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Introduction
Trichomoniasis is a sexually transmitted 
infection caused by Trichomonas 
vaginalis. In woman, trichomoniasis 
results in vaginitis. If untreated, it may 
lead to erosion of the epithelial lining.[1] 
Trichomoniasis, the most prevalent nonviral 
sexual infection, with roughly 170 million 
new infected people worldwide per year, 
has been related to various discomforts such 
as preterm delivery, high infant mortality, 
or low birth weight and makes patients 
more susceptible to HIV infection.[2‑5] 

The drug of choice for the treatment of 
trichomoniasis is metronidazole, but some 
resistant strain to this medication has been 
detected.[6,7] It also has some side effects 
including metallic taste, nausea, and 
transient neutropenia.[8] Thus, efforts need 
to be taken for finding new alternative 
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Abstract
Background: Trichomoniasis is a common sexually transmitted disease that is caused by infection 
with protozoan parasite called Trichomonas vaginalis. Metronidazole is the drug of choice for the 
treatment of this infection. In this study, design, formulation, and physicochemical evaluation of 
vaginal cream containing Eucalyptus camaldulensis, Viola odorata, and Mentha piperita extracts 
for the prevention and treatment of trichomoniasis has been investigated. Methods: Ethyl acetate 
extract of E. camaldulensis leaves, water fraction of V. odorata root, and hydroalcoholic extract of 
M. piperita leaves was prepared and used for anti‑trichomonas experiments. Then, based on results, 
different formulations of vaginal cream containing mixed extracts were prepared and physicochemical 
evaluation was conducted. In the next step, anti‑trichomonas effect of selective formulation 
was tested in  vitro. Results: The mixed concentrates containing 2.5  mg/ml E. camaldulensis, 
0.06 mg/ml V. odorata, and 1 mg/ml M. piperita showed 100% growth inhibition  (GI) during 24 h. 
Furthermore, the mixture containing 1.25  mg/ml E. camaldulensis, 0.03  mg/ml V. odorata, and 
0.5  mg/ml M. piperita showed 92% GI in the first 24  h. The selective formulation passed all of 
physicochemical test and also showed 100% GI for in vitro anti‑trichomonas experiments in the first 
24  h. Conclusions: The mixed concentrates containing 2.5  mg/ml E. camaldulensis, 0.06  mg/ml 
of V. odorata, and 1 mg/ml of M. piperita are the mixture which showed the highest percentage of 
GI (100%) after 24 h. The selective formulation of vaginal cream containing this mixture of extracts 
was detected 100% GI in the first 24 h.
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drugs, to control trichomoniasis. For a 
long time, there is widespread acceptance 
of using medical herbs in both developing 
and nondeveloping societies because of 
their significant benefits such as fewer side 
effects, better patient tolerance, lesser cost, 
and treating the main cause of disease.[9]

Eucalyptus, a large genus of Myrtaceae, 
represented by 900 species and subspecies, 
can be found the world over. Its leaves 
were used by Australians for its benefits 
such as wound healing and for treating 
fungal infection,[10,11] and it seems that the 
essential oils of Eucalyptus, containing 
different compounds such as terpenoid and 
phenolic ones, play an important role in 
its biological activities.[12] Moreover, it has 
been reported that the extracts of Eucalyptus 
camaldulensis have anti‑trichomonas 
activity.[13‑15]
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Viola odorata is a species of the genus Viola native to 
Europe and Asia. It belongs to family Violaceae.[16] The 
phenolic glycosides, gaultherin, violutoside, saponins, 
flavonoids, odoratine, and violin were reported to 
occur in the plant.[17,18] The antibacterial and antifungal 
activities were reported for the V. odorata.[19,20] Moreover, 
it has been reported that the extracts of V. odorata have 
anti‑trichomonas activity.[21]

Mentha piperita, a medicinally important plant belongs to 
the family Lamiaceae, is widely grown in temperate areas 
of the world, particularly in Europe, North America, and 
North Africa but nowadays cultivated throughout all regions 
of the world.[22,23] The alpha‑  and beta‑pinene, menthol, 
menthone, monoterpenes, caffeic acid, flavonoids, and 
tannin were reported to occur in the plant.[24] The antiseptic, 
antispasmodic, antiemetic, analgesic, and antimicrobial 
activities were reported for the M. piperita.[25,26] Moreover, 
it has been reported that extracts of M. piperita have 
anti‑trichomonas activity.[27]

Vaginal administration of drugs is mainly used for the 
treatment of local infection such as trichomoniasis. In 
addition, vaginal formulations have a great potential for the 
systemic absorption of drugs because of the large surface 
area and rich blood supply.[28]

The vanishing creams are oil in water 
emulsion‑based formulations containing aqueous phase and 
oil phase.[29]

In this study, an effort to find a new formulation of 
vaginal cream containing E. camaldulensis, V. odorata, 
and M. piperita extracts was designed for the prevention 
and treatment of trichomoniasis and its effectiveness was 
evaluated in vitro.

Methods
Materials

Leaves of E. camaldulensis, roots of V. odorata, and 
leaves of M. piperita collected from around Isfahan 
city, located in the center of Iran, in September 2015, 
and underwent a validation process by pharmacognosy 
specialists in the department of pharmacognosy. Methanol, 
HCl, NaOH, chloroform, diethyl ether, ethyl acetate, 
dimethyl sulfoxide  (DMSO), stearic acid, beeswax, 
white soft paraffin, triethanolamine, propylene glycol, 
KOH, glycerol, and sorbitol were obtained from Merck 
Company (Germany).

Preparation of Eucalyptus camaldulensis phenolic 
extract

For the preparation of phenolic fraction of E. camaldulensis, 
the crude extract was prepared by maceration of 500  g of 
dried powder of E. camaldulensis leaves in 50% methanol 
and 1% HCl 6N for 3  days continuously at 25°C. The 
extract was concentrated using rotary evaporator. Then, 

the crude extract was partitioned into purified water 
and diethyl ether phase. The pH of aqueous phase was 
adjusted to 8–9 with 10% NaOH, which converted 
phenolic compound to its sodium salts. Then, chloroform 
was added, and using separating funnel, aqueous phase 
containing phenolic compounds was collected. Then, pH 
of residual aqueous phase was decreased to 3–4 using HCl 
6N and extracted with ethyl acetate to provide phenolic 
fraction. Then, it was evaporated to dryness using vacuum 
rotary evaporator.[30]

Preparation of Viola odorata phenolic extract

For preparation of phenolic fraction of V. odorata, root 
parts of plant material were separated and shade dried. 
The cured extract was prepared by maceration of 150 g of 
dried powder of V. odorata root in 70 ml of 50% methanol 
and 1% HCl 6N for 3  days at 25°C.[31] The extract was 
processed as mention for E. camaldulensis extract to yield 
phenolic fraction.

Preparation of Mentha piperita hydroalcoholic extract

Menta aerial parts were separated and shade dried. The 
cured extract was prepared by maceration of 50 g of dried 
powder of M. piperita leaves in 500  ml water and 500  ml 
methanol for 3 days at 25°C. The extract was concentrated 
using rotary evaporator.[27]

Determination of 1,8‑cineole by gas chromatography

Using gas chromatography  (GC), 1,8-cineole as one 
of the major components of the formulation was 
standardized through internal standard calibration 
method. A  standard calibration curve in the range of 2.5, 
5, 10, 25, 50, and 75 µg/ml for quantitative analysis was 
prepared using different concentrations of 1,8-cineole  
(Sigma‑Aldrich, USA). Dodecane  (Sigma‑Aldrich, USA) 
in constant amount  (100 μg/mL) as the internal standard 
material was added to standards and samples. The rations 
of standards to internal standard responses  (peak height) 
were then used to obtain calibration curve. Concentrations 
of 1,8-cineole in the samples were determined from 
the regression equations using the minimum square 
method  (R2 value). For determination of 1,8-cineole 
in samples, 1  g sample formulation was dispersed in 
2  mL ethyl acetate, filtered, and was evaporated to 
dryness under a stream of nitrogen. The dry residue 
was resolubilized in 1  mL ethyl acetate. Dodecane 
(100 μg/mL) as the internal standard material was added, 
and using Hamilton syringe (Reno, NV, USA), 2 μL of 
the sample was injected to GC with a spilt less time 
of 0.6  min. GC determinations were run on a GC‑2550 
(Teif Gostar Faraz, Iran) instrument using a TRB1 capillary 
column (30 m  ×  0.25  mm; film thickness: 1 μm). The 
carrier gas was hydrogen with a rate of 40  cm/min. The 
oven temperature was programmed to 80°C (hold 2.5 min) 
to 250°C @ 5°C/min. Injector and detector temperatures 
were 250 and 270°C, respectively.
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Preparation of test microorganism

Test microorganism was obtained from parasitology 
laboratory of Isfahan University of Medical Sciences, 
which was isolated from vaginal discharged of female 
patients attending obstetrics and gynecology clinic in 
Shahr‑e Kord, Iran.

In all experiments, a pool of four isolated was used. The 
parasite T. vaginalis was cultured in  vitro at 37°C in 
TYIS33. Log phase culture of T. vaginalis was diluted with 
TYIS33 medium for obtaining 104 cell/ml.

Growth inhibition assay

To explore anti‑trichomonas effects of E. camaldulensis, 
V. odorata, and M. piperita, the extracts were diluted with 
DMSO or medium culture  (depending on their solvents) 
and transferred to Eppendorf tubes for providing final 
concentration of 1.2, 2.5, 4.1, 12.5, and 25  mg/ml for 
E. camaldulensis, 0.15, 0.3, 0.5, 1.5, and 3  mg/ml for 
V. odorata, and 0.5, 1, 1.6, 5, and 10 mg/ml for M. piperita. 
The DMSO and medium culture were used as negative 
control accordingly, and metronidazole at concentration 
of 50  µg/ml was used as positive control. All tubes were 
incubated at 37°C. After 24, 48, and 72  h, the samples 
were taken from each tube and viable parasites were 
counted by hemocytometer. Complete active and flagella 
active parasites were considered as viable ones. Results 
of parasite counting have been reported as percentage of 
growth inhibition  (GI)% using the following equation in 
which “a” stands for the mean number of viable parasites 
in negative control tube and “b” stands for the mean 
number of viable parasites in test tube.[30,32]

GI% = a−b/a × 100

For comparing GI% in case and control tubes, statistical 
values and tests such as mean, standard deviation, and 
analysis for variance test were used.

Based on the results, the extracts were diluted with DMSO 
or medium culture and transferred to Eppendorf tubes for 
providing different concentrations of certain fractions of 
three plants together including 4.1 mg/ml E. camaldulensis, 
0.1  mg/ml V. odorata, and 1.6  mg/ml M. piperita; 
2.5  mg/ml E. camaldulensis, 0.06  mg/ml V. odorata, and 
1  mg/ml M. piperita; and 1.25  mg/ml E. camaldulensis, 
0.03  mg/ml V. odorata, and 0.5  mg/ml M. piperita. The 
DMSO and medium culture were used as negative control 
accordingly, and metronidazole  (50  µg/ml) was used as 
positive control. Results of parasite counting have been 
reported as percentage of GI.

Formulation of vaginal creams

In this study, vanishing cream was prepared by the addition 
of aqueous phase to the oily phase with continuous stirring. 
To prepare the base, an oily phase that consisted of stearic 
acid, beeswax, and white soft paraffin was heated up to 
70°C  ±  1°C. At the same time, aqueous phase consisting 

of triethanolamine, propylene glycol, NaOH, KOH, 
glycerol, sorbitol solution, and purified water was heated 
to 75°C  ±  1°C. Then, the aqueous phase added in the oil 
phase with continuous stirring until congealing, and finally, 
the mixture of extracts added in cream bases at 40°C ± 1°C 
with continuous stirring until congealing well and cooling.

Physicochemical evaluation of vaginal creams

Physical appearance of formulations

Cream formulations were visually inspected for 
color, homogeneity, consistency, and presence of 
particles.[33] Homogeneity was examined by microscope.[34] 

To investigate the consistency of the formulations, a small 
quantity of cream was pressed between the thumb and the 
index fingers, and consistency of the creams was noticed.

pH determination

The pH of formulations was determined after diluting 
and dispersing 1  g of creams in 10  ml of purified 
water (10% w/v). All measurements were made in triplicate 
and mean was calculated. The measurement of pH was 
performed at 48  h, 1  week, 2  weeks, 1  month, 3  months, 
and 6 months after preparation to detect any pH fluctuation 
with time.[35]

Centrifugal test

To investigate the stability of the formulations against 
the centrifugal force, 48  h after preparation, formulations 
were transferred into tube and centrifugal at 2000  rpm for 
60  min, and stability of formulations was evaluated at the 
time of 5, 15, 30, and 60 min.[34]

Thermal test

To investigate the stability of formulations in different 
seasons and climate conditions, 48  h after preparation, 
three samples were placed at 4°C, 25°C, and 45°C. Cream 
formulations were evaluated at the times of 24  h, 1  week, 
2 weeks, 1 month, 3 months, and 6 months.[34]

Freeze and thaw test

To investigate the stability of the formulations in extreme 
cold, 48  h after preparation, 15  g cream was placed 
at  −8°C for 48  h and then 48  h at 25°C for six periods. 
Then, stability of formulations was evaluated.[34]

Cooling and heating test

To investigate the stability of formulations against extreme 
temperature changes, 48  h after preparation, 15  g of 
formulations was placed at 45°C for 48  h and then 48  h 
at 4°C for six periods. Then, stability of formulations was 
evaluated.[34]

In vitro release study

Dissolution testing is an essential requirement for the 
development and establishment of the release of drug.[36] In 
this study, 1  g of creams was put on a 2.5  cm  ×  2.5 cm 
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cellulose acetate membrane. A piece of stainless steel wire 
netting was used as supporter to tie the membrane to 
one end of glass pipe. The glass was filled with 25  ml 
phosphate buffer pH  4.5, agitated by a magnetic stirrer 
and temperature maintained at 37°C  ±  0.5°C. Aliquots of 
1 ml were withdrawn periodically at 30, 60, 120, 240, and 
360  min. Each time of aliquots withdrawn, equal volume 
was replaced with fresh phosphate buffer previously heated 
to 37°C  ±  0.5°C. The release percent of 1,8‑cineole at 
selected time was determined after injection of sample 
to GC. All measurements were made in triplicate.

Determination of viscosity

A Brookfield viscometer DVIII was used with spindle 
number 74 to determine the viscosity of formulations. The 
tests were carried out at 25°C. The spindle was rotated at 
100 rpm. All measurements were made in triplicate.[37]

Growth inhibition assay

For evaluation of anti‑trichomonas effect of selected 
formulation, 2  g of cream was applied on the bottom of 
the Petri dish and was covered with filter paper. Then, 
TYIS33 medium and 104 cell/1  g of cream were added. 
The free extracts’ cream was used negative control and 
metronidazole  (50  µg/ml) was used as positive control. 
All Petri dishes were incubated at 37°C. After 24, 48, and 
72  h, the samples were taken from each Petri dish and 
viable parasites were counted by hemocytometer. Results 
of parasite counting have been reported as GI%.

Results
Ethyl acetate extract of E. camaldulensis leaves in a 
concentration of 12.5 mg/ml showed 100% GI during 24 h. 
Detail results about the effect of different concentrations of 
E. camaldulensis have been showed in Figure 1.

Water extract of V. odorata root in a concentration of 
0.3 mg/ml showed 100% GI after 24 h. Results of different 
concentrations of V. odorata have been presented in Figure 2.

Hydroalcoholic extract of M. piperita in a concentration of 
5 mg/ml showed 100% GI during 24 h. Results of different 
concentrations of M. piperita have been presented in 
Figure 3.

Mixed extracts with different concentrations including 
4.1  mg E. camaldulensis, 0.1  mg V. odorata, 1.6  mg 
M. piperita (a); 2.5 mg E. camaldulensis, 0.06 mg V. odorata, 
1  mg M. piperita  (b); and 1.25  mg E. camaldulensis, 
0.03 mg V. odorata, 0.5 mg M. piperita  (c) showed 100%, 
100%, and 92% GI, respectively, during 24  h. Results 
of different concentrations of mixed extracts have been 
presented in Figure 4.

Four of the six formulations passed all of physicochemical 
tests and one of them is the best formulation. The best 
formulation designated as selected formulation for in  vitro 
GI test.

GC method developed in this study was applied for 
quantification of 1,8-cineole as the bioactive marker in 
formulations. 1,8-cineole and dodecane peaks in GC 
chromatogram appeared at a retention time of 11.17 and 
14.52 min, respectively. The calibration curve was determined 
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Figure 1: Effects of different concentrations of Eucalyptus camaldulensis 
on Trichomonas vaginalis in culture medium following 24, 48, and 72 h. 
Results are presented as mean ± standard deviation (P<0.05)
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Figure  2: Effects of different concentrations of Viola odorata on 
Trichomonas vaginalis in culture medium following 24, 48, and 72 h. Results 
are presented as mean ± standard deviation
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Figure 3: Effects of different concentrations of Mentha piperita on 
Trichomonas vaginalis in culture medium following 24, 48, and 72 h. Results 
are presented as mean ± standard deviation (P<0.05)
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by linear regression in the range of 2.5–75 μg/ml. The 
regression equation was y  =  0.0121× −0.019, where  ×  was 
the concentration of 1,8‑cineole in sample (μg/ml) with the 
correlation cofactor (R2) of 0.983.

Based on standard curve, each gram of cream was contained 
40.08  µg of 1,8-cineole, and after 8  h, 97.6% ± 0.2% of 
1,8‑cineole was released. Results of this test have been 
presented in Figure 5.

The selective formulation and positive control showed 
100% GI after 24 h.

Discussion
In this investigation, design, formulation, and 
physicochemical evaluation of vaginal cream containing 
E. camaldulensis, V. odorata, and M. piperita extracts 
as an alternative to metronidazole for the treatment of 
trichomoniasis has been investigated. At concentrations of 
12.5, 25 mg/ml of Eucalyptus camaldulensis, 0.3, 0.5, 1.5, 
3 mg/ml of Viola odorota, 5, 10 mg/ml of Mentha piperita 
and mixed extracts (a) and (b) showed 100% of GI after 
24 h. Mixed extract  (c) showed 92% and 100% GI after 
24 and 48  h, respectively. The least GI% was shown by 
concentration of 0.5  mg/ml of M. piperita. M. piperita in 
a concentration of 1  mg/ml showed 85.9% and 92.9% of 
GI after 48 and 72  h, respectively, and in a concentration 
of 0.5 mg/ml showed 22.5%, 50.7%, and 58.5% of GI after 
24, 48, and 72 h, respectively.

Ethyl acetate with a polarity of 4.4 and water with a 
polarity of 10.2 extracted the polar compounds of E. 
camaldulensis, V. odorata, and M. piperita including 
phenolic compounds. Furthermore, other polar compounds 
such as allicin and ajoene, which exist in Allium 
hirtifolium, could exhibit anti‑trichomonas activity in 
comparison to metronidazole.[38] Furthermore, it had been 
reported in another study that aqueous extract of Mosla 

chinensis maxim at a concentration of 62.5  mg/ml had 
activity against T. vaginalis.[39] Another study reported 
that ethyl acetate extract of Arbutus unedo leaves showed 
100% GI at a concentration of 500  µg/ml against T. 
vaginalis.[40] Furthermore, aqueous extract of Nigella sativa 
in a concentration of 10  mg/ml showed 100% inhibited 
trichomonas growth after 24  h.[32] It has been reported in 
another study that berberine isolated from Berberis aristata 
had in  vitro activity compared with metronidazole on T. 
vaginalis.[41] Another study showed that methanol extract of 
Vernonia amygdalina had activity against T. vaginalis.[42]

Physical appearance, uniformity, and homogeneity 
of selective formulation containing stearic acid, 
triethanolamine, propylene glycol, purified water, and 
mixed extracts were good. The formulation remained stable 
after centrifugal test. This formulation showed no change 
in visual quality after stability tests such as temperature 
changes, heating and cooling, and melting and freezing 
tests. The selective formulation in anti‑trichomonas assay 
showed 100% GI after 24 h in vitro anti‑trichomonas test.

Conclusions
The prepared vaginal formulation containing stearic acid, 
triethanolamine, propylene glycol, purified water and 
2.5  mg E. camaldulensis, 0.06  mg V. odorata, and 1  mg 
M. piperita/1 g of cream passed all pharmacopeial tests and 
showed 100% GI after 24 h in vitro anti‑trichomonas test.
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