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Investigation of the Antitrichomonal Activity 
of Cinnamaldehyde, Carvacrol and Thymol and 
Synergy with Metronidazole
Sinnamaldehit, Karvakrol ve Timolün Antitrichomonal Aktivitesi ve 
Metronidazol ile Sinerjisinin Araştırılması

ABSTRACT
Objective: Trichomonas vaginalis is a sexually transmitted protozoan parasite that usually causes infections in women. 
Metronidazole is used as the first choice in the treatment of this parasitic disease, but there is a need for new drugs since 1980’s 
with increasing numbers of reported resistance. In this study, it was aimed to determine the antitrichomonal activity of the major 
components of Cinnamomum zeylanicum (cinnamon) and Thymus vulgaris (thyme) essential oils, cinnamaldehyde, carvacrol and 
thymol against metronidazole resistant and susceptible T. vaginalis strains, and to determine their interaction with metronidazole 
by checkerboard method.
Methods: Cinnamaldehyde, carvacrol, thymol and metronidazole were obtained commercially. Two clinical isolates and one 
metronidazole resistant T. vaginalis reference strain were used in the study. MIC50 and MLC values of essential oil components and 
metronidazole were determined by broth microdilution method. The combinations of essential oil components with metronidazole 
were determined by the checkerboard method. 
Results: According to in vitro activity tests, cinnamaldehyde was determined to be most effective essential oil component. 
Clinical isolates were susceptible to metronidazole. In combination study, metronidazole showed synergy with cinnamaldehyde 
and carvacrol, and partial synergy with thymol.
Conclusion: It was determined that cinnamaldehyde, carvacrol and thymol, which are known to have high antimicrobial 
activity, also have strong activity against T. vaginalis isolates and show a synergistic interaction with metronidazole. The use of 
metronidazole at lower doses in the synergistic interaction may contribute to the literature in terms of reducing drug side effects, 
creating a versatile antimicrobial target, and reducing the rate of resistance development.
Keywords: Checkerboard, cinnamaldehyde, carvacrol, metronidazole, synergy, thymol, T. vaginalis

ÖZ  
Amaç: Trichomonas vaginalis genellikle kadınlarda enfeksiyona neden olan ve cinsel yolla bulaşan bir protozoon parazittir. Parazitin 
neden olduğu hastalığın tedavisinde ilk tercih olarak metronidazol kullanılmaktadır. Ancak 1980 yılından sonra artan sayılarda 
direnç gelişiminin rapor edilmesi ile yeni ilaç arayışlarına ihtiyaç duyulmuştur. Bu çalışmada, Cinnamomum zeylanicum (tarçın) ve 
Thymus vulgaris (kekik) uçucu yağlarının majör bileşenleri olan sinnamaldehit, karvakrol ve timolün metronidazole dirençli ve 
duyarlı T. vaginalis izolatlarına karşı anti-trichomonal etkinliğinin belirlenmesi ve metronidazol ile etkileşiminin checkerboard 
(dama tahtası) yöntemi ile gösterilmesi amaçlandı.
Yöntemler: Çalışmada kullanılan sinnamaldehit, karvakrol, timol ve metronidazolün saf formları ticari olarak temin edildi. 
Çalışmada, iki klinik izolat ve bir adet metronidazole dirençli T. vaginalis standart (ATCC 50143) suşu kullanıldı. Uçucu yağ 
bileşenlerinin ve metronidazolün MIK50 ve MLK (minimum letal konsantrasyonu) değerleri sıvı mikrodilüsyon yöntemi, 
metronidazol ile kombinasyonu ise checkerboard (dama tahtası) yöntemi ile saptandı. 
Bulgular: İn vitro etkinlik testlerine göre, en etkili uçucu yağ bileşeninin sinnamaldehit olduğu belirlendi. Klinik izolatların 
metronidazole duyarlı olduğu saptandı. Checkerboard yöntemi ile yapılan kombinasyon çalışması değerlendirildiğinde, 
sinnamaldehit ve karvakrolün metronidazol ile kombinasyonunda sinerji, timolün metronidazol ile kombinasyonunda ise kısmi 
sinerji görüldü.
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Sonuç: Yüksek antimikrobiyal aktiviteye sahip olduğu bilinen sinnamaldehit, karvakrol ve timol’ün T. vaginalis izolatlarına karşı güçlü aktiviteye sahip 
olduğu ve metronidazol ile sinerjistik etkileşim gösterdiği belirlendi. Sinerjik etkileşimde metronidazolün daha düşük dozlarda kullanılması ilaç yan 
etkilerinin azaltılması, çok yönlü bir antimikrobiyal hedef oluşturulması ve direnç gelişme hızının düşürülmesi açısından literatüre katkı sağlayabilir.
Anahtar Kelimeler: Checkerboard, sinnamaldehit, karvakrol, metronidazol, sinerji, timol, T. vaginalis

INTRODUCTION
Trichomoniasis is a non-viral and sexually transmitted urogenital 
infection that affects both men and women. According to the 
World Health Organization, it is estimated that more than 
156 million new cases of trichomoniasis will occur in 2020 (1). 
However, prevalence data vary according to the population 
studied and the method used for diagnosis. Higher prevalence 
values have been reported when compared with nucleic acid 
amplification tests, direct microscopic examination and vaginal 
pH tests (2,3). Trichomonas vaginalis is a protozoan parasite and is 
usually associated with clinical symptoms including yellow-green 
vaginal discharge, vulvovaginal irritation and dysuria. Although 
the infection is usually asymptomatic in men, symptoms such 
as urethral irritation, discharge, burning after urination or 
ejaculation and swelling of the prostate gland may be observed (4). 
The parasite’s soluble and membrane-associated enzymes with 
phospholipase A activity cause microulcerations and microscopic 
haemorrhages in the vaginal wall and exocervix by causing the 
breakdown of nucleated cells. Although humoral and cell-mediated 
immune responses develop against infection, the development of 
repeated infections indicates non-protective immunity against 
the parasite (5). Metronidazole is used as the first choice in the 
treatment of the disease caused by the parasite, yet, after 1980, 
an increasing number of reports of resistance development led 
to the need to search for new drugs. In recent years, natural 
active ingredients derived from plants, called phytochemicals, 
have become the focus of interest with the discovery of their 
strong antimicrobial effects (6,7). This study aimed to determine 
the antitrichomonal activity of cinnamaldehyde, carvacrol and 

thymol, the major components of Cinnamomum zeylanicum 
(cinnamon) and Thymus vulgaris (thyme) essential oils against 
metronidazole-resistant and susceptible T. vaginalis isolates and 
their synergistic interactions with metronidazole.

METHODS

Ethically Approval
No clinical material or data were used in this study. Therefore, 
ethics committee approval is not required.

Study Design
Minimum inhibition concentration (MIC50) and (minimum lethal 
concentration (MLC) values of phytochemicals and metronidazole 
were determined in vitro by broth microdilution method and the 
combination of each phytochemical with metronidazole was 
investigated by checkerboard method (Figure 1).

Essential Oil Components and Parasite Strains
Pure forms of cinnamaldehyde, carvacrol, thymol and 
metronidazole used in this research were obtained commercially 
(Sigma, the USA). Two clinical isolates and one metronidazole-
resistant T. vaginalis reference strain (ATCC 50143) were used 
in this study. Clinical isolates were produced from vaginal swabs 
sent to our laboratory by sowing them on TYM (trypticase yeast-
extract maltose) medium and subcultured until they entered 
the logarithmic phase (8). Metronidazole-resistant T. vaginalis 
reference strain (ATCC 50143) was obtained from Manisa Celal 
Bayar University Faculty of Medicine Parasitology Bank.

Figure 1. Study workflow
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In vitro Drug Screening Test
For all isolates, MIC50 and MLC values of phytochemicals and 
metronidazole were determined in vitro by broth microdilution 
method in 96-well microplates (9). The dilution range for 
phytochemicals was set to be 1600-0.9 µg/mL and 12500-3 µM 
for metronidazole. 5x10³ parasites/mL T. vaginalis trophozoites 
were added to each well except for negative control. Microplates 
were incubated at 37 °C for 48 hours. At the end of incubation, the 
viability and motility of T. vaginalis trophozoites were evaluated 
under a light microscope using a counting chamber. All studies 
were repeated 3 times on independent days. 

Checkerboard Combination Test
The combination of each phytochemical with metronidazole 
was investigated against a metronidazole-resistant T. vaginalis 
reference (ATCC 50143) strain by checkerboard method (10). 
Two 96-well microplates were used to determine the combination 
of phytochemicals with metronidazole. Serial dilutions of 
phytochemicals were made from top to bottom in the first 
microplate and metronidazole from right to left in the second 
microplate. Wells containing all combinations of both substances 
were obtained by transferring serial dilutions in the second 
microplate to the corresponding wells in the first microplate. 
5x10³ parasites/mL T. vaginalis trophozoites were added to each 
well except for negative control. The plates were incubated at 
37 °C for 48 hours and the viability and motility of T. vaginalis 
trophozoites were evaluated under a light microscope and FICI 
(fractional inhibitory concentration index) values were calculated. 
Interactions were interpreted as synergy if the FICI value was 
<0.5, partial synergy if between 0.5-0.75, additive if between 
0.75-1, indifferent if between 1-4, and antagonism if >4 (11). All 
studies were repeated 3 times on independent days.

Statistical Analysis
In this study, statistical analysis was not required.

RESULTS

In vitro Drug Screening Tests
MIC50 and MLC values of cinnamaldehyde, carvacrol, thymol and 
metronidazole were respectively 3.9/31.25 µg/mL, 15.6/125 µg/
mL, 62.5/500 µg/mL and 6/24 µM for the first clinical isolate; 
1.8/7.81 µg/mL, 31.25/250 µg/mL, 15.6/125 µg/mL and 6/24 
µM for the second clinical isolate; 3.9/15.6 µg/mL, 62.5/250 µg/
mL, 125/500 µg/mL and 48/390 µM for metronidazole resistant 
isolate (Table 1).

Checkerboard Combination Test
The FICI values for cinnamaldehyde/metronidazole, carvacrol/
metronidazole and thymol/metronidazole combinations were 
0.374, 0.187 and 0.750, respectively (Table 2). According to these 
values, the combination of cinnamaldehyde and carvacrol with 
metronidazole was found to be synergistic and thymol partially 
synergistic.

DISCUSSION
Although trichomoniasis is thought to be a simple parasitic 
disease, it is a serious parasitic infection that can cause premature 
birth and rupture of membranes in pregnant women, and outside 
of pregnancy, it is associated with the post-partum syndrome 
with fever and foul-smelling discharge and can predispose to 
many infections. Many studies have reported that cervical cancer, 
atypical pelvic inflammatory disease and infertility are more 

Table 2. Results of checkerboard combination of phytochemicals and metronidazole

Isolate Combination ΣΣFICI Interaction

T. vaginalis ATCC 50143 

Cinnamaldehyde/metronidazole 0.374 Synergy

Carvacrol/metronidazole 0.187 Synergy

Thymol/metronidazole 0.75 Partial synergy

ΣFICI: Fractional inhibition concentration index

Table 1. Antitrichomonal activity values of essential oil components and metronidazole

Isolates Phytochemicals (µg/mL) MIC50 MLC

T. vaginalis BAUN-TV1

Cinnamaldehyde 3.9 31.25

Carvacrol 15.62 125

Thymol 62.5 500

Metronidazole (µM) 6 24

T. vaginalis BAUN-TV2 

Cinnamaldehyde 1.8 7.81

Carvacrol 31.25 250

Thymol 15.62 125

Metronidazole (µM) 6 24

T. vaginalis ATCC 50143

Cinnamaldehyde 3.9 15.62

Carvacrol 62.5 250

Thymol 125 500

Metronidazole (µM) 48 390

MIC50: Minimum inhibition concentration, MLC: Minimum lethal concentration
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common in patients infected with T. vaginalis. In addition, in 
women infected with T. vaginalis, the collection of HIV-infected 
cells such as lymphocytes and macrophages in the vagina and 
cervix facilitates the transmission of HIV (12,13). In a study 
conducted by Gram et al. (14) on 43016 Norwegian women, 
T. vaginalis infection was shown to increase the risk of cervical 
neoplasia caused by human papillomavirus (HPV). Studies 
conducted in Finland (15) and India (16) also indicated a similar 
correlation between trichomoniasis and cervical cancer caused 
by HPV. Another study demonstrated that T. vaginalis infection 
increased HPV infection 6.5 times (17).
The 5-nitroimidazole group of drugs is widely used in the 
treatment of trichomoniasis. Among these drugs, only 
metronidazole and tinidazole are authorized by the Food and 
Drug Administration in the United States for the treatment 
of trichomoniasis. Metronidazole is a relatively inexpensive, 
effective, and generally well-tolerated drug as well as generally 
mild gastrointestinal side effects. Occasionally, hematologic 
and neurotoxic side effects have also been reported. Recently, 
however, metronidazole-induced side effects have become a 
real problem in resistant and recurrent cases of trichomoniasis. 
Treatment of such infections requires a long-term treatment 
protocol with high doses of metronidazole. Increasing the drug 
dose leads to an increase in side effects and treatment fails with 
discontinuation of prophylaxis (18). New drug alternatives are 
needed today due to the emergence of resistant strains due to 
incomplete treatment processes and serious side effects of 
existing drugs at high doses (19).
In traditional medicine, the use of medicinal plants for the 
treatment of various diseases dates back thousands of years, 
according to records from ancient Babylon, Egypt, China and India. 
Despite the wide variety of chemically synthesized molecules in 
the modern pharmaceutical industry, natural components play 
a key role in drug development (20). Currently, around 35% of 
approved medicines are derived from natural ingredients or semi-
synthetic derivatives, while 30% are synthetic molecules inspired 
by natural products. Remarkably, 65% of the 15 antiparasitic 
drugs approved by health authorities between January 1981 
and June 2006 were natural ingredients or derivatives (21). 
Therefore, interest in medicinal plants has greatly increased in 
recent years. Given the need for new alternatives in the treatment 
of trichomoniasis, research focusing on the efficacy of natural 
ingredients against T. vaginalis has also increased.
Cinnamaldehyde, carvacrol and thymol, whose anti-
trichomonal activity we investigated in our research, are the 
major natural components found in Cinnamomum zeylanicum 
and Thymus vulgaris essential oil. The antimicrobial activity 
of these components has been indicated by many researchers 
(22,23). Nevertheless, there are no studies demonstrating 
the efficacy of cinnamaldehyde, carvacrol and thymol against 
T. vaginalis. In our study, these components were found to 
reveal potent antitrichomonal activity. In particular, the fact 
that cinnamaldehyde is effective at very low concentrations 
of 0.9 µg/mL and has no cellular cytotoxicity at these doses 
(24) makes this essential oil component an important drug 
alternative. There is no clear information in the literature on 
the antimicrobial mechanisms of action of cinnamaldehyde, 
carvacrol and thymol, yet the general view is that these 
compounds bind to cell membranes due to their lipophilic 
character, increase membrane permeability, cause physical 

damage by accumulating in the membrane, inhibit the 
production of various enzymes and kill the microorganism 
by negatively affecting energy metabolism (25,26). At the 
MLCs determined for all three essential oil components, it was 
detected that the cell integrity of T. vaginalis trophozoites was 
preserved but they were immobile and lifeless. This suggests 
that these components may have an effect on the energy 
metabolism of the parasite.
In persistent infections caused by drug-resistant strains, 
increasing the drug dose often leads to treatment failure due 
to serious side effects. In such cases, combined drug use is 
often preferred as an alternative method. Phytochemicals offer 
promising adjuvants for antimicrobial drugs and the synergistic 
interaction of these metabolites with antimicrobials has been 
identified by researchers (6). The most common method used to 
determine the synergistic interaction between antimicrobials is 
the checkerboard method. In our study, a synergistic interaction 
was found between cinnamaldehyde, carvacrol and thymol in 
combination with metronidazole against metronidazole-resistant 
T. vaginalis strains. The observation of synergistic interaction 
between essential oil components and metronidazole may 
contribute to the literature in terms of using metronidazole 
at lower doses, reducing drug side effects, creating a versatile 
antimicrobial target and reducing the rate of resistance 
development.

CONCLUSION
Cinnamaldehyde, carvacrol and thymol, which have been shown 
to have antimicrobial activity against many microorganisms, were 
also found to have strong activity against T. vaginalis isolates. In 
addition, synergy was detected in combinations of essential oil 
components with metronidazole against metronidazole-resistant 
T. vaginalis isolate. The synergistic interaction in combinations 
provides advantages in treatment in terms of using the drug 
at lower doses, reducing drug side effects and preventing the 
development of resistance. Investigating both the individual 
efficacy of phytochemicals and their combinations with existing 
drugs can contribute to efforts to combat drug resistance.
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