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Abstract

Objectives: Based on data from Chinese and Indian tra-
ditional herbal medicines, gum resin of Ferula assa-foet-
ida (sometimes referred to asafetida or asafoetida) has
several therapeutic applications. The authors of various
studies have claimed that asafetida has cytotoxic, anti-
ulcer, anti-neoplasm, anti-cancer, and anti-oxidative ef-
fects. In present study, the anti-aging effect of asafetida
on senescent human dermal fibroblasts was evaluated.

Methods: Senescence was induced in in vitro cultured
human dermal fibroblasts (HDFs) through exposure
to H,0,, and the incidence of senescence was recog-
nized by using cytochemical staining for the activity of
[-galactosidase. Then, treatment with oleo gum resin of
asafetida was started to evaluate its rejuvenating effect.
The survival rate of fibroblasts was evaluated by using
methyl tetrazolium bromide (MTT) assays. Real-time
quantitative reverse transcription-polymerase chain
reaction (QRT-PCR) and western blot assays were per-
formed to evaluate the expressions of apoptotic and
anti-apoptotic markers.
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Results: Our experiments show that asafetida in con-
centrations ranging from 5 x 10® to 107 g/mL has
revitalizing effects on senescent fibroblasts and sig-
nificantly reduces the -galactosidase activity in these
cells (P < 0.05). Likewise, treatment at these concentra-
tions increases the proliferation rate of normal fibrob-
lasts (P < 0.05). However, at concentrations higher than
5 x 107 g/mlL, asafetida is toxic for cells and induces
cell death.

Conclusion: The results of this study indicate that asa-
fetida at low concentrations has a rejuvenating effect
on senescent fibroblasts whereas at higher concentra-
tions, it has the opposite effect of facilitating cellular
apoptosis and death.

1. Introduction

Consumption of medicinal herbs is growing and peo-
ple want to reduce the practice of using chemically
synthesized drugs [1, 2]. Despite this growing interest
for herbal medicine, our knowledge of their possible
benefits or adverse side effects is not sufficient [3]. Part
of this lack of information arises from the complexity
and the diversity of each plant's constituents, and the
other part is the fact that each constituent can exert
various effects on the body’s organs [2]. One such me-
dicinal herb is Ferula assa-foetida, which belongs to
the umbelliferae family of plants; several therapeutic
applications, such as anti-diabetic, anti-ulcer, aphro-
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disiac, antiepileptic, anthelmintic, and antispasmodic ap-
plications, have been proposed for this herb [4]. The oleo-
gum-resin of Ferula assa-foetida is sometimes referred to
as asafetida or asafoetida, but for consistency asafetida will
be used throughout this paper.

A review of the compounds in asafetida shows that
some skin-friendly compounds, as well as some irritant
substances, are contained in its gum resin. One of these
skin-friendly compounds which has a known antioxida-
tive effect is ferulic acid (FA) [5]. Several reports about the
biological roles of FA have been published, and most are
about its antioxidative properties [6]. FA protects skin from
UV radiation by forming a resonance-stabilized phenoxy
radical and by preventing the activation of caspase in der-
mal fibroblasts [7-9]. It is a potent antioxidant and syner-
gizes the effects of ascorbic acid [10]; it also protects cells
from oxidative damage by neutralizing different species of
free radicals, such as hydroxyls, alkoxyls, peroxyls, nitric
oxide, peroxynitrites, and superoxides [10-17]. In addition
to these reported properties, some evidence exists regard-
ing the anti-mutagenicity of FA, indicating that it protects
cells from menadione-induced oxidative DNA damage;
its anti-carcinogenic effects have also been demonstrated
in animal models of pulmonary and colon cancers [18-
23]. In experiments regarding its dermal application, FA
decreased UVB-induced erythema, 12-O-tetradecanoyl-
phorbol-13-acetate (TPA)-induced ornithine decarboxyla-
se activity, and TPA-induced skin tumor formation [24, 25].

Apart from FA, some researchers have found that asafet-
ida contains some other ingredients that can cause or in-
hibit skin irritation. For example, it contains alpha pinene

Table 1 List of the primers used for the real-time qRT-PCR assay

with its reported anti-inflammatory and analgesic effects
[26] and alpha terpineol with its reported anti-inflamma-
tory and skin-irritating effects [27]. It also contains other
compounds, such as diallyl disulfide, luteolin, and iso-
pimpinellin with their confirmed capabilities for the pre-
vention of chemically-induced skin tumor development
in mice [28-31], as well as Azulene [4], which is beneficial
for the prevention of skin irritation and skin damage and is
widely used in cosmetic products [32].

Based on the above data, asafetida contains many com-
pounds that can affect skin cells, and most of them have
or may have therapeutic applications for skin problems
such as aging. Until now, to the best of our knowledge, no
report on the effect of asafetida extract on skin cells has
been reported. For that reason, we designed this study to
evaluate the effect of asafetida on normal and senescent
human dermal fibroblasts (HDFs). To evaluate the effect
of asafetida on HDFs, we used a reactive oxygen species
(ROS)-mediated model of senescence; consequently, we
selected, some important regulators of the ROS-mediated
apoptosis pathway, which are listed in Table 1, for further
analysis. BCL2, BAD and BAX are apoptosis regulators act-
ing on the mitochondrial membrane [33, 34], and p21 is
the main downstream regulator of p53-dependent cell cy-
cle arrest and senescence in response to DNA damage [35].
CASP3 was selected because its activation could be trig-
gered by both extrinsic (death ligand) and intrinsic (mito-
chondrial) pathways [36]. ALOX5 was selected so that we
could evaluate the inflammatory responses of senescent
HDFs after treatment with asafetida [37].

Gene Primer sequences GenBank
F: AGTTGCGTTACACCCTTTCTT
ACTB NM_001101.3
R: CACCTTCACCGTTCCAGTTT
F: GGTGTGTGCTGCGTTCA
p21 NM_001220778.1
R: AAGTTCCATCGCTCACGG
F: CAGGGTGGTTGGGTGAGAC
BAX NM_001291430.1
R: TGAAGATGGGGAGAGGGCA
F: CTCCACATCCCGAAACTCCA
BAD NM_032989.2
R: GTCAGCCCTCCCTCCAAAG
F: TGTGTGGAGAGCGTCAACC
BCL2 NM_000633.2
R: CTTCAGAGACAGCCAGGAGAA
F: GCCTGTAACTTGAGAGTAGATGGT
CASP3 NM_032991
R: TGCGTATGGAGAAATGGGCT
F: GACCTGACCTATGCCTCCCT
ALOX5 NM_000698.3

R: GTCCTGATGGCTTCCCACAC

qRT-PCR, quantitative reverse transcription-polymerase chain reaction.
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2. Materials and Methods

Oleo-gum resin of Ferula assa-foetida L. (asafetida) was
prepared based on our previous study [38]. In our experi-
ments, we used a special, pure type of asafetida (Ashki
asafetida in local dialect) that, based on high perform-
ance liquid chromatography (HPLC) assays, has a higher
concentration of FA [38]. Briefly, Oleo-gum resin was
collected in June from Ferula assa-foetida L. (Herbarium
code: P1006636, IBRC, Tehran, Iran) by making some
small incisions (1 - 5 cm) on its stem near to its roots, from
which high-quality oleo-gum resin (asafetida) could be
obtained. The collected asafetida was cut into small pieces
and placed under a hood until it had dried. For prepara-
tion of the asafetida solution, a specified amount (10 mg)
of dried asafetida was dissolved in 10 mL of distilled water
and filtered by using 0.02-um filters. Different volumes of
this asafetida solution were added to the culture media of
cells to obtain the final treatment concentrations.

A HDF cell line (NCBI Code: C646, Pasteur Institute, Te-
hran, Iran), cell passage numbers 5 - 8, was used for cell as-
sessments. According to the manufacturer’s data, this cell
line was derived from the dermis of normal human neona-
tal foreskin and cryopreserved at the end of primary cul-
ture; a cell passage number less than 10 is safe and cytoge-
netically stable. Cells were cultured in DMEM medium
containing 10% FBS (2 x 10* cells/well of 24-well plates for
MTT and staining assays and 10° cells/well of 6-well plates
for real time qRT-PCR assays). The effects of asafetida on
normal and senescent HDFs were evaluated after 10 days
of treatment with different doses of asafetida (10%, 5 x 10°®,
107,5x 107 and 10 g/mL).

ROS-mediated senescence was induced on HDFs by us-
ing hydrogen peroxide [39]. For this purpose, passage-four
HDFs were cultured in 24-well culture plates at a density of
2 x 10*/well. The following day, the medium was replaced
with a medium containing 600-pM H,0, (hydrogen perox-
ide), after which the plates were placed in a CO, incubator
for 2 hours. Next, the medium was replaced with a normal
fibroblast medium (DMEM + 10% FBS). After the cells had
been incubated in the CO, incubator for 24 hours, they
were exposed for the second time to 600-uM H,0,. Two
hours later, the medium was replaced with normal fibrob-
last medium containing different concentrations of asafet-
ida extract. The culture medium was changed every 3 days
while fresh asafetida was added to the medium daily for
10 days. The final concentrations of asafetida were 0 (non-
treated, control), 10, 5 x 10, 107, 5 x 107, and 10° g/mL
of gum resin of asafetida dissolved in the culture medium.
Each treatment was repeated in four replicates.

After 10 days of treatment with asafetida, the density of
senescent cells was measured by staining the senescent
cells. Cell staining was performed by using Senescence
Cells Histochemical Staining Kits (Sigma, CS0030). The
assay is based on a cytochemical stain for 5-galactosidase
activity at pH 6. After staining, 20 images with 40 x mag-
nification were captured from each treated group, and the
numbers of senescent cells were counted in each image.
Cell viability was measured using the 3-(4, 5-dimethyl-
2thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide (MTT,
Sigma) assay. This method is based on the mitochondrial

dehydrogenase activity of vivid cells in the culture dish.
For this purpose, cells belonging to each treatment group
were cultured in one 24-well culture dish; then, two days
after initiation of asafetida treatment, 50 pL of MTT (5 mg/
mL) were added to the culture medium, and the cells were
incubated for 4 hours. After that, the culture medium was
removed completely and replaced with 250 pL. of DMSO.
The absorbance of each well was measured at 560 nm by
using a spectrophotometer, and the results were shown as
the percent of each group compared to the control group.

Real time PCR was performed on senescent HDFs to
measure the expression rates of the apoptotic markers
p21, BAX, BAD, and caspase 3 (CASP3), the antiapop-
totic marker BCL2, and an inflammatory marker ALOX5
(Arachidonate 5-lipoxygenase). S-actin mRNA (ACTB)
was used as a housekeeping gene. The list of primers se-
quences is presented in Table 1. After isolation of total RNA
(Vivantis RNA isolation Kit), CDNAs were synthesized us-
ing MMLV Reverse Transcriptase and Oligo (dT) Primers
according to the manufacturer’s instructions (Vivantis,
Easy cDNA reverse transcription kit). For gene expression
analysis, relative quantitation PCR (qPCR) was performed
using SYBR-Green master mix (Qiagen) in a Qiagen Ro-
tor Gene 6000 system and software. The qPCR conditions
were 1 cycle of incubation in 94°C for 10 min for denatura-
tion, and then DNA amplification was performed in 40 cy-
cles using 1 min in 53°C for annealing, 20 seconds in 72°C
for elongation, and 15 seconds in 95°C for denaturation.
The expression levels of these target genes in each sam-
ple were calculated by using the comparative Ct method
(2-AACt formula), after having been normalized by the Ct
value of the housekeeping gene in each group. All experi-
ments were repeated three times for each group.

For the Western blot analyses, cells were lysed on ice in
a lysis buffer containing 20-mM Tris-HCI (pH 7.5), 150-
mM NaCl, 10-mM EDTA (pH 7.5), 1% Triton X-100, and
1% deoxycholate. Then, the cell extracts were clarified by
centrifugation, resolved on SDS-PAGE, and transferred
onto PVDF membranes (Millipore, USA). After having
been blocked with 5% BSA overnight at 4°C, the mem-
branes were incubated for 1.5 h at room temperature with
rabbit primary anti-BCL-2 antibody (Abcam, ab59348, 1 :
500) and mouse primary anti-GAPDH antibody (Abcam,
ab8245, 1 : 1000). Following three rinses (15 min each)
with PBS-Tween20 (0.05%), incubation with the peroxi-
dase (HRP)-conjugated goat anti-rabbit IgG H&L (Ab-
cam, ab205718, 1:2000) and goat anti mouse secondary
antibody (Abcam, ab97240, 1:2000) was performed for 2
hours at RT. After three washes with TBST, western blot-
ting chemiluminescence reagent (Thermo Scientific, USA)
was used for protein detection. The relative intensities of
western blot bands were semi-quantified by using Image J
software. The relative band intensity for each protein was
normalized to glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH).

Statistical analyses were performed using SPSS software.
Each experiment was repeated a minimum of three times,
and the data were expressed as means + standard errors
of the mean (SEMs). Statistical differences between the
groups were assessed by using the one-way analysis of
variance (ANOVA) followed by Tukey’s test. Statistical sig-
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nificance was established at P < 0.05.

3. Results

The results of the MTT assays showed that treatments
with asafetida at concentrations of 5 x 10® and 107 g/mL
could increase the survival rates of normal and senescent
HDFs compared with the other groups (P < 0.05, Fig. 1A).
To evaluate the anti-aging effect of asafetida, we treated se-
nescent cells with different concentrations of asafetida for
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10 days and then measured the density of senescent cells
by using -galactosidase staining. The mean percentage of
senescent cells per total number of cells showed that the
numbers of senescent cells in the groups treated at con-
centration of 5 x 10® and 107 g/mL were significantly low-
er than the numbers of such cells in the other groups (P <
0.05, Fig. 1). Our data also showed that asafetida was toxic
at higher concentrations (10 g/mL) and that it signifi-
cantly reduced the survival rate of HDFs and subsequently
increased the number of senescent cells (P < 0.05, Fig. 1).
As shown in Fig. 2A, gene expression assays revealed
that treatments with 5 x 10 and 107 g/mL of asafetida in-
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Figure 1 (A) MTT assay results in normal and senescent fibroblasts (*P < 0.05). (B) Effect of treatment with asafetida on human senes-
cent fibroblasts in percent of senescent cells/total number of cells counted in the images from each group (*P < 0.05). (C) Images of cells
after staining for -galactosidase activity, with the blue color representing senescent cells: (a) control, (b) 10, (c) 5 x 10%, (d) 107, (e) 5 x
107, and (f) 10 g/mL of asafetida. Data are presented as means + SEMs, and scale bars represent 100 pm.

MTT, methyl tetrazolium bromide; SEMs, standard errors of the mean.
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creased the expression of BCL2 (P < 0.01), but decreased
the expressions of p21, CASP3, BAX and BAD as compared
with the control group (P < 0.01 for p21 and CASP3; P <
0.05 for BAD and BAX). The expression level of ALOX5
revealed no change at these concentrations as compared
with the control group. Otherwise, for doses above 107 g/
mlL, asafetida prompted apoptotic function, and the ex-
pression rate of anti-apoptotic BCL2 was significantly de-
creased to very low levels as compared with the control
group (P < 0.05); however, the expressions of the apoptotic
inducer factors BAX, BAD, CASP3 and p21 were increased
(P <0.05). The expression of ALOX5 was also increased, as
compared with the control group, in the groups that were
treated with higher doses of asafetida (P < 0.01). Results
of western blot analyses also confirmed an approximately
threefold increase in BCL2 protein expression in groups
treated at asafetida concentrations of 5 x 10® and 107 g/
mL as compared with the other groups (P < 0.01, Fig. 2B).
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Figure 2 (A) Expression levels of apoptotic and anti-apoptotic
mRNAs in asafetida-treated senescent cells. The expression of
BCL2 was increased in the groups treated with 5 x 10® and 107 g/
mL of asafetida compared with the control group (P < 0.01). Also,
in those groups, the expression rates of apoptotic markers were
significantly reduced as compared with the control group while
in the groups treated with 5 x 107 and 10° g/mL of asafetida, the
expression rates of apoptotic markers were increased. (B) West-
ern blot assay for BCL2 protein in different groups (*P < 0.05 and
$P < 0.01, compared with the control group).

4. Discussion

In present study, we measured the effects of water solu-
ble parts of asafetida (gum resin of Ferula assa-foetida) on
human dermal fibroblasts. Asafetida has multiple compo-
nents, and among them, FA is a well-known compound
because of its anti-apoptotic effects. Plants of the ferula
species also have high amounts of sulfide compounds and
rare concentrations of sesquiterpene coumarins and ter-
penes with anti-inflammatory effects [40-42]. The results
of MTT and p-galactosidase staining assays showed that
treatments with low concentrations of asafetida could pro-
tect senescent HDFs from apoptosis. To evaluate this effect
at a molecular level, we performed real-time qRT-PCR and
western blot assays, and the results showed that treatment
with asafetida altered the expression rates of apoptotic
and anti-apoptotic markers in fibroblasts. Reductions in
the expressions of p21 (anti-proliferative and senescence-
inducing factor) [43], CASP3, BAX, and BAD (mediators of
programmed cell death), as well as surges in the expres-
sion of BCL2 (anti-apoptotic marker) [44], revealed that
asafetida had a potent anti-apoptotic effect. Furthermore,
the results of cell staining for beta-galactosidase activity
confirmed that these reductions of BAX and BAD (as posi-
tive regulators of cell apoptosis) and the increase in BCL2
effectively rejuvenated senescent fibroblasts.

Based on the recent findings about the roles of 5-lipoxige-
nase (ALOX5, 5-L0O) in the activation of pro-inflammatory
pathways [37], we also evaluated the expression of ALOX5
in our experiments. When the treatment dosage of asa-
fetida was increased above 107 g/mL, the expression level
of ALOX5 was increased in cells, which revealed that asa-
fetida could activate pro-inflammatory signals. In confir-
mation, one report indicated that topical administration
of asafetida could cause contact dermatitis in infants [45].
This skin-irritating effect of asafetida might be due to its
disulfide-containing compounds [46]. Thus, this pro-in-
flammatory side effect of asafetida should be diminished
by reducing the concentration of its sulfide compounds
through chemical processing or by combining it with
ALOX-5 inhibitory herbal supplements, such as an extract
of Tripterygium wilfordii [47].

The results of the present study demonstrate that asafetida
has both apoptotic and anti-apoptotic effects. In optimal
doses, it reverses senescence, but has the opposite effect at
higher concentrations. Moreover, toxic concentrations of
asafetida can be useful for skin exfoliation. Nevertheless,
further studies are needed to identify its efficacy in vivo.

5. Conclusion

The results of the present study revealed that asafetida
in low concentrations had an anti-senescence effect on
human dermal fibroblasts. This effect was due to its role
on enhancing the expression of the anti-apoptotic factor
BCL2.
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