CO), Osteoarthritis (OA), Osteoarth-
ritis received gel contained the nanoemulsion (NG),
Osteoarthritis received gel contained Mentha and Rose-
mary essential oils (EG), Osteoarthritis received the
nanoemulsion solution (NS), and Osteoarthritis received
gel contained 1% diclofenac sodium (Razak Co., Iran)
(DG). Gels and solutions were topically applied at a dose
of 1 ml on injected knee daily for 14 days.

Behavioral studies
Behavioral tests were done at the days 1, 4, 7, and 14
after induction of osteoarthritis as follows:

Mechanical allodynia (von-Frey test)
Mechanical allodynia was evaluated by measuring the
hind paw withdrawal response to von-Frey filament
stimulation (with increasing forces ranging from 2 to 60
g, Stoelting Inc., Wood Dale, IL). Rats were placed in a
plexiglass cage with a mesh floor and allowed to accli-
mate for 15 min or until exploratory behavior ceased.
Filaments were applied at a 90° to the mild plantar of
the rat’s left hind paw (ipsilateral side of MIA injection).
The stimulation was used three times consecutively by
pushing down on the hind paw until the rat withdrew its
paw or the fiber bowed. Lifting the paw due to normal
locomotor behavior was ignored. The smallest filament
size, which evoked at least two withdrawal responses
during three consecutive applications, was considered as
the withdrawal threshold. Each filament was applied ap-
proximately 1 s, and intervals between each stimulation
were about 1 min [22].

Cold allodynia (acetone test)
Cold sensitivity was quantified by acetone spray test
(evaporation-evoked cooling). Rats were placed on a wire
mesh floor, and one drop of acetone was applied to the
plantar surface of the hind paw using a propylene tube
attached to the syringe (5 times at 5 min intervals). Paw
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withdrawal frequency was reported as percentage (the
number of paw withdrawal/number of trials× 100) [22].

Thermal hyperalgesia (hot-plate test)
Paw withdrawal latency in response to radiant heat was
measured using the plantar test apparatus (UgoBasile, Va-
rese, Italy). Rats were placed within plexiglass on a trans-
parent glass floor. An infrared ray that constitutes the heat
source was moved under the mid-plantar surface of the
hind paw (temperature: 52 °C). The latency (seconds) be-
tween the heat stimulus onset and paw withdrawal was
defined as thermal withdrawal latency. A cut-off time of
22 s was considered to avoid tissue damage. Each paw was
tested three times with inter-stimulus intervals. Mean
withdrawal latency time for ipsilateral (injected), and
contralateral paw was calculated separately [22].

Ambulatory-evoked pain
To calculate this index, animals were placed into a plexi-
glass chamber with a flat floor, and after adaptation to
the new environment, the ambulatory-evoked pain was
scored from 0 to 3 as follows: 0; no limp, 1; slight limp
but no decrease in usage of the ipsilateral limb, 2; limp
with a reduction in usage of the ipsilateral limb, and 3;
avoidance of usage the ipsilateral limb [21].

Tissue collection
On day 15, rats were euthanized by intraperitoneal injec-
tion of 200mg/kg sodium thiopental (Exir Pharmaceut-
ical Company, Iran), and the left knee joint immediately
was dissected. Half of the samples (3 animals in each
group) were fixed in 10% neutral buffered formalin for
pathological investigation. The other pieces were snap-
frozen in liquid nitrogen and then stored at − 70 °C for
biochemical studies.

Biochemical studies
The oxidative stress parameters were evaluated in tissue
homogenates. Briefly, 0.2–0.3 g of each tissue sample
was homogenate with ice-cooled KCl (150 mM), and
then the mixture was centrifuged (3000 g for 10 min).
Determining lipid peroxidation, the MDA content of the
sample was measured using thiobarbituric acid (TBA)
reaction as follows: 0.5 ml of homogenate supernatant
was mixed with 1 ml trichloroacetic acid (20%) and cen-
trifuged at 2500 g for 10 min, and then 1ml of TBA
0.067% was added to the sample (0.5 ml of centrifuged
solution). The reaction solution was heated 80 for 15
min and then chilled in Ice. The absorbance of the solu-
tion was measured spectrophotometrically at 532 nm.
The amount of MDA was expressed as nmol/mg protein
[23]. Also, the protein content of samples was detected
using Lowry et al. method [24]. Superoxide dismutase
(SOD) and glutathione peroxidase (GPx) activity were

measured by standard laboratory ELISA kit (ZellBio,
Germany).

Histopathological study
After fixation in formalin, joint tissues were transferred
to Ethylene-diaminetetrachloroacetic acid (EDTA) in
phosphate-buffered (pH: 7.4, 4 °C) until completely dec-
alcified. Samples were processed in a tissue processor
and paraffin-embedded. Five micrometers-thick tissue
sections were stained with Hematoxylin and Eosin [13].

Statistical analysis
All results were reported as mean ± SEM. The Mann-
Whitney U test was used to analyze the acute dermal
toxicity data. Statistical analysis of behavioral and bio-
chemical tests in the OA model was performed by Two-
way repeated measures ANOVA test followed by
Tukey’s test. All statistical analysis was done using
GraphPad Prism software (version 7.05), and p < 0.05
were considered as a significant difference.

Results
Nanoemulsion did not caused any irritation
In the initial test, we did not see any serious skin reac-
tion after any of the three sequential (3 min, 1 and 4
h(s)) exposures, and also there were no dermal changes
after 14 days. So, the confirmatory test was done using
up two additional rabbits. Skin reactions were observed
for 1, 24, 48, 72 h(s) and later for 14 days after removing
patches, and there was no sign of erythema, edema, and
scar.

Nanoemulsion did not caused dermal toxicity
Clinical signs were evaluated throughout the observation
for 14 days post-exposure. There was no mortality seen
during the toxicity study. Also, no abnormality was ob-
served in the skin, eyes, mucous membranes, and behav-
ioral patterns after nanoemulsion application. Further,
no sign of tremors, convulsions, salivation, diarrhea, and
coma was observed after nanoemulsion treatment. Be-
sides, there was no significant (P > 0.05) difference in
body weight in the treatment group compared to the
control group. In comparison to the control group, none
of the hematological (Table 1) and biochemical (Table 2)
parameters changed significantly (P > 0.05) after nanoe-
mulsion treatment in both male and female rats.

Behavioral studies
Nanoemulsion decreased mechanical allodynia
MIA injection to the knee joint led to a significant de-
crease in the withdrawal threshold in comparison with
the CO group (P < 0.001). Paw withdrawal thresholds to
von-Frey hairs were significantly decreased from the first
day after MIA injection into the left knee joint to the
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end of the study. Treatment with the gel contained the
nanoemulsion (NG), gel contained peppermint and rose-
mary essential oils (EG), and gel contained 1% diclofenac
sodium (DG) increased withdrawal threshold compared
to the OA group. The difference between the paw with-
drawal thresholds in the OA group and the NG, EG, and
DG groups on days 4, 7, and 14 after the injection was
significant (P < 0.01). Data analysis also showed that the
difference between the NG group and the DG group was
not significant (P > 0.05). At the same time, the

antinociceptive effect of the NG was significantly more
than the EG group (P < 0.05) (Fig. 1a).

Nanoemulsion decreased cold allodynia
As shown in Fig. 1b, the injection of MIA into the rats’
knee joint caused an increase in withdrawal frequency in
comparison to the CO group. The difference between
the osteoarthritis and CO groups in all days of the test
was statistically significant (P < 0.001). All of the treat-
ments significantly reduced acetone’s sensitivity com-
pared to the OA group (P < 0.01). The statistical analysis
also indicated that the treatment with the gel containing
the nanoemulsion was more effective than gel containing
essential oil in reducing cold hypersensitivity (P < 0.05).
Moreover, no significant difference was observed be-
tween the NG and DG groups (P = 0.06).

Nanoemulsion decreased thermal hyperalgesia
Compared to the control rats, MIA’s intra-articular
injection caused a significant reduction of paw with-
drawal latencies to heat stimuli (Fig. 1c). Statistical
analysis showed that the difference between the CO
and OA groups on days 4, 7, and 14 after the injec-
tion is significant (P < 0.001). All treatments signifi-
cantly increased the withdrawal latency compared to
the osteoarthritis group (P < 0.01). Also, the data ana-
lysis showed that the anti-nociceptive effect of nanoe-
mulsion was higher than essential oil gel (P < 0.05),
and the difference between the NG and DG groups
was not significant (P = 0.09).

Table 1 Effect of nanoemulsion treatment on biochemical parameters of rats’ serum during the acute dermal toxicity study

Control Nanoemulsion

Male (n = 3)
Mean ± SEM

Female (n = 3)
Mean ± SEM

Male (n = 3)
Mean ± SEM

Female (n = 3)
Mean ± SEM

WBC 11.13 ± 0.23 9.07 ± 0.35 11.27 ± 0.32 8.83 ± 0.27

RBC 7.72 ± 0.95 7.27 ± 0.15 7.73 ± 0.18 7.43 ± 0.2

HGB 14.37 ± 0.12 13.23 ± 0.15 14.37 ± 0.2 13.37 ± 0.2

HCT 46.2 ± 1.33 42.73 ± 1.27 45.73 ± 1.78 42.9 ± 1.5

MCV 54.37 ± 1.21 52.33 ± 0.85 54.73 ± 1.16 52.17 ± 1.13

MCH 17.03 ± 0.88 17.7 ± 0.35 17.2 ± 0.21 18.1 ± 0.25

MCHC 33 ± 0.23 33.27 ± 0.55 32.77 ± 0.65 34.43 ± 0.87

PLT 1085.33 ± 20.54 1063.67 ± 20.04 1099.33 ± 8.57 1082.33 ± 17.23

LYM 67.33 ± 2.96 64 ± 0.58 66.33 ± 1.2 62.67 ± 1.2

NEUT 28 ± 2.89 31 ± 1.53 29.67 ± 0.67 32.33 ± 1.2

MONO 3 ± 0.58 3 ± 0.58 2.33 ± 0.33 3 ± 0.58

EOS 1.67 ± 0.33 2 ± 0.58 1.67 ± 0.33 2 ± 0.58

There was no significant difference in hematological parameters between nanoemulsion treated group and control group in male and female rats
WBC (× 1000/mm3) White blood cells, RBC (× 1000/mm3) Red blood cells, HGB (g/dl) Hemoglobin, HCT (%) Hematocrits, MCV (fl) Mean corpuscular volume, MCH (pg)
Mean corpuscular hemoglobin, MCHC (g/dl) Mean corpuscular hemoglobin concentration, PLT (× 1000/mm3) Platelets, LYM (%) Lymphocytes, NEUT (%) Neutrophils,
MONO (%) Monocytes, EOS (%) Eosinophils

Table 2 Effect of nanoemulsion treatment on hematological
parameters of rats during the acute dermal toxicity study

Control Nanoemulsion

Male (n = 3)
Mean ± SEM

Female (n = 3)
Mean ± SEM

Male (n = 3)
Mean ± SEM

Female (n = 3)
Mean ± SEM

TG 82.67 ± 1.45 76.33 ± 0.88 83.33 ± 0.88 75.67 ± 1.76

CHOL 112 ± 1.53 119.67 ± 0.88 115 ± 0.58 120.33 ± 2.6

LDL 39 ± 0.58 43.33 ± 0.88 40.33 ± 0.88 44.33 ± 1.76

HDL 59 ± 0.58 65.33 ± 1.2 61.67 ± 0.33 65 ± 1.73

UA 0.36 ± 0.01 0.53 ± 0.03 0.37 ± 0.01 0.52 ± 0.01

TP 5.4 ± 0.12 5.7 ± 0.15 5.67 ± 0.2 5.57 ± 0.09

CRE 0.8 ± 0.06 0.91 ± 0.05 0.73 ± 0.09 0.87 ± 0.09

ALT 46.67 ± 0.88 41.33 ± 1.45 47 ± 1.15 41 ± 1.15

AST 34.33 ± 0.88 31 ± 0.58 32.33 ± 0.88 35 ± 1.15

There was no significant difference in biochemical parameters between
nanoemulsion treated group and control group in male and female rats
TG (mg/dl) Triglyceride, CHOL (mg/dl) Total cholesterol, LDL (mg/dl) Low
density lipoprotein, HDL (mg/dl) High density lipoprotein, UA (mg/dl) Uric acid,
TP (g/dl) Total protein, CRE (mg/dl) Creatinine, ALT (IU/L) Alanine
aminotransferase, AST (IU/L) Aspartate aminotransferase
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Nanoemulsion decreased ambulatory-evoked pain score
Ambulatory-evoked pain was scored on days 1, 4, 7, and
14 for all study groups. All animals on the first day fell
due to inflammation and pain caused by intra-articular
injection. A significant decrease in the ipsilateral limb
use was observed in the OA group rats, and there was
no ambulatory pain in the control rats during the follow-
ing days. As shown in Fig. 1d, all treatments increased
the limb use score compared to the OA group.

Biochemical studies
Nanoemulsion decreased MDA content of the rats’ synovial
tissue
In order to highlight the impact of MIA injection on
lipid peroxidation, the concentration of MDA in synovial
tissue was determined (Fig. 2a). The obtained results
showed that MDA level of synovial tissue in the OA
group significantly elevates in comparison to the CO
group. The MDA level of the NG, EG and DG groups

was lower than the OA group (P < 0.001) but the lowest
amount of MDA was found in DG group.

Nanoemulsion increased SOD activity in the rats’ synovial
tissue
The MIA injection significantly decreased SOD activity
in the rats’ synovial tissue (P < 0.001) (Fig. 2b). Although
administration of the nanoemulsion gel, nanoemulsion
solution, essential oils gel and diclofenac sodium gel sig-
nificantly elevates SOD activity in the rats’ synovial tis-
sue (P < 0.05), but the diclofenac sodium gel elevates
SOD activity more than the other treatments.

Nanoemulsion increased GPx activity in the rats’ synovial
tissue
As shown in Fig. 2c, the intra-articular injection of MIA
caused a decrease in GPx activity in the rats’ synovial tis-
sue compared to the CO group (P < 0.001). Although all
treatments significantly increased the GPx activity com-
pared to the OA group (P < 0.01), the application of the

Fig. 1 The response to von-Frey filaments stimuli (paw withdrawal threshold; PWT) (a), acetone stimuli (paw withdrawals frequencies; PWF) (b),
and noxious radiant heat (paw withdrawal latencies; PWL) (c) was measured at days 1, 4, 7, and 14 after the injection of MIA in all groups of the
study (n = 6 in each group). PWT, PWF, and PWL were significantly decreased from the first day after MIA injection into the knee joint to the end
of study. MIA injection caused a decrease in PWT, PWF, and PWL compared to the CO group. Also, the NG, EG, NS, and DG treatments
significantly increased PWT, PWF, and PWL compared to the OA group on days 4, 7, and 14 after the injection. Also, the ambulatory-evoked pain
was scored on days 1, 4, 7, and 14 for all animals (d). All the animals on the first day fell due to inflammation and pain caused by intra-articular
injection. MIA injection caused a significant decrease in the limb use. All the treatments increased the limb use score in comparison to the OA
group. The ambulatory-evoked pain was scored from 0 to 3 as follows: 0; no limp, 1; slight limp but no decrease in usage of the ipsilateral limp,
2; limp with decrease in usage of the ipsilateral limp, and 3; avoidance of usage the ipsilateral limp. Data are expressed as mean ± SEM. *** P <
0.001 compared to the CO group, ## P < 0.01 compared to the OA group, and ¶ P < 0.05 the NG vs. the EG group
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Fig. 2 Effect of MIA injection and different treatment on MDA amount (a), SOD activity (b), and GPx activity (c) in the joint tissue of the animals
(n = 3 in each group). While intra-articular injection of MIA increased MDA content and decreased SOD and GPx activity in the rats’ synovial
tissue, all the treatments, especially diclofenac sodium gel, reversed the effects of MIA injection. Data are expressed as mean ± SEM. *** P < 0.001
the CO vs. the OA group, # P < 0.05 all the treatments groups vs. the OA group, ## P < 0.01 all the treatments groups vs. the OA group, ### P <
0.001 all the treatments groups vs. the OA group
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diclofenac sodium gel led to a prominent enhanced en-
zyme activity compared to other treatments.

Histopathology
The pathological findings are represented in Table 3.
The control rats that received intra-articular saline
showed no change in the knee joint after 14 days, i.e.,
the articular tissue structures, including the synovial tis-
sue, synovium, adjacent ligaments, tendons, and tendon
sheath, and subcutaneous tissues, had typical tissue
architecture. Chronic inflammatory reactions accompan-
ied by tendon adhesion were observed in the MIA
injected animals. Also, the formation of granulation tis-
sue with neovascularization, edema, infiltration of mono-
nuclear was noticed. Moreover, chondrocyte necrosis
with loss of matrix caused a decrease in the articular
cartilage thickness and led to the separation of the nec-
rotic cartilage from the subchondral bone. In the NG
and DG animals, inflammatory cell infiltration and car-
tilage injury significantly declined. In both groups’ ani-
mals, a few scattered mononuclear cells were observed,
and the cartilage thickness increased compared to the
OA group (Figs. 3 and 4).

Discussion
The present study aimed to investigate the effect of a
nanoemulsion containing peppermint and rosemary es-
sential oils in an animal model of osteoarthritis. Since
we used this nanoemulsion as a topical medication to re-
lieve induced joint pain, evaluation of dermal toxicity,
and dermal irritation was the first step of this study. Our
results showed that the topical application of this nanoe-
mulsion in male and female rats was not toxic. Compar-
ing the lipid profile in the CO and NG groups showed
that the nanoemulsion did not alter the lipid profile.
Also, serum levels of the NG group’s aminotransferase
enzymes, as markers of liver function, did not signifi-
cantly change compared to the controls. Besides, no
change in serum creatinine and urea after receiving the
nanoemulsion indicated the animal’s kidney’s normal

activity. The examination of hematologic factors showed
that the nanoemulsion did not cause blood cell death
and did not alter erythrocyte parameters such as
hemoglobin and hematocrit. Based on our knowledge,
there is no study to evaluate the effect of acute dermal
treatment of a nanoemulsion on the hematological and
biochemical parameters in an animal model. However,
the Ribeiro et al. study has shown that oral administra-
tion of nanoemulsion containing Eucalyptus staigeriana
essential oil did not alter the rats’ hematological parame-
ters after the treatment [25]. Ragavan and colleagues
have shown that acute oral treatment of garlic oil nanoe-
mulsion did not change renal markers such as urea and
creatinine and hematologic factors of rats [26]. Also, we
did not observe any dermal reactions after applying the
nanoemulsion gel on the rabbit skin. Researchers have
shown that nanoemulsion containing natural origin
drugs had no dermal toxicity and can lead to better
interaction with the skin and enhance skin penetration
[27]. Mou et al. have demonstrated that nanoencapsula-
tion of menthol and camphor provides better interaction
with the skin and permeation enhancing ability and
might be a promising carrier for topical drug delivery
[28]. Furthermore, Sugumar and colleagues made a
nanoemulsion containing eucalyptus oil, which had no
irritancy and improved the wound healing process than
the neomycin treated rats [29].
In the second part of the study, we induced osteoarth-

ritis by intra-articular injection of MIA to evaluate the
nanoemulsion’s analgesic effect. Previous studies showed
that MIA injection into the knee joint causes chondro-
cyte apoptosis [30], which results in an imbalance in the
extracellular matrix and cartilage damage leading to the
OA progression [31]. The MIA injection to the joint
leads to the release of peripheral pro-inflammatory me-
diators and neuropeptides such as prostaglandins, sub-
stance P, and bradykinin [30]. This inflammatory
response can induce sensitization of the nociceptive re-
ceptor and hyperactivates the pain pathways [32]. Our
results showed that all the treatments improve the

Table 3 Comparison of histological features of different study groups

Groups Pathological finding

Control (CO) No cartilage degeneration; intact surface

Osteoarthritis (OA) Severe cartilage degeneration (greater than 75% affected); formation of granulation tissue
with neo vascularization; edema; infiltration of mononuclear leucocytes

Osteoarthritis received gel contained the
nanoemulsion (NG)

Mild cartilage degeneration (11–25%); surface fibrillation; a few scattered lymphocytes; a very
mild edema

Osteoarthritis received the nanoemulsion solution
(NS)

Moderate cartilage degeneration (26–50%); moderate fibrillation; infiltration of mononuclear
leucocytes

Osteoarthritis received gel contained Mentha and
Rosemary essential oils (EG)

Marked cartilage degeneration (51–75%); neo vascularization; edema; infiltration of
mononuclear leucocytes

Osteoarthritis received gel contained 1% diclofenac
sodium (DG)

Mild cartilage degeneration (11–25%); surface fibrillation; a few scattered lymphocytes
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cartilage change induced by MIA injection and reduce
the joint pain. Also, the nanoemulsion and diclofenac,
an analgesic and anti-inflammatory drug for relieving
pain in many inflammatory diseases were more efficient.
Studies have previously shown that rosemary and

peppermint essential oils have an analgesic effect. Ghan-
nadi et al. demonstrated that combined rosemary and
lavender essential oil ointment reduces pain and im-
proves physical function in patients with knee osteoarth-
ritis [33]. Another study showed that rosemary essential
oil inhibits pain during both neurogenic and inflamma-
tory phases of the formalin test, reduces the number of
acetic acid-induced writhing, and inhibits the edema for-
mation after carrageenan injection in the rat paw edema
test [34]. Atta and Alkofahi have confirmed the anti-
nociceptive and anti-inflammatory effects of peppermint.
Their results demonstrated that peppermint could delay
the reaction time to the hot-plate-induced thermal
stimulation and inhibit acetic acid-induced writhing
[35]. These findings were consistent with another study
showing that the peppermint leaf extract has significant
analgesic effects against thermal stimulation and writh-
ing tests in mice [7]. The more reducing pain in the NS
in comparison to the EG group can be attributed to the

small size of nano-droplets. Also, polyethylene glycol in
nanoemulsion structure can bind to the active ingredi-
ents and results in their controlled release. Moreover,
the presence of tween 20 and tween 80 in its structure
reduces the surface tension between the nanoemulsion’s
components and water [36].
Previous studies have indicated the role of oxidative

stress and inflammatory reactions in degenerative pro-
cesses in OA. Jiang et al. demonstrated that chondro-
cytes apoptosis is mitochondrial-dependent and related
to reactive oxygen species (ROS) elevation [37]. Ashka-
vand et al. reported that the pro-inflammatory mediators
such as interleukin 1-B and nitric oxide elevates in ani-
mals received MIA [30]. Their results also showed that
MDA content in the articular tissue increases, indicating
that lipid peroxidation increases after pro-inflammatory
mediators elevation [30]. The SOD activity is represent-
ing the ability of the body to scavenge free radicals. Gan
et al. have demonstrated that the SOD activity positively
correlates with the severity of damage in osteoarthritis
disease [38]. Our results are inconsistent with previous
studies. All applied intervention significantly decreased
the MDA level and increased SOD and GPx activity
compared to the OA group. Based on our knowledge,

Fig. 3 Macroscopic changes of the animal’s knee joint at the 14th day after intra-articular injection (n = 3 in each group). a The control group (no
change), b the osteoarthritis group (severe hypertension and tissue analysis), c the osteoarthritis received gel contained the nanoemulsion group,
d the osteoarthritis received gel contained Mentha and Rosemary essential oils group, e the osteoarthritis received the nanoemulsion solution
group, and f the osteoarthritis received gel contained 1% diclofenac sodium group

Mohammadifar et al. BMC Complementary Medicine and Therapies           (2021) 21:57 Page 9 of 12



although no study evaluates the antioxidant effect of
peppermint and rosemary essential oils in osteoarthritis, it
has been previously proven in the other disorders. For ex-
ample, Khalil et al. have shown that peppermint essential
oil decreases the MDA and increases the activity of SOD
and GSH in the liver exposed to CCL4 [39]. Also, Rosko-
vic et al. have reported that rosemary essential oil can
normalize the elevated MDA amount and reverse the oxi-
dative stress-related enzymes in rats receiving CCL4 [12].
Furthermore, Hussein and colleagues have demonstrated
that nanoencapsulation increased the rosemary essential
oil’s stability and antioxidant activity [40].
In line with our results, Belkhodja et al. have shown

that the rosemary essential oil reduces osteoarthritis
histological score in rats with MIA injection [13]. Their
results have demonstrated that although rosemary de-
creases the degradation of articular cartilage and inflam-
mation in the joint, but causes surface fibrillation and
deep fissures in cartilage. Moreover, rosemary essential
oil reduces the number of migrated cells and the volume
of inflammatory exudates after intrapleural injection of
carrageenan in rats [41].
One of this study’s future aims was to evaluate the

nanoemulsion’s efficacy in patients with osteoarthritis.
We loaded the nanoemulsion in a gel formulation to
easily use and control the drug’s applied amount. To in-
vestigate gel formulation’s effect on the nanoemulsion

efficacy, we added the NS group to the study groups.
Our results demonstrated the difference between NG
and NS group was not significant in none of the tests.
We can conclude that the formulation of the nanoemul-
sion in the gel doesn’t change the effect of nanoemulsion
on behavioral, biochemical, and histopathologic
parameters.

Conclusions
Our findings showed that the nanoemulsion containing
peppermint and rosemary essential oil did not cause any
irritation in the rabbit skin and any dermal toxicity and
change in biochemical and hematological parameters in
male and female rats. Moreover, the nanoemulsion re-
duced mechanical and thermal allodynia, thermal hyper-
algesia, and ambulatory-evoked pain via increasing SOD
and GPx activity, decreasing MDA levels, and improving
the pathological features of rats’ knee joint with osteo-
arthritis. In conclusion, this novel nanoemulsion formu-
lation can escalate the therapeutic effect of rosemary
and peppermint essential oil as a topical treatment for
osteoarthritis.
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gel contained the nanoemulsion group, d the osteoarthritis received gel contained Mentha and Rosemary essential oils group, e the
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