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Abstract

Background: Many studies examine the antibacterial effects of medicinal plants; however, little research is done to evaluate their
effects on different cell types, especially dermal fibroblasts.

Objectives: The current study aimed to study the effect of different concentrations of Aloe Vera, henna, chamomile, myrtle, mint,
licorice, cinnamon, ginger and cedar extracts and their synergistic effects on the viability of dermal fibroblasts.

Methods: To evaluate the performance of herbal extracts on dermal fibroblasts, in the first experiment different concentrations
(6.25,12.5, 25, 50, 100, 250, 500 and 1000 pg/mL) of the extracts were evaluated by the MTT cell proliferation assay. In the second
experiment, the minimum effective concentrations of the plant extracts in triple combination were evaluated in the cells under
study.

Results: The minimum effective concentrations of henna, chamomile, myrtle, mint, cinnamon, ginger and cedar were 12.5, 6.25,
6.25, 6.25, 6.25,12.5 and 12.5g/mL, respectively. Results showed that, by comparing the minimum effective concentration of herbal
extracts, the viability of dermal fibroblasts significantly increased by cedar extract (P < 0.05). Combination of Aloe Vera, licorice and
mint extracts significantly increased the viability of dermal fibroblasts (P < 0.05).

Conclusions: Based on the results of the current study, it was concluded that Aloe vera, licorice and mint extracts had synergistic
effects on the viability of dermal fibroblasts; in addition, the combination of Aloe vera and licorice with either henna or myrtle, and
Aloe vera and mint with either cedar or ginger resulted in synergistic effects on viability of dermal fibroblasts. The third category of
triple combinations of herbal extracts with synergistic effects on the cells under study was the combination of Aloe Vera and mint
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with either chamomile or cinnamon and also Aloe vera and licorice with either myrtle or cedar.

1. Background

As a result of pharmacological properties and wide
range of chemical and biological activities of herbs, con-
sumption of natural bioactive compounds such as medi-
cal or health supplements is gaining popularity (1, 2), par-
ticularly for highly complex molecular structures such as
polyphenols, since the synthesis of such organic chemicals
would be laborious and even more costly (3). In addition,
these components may reduce the level of oxidative stress
in live cells; thus, much attention is recently focused on
the activity of the herbal antioxidants (2). A wide variety
of phytochemicals including polyphenolics, carotenoids,
terpenoids, coumarins, saponins, phytosterols, curcumi-
noids, etc., are identified in numerous plants (4).

Aloe Vera is a member of the Liliaceae family, which
is easily grown in tropical climates. The mucilaginous tis-
sue, called Aloe Vera gel, is located in the center of the Aloe

Vera leaf and over 75 active ingredients are identified in
it (5, 6). Aloe Vera gel consists of 99.3% water and the re-
maining is made up of solids with glucose and mannose
molecules, of which mannose is more concentrated than
glucose (6, 7). Acemannan is the major polysaccharide in
Aloe Vera gel and is known to induce immunological re-
action (8). These components give the special properties
as a skin care product (7). Polysaccharides from Aloe Vera
promote both the proliferation of fibroblasts and the pro-
duction of hyaluronic acid and hydroxyproline in fibrob-
lasts, which play important roles in extracellular matrix re-
modeling during wound healing (6). Aloe Vera may also
affect some intracellular processes important in wound
healing, including enhancement of fibronectin produc-
tion by fibroblasts (9). Henna is a plant which grows wild in
abandoned areas (10), it is now widely cultivated through-
out the tropics as an ornamental and dye plant (11). Its
bark leaves and seeds are utilized in medicine, because
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of the high amount of phenolic compounds such as fla-
vanol and phenolic acid. These phenolic compounds are
well known antioxidants that help to reduce free radicals
(3). The leaves are used as a prophylactic against skin dis-
eases. The major phytochemical constituent of henna, law-
sone, possesses significant anti-inflammatory, analgesic
and antipyretic activities (10). One of the oldest and most
widely used medicinal plants is chamomile suggested for
a variety of healing applications (7). It contains around
120 secondary metabolites, including 28 terpenoids and
36 flavonoids (12). Myrtle is an aromatic and medicinal
herb reported to have antibacterial, antifungal, antiviral,
antioxidant and anti-mutagenicity properties. The dried
leaves of this herb contain terpinolene, cineol, linalool, ter-
pineol, linalyl acetate, tannins and flavonoids compounds
(13). Mint is one of the most important medicinal plants
with a wide use in pharmaceutical, food and hygienic in-
dustry (14). The phenolic compounds found naturally on
it were suggested to be the major contributors to the an-
tioxidant activities of the plant (1). Menthol is the major
component of mint. It is known as a disinfectant with ef-
fective antimicrobial properties (14). Licorice originates
from the dried roots of several Glycyrrhiza species. It is em-
ployed in demulcent and expectorant as well as a flavoring
and sweetening agent, because of its antioxidative, neu-
roprotective, anti-allergic and anti-inflammatory activities
(15). Previous phytochemical investigations of this plant
identified several flavonoids, triterpenoids and polysac-
charides (16). The roasted form of licorice is reported to
possess anti-allergic, neuroprotective, anti-oxidative, and
anti-inflammatory activities (15). The most favored chemi-
cal constituents of cinnamon are volatile oils such as cin-
namaldehyde, eugenol, cinnamic acid and weiterhin, and
also mucilage, diterpenes and proanthocyanidins. In ad-
dition, it is rich in essential oils and tannins, which in-
hibit microbial growth (17). Cinnamaldehyde, as the ma-
jor active component in the cinnamon, induces type I col-
lagen biosynthesis within dermal fibroblasts (18). Gin-
ger is produced from the rhizome of Zingiber officinale.
Gingerol is an active component of ginger and responsi-
ble for antibacterial, anti-angiogenic, anti-inflammatory
and anti-tumor promoting activities (19, 20). Antioxidant
molecules already reported from this plant are alflabene,
cassumunene, cassumunaquinones I, I, cassumunins a, B,
C and cassumunarins a, B, C (4). Ziziphus spina-christi L.,
commonly known by the Persian names “konar” or “sedr”,
is widely grown in the South of Iran. The antibacterial, an-
tiviral and antidiabetic effects of the extracts or fractions of
the leaves of this plant are confirmed (20). Flavonoids, al-
kaloids, tannins, sterols, betulinic acid and triterpenoidal
saponin glycosides are isolated from different species of
Ziziphus (21).

Fibroblasts represent a major cell type in the dermis.
They are maintaining the extracellular matrix homeostasis
and responsible for collagen synthesis or fibrogenesis, flex-
ibility, strength and vitality of the skin (8, 22). It is proven
that fibroblasts are the key factor in wound healing [9]. Fi-
broblasts play an important role in generating collagen,
elastin and hyaluronicacid (HA) as other ingredients of the
dermis. Collagen forms the three-dimensional structure;
elastin maintains the elasticity and HA is responsible for
moisture retention in the skin (8).

2. Objectives

Much attention is recently paid on the activity of
herbal extracts to prevent and treat skin diseases. Since
the fibroblasts represent a major cell type in the dermis,
the current study aimed to evaluate the effect of differ-
ent concentrations of Aloe Vera, henna, chamomile, myr-
tle, mint, licorice, cinnamon, ginger and cedar extracts and
their synergistic effects on the viability of dermal fibrob-
lasts.

3. Methods

3.1. Chemicals

The culture media, the Dulbecco modified the Ea-
gle medium (DMEM), and other chemicals such as
phosphate-buffered saline (PBS), fetal bovine serum
(FBS) and penicillin-streptomycin were obtained from
Inoclon (Tehran, Iran) and the plastic ware was purchased
from Falcon (Paignton, UK) unless stated otherwise.

3.2. Herbal Extracts

The stems and leaves of mint and the leaves of Aloe
Vera, myrtle, henna and cedar and root of ginger and
licorice and cinnamon bark and chamomile flowers were
provided. Dirt was removed by early washing and in the
second stage; plants were washed with distilled water. In
the third stage, plants were immersed in 20% ethanol.
Then the plants were placed in the oven for one day for dry-
ing. Dried plants were grounded and prepared for extrac-
tion. The aqueous extract was provided by Soxhlet appara-
tus; in a way that, 40 g of each plant powder was placed in
bags. The diluted extracts obtained and put in the evapo-
rator at 67°C, and finally 40 g dense extracts derived from
each plant. Then samples were centrifuged (3000 rpm, five
minutes) to separate impurities and suspended solids and
purify the obtained extract. To identify the extracts, a part
of grounded herbs were dried, weighted and the extracts
were provided at the concentration of 20 mg/mL.
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3.3. Establishment of Dermal Fibroblast Cultures

The ovine fibroblast cell line was provided from sheep
fetus’s ear skin, as described by Shah et al. (23) and es-
tablished in the stem cell and transgenic animal lab in
Iranian research organization for science and technology
(IROST). In summary, the tissue was held in sterile PBS
and transported to the laboratory on ice. The tissues
were then washed in culture medium (DMEM with 4,500
mg/L D-glucose, L-glutamine and sodium bicarbonate, and
supplemented with 20% FBS, 100 IU/mL penicillin and 50
mg/mL streptomycin), and the skin and hair follicles were
removed. The remaining tissues were minced into small
pieces and washed again in culture medium, then seeded
into 25 cm? culture flasks and incubated at 37.5°C in a CO,
incubator (5% CO,). The monolayer migrated from cul-
tured tissues and assumed as a primary cell culture of the
respective cells. After cells grown at 70% confluency, the
dermal fibroblasts were sub-cultured by partial trypsiniza-
tion.

3.4. MIT Assay

The MTT assay involves the conversion of 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide to
formazan, an insoluble product, by mitochondrial reduc-
tase enzyme activity in living cells (24). In the current study
after 24 hours of cell culturing with different concentra-
tions of herbal extracts based on experimental design in
96-well microplates (5000 cells per well), the viability of
cells was determined using a kit (Thermo Fisher Scientific,
V-13154) as per the manufacturer’s protocol. Briefly, 12 mM
MTT stock solution was prepared by adding 1 mL of sterile
PBSto 5 mg of MTT. Then 10 ;L of the 12 mM MTT stock solu-
tion was added to each well, including a negative control of
10 pL of the MTT stock solution added to 100 i:L of medium
alone, and incubated at 37°C and %5 CO, for four hours.
Then 100 pL of the sodium dodecyl sulfate -hydrochloric
acid (SDS-HCI) solution (10 mL of 0.01 M HCl was added to
1g SDS) was added to each well and the microplates were
incubated at 37°C overnight in a humidified chamber. The
formazan concentration was determined by optical den-
sity at 570 nm.

3.5. Experimental Design

To evaluate the performance of herbal extracts on der-
mal fibroblasts, in the first experiment different concen-
trations (6.25, 12.5, 25, 50, 100, 250, 500 and 1000 zg/mL)
of the extracts were evaluated by the MTT cell proliferation
assay. In the second experiment, the minimum effective
concentrations of the plant extracts in triple combination
were studied in the cells under study. Therefore, Aloe vera
was used as the base plant and each of henna, chamomile,
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myrtle, mint and licorice were used as second and third
plants and the other extracts added to the combination
were cinnamon, ginger and cedar.

3.6. Statistical Analysis

Each experiment was repeated at least three times.
Data were analyzed by SPSS ver. 16. Comparisons between
means were done using one-way ANOVA followed by Dun-
can multiple-range test. Results are expressed as mean =+
standard error of the mean (SEM), and P < 0.05 denoted a
statistically significant difference.

4. Results

4.1. Experiment 1: The Effect of Different Herbal Extracts Concen-
trations on Viability of Dermal Fibroblasts

Among different herbal extracts under study, neither
the concentration of Aloe vera nor licorice showed a neg-
ative effect on the viability of dermal fibroblasts. Accord-
ingly, 50 ug/mL Aloe vera and 6.25 p1g/mL licorice were the
minimum effective concentrations that significantly in-
creased the proliferation of dermal fibroblasts (P < 0.05).
However, higher concentrations of henna, chamomile,
myrtle, mint, cinnamon and ginger (50,1000, 250, 50,500
and 500 pg/mlL, respectively) significantly decreased the
viability compared with those of the control (P < 0.05). The
minimum effective concentrations of henna, chamomile,
myrtle, mint, cinnamon, ginger and cedar were 12.5, 6.25,
6.25, 6.25, 6.25,12.5 and 12.5g/mL, respectively (Figure 1).

4.2. Experiment 2: Synergistic Effect of Nine Herbal Extracts

In the second experiment, the minimum effective con-
centration of the most effective extract on the viability of
dermal fibroblasts in triple combination was used. In this
experiment, Aloe vera was considered as the base plantand
each of henna, chamomile, myrtle, mint and licorice were
used as second combination and third plants and the other
extracts added to the combination were cinnamon, ginger
and cedar. Results indicated that a combination of Aloe
vera, licorice and mint extracts significantly increased the
viability of dermal fibroblasts (P < 0.05). When Aloe vera
and licorice extracts were used in combination with either
henna or myrtle, also extracts of Aloe vera and mint were
used in combination with either cedar or ginger, the re-
sults showed a significant increase in the viability of der-
mal fibroblasts (P < 0.05) in comparison to other groups,
except Aloe vera, licorice and mint. The third category of
triple combination of herbal extracts were Aloe vera and
mint with either chamomile or cinnamon and also Aloe
vera and licorice with either myrtle and cedar, that showed
a synergistic effect on viability of dermal fibroblasts, as
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Figure 1. Effect of Different Concentrations of Herbal Extracts on Viability of Dermal Fibroblasts
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compared to the time that plant extracts were used alone
(Figure 2).

5. Discussion

Many studies examined the antibacterial effects of
medicinal plants (17); however, little research is done on ei-
ther minimum effective concentration or their effects on
different cell types, especially dermal fibroblasts. The cur-
rent study examined the effects of nine medicinal plant ex-
tracts on the viability of dermal fibroblasts. Besides iden-
tifying effective concentration, their synergistic effects on
the viability of dermal fibroblasts were detected. Fibrob-
lasts, the key cells involved in wound repair, perform a
number of crucial functions including proliferation and
remodeling of the new matrix at the wound site, and syn-
thesis of growth factors and extracellular matrix compo-
nents (e.g. collagen, fibronectin, glycosaminoglycans and
proteoglycans) (9).

The results of the first experiment showed that cedar
extract significantly increased the viability of dermal fi-
broblasts (P < 0.05). After that, myrtle and henna were
more effective. Cedar leaves are a rich source of pheno-
lic compounds, including simple and highly glycosylated
flavonoids, proanthocyanidins and chlorogenic acids (21).
Jamshidpoor et al. (25) (2015) showed that cedar (Z. spina-
christi) extract had anticancer effects and induced signifi-
cant inhibition of DNA synthesis. Moreover, the results in-
dicated that treatment of the cells with cedar extract in-
duces apoptosis. Zandi et al. (26), studied the effects of
myrtle, mint, chamomile, henna and parsley on the viabil-
ity of spermatogonial stem cells (SSCs) and Sertoli cells and
concluded that myrtle, mint, chamomile and parsley sig-
nificantly increased the number of dead cells in compar-
ison to henna and control groups (P < 0.05). The results
of this experiment provided evidence that henna with an-
tibacterial activity had no detrimental effect on SSCs and
Sertoli cells and was a good candidate for substitution of
antibiotics.

Antioxidant activity in henna was higher when com-
pared to vitamin E or tocopherol (11). This property was
proportional with their phenolic components (27). Myr-
tle is an aromatic and medicinal herb reported to have
antibacterial, antifungal, antiviral, antioxidant and anti-
mutagenicity properties. In recent years, many of these
researchers came to this understanding that the presence
of phenolic compounds in the leaves of myrtle herb was
due to the presence of flavenols (quercetin glycosides and
myricetin) and derivatives of galloyl including galloyl gly-
cosides, alajytanyn and the galvyl-quinic acid; the antibac-
terial activities of these compounds are attributed to the
presence of polyphenols (13).
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Among different herbal extracts under study, none of
the concentrations of Aloe vera and licorice showed a neg-
ative effect on the viability of dermal fibroblasts; however,
higher concentration of other plants resulted in cell death.
In this regard, other studies revealed that plant polyphe-
nols could be toxic (28).

The results of the second experiment revealed the syn-
ergistic effects of Aloe vera, licorice and mint extracts on
the viability of dermal fibroblasts. Also the combination
of Aloe vera and licorice with either henna or myrtle, and
the Aloe vera and mint with either cedar or ginger, re-
sulted in synergistic effects on viability of dermal fibrob-
lasts. The third category of triple combination of herbal
extracts with synergistic effects on the cells under study
was the combination of Aloe vera and mint with either
chamomile or cinnamon and also Aloe vera and licorice
with either myrtle or cedar.

Aloe vera exhibits many activities including wound
healing, immune boosting, hypoglycemic and hypolipi-
demic, and also antioxidant, antimicrobial, antitumor and
antidiabetic properties. Many traditional uses are also re-
ported such as burn injury, eczema, cosmetics, inflamma-
tion and fever (6). In addition, positive Aloe vera effects
on wound healing are demonstrated in animal models (9).
Aloe vera gel or its components directly affected prolif-
eration, migration, cell-to-cell communication and other
functions of fibroblasts (29). Tanaka et al. (8) reported that
Aloe vera sterols stimulated collagen and HA production
by human dermal fibroblasts.

Huo et al. (30) reported that licorice extract, by scav-
enging free radicals and stimulating activities of antiox-
idant enzymes, may play an important role in medicine
formulation. They also revealed that the licorice compo-
nents alone (triterpene, saponins and glycyrrhizic acid) or
in combination with other components mightbe responsi-
ble for the reduction of hepatotoxicity. The favonoids pos-
sess anti-oxidative and anti-carcinogenic activities. From
a structural point of view, the presence of phenolic OH
groups contributes to their cytotoxicity (31).

Al-Juhaimi and Ghafoor (27) reported that mint leaves
showed maximum total phenols and antioxidant activity
in comparison to herbs such as coriander and parsley. But
phenylpropanoids and quercetin components of ginger
resulted in protection against oxidative stress in human
skin cells (32). Recent studies suggest that chamomile
caused complete wound healing faster than corticos-
teroids (12). Cinnamon bark extract and its polyphenol
content are reported to have potent antioxidant activi-
ties (33). Farahpour and Habibi (34) reported that cin-
namon extracts promote wound healing and are effec-
tive in wound contraction. In fact, antioxidant, anti-
inflammatory,and antimicrobial effects are the main prop-
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Figure 2. Synergistic Effect of Herbal Extracts
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erties of remedies which speed up wound healing.
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