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  Abstract
Vaginal infections are one of the major reasons women visit a gynecologist. Increased re-
sistance to conventional antibiotics is one of the main factors mitigating the development of 
new antimicrobial agents, especially those of natural origin. In traditional Persian medicine, 
Trachyspermum ammi has been claimed to clear vagina from excessive discharge. Therefore, 
in this study, the antimicrobial activity of Ajwain essential oil was evaluated against some 
vaginal pathogens. The essential oil of ajwain was picked up and the minimum inhibitory 
and bactericidal concentrations (MIC and MBC) were revealed. The most frequently detected 
microorganisms involved in genital infections including Candida spp., Gardnerella vagina-
lis, Escherichia coli, Staphylococcus aureus, Streptococcus agalactiae and Lactobacillus 
acidophilus were considered. Evaluation of the essential oil of Trichomonas vaginalis was 
done by calculation of percent of growth inhibition. The essential oil showed a remarkable 
activity against the studied bacteria and fungi with MIC at a range of 0.0315 - 0.5 mg/ml and 
MBC at a range of 0.125 - 4 mg /ml. The highest inhibition and bactericidal activity was ob-
served in S. agalactiae and G. vaginalis. 100% inhibition of T. vaginalis growth was shown 
at a concentration of 2000 μg/ml after 48 h by essential oil. The antimicrobial activity of the 
essential oil was more than that of thymol. Supposedly essential oil of Trachyspermum ammi 
fruit could inhibit vaginal pathogens growth .Further preclinical and clinical studies are re-
quired to confirm the efficacy of this natural agent in vaginitis. 
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Introduction
Vaginal infections may lead to pain, discom-
fort, dissatisfaction with sexual relationships 
and absence from school or work [1]. Symp-
toms such as exudation, itching and smell 
can cause distress and embarrassment. Vagi-
nitis can cause several gynaecologic compli-
cations, such as pelvic inflammatory disease 
(PID), postoperative infections, cervicitis, 
vulvitis, positive urine cultures in neonates 
and neonates respiratory tract infection, 
preterm labour and chorioamnionitis [2-7]. 
In the United States, it is estimated that 
about 10 million hospital visits per year are 
for vaginal symptoms. One of the 3 infec-
tions: bacterial vaginosis (BV), trichomoni-
asis or vulvovaginal candidiasis (VVC) can 
cause vaginitis [8]. Overgrowth of anaerobic 
bacteria  as  Gardnerella  vaginalis with dim-
inution in Lactobacillus populations in the 
vagina lead to BV [9,10]. Prevalence of BV 
was 23 and 38% in Waves 1 (2005–2006) 
and 2 (2010–2011), and increased with age 
in United States [11]. Aerobic vaginitis (AV) 
inhibits the activity of lactobacilli by various 
aerobic bacteria and is provoked after unsuc-
cessful treatment for BV [12-15].
Prevalence of VC in the UAE is increasing 
and the frequency of drug resistance to Can-
dida glabrata, Candida tropicalis and Can-
dida krusei is high [16-19]. The quality of 
life of young women is acutely influenced 
by RVVC [20]. Furthermore, continual treat-
ments might induce drug resistance [21-24].

The most common non-viral sexually trans-
mitted infection (STI) is trichomoniasis 
with almost 248 million new infections with 
Trichomonas vaginalis (TV) per year [25]. 
Approximately 60 to 80% of women with BV 
are coinfected with TV. Coexistence of BV 
and Candida species is 20 to 30% [26].
Azole-drug (metronidazole and tinidazole), 
nystatin and clindamycin are the standard 
treatments for vaginal infections [8,27,28]. 
Inadequate treatment success (about 50%) 
and increased recurrence rate (50%) with-
in 6–12 months after drug discontinuation 
cause displeasure in most women [22-24]. 
Furthermore, allergic reaction and resistance 
to azole drugs are other problems encoun-
tered in the management of vaginitis [27-29]. 
The prevalence of resistance among VVC 
patients treated with fluconazole and itracon-
azole was more than 40% [30].
Medicinal plants are assumed as an influen-
tial source for discovering new drugs for var-
ious disorders including vaginal infections 
[31]. lately, great efforts to select and de-
termin  the  mechanisms  of  plant  compounds 
against vaginal infections have been carried 
out [32-34].
In Persian medicine, the fruit of Trachysper-
mum ammi has been claimed to eliminate ex-
cessive discharge of vagina and cervix and 
used for the treatment of vaginal infections 
[35]. The purpose of this study is to assess 
the antimicrobial activity of T. ammi essen-
tial oil as well as its active compound, thy-

Citation: MehriArdestani M, Aliahmadi A, Toliat T, Dalimi A, Momeni Z, Rahimi R.Evaluation of                               
Antimicrobial Activity of Trachyspermum ammi (L.) Sprague Essential Oil and Its Active Constituent, 
Thymol, against Vaginal Pathogens. Trad Integr Med 2020; 5(2): 49-58



Traditional & Integrative Medicine 2020, Vol. 5, No. 2
http://jtim.tums.ac.ir

51

Trachyspermum ammi essential oil and thymol against vaginal pathogens M. MehriArdestani et al.

mol, against some vaginal pathogens.

Experimental

Plant material 
Trachyspermum ammi was acquired from 
herbal market in Tehran and a voucher num-
ber (PMP-736) was alloted at the herbarium 
of the Faculty of Pharmacy, Tehran Universi-
ty of Medical Sciences (Tehran, Iran). 

Preparation of essential oil of T. ammi
The essential oil of T. ammi was procured by 
hydrodistillation for 3 h.

GC-MS analysis of essential oil of T. ammi
An Agilent gas chromatograph 6890 plus 
(Agilent Technologies, Palo Alto, CA, USA) 
equipped with a 5973 quadrupole mass spec-
trometer was used for GC–MS analysis. The 
column used was the BPX5 5% phenyl col-
umn (30 m, 0.25 mm i.d., 0.25 µm film thick-
ness; SGE, Scantec, Stockholm, Sweden). 

Antimicrobial activity
Antimicrobial activity of the essential oil 
and thymol, were manifested against Staph-
ylococcus aureus ATCC 25923, Streptococ-
cus agalactiae PTCC 1768, Escherichia coli 
ATCC 25922, Lactobacillus acidophilus 
PTCC 1643, Gardnerella vaginalis ATCC 
49145 and two pathogenic yeast: Candida 
albicans ATCC 10231 and Candida krusei 
PTCC 5295.
Minimum inhibitory concentration (MIC) 
and minimum bactericidal/fungicidal 

concentration (MBC) were determined by 
broth micro-dilution susceptibility method 
with using 96 well trays according to Standard 
protocol of Clinical Laboratory and Standards 
Institute (CLSI) with some modifications. 
Each experiment was conducted in triplicate. 
The inoculants of the microbial strains were 
adjusted to 0.5 McFarland standard turbidity 
sterile with normal saline and more diluted 
(1:100 for bacteria and 1:1000 for yeasts) 
just before addition to the wells containing 
a favorite content of diluted samples in 
Mueller-Hinton broth medium. Samples 
were assessed in a concentration range of 
0.03 to 64 mg/ml. The results were recorded 
after incubation of inoculated trays for 22 h 
at 37°C. For determination of MBC, 100 µl 
of wells with no visible growth was cultured 
onto proper agar containing media and results 
were recorded after 24 h incubation at 37°C 
[36].

Anti-T. vaginalis activity
For  checking  the  anti-T.  vaginalis activi-
ty of the essential oil and thymol, tropho-
zoites were cultured in TYM media at 24-
well plates (5×105 cell/well) as triplicate 
and double blind. Metronidazole as positive 
control (50 μg/ml) and different concentrar-
tions (125, 250, 500, 1000 and 2000 μg/ml) 
of T. ammi essential oil and thymol were 
added to each well separately. The number 
of parasites in each well plate was counted 
after 24 and 48 h by trypan blue staining. 
In the negative control group, trophozoites 
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Table 1: Chemical constituents of the essential oils of Trachyspermum ammi

No Rt RI Area% GCMS  Compound

1 4.03 921.0227 0.47 α-Thujene

2 4.17 928.9773 0.12 α-Pinene

3 4.85 967.6136 0.02 Sabinene

4 4.94 972.7273 2.15 β-Pinene

5 5.14 984.0909 0.3 β-Myrcene

6 5.7 1012.5 0.08 α-Terpinene

7 5.96 1024.107 22.06 p-Cymene

8 6.01 1026.339 0.5 Limonene

9 6.72 1058.036 26.78 γ-Terpinene

10 6.84 1063.393 0.02 cis-Sabinene hydrate

11 7.31 1084.375 0.01 α-Terpinolene

12 7.54 1094.643 0.01 Linalool

13 7.59 1096.875 0.04 trans-Sabinene hydrate

14 9.38 1170.782 0.07 Isogeranial

15 9.53 1176.955 0.07 4-Terpineol

16 10 1196.296 0.01 α-Terpineol

17 12.75 1299.254 47.05 Thymol

18 12.86 1303.529 0.22 Carvacrol

were cultured in TYM media as triplicate 
without any drug.
The essential oil of T. ammi and thymol an-
ti-T. vaginalis efficacy was evaluated by 
calculation of percent of growth inhibition 
(GI%) [37-41]. The IC50 was calculated us-
ing Prism 5 software.

Results

GC-MS analysis
The main components of the essential oil 
of T. ammi were thymol, ρ-cymene and 
γ-terpinene (Table1).
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Antimicrobial activity
The  results  of  this  research  showed  that  the 
essential  oil  showed  that  essential  oils  work 
well  against  the  bacteria  and  fungi  studied 
with MIC at a range of 0.0315 to 0.5 mg ml-1 
and MBC at a range of 0.125 to 4 mg ml-1. 

The highest inhibition and bactericidal activ-
ity, respectively were observed on the Strep-
tococcus agalactiae and Gardnerella vagina-
lis. For thymol, the MIC was from 0.0625 to 
2 mg ml-1 (Table 2). 

Table 2. Anti-microbial activity of Trachyspermum ammi essential oil

Standard antimicrobial*ThymolEssential oilMicroorganism

MBC

or MFC µg/ml

MIC µg/ml

MBC

 or MFC mg/ml

MIC mg/ml

MBC

 or MFC 
mg/ml

MIC mg/ml

820.06250.062510.5
Escherichia coli

ATCC 25922

0.1250.0610.540.0625
Staphylococcus aureus  

ATCC25923

0.060.030.250.062510.0312Streptococcus agalactiae

31.2531.251210.5
Candida Albicans

ATCC10231

7.817.810.250.06250.50.0625
Candida krusei

PTCC5295

84420.50.5
Lactobacillus acidophilus 

PTCC1643

>500>5000.250.1250.1250.06
Gardnerella vaginali-

sATCC 49145

* Cefixime for E. coli, S. aureus and S. agalactiae; Clindamycin for L.acidophilus and G. vaginalis; Nystatin for 
C. krusei and C. Albicans

Anti-T. vaginalis activity
As regards T. ammi essential oil and thymol 
treated culture, there were 91% inhibition of 
the TV growth after 24 h incubation at a con-

centration of 2000 and 4000 μg/ml respec -
tinely. (Tables 3 and 4).
The IC50 of essential oil of T. ammi and thy-
mol after 24 and 48 h is shown in Figure 1. 
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Figure 1: IC50 essential oil of Trachyspermum ammi and thymol after 24 and 48 h

Discussion
A large number of antibiotics have been dis-
covered from plant sources and have an in-
fluential role in the treatment of infectious 
diseases. 
 The current findings showed that T. ammi es-
sential oil contained thymol (47.05%), ρ-cy-
mene (22.06) and γ-terpinene (26.78) as the 
main components similar to that of previous 
investigations. 
Thymol seems that is active against C. albi-
cans [42].  Based on this study, thymol and 
essential oil had almost the same effects on 
Candida spp. 
In another research, Ajowan essential oil had 
a good inhibitory effect on Fluconazole-sus-
ceptible and resistant C. albicans growth. Al-
though, the FLU-susceptible group was more 
irritable, the two groups did not have a sig-
nificant difference. Therefore, these essential 
oils can reduce resistance to azoles [43].

As shown in this study, T. ammi essential oil 
has a good effect on inhibition of the growth 
of Gardnerella vaginalis with MIC = 0.06 
mg/ml, while MIC for Lactobacillus aci-
dophilus was 0.5 mg/ml. Based on this study, 
essential oils have a better effect than thymol 
and clindamycin.
G. vaginalis often override during BV and is 
supposed to create a biofilm [44,45]. Adhered 
G. vaginalis will start to form a biofilm by 
repositing lactobacilli [46]. Treatment failure 
and recurrent disease are common in therapy 
for BV [47]. Therefore, it seems more studies 
on T. ammi essential oil can have significant 
effects on biofilms of G. vaginalis.

The prevalence of diagnosed AV varies from 
5 to 10.5%. Streptococcus spp., S. aureus and 
coagulase-negative staphylococci and E. coli 
were the most common pathogen identified. 
Carvacrol and thymol, significantly inhibited 
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uropathogenic E. coli (UPEC) biofilm forma-
tion via reduction of fimbriae production and 
the swarming motility of UPEC. Additionally, 
carvacrol and thymol considerably decreased 
the hemagglutinating strength of UPEC [48]. 
Based on another study, thymol and carvac-
rol mixtures can be associated with changes 
in host colon flora (increasing Lactobacillus 
crispatus and Lactobacillus agilis and on the 
other hand reducing Lactobacillus salivar-
ius and Lactobasillus johnsonii), decrease 
inintestinal ulcers and decrease in mortality 
rate in chickens infected with this bacteria 
[49]. Positive effects of ρ-cymene have been 
proven with increase in carvacrol antimicro-
bial activity with reduction in the activity of 
O157; H7 E. coli and Vibrio cholerae in juic-
es and foods [50,51]. ρ-Cymene have syner-
gistic effects with carvacrol, 4-terpineol and 
nicin, and therefore, reduce the concentration 
of antimicrobials in the pharmaceutical, food 
and cosmetic industries [52]. 
In the present study, the effect of bactericidal 
activity of thymol on Gram negative bacteria 
is greater than that of essential oil. In the case 
of Gram-positive bacteria, the bactericidal 
effect of the essential oil is greater than that 

of thymol alone.
Hassanshahian  et  al  .showed  that  resistant 
E  .coli and S. aureus were sensitive to the 
essential oil at a concentration of 100 ppm 
[53]. High dose of thymol inhibits Gram-pos-
itive more than negative bacteria. It seems 
that phenolic compounds interfere with cell 
membrane, change pH and ions homeostasis 
[43].
These results show that thymol is not exclu-
sively responsible for anti-trichomonas ac-
tivity of essential oil and this activity may be 
enhanced by other constituents of essential 
oil via their synergistic activity or enhance 
penetration of thymol into TV. 
It seems that T. ammi essential oil is a potent 
inhibitor of the growth of all vaginal patho-
gens including bacterial, fungal and parasitic 
pathogens in vitro and thus can be assumed 
as a promising medicine for the management 
of all types of vaginal infection including 
BV, VVC and trichomoniasis. Also, other 
components of extract may increase the ef-
fect of thymol on T. vaginalis. Further inves-
tigations are needed to confirm the efficacy 
and mechanism of action of T. ammi essential 
oil in vaginitis.

Table 3. Percent of growth inhibition after addition of different concentrations of T. ammi essential oil on Tricho-
monas vaginalis twice

48h24hConcentration

--Negative control

100%100%Positive control (50µg/ml)

65%41% 125µg/ml

76%52%250µg/ml

85%64%500µg/ml

92%80%1000µg/ml

100%91%2000µg/ml



Traditional & Integrative Medicine 2020, Vol. 5, No. 2
http://jtim.tums.ac.ir

56

Trachyspermum ammi essential oil and thymol against vaginal pathogens M. MehriArdestani et al.

Table 4. Percent of growth inhibition after addition of different concentrations of
 thymol on Trichomonas vaginalis twice

48h24hConcentration

--Negative control

100%100%Positive control (50µg/ml)

65%44% 125µg/ml

73%58%250µg/ml

79%67%500µg/ml

87%77%1000µg/ml

93%88%2000µg/ml

97%91%4000µg/ml

Conflict of Interest
None.

Acknowledgment 
Tehran University of Medical Sciences (grant 
95-02-86-32320) support this study.

References
[1] ACOG Practice Bulletin. Clinical management guide-

lines for obstetrician-gynecologists, Number 72, May 
2006: Vaginitis. Obstet gynecol 2006;107:1195-1206.

[2] Sweet RL. Gynecologic conditions and bacterial vagi-
nosis: implications for the non-pregnant patient. Infect 
Dis Obstet Gynecol 2000;8:184-190.

[3] Jakovljevic A, Bogavac M, Nikolic A, Tosic MM, No-
vakovic Z, Stajic Z. The influence of bacterial vaginosis 
on gestational week of the completion of delivery and 
biochemical markers of inflammation in the serum. Vo-
jnosanit Pregl 2014;71:931-935.

[4] Poole DN, McClelland RS. Global epidemiology of 
Trichomonas vaginalis. Sex Transm Infect 2013;89:418-
422.

[5] Silver BJ, Guy RJ, Kaldor JM, Jamil MS, Rumbold AR. 
Trichomonas vaginalis as a cause of perinatal morbidi-
ty: a systematic review and meta-analysis. Sex Transm 
Dis 2014;41:369-376.

[6] Alcaide ML, Feaster DJ, Duan R, Cohen S, Diaz C, 
Castro JG. The incidence of Trichomonas vaginalis 
infection in women attending nine sexually transmit-
ted diseases clinics in the USA. Sex Transm Infect. 
2016;9:58-62. 

[7] Hirt RP, Sherrard J. Trichomonas vaginalis origins, mo-
lecular pathobiology and clinical considerations. Curr 
Opin Infect Dis 2015;28:72-79.

[8] Mashburn J. Vaginal infections update. J Midwifery 
Womens Health 2012;57:629-634.

[9] Li J, McCormick J, Bocking A, Reid G. Importance of 
vaginal microbes in reproductive health. Reprod Sci 
2012;19:235-242.

[10]Cox C, McKenna JP, Watt AP, Coyle PV. New assay 
for Gardnerella vaginalis loads correlates with Nugent 
scores and has potential in the diagnosis of bacterial 
vaginosis. J Med Microbiol 2015;6:978-984.

[11] Hoffmann JN, You HM, Hedberg EC, Jordan JA, Mc-
Clintock MK. Prevalence of bacterial vaginosis and 
Candida among postmenopausal women in the United 
States. J Gerontol B Psychol Sci Soc Sci 69:S205-214.

[12]Leitich H, Kiss H. Asymptomatic bacterial vaginosis 
and intermediate flora as risk factors for adverse preg-
nancy outcome. Best Pract Res Clin Obstet Gynaecol 
2007;21:375-390.

[13]Donders GG. Definition and classification of abnor-
mal vaginal flora. Best Pract Res Clin Obstet Gynaecol 
2007;21:355-373.

[14]Ugwumadu A, Reid F, Hay P, Manyonda I. Natural 
history of bacterial vaginosis and intermediate flora in 
pregnancy and effect of oral clindamycin. Obstet gyne-
col 2004;104:114-119.



Traditional & Integrative Medicine 2020, Vol. 5, No. 2
http://jtim.tums.ac.ir

57

Trachyspermum ammi essential oil and thymol against vaginal pathogens M. MehriArdestani et al.

[15]Tempera G, Furneri PM. Management of aerobic vagi-
nitis. Gynecol Obstet Invest 2010;70:244-249.

[16]Hamad M, Kazandji N, Awadallah S, Allam H. Prev-
alence and epidemiological characteristics of vaginal 
candidiasis in the UAE. Mycoses 2014;57:184-190.

[17]Enoch DA, Ludlam HA, Brown NM. Invasive fungal 
infections: a review of epidemiology and management 
options. J Med Microbiol 2006;55:809-818.

[18]Singh S, Sobel JD, Bhargava P, Boikov D, Vazquez JA. 
Vaginitis due to Candida krusei: epidemiology, clinical 
aspects, and therapy. Clin Infect Dis 2002;35:1066-
1070.

[19]Borman AM, Szekely A, Linton CJ, Palmer MD, Brown 
P, Johnson EM. Epidemiology, Antifungal Susceptibili-
ty, and Pathogenicity of Candida africana Isolates from 
the United Kingdom. J Clin Microbiol 2013;51:967-
972.

[20]Cassone A. Vulvovaginal Candida albicans infections: 
pathogenesis, immunity and vaccine prospects. BJOG 
2015;122:785-794.

[21]Sobel JD. Management of recurrent vulvovaginal 
candidiasis: unresolved issues. Curr Infect Dis Rep 
2006;8:481-486.

[22]Cernicka J, Subik J. Resistance mechanisms in fluco-
nazole-resistant Candida albicans isolates from vaginal 
candidiasis. Int J Antimicrob Agents 2006;27:403-408.

[23]Foxman B, Muraglia R, Dietz J-P, Sobel JD, Wagner 
J. Prevalence of recurrent vulvovaginal candidiasis in 
5 European countries and the United States: results 
from an internet panel survey. J Low Genit Tract Dis 
2013;17:340-350.

[24]Kennedy MA, Sobel JD. Vulvovaginal Candidiasis 
Caused by Non-albicans Candida Species: New In-
sights. Curr Infect Dis Rep 2010;12:465-470.

[25]Organization WH. Prevalence and incidence of selected 
sexually transmitted infections, Chlamydia trachomatis, 
Neisseria gonorrhoeae, syphilis and Trichomonas vag-
inalis: methods and results used by WHO to generate 
2005 estimates, 2011.

[26]Sobel JD, Subramanian C, Foxman B, Fairfax M, 
Gygax SE. Mixed vaginitis—more than coinfection 
and with therapeutic implications. Curr Infect Dis Rep 
2013;15:104-108. 

[27]  Natto MJ, Eze AA, De Koning HP. Protocols for the 
Routine Screening of Drug Sensitivity in the Human 
Parasite Trichomonas vaginalis. Chemical Biology: 
Methods and Protocols 2015:103-110.

[28]Oduyebo OO, Anorlu RI, Ogunsola FT. The effects 
of antimicrobial therapy on bacterial vaginosis in 
non-pregnant women. Cochrane Database Syst Rev 
2009;8:CD006055. 

[29]Dunne RL, Linda AD, Upcroft P, O’donoghue PJ, 
Upcroft JA. Drug resistance in the sexually transmit-
ted protozoan Trichomonas vaginalis. Cell Research 
2003;13:239-349.

[30]Brandolt TM, Klafke GB, Goncalves CV, Bitencourt 
LR, Martinez AM, Mendes JF. Prevalence of Candida 
spp. in cervical-vaginal samples and the in vitro suscep-
tibility of isolates. Braz J Microbiol 2017;48;145-150.

[31]Mehriardestani M, Aliahmadi A, Toliat T, Rahimi R. 
Medicinal plants and their isolated compounds showing 
anti-Trichomonas vaginalis-activity. Biomed Pharma-
cother 2017;88:885-893.

[32]Moghim H, Taghipoor S, Shahinfard N, Kheiri S, Pana-
hi R. Antifungal effects of Zataria multiflora and Nigel-
la sativa extracts against Candida albicans. J HerbMed 
Pharmacol 2015;4:138-141.

[33]Abdali K, Jahed L, Amooee S, Zarshenas M, Tabatabaee 
H, Bekhradi R. Comparison of the Effect of Vaginal Za-
taria multiflora Cream and Oral Metronidazole Pill on 
Results of Treatments for Vaginal Infections including 
Trichomoniasis and Bacterial Vaginosis in Women of 
Reproductive Age. Biomed Res Int 2015;2015.

[34]Derda M, Hadas E. The use of phytotherapy in diseases 
caused by parasitic protozoa. Acta Parasitol 2015;60:1-8.

[35]Aghili MH. Makhzan-al-Advia.Tehran University of 
Medical Sciences. Tehran 2009; pp 765-766.

[36]Jorgensen JH. Antibacterial susceptibility tests: dilution 
and disk diffusion methods. Manual of Clinical Micro-
biology. 9th ed. American Society for Microbiology. 
2007; pp 1152-72.

[37]Moon T, Wilkinson JM, Cavanagh HM. Antiparasitic 
activity of two Lavandula essential oils against Giardia 
duodenalis, Trichomonas vaginalis and Hexamita infla-
ta. Parasitol Res 2006;99:722-728.

[38]Diamond LS. The establishment of various trichomon-
ads of animals and man in axenic cultures. Journal Par-
asitol 1957;488-490.

[39]Momeni Z, Sadraei J, Kazemi B, Dalimi A. Molecular 
typing of the actin gene of Trichomonas vaginalis iso-
lates by PCR-RFLP in Iran. Exp Parasitol 2015;159:259-
263.

[40]Meri T, Jokiranta TS, Suhonen L, Meri S. Resistance of 
Trichomonas vaginalis to metronidazole: report of the 
first three cases from Finland and optimization of in vi-
tro susceptibility testing under various oxygen concen-
trations. J Clin Microbiol 2000;38:763-767.

[41]Tonkal A. In vitro antitrichomonal effect of Nigella sati-
va aqueous extract and wheat germ agglutinin. Med Sci 
2009;16:17-34.



Traditional & Integrative Medicine 2020, Vol. 5, No. 2
http://jtim.tums.ac.ir

58

Trachyspermum ammi essential oil and thymol against vaginal pathogens M. MehriArdestani et al.

[42]Boskabady MH, Alitaneh S, Alavinezhad A. Carum 
copticum L.: A Herbal Medicine with Various Pharma-
cological Effects. Biomed Res Int 2014;2014.

[43]Sharifzadeh A, Shokri H. Antifungal activity of essen-
tial oils from Iranian plants against fluconazole-resis-
tant and fluconazole-susceptible Candida albicans. Avi-
cenna J Phytomed 2016; 6:215-222.

[44]Kenyon CR, Osbak K. Recent progress in understand-
ing the epidemiology of bacterial vaginosis. Curr Opin 
Obstet Gynecol 2014;26:448-454.

[45]Machado A, Cerca N. Influence of Biofilm Formation 
by Gardnerella vaginalis and Other Anaerobes on Bac-
terial Vaginosis. J Infect Dis 2015;212:1856-1861.

[46]Castro J, Alves P, Sousa C, Cereija T, França Â, Jeffer-
son KK. Using an in-vitro biofilm model to assess the 
virulence potential of Bacterial Vaginosis or non-Bac-
terial Vaginosis Gardnerella vaginalis isolates. Sci Rep 
2015;5:11640.

[47]Schuyler JA, Chadwick SG, Mordechai E, Adelson ME, 
Gygax SE, Hilbert DW. Draft Genome Sequence of a 
Metronidazole-Resistant Gardnerella vaginalis Isolate. 
Genome Announc 2015;3:e00992-15.

[48]Lee JH, Kim YG, Lee J. Carvacrol‐rich oregano oil and 
thymol‐rich thyme red oil inhibit biofilm formation and 
the virulence of uropathogenic Escherichia coli. J Appl 
Microbiol 2017; 123:1420-1428.

[49]Yin D, Du E, Yuan J, Gao J, Wang Y, Aggrey SE. Sup-
plemental thymol and carvacrol increases ileum Lacto-
bacillus population and reduces effect of necrotic en-
teritis caused by Clostridium perfringes in chickens. Sci 
Rep 2017;7:7334.

[50]Rattanachaikunsopon P, Phumkhachorn P. Assessment 
of factors influencing antimicrobial activity of carvac-
rol and cymene against Vibrio cholerae in food. J Biosci 
Bioeng 2010;110:614-619.

[51]Kiskó G, Roller S. Carvacrol and p-cymene inactivate 
Escherichia coli O157: H7 in apple juice. BMC Micro-
biol 2005;5:36.

[52]Marchese A, Arciola CR, Barbieri R, Silva AS, Nabavi 
SF, Tsetegho Sokeng AJ. Update on Monoterpenes as 
Antimicrobial Agents: A Particular Focus on p-Cymene. 
Materials 2017;10:947.

[53]Hassanshahian M, Bayat Z, Saeidi S, Shiri Y. Antimi-
crobial activity of Trachyspermum ammi essential oil 
against human bacterial. Int J Adv Biol Biomed Res 
2014;2:18-24.


