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Introduction 
The use of herbal medicines is increasing across the 
world. In order to advance the appropriate use of herbal 
medicinal products and demonstrate their capability to 
serve as sources of new medicines, it is crucial to evaluate 
medicinal herbs in terms of phytochemical content and 
biological activities (1). 

Foeniculum vulgare Mill (fennel) and Trachyspermum 
ammi L. (ajowan) are two herbs belonging to the family 
Apiaceae with a broad background of use as medicine 
and food additive (2). Being a valuable source of bioactive 
compounds like carvacrol, thymol, p-thymene, terpinene, 
flavonoids, phenolic glycosides, triterpenes, phytosterols 
and saponins, F. vulgare has attracted growing attention 
for large-scale cultivation (3). Furthermore, F. vulgare 
has also been reported to contain different phenolic 
compounds, including rosmarinic acid, caffeoylquinic 
acid, kaempferol-3-O-glucoside, eriodictyol-7-

orutinoside and quercetin-3-O-galactoside, confirming 
the plant’s antioxidant activity (4). F. vulgare has also 
been reported to produce hepatoprotective (5) and 
immunomodulatory (6) effects as well as pain-killing 
effect in primary dysmenorrhoea (7). Several studies 
have shown that F. vulgare is effective against various 
infections such as fungal, bacterial, mycobacterium, viral 
and protozoal infections (2). The methanol seed extract of 
F. vulgare has been reported to exhibit anti-dementia (8); 
anti-inflammatory (9); antiplatelet and antithrombotic 
(10); anticancer and antioxidant properties (11-13). In 
addition, it has been reported that aqueous F. vulgare 
extract has higher free-radical scavenging activity in 
comparison to many well-known antioxidants such as 
vitamin C (14).

Trachyspermum ammi is a well-known plant as a 
valuable source of biologically active ingredients, which 
can be applied in pharmaceutical industry (15). Its 
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Abstract
Background and aims: Foeniculum vulgare and Trachyspermum ammi belonging to the family Apiaceae are 
two traditional popular herbs in Traditional Iranian Medicine. Given the wide application of F. vulgare and T. 
ammi for treatment of gastrointestinal disorders, the objective of this study was to investigate their biological 
activities.
Methods: The cytotoxicity of ethanol seed extract of F. vulgare and T. ammi was evaluated on colorectal 
cancer (HCT116 and SW480) and human embryonic kidney cell lines (HEK293) by MTT assay. Toxicity 
and biocompatibility of RBC’s also were assessed by Artemia salina and hemolysis tests. The antibacterial 
activities and minimum inhibitory concentrations (MICs) of extracts were measured by disc diffusion and the 
microtiter broth dilution, respectively. 
Results: The proliferation of cancer cells was inhibited by ethanol seed extracts. A moderate degree of 
cytotoxicity was observed for HCT116 cells growth (IC50=106.46 μg/mL) by T. ammi extracts at 72 hours. 
In addition, the ethanol seed extracts of F. vulgare and T. ammi exhibited no cytotoxic effects against brine 
shrimp larvae with LC50 of 2071.65 and 1576.92 µg/mL, respectively. The degree of hemolysis for ethanol 
seed extracts was less than 5% at 400 μg/mL. The maximum antibacterial activity was obtained for ethanol 
extracts of F. vulgare and T. ammi against S. aureus by disc diffusion (25.8 and 28.3 mm) and MIC (0.55 and 
0.39-fold). 
Conclusion: The ethanol extracts of F. vulgare and T. ammi have antiproliferative and antibacterial properties 
and could be used as adjuvant therapies against gastric and colorectal cancers and pathogenic bacteria. 
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essential oil is famous for antibacterial (16), antioxidant 
(17), antifungal (18), antiviral (19), antitermitic (20), 
scolicidal (21), anthelmintic (22), antifilarial (23), anti-
hyperlipidaemic (24), nematicidal (25), kidney stone 
inhibitory (26) and mosquito repellent (27) activities. 
The main components found in T. ammi essential oil are 
thymol and non-thymol fraction, which often includes 
c-terpinene, p-cymene, alpha-pinene and beta-pinene 
(28). 

The objective of this study was to investigate the 
biological activities of two medicinal plants F. vulgare 
and T. ammi that are used extensively for gastrointestinal 
disorders in traditional medicine. Given that most 
studies have been conducted on the essential oils of these 
medicinal plants, we investigated the in vitro biological 
effects, namely the anticancer, antimicrobial, hemolytic, 
and toxicity effects of ethanol seed extracts on A. salina.

Materials and Methods
Extract preparation 
Around 20 g of F. vulgare and T. ammi seeds were ground 
and extracted using a Soxhlet extractor containing 500 
ml ethanol for 24 hours. Then, obtained extracts were 
concentrated in a rotatory evaporator under reduced 
pressure at 45°C for 75 minutes (29).

Cell culture 
Colorectal cancer (HCT116 and SW480) and embryonic 
kidney (HEK293) cells were obtained from the National 
Cell Bank (Pasteur Institute of Iran, Tehran) and cultured 
at 37°C in a humidified atmosphere of 5% CO2 Dulbecco’s 
Modified Eagle Medium (DMEM) supplemented with 1% 
penicillin-streptomycin and 10% fetal bovine serum.

Cytotoxicity assay
The inhibitory effects of the ethanol seed extracts of F. 
vulgare and T. ammi were determined on cancerous 
and normal cells by 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay (Sigma-
Aldrich) (30). Before addition of extracts, the cells were 
seeded in a 96-well culture plate at a density of 7×103 
cells/well to reach 80% confluency and extracts were 
filtered through 0.22 μm membranes. 10 mg of extracts 
was dissolved in 100 μL of DMSO and then added to 900 
μL of medium for the preparation of 12.5, 25, 50, 100, 
200 and 400 µg/mL dilutions (31). The extract at final 
concentrations was added to cells and then incubated for 
one, two and three days at 37°C in a CO2 incubator. DMSO 
was used as negative control. After completion of each 
incubation turn, 10 µg/mL of MTT solution (20 µL) was 
added to the cultured cells and incubated for 4h; then the 
medium was removed by aspiration followed by adding 
DMSO (200 µL). The absorbance of formazan dye was 
recorded at 570 and 690 nm using an ELISA plate reader. 
The inhibition rate of the cell growth was calculated using 
the following formula: 

( )  OD extract treatedGrowth inhibition % 1 100
OD negative control 

= − ×  

The cells in control group showed 100% viability with 
all studied extracts.

Hemolytic cytotoxicity
Hemolysis assay was performed to determine the 
biocompatibility of the ethanol seed extracts of F. vulgare 
and T. ammi (32). For this purpose, fresh human blood 
samples were collected in ethylenediaminetetraacetic acid-
containing tubes and washed three times with an isotonic 
saline solution (PBS, pH 7.4, 5 minutes) by centrifugation 
at 1663 ×g. Then, the red blood cells (RBCs) were re-
suspended in the same medium at a final hematocrit of 5%. 
Afterwards, the ethanol seed extracts at12.5 to 400 μg/mL 
were added to 0.4 mL of diluted human RBC suspension. 
All the suspensions were shaken before incubation at 37 
°C for 4hours. To remove the non-lysed human RBCs, 
samples were centrifuged at 5400 ×g for 5 minutes. Next, 
100 μL of the obtained supernatant was transferred to a 
96-well plate and hemoglobin release was assessed at 545-
nm wavelength. Sodium dodecyl sulfate (0.1%) and PBS 
were used as the positive and negative samples to establish 
100% and 0% hemolysis, respectively. The percentage of 
hemolysis was obtained by the formula below: 

( )     % 100                                                                         
    

Asample AnegativecontrolHemolysis
A positive Anegativecontrol

−
= ×

−

(A): Absorbance

Toxicity assay on A. salina
The cytotoxic activity of the ethanol extracts was assessed 
by A. salina lethality test (33). To this end, brine shrimp 
cysts were obtained from Urmia University (West 
Azerbaijan, Iran) and then seeded in a 2000-mL flask 
containing 1L of 0.6M NaCl and incubated at 28°C for 
48 hours. The test was performed on the hatched brine 
shrimp larvae. To prepare the stock (10 mg/mL), 10 mg of 
dried ethanol extracts was dissolved in 100 μL of DMSO 
and then added into 900 μL of the medium. It was then 
serially diluted to achieve concentrations 0.78125 to 10 
mg/mL. For this purpose, 20 μL of the ethanol extracts 
was loaded to each well of the 96-well plates containing 
180 μL of Roswell Park Memorial Institute (RPMI-1640) 
medium. Next, 10 larvae were transferred to each well and 
incubated at 25°C for 24 hours. After that, survived larvae 
in each well were counted under a binocular microscope. 
The artificial sea water containing 10 larvae was used as 
negative control. The percentages of died larvae were 
calculated based on the number of survived larvae in the 
test and control wells. The lethality was determined using 
Abbott’s formula:

( ) Test ControlLethality %  
Control
−

=  × 100 

Microorganisms
Five pathogenic bacteria including one gram-positive 
Staphylococcus aureus (ATCC 29737) and four gram-
negative Escherichia coli (ATCC 10536), Klebsiella 
pneumoniae (ATCC 10031), Proteus vulgaris (PTCC 
1182) and Salmonella paratyphi (ATCC 5702) were 
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obtained from the Iranian Biological Resource Center. 
Bacterial strains were grown in Mueller-Hinton broth 
(QUELAB) at 37°C for 18 hours. Bacterial suspensions 
were prepared on the basis of 0.5 McFarland (108 CFU/
mL) standard turbidity and inoculated on the Mueller-
Hinton Agar (MHA) medium.

Antibacterial activity
Sterile paper discs (6 mm) were soaked in the ethanol 
extracts (50 mg/mL), and the discs were left at room 
temperature until they dried. These discs were used 
to study the antibacterial activity of extracts. The disk 
diffusion test was performed to determine the antibacterial 
activity of ethanol seed extracts of F. vulgare and T. ammi. 
The turbidity of test suspensions was compared with 
that of the McFarland turbidity standard (1.5×108 CFU/
mL). In order to obtain a uniform microbial growth, 
inoculums were spread on an MHA plate using a sterile 
cotton swab. Gentamicin (5 mg/mL) was used as positive 
control. Next, the plates were incubated at 37 °C for 24 
hours. The antibacterial activity and the average diameter 
of inhibition zones were recorded. 

The microtiter broth dilution method was performed for 
determination of MICs. The MIC values were determined 
by adding 200 µL of bacterial suspension to each well 
containing 20 µL of extracts (50 mg/mL) to achieve a 
final concentration of 5 mg/mL. The 96-well plates were 
incubated at 37 C for 24 hours. Optical densities (ODs) 
were recorded from 0 to 24 hours as with the MICs (34).

( ) ( )
( )
viability time24

Viability of bacteria atio  
viability time0

=r
 

OD0 bacterial and extract suspensions  OD0 extractsViability time0 100
OD0 bacterial suspensions

−
= ×  

OD24 bacterial and extract suspensions  OD24 extractsViability time24 100
OD24 bacterial suspensions

−
= ×

 

OD0: The number of bacteria (108 CFU/mL) cultured 
in 96 well, OD24: The number of bacteria after 24 hours 
of culture. Values of ≤1 shows inhibition of growth and 
proliferation of bacteria by extracts.

Statistical analysis
The data were analyzed using SPSS version 21 and the 
significance of differences between mean values was 
investigated. Values represented the mean ± standard 
deviation (SD) of three replications. Duncan’s test at 
significance level (P) of <0.05 was used to investigate the 
significance of differences among treatments. IC50 values 
were analyzed using ED50plus v1.0.

Results
Cytotoxic activity of ethanolic extracts 
To evaluate the growth-inhibitory activity of F. vulgare 
and T. ammi ethanol seed extracts, malignant colon cells 
(HCT116 and SW480) and non-cancerous normal cells 
(HEK293) were incubated with different concentrations 
ranging from 12.5 to 400 µg/mL and MTT assay was 
performed at 24, 48 and 72-hour intervals. Figures 1 and 2 

show the effects of ethanol seed extracts of F. vulgare and 
T. ammi on in vitro proliferation of HCT116, SW480 
and HEK293 cells in the MTT assay. In comparison to 
SW480, untreated and non-cancerous cells, the HCT116 
cells treated with different concentrations of the ethanol 
extracts exhibited a significant decrease in cell viability. 
Ethanol T. ammi extract exhibited a pronounced 
inhibitory effect on proliferation of HCT-116 cells and 
decreased their cell viability in a dose-dependent manner 
in all studied intervals. Highest inhibition on proliferation 
of HCT-116 cells was observed at 400 µg/mL, resulting in 
approximately 50%, 66% and 84% inhibition at 24, 48 and 
72 hours, respectively (Figure 1A,B,C). Meanwhile, the 
corresponding values were around 37%, 42% and 57% at 
24, 48 and 72 hours, respectively, for ethanol seed extract 
of F. vulgare (Figure 2A,B,C). According to our results, 
ethanol T. ammi seed extract did not exhibit significant 
anticancer activity against SW-480 cells, however, ethanol 
F. vulgare seed extract was active on SW-480 proliferation 
at 400 µg/mL when incubated for 72 hours and slightly 
reduced the viability and proliferation of the cells. 
The ethanol extracts of both plants showed significant 
cytotoxic activity against normal cells (HEK-293) growth 
at 400 µg/mL at 72 hours (Duncan’s test, P<0.05). 

The IC50s of ethanol seed extracts of F. vulgare and T. 
ammi on HCT-116 and SW-480 cell lines at 24, 48 and 72 
hours are reported in Table 1. According to the results, 
ethanol seed extracts produced cytotoxic effects on HCT-
116 in a dose and time-dependent manner. The ethanol 
seed extract of T. ammi exhibited marked inhibitory effect 
on proliferation of HCT-116 cells with IC50 of 106.46 µg/
mL at 72 hours in comparison to alcoholic F. vulgare 
extract with IC50 of 267.39 µg/mL (Table 1).

At all intervals, SW480 cells treated with ethanol seed 
extract of F. vulgare and T. ammi exhibited the highest 
cell viability (Table 1).

Biocompatibility assay 
The cytotoxicity of ethanol seed extracts of F. vulgare and 
T. ammi at 12.5-400 μg/mL was evaluated on hemolysis 
of normal human erythrocytes. Neither of ethanol seed 
extracts exhibited significant cytotoxicity toward human 
erythrocytes at 400 μg/mL at 4 hours interval. The higher 
stability of erythrocyte membrane could be related to 
the incorporation of plant metabolites into erythrocyte 
membranes, offering them a good resistance and high 
stability against hemolysis inducted by different extracts.

Toxicity effects of ethanol extracts on A. salina viability
The general toxicity of ethanol seed extracts of F. vulgare 
and T. ammi was evaluated against A. salina. The 
percentage of lethality was used as a bioassay indicator for 
the toxicity of ethanol seed extracts. The lethality (%) of 
nauplii at concentrations of 1000 μg/mL of F. vulgare and 
T. ammi ethanolic extracts was 23.33% to 30.5%, which 
indicates the moderate toxicity of them against brine 
shrimp larvae with LC50 values of 2071.65 and 1576.92 µg/
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Figure 1. Cytotoxic effect of ethanol extracts of Trachyspermum ammi seeds on cancer and normal cells lines; effects of the extract at 24 h (A), 48 h (B) and 72 h (C). 
Colorectal cancer cells (HCT116 and SW480), embryonic kidney cells (HEK293). Charts with the same letters are not statistically significant (Duncan’s test at P<0.05).

Figure 2. Cytotoxic effect of ethanol extract of Foeniculum vulgare seeds on cancerous and normal cells lines; effects of the extract at 24 h (A), 48 h (B) and 72 
h (C). Colorectal cancer cells (HCT116 and SW480) and embryonic kidney cells (HEK293). Charts with the same letters are not statistically significant (P<0.05).
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mL, respectively (Figure 3). The LC50 values determined 
for alcoholic extracts were higher than 1000 μg/mL and 
therefore they were defined as nontoxic.

Antibacterial assay
Results for antibacterial activity of the plant extracts are 
presented in Table 2. As evaluated by the disc diffusion 
test, F. vulgare and T. ammi extracts inhibited the growth 
of S. aureus in comparison to gram-negative bacterial 
cultures. It was observed that S. aureus was more 
susceptible than gram-negative bacteria (Table 2). Among 
gram-negative strains, S. paratyphi was more susceptible 
than other bacteria as confirmed with a remarkable MIC 
of 0.55-fold (Table 3). Among all studied strains, S. aureus 
and S. paratyphi were the most susceptible strains to the 
extracts and the biggest inhibition zones of ethanol seed 
extracts were obtained for the two strains, so that for S. 
aureus and S. paratyphi strains, the inhibition zones were 
bigger than those created by the antibiotic gentamicin. 

Discussion
The findings of the present study clearly demonstrated the 
anticancer properties of ethanol F. vulgare and T. ammi 
seed extracts that are consistent with previous reports on 
cancer cells, including lymphoblastic cell line (35), MCF7 
cell line (6) and human breast cancer cells (MDA-MB231) 
and the anti-ulcerogenic effect of aqueous F. vulgare 
extract on gastric injuries induced by ethanol in rats 
(36). The study of Pradhan et al revealed that the normal 
blood lymphocyte cells treated with methanol extract 
of F. vulgare exerted less percentage of micronucleus 
compared to the standard drug and also exhibited potent 
cytotoxicity against B16F10 melanoma cell line (37). The 
study of Pradhan et al also showed that F. vulgare could 
serve as an anticancer agent against B16F10 melanoma 
cells and as a cytoprotective agent for normal cells (37). 
The anticancer activity of methanol F. vulgare seed extract 
has also been shown against breast and liver cancer cells 
(Hep G2) (13). Numerous studies have reported antitumor 
activity of T. ammi extract against various cancerous cells. 
Treatment of skin and forestomach with seed extract of 
T. ammi reduced tumor multiplicity of the cells (38). 
Also, T. ammi exhibited a significant cytotoxicity against 
MCF-7 cell lines at low concentrations (25 μg/mL) (39). 
In addition, T. ammi essential oil and n-hexane extract 
showed cytotoxicity against the liver carcinoma cell line 
(HepG2). The anti-proliferative activity of the essential 

oil was higher in comparison to n-hexane fraction (40). 
As well, Khorsandi et al reported that the growth of 
colon cancer cells was inhibited by reducing cell viability 
in the presence of T. ammi essential oil at 25 μg/mL in 
the dark (41). For the first time, Vitali et al reported the 
anticancer effect of T. ammi essential oil (IC50:9.61 g/
mL) on colorectal carcinoma cells along with its network 
interaction with the immune system, which can lead to 
novel exciting applications for healthcare (42). Although 
the anticancer effects of T. ammi oil and its alcoholic 
extracts have been demonstrated in several in vitro studies 
on colorectal cancers, further clinical studies are needed 
to investigate this argument. In our previous study, the 
proliferation of AGS gastric cancer cell line was inhibited 
by methanolic extracts and essential oils of T.ammi and 
F.vulgare with IC50 values lower than 50 µg/mL at 48 to 
72hours (43).

Hemolysis is an indicator of RBC lysis by cytotoxic 
agents. Some plant-derived phytochemicals can exert 
hemolytic activity (44). Therefore, the toxicological 
effects of plant-derived constituents on animal or human 
erythrocytes have been studied in vitro using hemolysis 
tests (45-46).

Ruebhart et al reported that an ethanol extract with 
LC50 of over 1000 µg/mL was determined as non-toxic 
(47). Because the LC50 values determined for alcoholic 
seed extracts on A. salina were higher than 1000 μg/mL, 
they were defined as nontoxic. However, in another study, 
essential oils of T.ammi and F.vulgare showed cytotoxic 
activities against A. salina (LC50:137.5 µg/mL and 235.7 
µg/mL, respectively) (43).

The obtained results are in agreement with previously 
reported observations, including anti-mycobacterial and 
anti-candidal activities of F. vulgare essential oil and 
seed extract (48,49). In addition, moderate antibacterial 
activity of aqueous and organic F. vulgare extracts was 
observed in several in vitro studies (26,50). Furthermore, 
the hydro-ethanol extract of F. vulgare demonstrated 
antibacterial activity against Campylobacter jejuni and 
Helicobacter pylori (51,52).

The antimicrobial activity of various extracts from T. 
ammi has been observed in similar researches against 
E. coli, P. aeruginosa, S. typhi and S. aureus (53,54). 
The ancient uses of T. ammi seeds in the treatment of 
gastrointestinal disorders have also been confirmed 
in the study of Kaur and Arora. Their study revealed 
that organic and aqueous seed extracts of T. ammi 
showed antimicrobial activity (26). Various studies have 
confirmed the antibacterial activity of T. ammi seed 
essential oil (16, 43, 55-57). According to the results of 
Abdel-Hameed et al, T. ammi essential oil and n-hexane 
T. ammi extract exhibited antibacterial activity against 
five microorganisms (40). Vitali et al reported that T. 
ammi oil could exhibit higher inhibition zones on S. 
aureus and Candida albicans growth than reference 
antibiotics (42). Generally, in the current study, S. aureus 
was more sensitive than gram-negative bacteria strains, 

Table 1. IC50 of ethanol extracts of Foeniculum vulgare and Trachyspermum 
ammi seeds on HCT116, SW480 and HEK293 cell lines in the MTT assay

Time (h)
Trachyspermum ammi (µg/mL) Foeniculum vulgare (µg/mL)

HCT116 SW480 HEK293 HCT116 SW480 HEK293

24 294.86 1115.63 484.58 474.34 5676.23 429.27

48 172.03 876.78 344.43 410.20 987.02 275.32

72 106.46 794.22 214.49 267.39 460.16 259.64

Values (µg/mL) are expressed as mean of three replications. 
Colorectal cancer (HCT116 and SW480); embryonic kidney (HEK293).
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which could be related to its outer peptidoglycan layer 
with a less effective permeability barrier (58).

Conclusion
Foeniculum vulgare and T. ammi are widely cultivated in 
Iran. They have long been commonly used in traditional 
Iranian medicine for the treatment of various human 
ailments. Taken together, F. vulgare and T. ammi alcoholic 
extracts showed favorable anticancer potential against 
HCT-116 cancerous cells. In addition, the toxicity assay 
of ethanol extracts against brine shrimp larvae confirmed 
their non-toxicity. These extracts also exhibited promising 
antibacterial effect against pathogenic bacterial strains. 
F. vulgare and T. ammi are used in traditional medicine 

to alleviate gastrointestinal disorders and microbial 
infections, making exploration of their potential for the 
development of novel effective chemotherapeutic agents 
advisable. However, further research and complementary 
tests are needed to evaluate the potential of these plants for 
the treatment of different types of cancers and etiologic 
agents including viruses, bacteria, and fungi.
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