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EVALUATING THE ROLE OF DITHIOLANE RICH FRACTION 
OF FERULA ASAFOETIDA (APIACEAE)  

FOR ITS ANTIPROLIFERATIVE AND APOPTOTIC PROPERTIES: 
IN VITRO STUDIES

S. Verma1, 2, P. Khambhala1, 2, S. Joshi2, V. Kothari1, T. Patel1, S. Seshadri1, *
1Institute of Science, Nirma University, Ahmedabad 382481, India

2National Foods — The Hing Research Center, GIDC-Waghodia, Vadodara 391243, India

Asafoetida resin has been reported for various biological activities but its use has been widely restricted owing to its pungent smell and 
pool water solubility. Aim: In vitro study of the anticancer potential of microwave-extracted essential oil (EO) of Ferula asafoetida. 
Materials and Methods: The phytochemical investigation and in vitro cytotoxicity assessment was carried out in two human liver 
cancer cell lines. The expression of NFKB1, TGFB1, TNF, CASP3 was analyzed by reverse transcription polymerase chain reaction. 
Results: Ferula asafoetida EO contains high concentrations of dithiolane, which possess antiproliferative activity in human liver 
carcinoma cell lines (HepG2 and SK-Hep1) in a dose-dependent manner. The bioactive compounds in F. asafoetida are capable 
of induction of apoptosis and altered NF-kB and TGF-β signalling with increase in caspase-3 and TNF-α expression. Conclusion: 
Further elucidation of bioactive molecules and underlying mechanisms could lead to potential intervention in liver cancer in animal 
models. The safety and efficacy as well as the mode of EO action in animal models would be highly crucial.
Key Words: F. asafoetida, essential oil, phytochemicals, hepatocellular carcinoma, dithiolane, HepG2, SK-Hep1.

In Ayurveda, asafoetida (the aromatic resin from 
the roots of Ferula asafetida) is considered as one 
of the best condiments for balancing “vata dosha” being 
helpful for treating digestive and respiratory disorders 
such as whooping cough, asthma, ulcer, epilepsy, 
stomachache, flatulence, bronchitis, weak digestion 
and influenza [1]. Among various activities of asa-
fetida demonstrated in the recent pharmacological and 
biological studies are antioxidant [2], antimicrobial [3], 
antiviral [4], antifungal [5], cancer chemopreventive [6], 
antidiabetic [7], anticarcinogenic [8], antispasmodic and 
hypotensive [9], relaxant [10] and neuroprotective [11] 
properties.

The essential oils (EOs) are the secondary metabolites 
present in lower amounts in various plant parts. The com-
position and other biological properties of the EOs depend 
on their constituents. EOs are among the most valuable 
plant products used in the medicine and complementary 
treatment strategies. Exploration of EOs and their constitu-
ents toward their beneficial role in different cancers is cur-
rently under lens. EOs of Hypericum hircinum L. subsp. 
Majus, Pinus wallichiana, Solanum erianthum, Thymus 
vulgaris L., Mentha arvensis, Guatteria pogonopus, 
Ageratum conyzoides Linnæus and Lippia multiflora 
Moldenke revealed antiproliferative activity on human 
prostatic adenocarcinoma [12]. Bayala et al. [13] also 
demonstrated antiproliferative activity of EOs in prostate 
cancer and glioblastoma cell lines. Generally, biological 
activity of an EO is related to its chemical composition, 
to the major functional groups of compounds (alcohols, 

phenols, terpene compounds and ketone). However, 
some of the minor compounds could also be of impor-
tance as the various molecules could synergistically act 
with the major compounds of Eos. 

The current study was carried out with the aim 
of determining the pro-apoptotic and antiproliferative 
efficacy of microwave-extracted EO of Ferula asafetida 
in hepatocellular carcinoma (HCC) cell lines. We also 
analyzed the expression of several genes that could 
be involved in mediating such activities. 

MATERIALS AND METHODS 
Plant material and EO preparation. Resin of Fe

rula asafoetida was obtained from National Foods (Hing 
Manufacturer Company, Vadodara) and the sample 
was authenticated by Dr. Vasant A. Patel, Department 
of Botany, Smt. S.M.P. Science College, Hemchandra-
charya North Gujarat University, Gujarat, India. Specimen 
sample of Ferula asafoetida has been submitted at the 
Institute of Science, Nirma University, Ahmedabad, Gu-
jarat, India with the voucher no. ISNU/FA/CN-120421/01.

The EO was obtained by microwave-assisted 
hydro-distillation of resin at 750 W at 100 °C for 30 min. 
The EO was collected and then stored in refrigerator. 
Extraction efficiency was found to be 8.3 ± 0.2%.

Gas chromatographic — mass spectrometric 
analysis. The phytochemical investigation of EO of Feru
la asafoetida was performed by a gas chromatography — 
mass spectrometry (GC-MS) equipment Agilent 7890A 
GCMS Single Quad (Agilent, USA) along with headspace 
and flavor library with flame ionization detector (FID) 
and an HP-5 capillary column (30 m, 0.25 mm i.d., 
film thickness 250 nm). The GC oven temperature was 
kept at 60 °C for 10 min, increased to 220 °C at a rate 
of 4 °C/min, kept constant at 220 °C for 10 min, and then 
increased to 240 °C at a rate of 1 °C/min. The sample was 
injected in a volume of 0.1 μl. The split ratio was 40:1 [14].
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Cell culture. Human liver cancer cell lines 
HepG2 and SK-Hep1 were obtained from NCCS, Pune, 
India. The cells were cultured in Eagle’s minimal es-
sential media with 10% FBS at 37 °C in the atmosphere 
of 5% CO2. The cells were subcultured by trypsinization 
followed by splitting the cell suspension into fresh flasks 
and supplementing with fresh culture medium.

The isolated EO was diluted in ethanol to obtain 
a stock solution corresponding to 0.5% (v/v). The 
above stock solution was then used for preparation 
of serial dilutions. Doxorubicin hydrochloride used 
as a positive control was dissolved in DMSO to obtain 
the primary stock solution of 20 mM that was further 
used for preparation of serial dilutions.

Cytotoxicity assay. The cells were trypsinised and 
counted using hemocytometer and then plated in a 96-
well plate at the density of 5•103 cells/well. The cells 
were incubated overnight under desired growth condi-
tions to allow the exponential growth. The cells were 
then treated with increasing concentrations of EO and 
doxorubicin as a positive control, respectively, followed 
by incubation for 48 h. Following incubation, the plates 
were taken out and 20 μl of 5 mg/ml of MTT 3-(4,5- di-
methythiazol-2-yl)-2,5-diphenyl tetrazolium bromide 
solution were added to all the wells followed by addi-
tional incubation for 3 h at 37 °C. The supernatant was 
aspirated and 150 μl of DMSO was added to each well 
to dissolve formazan crystals. The absorbance of each 
well was then read at 540 nm [15].

The percentage cytotoxicity corresponding to each 
treatment was calculated using the following formula: 

% Cytotoxicity = (1-X/R)•100,
where X = absorbance of treated cells; R = absor-

bance of untreated cells. 
Gene expression studies. Total RNA was isolated 

using TRI reagent (Sigma-Aldrich, USA), according to the 
manufacturer’s protocols. The quantification RNA was 
determined at 260 and 280 nm (UV-2450, Spectropho-
tometer, Shimadzu, Japan). Gene expression study was 
carried out for NFKB1, TGFB1, TNF, CASP3, and was 
assessed by reverse transcription polymerase chain 
reaction. Reverse transcription was carried out using 
a First strand cDNA synthesis Kit (Thermo Scientific, 
USA). β-Actin was used as the normalization control. 

Polymerase chain reaction was carried out as per 
the protocol of Jena et al. [16]. Relative quantities 
of different mRNA expressions were analyzed by To-
talLab 1.0 software (Magnitec Ltd., Israel), normalized 
with β-actin expression.

Statistical analysis. GraphPad Prism V.6 was 
used to perform statistical analysis. One way ANOVA 
followed by Tukey’s multiple comparison test was 
used to determine significance level at 95% significant 
interval between experimental groups. All values are 
expressed as mean ± SD. 

RESULTS
EO composition. The yield of EO isolated from Ka-

buli was around 16%. The GC analysis of EO of asafoe-
tida, showed presence of 1,2-dithiolane (87.4%) and 

n-propyl sec-butyl disulfide (10.6%) which comprised 
of 98%. Other constituents included sec- butanethiol 
(0.26%), propyl disulfide (0.35%), sec-butyl disul-
fide (0.32%), 3,6-dimethyl-1,4-dithiane-2,5-dione 
(0.30%), 1,3-dithiane (0.51%) and allyl sulfone 
(0.22%) comprising the remaining 2% (Fig. 1).

Effect of Ferula asafoetida EO on HCC cell 
lines. Dithiolane-rich EO was evaluated for its cy-
totoxic potentials by performing the MTT assay. The 
oil exhibited profound cytotoxic potentials on both 
the cell lines in a dose dependent manner. IC50 value 
of the oil was calculated through the growth curve 
derived from the MTT assay (Fig. 2) and was found 
to be 7.21 ± 0.29 μg/ml and 8.0 ± 0.36 μg/ml for 
HepG2 and SK-Hep1, respectively. The isolated EO was 
found to be equally effective against both cell lines 
in a dose dependent manner.

Mode of action determination of Ferula asa-
foetida. Following treatment with EO, both NFKB1 and 

Fig. 1. GC-MS analysis of EO showing peaks of maximum value 
of 1,2-diothiolane
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Fig. 2. MTT assay of HepG2 (a) and SK-Hep1 (b) following 
treatment with isolated asafoetida EO
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Fig. 3. NFKB1, TGFB1, CASP3 and TNF expression in cell lines following treatment with isolated asafoetida EO. D1, D2, D3 — cells 
treated with 0.1, 0.2 and 0.5 μM doxorubicin, respectively. EO1, EO2, EO3, EO4 — cells treated with 1, 10, 25 and 50 μg/ml EO, 
respectively. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001.
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TGFB1 were downregulated as shown in Fig. 3. Simul-
taneously, CASP3 and TNF showed significant eleva-
tion after treatment with EO (see Fig. 3).

DISCUSSION 
Indian traditional medicine emphasizes the role 

of Ferula asafoetida as a potential drug for cancer 
treatment. The studies have showed that asafoetida 
has potent antitumor and antimetastatic effects in ex-
perimental breast cancer model [17]. There is a study 
exploring the chemopreventive potential of asafoe-
tida against dimethylhydrazine-induced rat colon 
cancer [18]. Asafoetida extract inhibited two stage 
chemical carcinogenesis induced by 7,12-dimethyl-
benzanthracene and croton oil on mice skin with sig-
nificant reduction in papilloma formation [19]. 

There have been many reports regarding the 
efficacy of EO from different plants on HCC cell 
lines. The antihepatoma activity was found in the 
IC50 of 55 μg/ml of A. squamosa L. pericarps [20]. 
S. intermedia volatile oil was cytotoxic for HepG2 and 
MCF-7 cells [21]. Siegesbeckia pubescens volatile oil 
activated apoptotic proteins in HepG2 [22].

Umbelliferone (7-hydroxycoumarin), a widespread 
natural product of the coumarin family, has been re-
ported to exhibit antitumor and immunomodulatory 
effects against sarcoma 180 in mice, inhibiting tumor 
growth and increasing survival time of tumor bear-
ing animals [23]. Umbelliferone induced apoptosis 
in HepG2 cells, which shows the potential to be used 
in the management and treatment of liver cancer [24].

The present study was a preliminary effort to evalu-
ate the effects of EO of Ferula asafoetida in HCC cell 
lines. The oil inhibited the proliferation of HepG2 and 
SK-Hep1 cells in a dose dependent manner. Moreover, 
in the present study, the Ferula asafoetida isolated oil 
significantly reduced the expression of NFKB1 and 
TGFB1. It should be mentioned that NF-κB plays im-
portant roles in processes, including development, 
cell growth and survival, and proliferation and are 
involved in many pathological conditions. An increase 
in NF-κB expression in the nucleus correlates with the 
development of metastases [25]. 

The significance of caspase activation in hepato-
cytes undergoing apoptosis in the liver with permea-
bilization of the mitochondrial external membrane and 
release of different proteins from the mitochondrial 
intermembrane space into the cytosol has been dem-
onstrated [26]. Targeting caspase activity has gained 
significant attention for developing novel strategies 
to combat cancer [27].

TNF-α has been reported to be involved in inducing 
pro-apoptotic activities through both caspase depen-
dent as well as caspase independent pathways [28]. 
In liver fibrosis, TNF-α plays an important role in the 
activation of hepatic stellate cells and extracellular 
matrix deposition [29]. 

In the present study, both CASP3 and TNF-α show 
the significant increase following treatment with EO, 
thus controlling the carcinogenesis. 

From the present investigation, it would be con-
cluded that the dithiolane-rich EO displayed pro-
apoptotic and antiproliferative potential against human 
liver cancer. The safety and efficacy on the oil needs 
to be ascertained on in vivo models.
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