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Abstract—Periodontitis as a chronic inflammatory disease leads to the destruction of the su-
pportive tissues of affected teeth. Crosstalk between periodontitis and the host immune sys-
tem plays a crucial role in the pathogenesis of this disease. Since polyphenol components
such as silymarin and resveratrol have anti-bacterial and anti-inflammatory effects on peri-
odontal tissues, the purpose of this study was to investigate the anti-histaminic effects of
silymarin and resveratrol on human gingival fibroblasts (HGFs). HGFs were treated with a
concentration of silymarin or resveratrol (100 pg/ml) and a combination of these two
polyphenols (50/100 or 100/200 pg/ml silymarin/resveratrol). The effect of silymarin and
resveratrol on cell viability was assessed by MTT assay. Also, HGFs were treated with
silymarin and/or resveratrol and were stimulated by histamine. The levels of interleukin-6
(IL-6), interleukin-8 (IL-8), tumor necrosis factor alpha (TNF-x), and tissue plasminogen
activator 1 (TPA-1) were assessed by enzyme-linked immunosorbent assay (ELISA). After
treatment with silymarin, the viability of fibroblast cells significantly increased, whereas
treatment with resveratrol and combinations of these flavonoids (silymarin 50 pg/ml and
resveratrol 100 pg/ml) did not have any significant effect on cell viability after 24 h.

Highlights

* Inhibition of inflammatory effects of histamine by resveratrol and
silymarin.

* Anti-histaminic effects of the combination of resveratrol and silymarin in
periodontitis.

* Invigorating anti-histaminic response of human gingival fibroblasts via
resveratrol and silymarin.
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Treatment with 100/200 pg/ml silymarin/resveratrol significantly decreased the cell viability
after 48 h. Resveratrol inhibited histamine-induced IL-6 secretion by HGFs significantly,
whereas silymarin showed significant effect on TNF-cx. A blend of silymarin and resveratrol
displayed more valuable results. In conclusion, combination of resveratrol and silymarin
could significantly inhibit inflammatory effects of histamine on cultured HGFs by reduction

of IL-6, IL-8, TPA-1, and TNF-«.
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INTRODUCTION

Periodontitis is one of the most common chronic
human diseases caused by microorganisms (gram-
negative bacteria) and it can be accompanied with
the destruction of gingival connective tissue and alve-
olar bone (as a supporting tissue for teeth) [1, 2].
Crosstalk between periodontopathogens forming the
biofilm (as a primary etiological factor) with host’s
immune responses can play an important role in the
pathogenesis of periodontitis [1]. Lipopolysaccharide
(LPS) production by periodontopathogens can be as-
sociated with the production of several inflammatory
mediators, including interleukin-8 (IL-8), IL-6, tumor
necrosis factor alpha (TNF-«x), prostaglandins, seroto-
nin, and histamine through stimulating gingival fibro-
blasts that is the major constituent of gingival connec-
tive tissue [1, 3]. Increase of inflammatory markers in
periodontitis can be associated with symptoms such as
bleeding and swelling of the gingiva, bad breath, and
tooth loss [1]. Histamine as a mediator of immune
responses and inflammatory mediator is released by
several cells, including mast cells. It can also be pro-
duced by cells containing histamine-forming enzyme
and histidine decarboxylase (HDC) [3, 4]. Production
of HDC can be induced by various inflammatory stim-
uli, including LPS, IL-8, IL-6, and TNF-« in various
organs or tissues [4]. Therefore, an increase in produc-
tion of HDC can be associated with enlarged histamine
production. Additionally, inflammatory markers such
as IL-1 and TNF-« can play a major role in increasing
levels of tissue plasminogen activator 1 (TPA-1) in
human gingival fibroblasts (HGFs) [5—7]. Subsequent-
ly, TPA-1 can induce expression of more pro-
inflammatory chemokines by activating the nuclear
factor-kappa B (NF-«kB) pathway [8]. Therefore, an
increase in TPA-1 levels can contribute to the destruc-
tion of pulp and periapical tissues through the rise of
the pro-inflammatory chemokines and dysregulation of
proteolysis [5].

Entirely, histamine along with inflammatory cyto-
kines and bacterial components like LPS may play a role
in pathogenesis of periodontitis. Growing evidence about
the contribution of histamine in the development of peri-
odontitis has been published and some of them suggested
that therapeutic administration of antihistamines could im-
prove symptoms of this disease [4, 9]. The effect of hista-
mine as a stimulator of salivary secretion in submandibular
gland (SMG) has been reported, and histamine could also
prevent radiation-induced damage to SGM which is one of
the main salivary glands [10]. Histamine has important
effects on HGFs including promoting synthesis of cyclo-
oxygenase 2 (COX2), and secretion of prostaglandin E2
(PGE2), increasing the expression of Toll-like receptors
(TLR) 2 and 4, and increasing production of IL-8; conse-
quently, histamine has a crucial role in activating and
amplifying inflammatory responses of gingival fibroblasts.
Histamine could also be considered as a predictive index in
the outcome of periodontitis [4, 9, 11]. There are some
traditional therapeutic modalities for periodontitis includ-
ing surgical periodontal therapy and local or systemic
antimicrobial therapy [1, 12]. However, due to the exis-
tence of some factors like antibiotic resistance, the use of
natural compounds as moderators of host inflammatory
response can be helpful in treating inflammation and tissue
destruction. Polyphenols are one of the herbal origins of
natural compounds that act as anti-bacterial and anti-
inflammatory agents for periodontal tissues through pow-
erful antioxidant activity and modulation of host inflam-
matory responses [1]. Resveratrol is one of the natural
nonflavonoid polyphenolic phytoalexin compounds found
in grapes, mulberries, peanuts, and red wine [13, 14].
Studies have reported that resveratrol can play a role in
suppressing inflammation by reducing levels of IL-13, IL-
10, IL-6, IL-8, prostaglandin E synthases-1, TNF-«, nitric
oxide synthase (iNOS), and COX2 via the downregulation
of'the p38 MAPK signaling and inhibition of the transcrip-
tion function of NF-kB [2, 14, 15]. Silymarin, a component
of the polyphenolic flavonolignans, extracted from seeds
of milk thistle contains about 70—-80% and 20-30%
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polymeric and oxidized polyphenolic compounds [16, 17].
This polyphenol plays different roles including anti-carci-
nogenic, immunomodulatory, hepatoprotective, regenera-
tive, and antioxidant as reported by various studies [17,
18]. This flavonoid can perform its anti-inflammatory ac-
tion through suppression of NF-kB, which regulates gene
products, including COX-2, PGE2, histamine, and inflam-
matory cytokines [2, 16, 19]. Considering some therapeutic
features of resveratrol and silymarin, we aimed to investi-
gate their anti-histaminic roles by examining their effects
on the secretion of inflammatory cytokines by histamine-
induced HGFs.

MATERIALS AND METHODS

Materials

We provided human gingival fibroblast cell line
(HGF 3 - PI 53 NCBI code C502) from Pasteur Institute,
Tehran, Iran. Silymarin, resveratrol, 3-(4,5-dimethyl-
thiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT),
and histamine were purchased from Sigma (Seelze, Ger-
many). Enzyme-linked immunosorbent assay (ELISA) kits
(IL-6, IL-8, TPA-1, and TNF-) were bought from Abcam,
UK. All reagents for cell culture were purchased from
GIBCO Life Technologies (Paisley, UK).

Cell Culture and Treatment

Cells were cultured in Dulbecco modified Eagle’s
medium (DMEM) by adding 10% fetal bovine serum
(FBS), 100 U/ml penicillin G sodium, 100 g/ml strepto-
mycin sulfate, and L-glutamine, at 37 °C in a humidified
5% CO, atmosphere. Serial concentrations (50, 100, and
200 pg/ml) of silymarin or resveratrol were prepared by
dissolving in 100% dimethyl sulfoxide (DMSO, Sigma).
To investigate the combined effect of silymarin and resver-
atrol, cells were treated with 50 pg/ml of silymarin and
100 pg/ml of resveratrol or 100 pg/ml of silymarin and
200 pg/ml of resveratrol as obtained by MTT test.

Cell Viability Assay

Cell growth assessment was studied by MTT test.
Human gingival fibroblast cells were seeded at 5 x 10°
cells per 200 pl of medium in 96-well plates, and cultured
for 1 day at 37 °C. Afterward, the cells were treated with
different concentrations of silymarin, resveratrol, or a com-
bination of both for 24 h and 48 h in the presence of
histamine (10 pg/ml). MTT test was also carried out to
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detect cell viability for histamine with regard to previous
study [20]. After adding 20 ul MTT (5 mg/ml) to each well
of the cells, they were incubated for an extra 3 h. The
supernatants were removed and 100 pl of DMSO was
added to each well for solubilizing of Formosan violet
crystals afterward. The absorbance was measured at 570-
nm wavelength by spectrophotometry, subsequently.

ELISA

HGFs were seeded at 5 x 10* cells in four-well plates
with 2% FBS and 1% penicillin-streptomycin. The cells
were incubated at 37 °C and 5% CO, in air. After 1 day,
HGFs were stimulated with histamine (10 pg/ml) immedi-
ately before treatment with different concentrations of
silymarin and/or resveratrol, their combinations, and me-
dium alone for 24 h. The culture medium was collected and
stored at — 80 and IL-6, IL-8, TPA-1, and TNF-x levels
were measured with ELISA kits according to the manufac-
turer’s instructions (Abcam, UK). After 24-h incubation,
the absorbance was measured at 586 nm using a colorimet-
ric micro plate reader (Bio-Rad, Hercules, CA, USA).

Statistical Analysis

Excel software was used for data collection from at
least three independent experiments. The distribution of the
groups evaluated by a one-way analysis of variance, the
post hoc Tukey’s test, and Dunnett’s test as analyzed by
GraphPad Prism 5. Values of less than 0.05 were consid-
ered statistically significant.

RESULTS

MTT Cell Viability Assay

MTT test was evaluated in 24 and 48 h after treatment
of HGF cells with 100 pg/ml silymarin, 100 pg/ml resver-
atrol, and combination of both with concentrations of 50/
100 and 100/200 pg/ml of silymarin/resveratrol in the
presence of histamine (10 pg/ml) in order to measure the
cytotoxic doses of silymarin and resveratrol. There was a
significant increase in the survival of gingival fibroblast
cells at 100 pg/ml concentrations of silymarin in compar-
ison with controls in 24 h (P = 0.002), while the survival of
gingival fibroblasts cells did not change significantly with
resveratrol treatment in 24 and 48 h. According to the last
achieved results, separate analyses were performed to rec-
ognize the perfect concentration for the survival of cells
with combinations of resveratrol and silymarin. The cells
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showed a significant reduction in viability with a combi-
nation of 100 pg/ml silymarin and 200 pg/ml resveratrol in
48 h (P =0.015, Fig. 1). Different concentrations of hista-
mine alone were also selected as previously reported for
MTT test [20]. However, no effect on cell proliferation was
found from 10° to 10? pug/ml (data not shown).

Effect of Histamine on IL-6 and IL-8 Secretion in HGF's

After treatment with histamine (10 pug/ml for 24 h),
the secretion of IL-6 and IL-8 significantly increased in
comparison with the controls (P =0.04 and P =0.003,
respectively). Resveratrol, at a concentration of 100 pg/ml,
significantly reduced the secretion of IL-6 in the superna-
tant of the histamine-induced fibroblasts (P =0.008),
whereas the effect of silymarin was not significant at
100 png/ml concentration compared with histamine alone.
However, the two selected compounds of a 50 pg/ml
silymarin and 100 pg/ml resveratrol and a 100 pg/ml
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Fig. 1. Cell viability test. Various treatments of HGFs with silymarin (1-
00 pg/ml), resveratrol (100 pg/ml), and their combinations (50 pg/ml si-
lymarin with 100 pg/ml resveratrol, and 100 pg/ml silymarin with
200 pg/ml resveratrol) compared with the controls in 24 and 48 h. As it
is presented, silymarin (100 pg/ml) enhanced the cell proliferation after
24 h and the combination of 100 pg/ml silymarin and 200 pg/ml resver-
atrol reduced cell viability after 48 h. R, resveratrol; S, silymarin; H,
histamine. Data are presented as mean + SD of the three separate exper-
iments, analyzed by GraphPad Prism software via ANOVA and Student’s ¢
test.

silymarin and 200 pg/ml resveratrol could reduce IL-6
release, which was significant in the former combination,
when compared with histamine alone (P =0.013; Fig. 2a).
No significant effects of 100 pg/ml concentrations of res-
veratrol and silymarin on IL-8 levels were found in the
present study. Though, two different combinations
(50 pg/ml silymarin/100 pg/ml resveratrol or 100 pg/ml
silymarin/200 pg/ml resveratrol) showed significant ef-
fects on IL-8 secretion of the histamine-induced fibroblasts
as compared with histamine alone (P=0.0034 and P=
0.0021; Fig. 2b).

Effect of Histamine on TPA-1 and TNF-«x Secretion in
HGFs

Although the effect of silymarin at 100 pg/ml con-
centration on dropping the secretion of TPA-1 was more
than resveratrol, it was not statistically significant. Con-
versely, significant effects of their blend were found in the
present study. However, the combination of 100 pg/ml
silymarin and 200 pg/ml resveratrol had a more premium
effect on TPA-1 secretion when compared with histamine
alone (P=0.01 and P=0.04 respectively; Fig. 3a). Con-
centration of secreted TNF-a remarkably dropped after
treatment with silymarin at 100 pg/ml concentration (P =
0.032), whereas 100 pg/ml resveratrol had no significant
effect on the levels of TNF-o in the supernatant. Though,
the lessening of TNF-« after treatment with compound of
50 pg/ml silymarin and 100 pg/ml resveratrol was signif-
icant (P = 0.02). Unexpectedly, combination of 100 pg/ml
silymarin and 200 pg/ml resveratrol did not show an
important fall of TNF-« in the supernatant when compared
with control (histamine alone; Fig. 3b). Resveratrol alone
had significant effect on the reduction of IL-6, but this
effect was not significant on IL-8 secretion, while
silymarin alone had a significant effect on the reduction
of TNF-«. Though, selected combinations of silymarin and
resveratrol at both concentrations could affect IL-8 and
TPA-1 secretions significantly. In the case of IL-6 and
TNF-«, the blend of 100 pg/ml silymarin with
200 pg/ml resveratrol had no significant effect, while the
combination of 50 pg/ml silymarin/100 pg/ml resveratrol
displayed a significant anti-inflammatory effect.

DISCUSSION
Periodontal disease is a biofilm-induced chronic in-

flammatory disease that contributes to the destruction of
the supportive tissues of affected teeth. It starts from
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Fig. 2. The effects of silymarin and resveratrol on IL-6 and IL-8. The histogram shows no significant effect of silymarin on IL-6 at 100 pg/ml concentration,
whereas resveratrol decreased the levels of this cytokine at 100 pg/ml. The effects of the first combinations (50 pg/ml S/100 pg/ml R) showed significant
reduction on IL-6 secretion (a). As the histogram shows, no significant effect of silymarin and resveratrol alone on secretion of IL-8 was found. The effects of
two different combinations (50 pg/ml S/100 pg/ml R or 100 pg/ml S/200 pg/ml R) showed significant decline in IL-8 levels (b). R, resveratrol; S, silymarin;
H, histamine. Individual data are presented with mean + SD of at least three independent experiments using ELISA method and analyzed via ANOVA and

Student’s ¢ test. *P <0.05 and **P < 0.01, when compared with the controls.

chronic exposure to oral bacteria, but it is the host response
that finally leads to the deterioration of the periodontium
[21]. According to the recent studies, the host response not
only has an effect on susceptibility to disease but also
determines the extent and severity of the disease. In this
regard, investigation of inflammatory cytokines could be a
valuable diagnostic and prognostic tool. Previously, we
found increased salivary levels of IL-6 as a diagnostic
and therapeutic target in oral lichen planus, an idiopathic
inflammatory condition, cases [22]. LPS-inducing peri-
odontitis microorganisms stimulate host immune response
[1, 23]. In fact, LPS stimulates expression of several in-
flammatory cytokines such as IL-6, IL-8, and TNF-« by
activating the NF-kB and mitogen-activated protein ki-
nases (MAPK)/AP-1 signaling pathways [24]. These in-
flammatory cytokines can stimulate the production of his-
tamine through HDC. It has been demonstrated that an
increase in LPS-induced HDC activity could be associated
with survival of infective bacteria by histamine activity [3,
4]. On the other hand, binding of histamine to the histamine
receptor 1, on the surface of the gingival fibroblasts, may
increase the expression of IL-8, IL-6, COX2, and PGE2
through activating of phospholipase C/MAPK/NF-«kB [4,
25]. It has been demonstrated that through increasing the
expression of TLR2 and TLR4 in HGFs, histamine could
modulate the innate immune response. Further, there is a

direct association between histamine and vascular inflam-
mation by its well-recognized vasoactive function [25, 26].
Evaluation of the effect of resveratrol on the production of
histamine demonstrated that it could conduct both inhibition
and degranulation of mast cells (MCs). MCs have a crucial
role in activation of the acquired immune response and
stimulating infiltration of leukocytes as central cells in the
inflammatory processes like periodontitis, where the count
and density of these cells have been higher compared with
healthy subjects [27-29]. It has also been shown that neu-
trophils produce histamine and this amount has been higher
in neutrophils from patients with periodontitis than from
healthy participants [30]. Totally, histamine along with in-
flammatory cytokines and bacterial components like LPS
plays role in pathogenesis of periodontitis synergistically.
Additionally, LPS and these inflammatory cytokines can
induce human pulp and gingival fibroblast to increase the
expression of the TPA-1. This could cause tissue degrada-
tion during pulpal and periapical lesions [5]. Studies have
also shown that TPA-1 can increase the inflammatory cyto-
kine levels by activating the NF-kB pathway [8]. In con-
trast, it has been shown that host modulatory therapy (HMT)
can ameliorate the damage, downregulate the destructive
aspects of the host response, or upregulate the protective or
regenerative responses [23]. Hence, numerous dietary com-
pounds have been introduced as anti-inflammatory agents;
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Fig. 3. The effects of silymarin and resveratrol on TPA-1 and TNF-c.
Resveratrol and sylymarin did not show significant effect on the histamine
release induced of TPA-1 from the HGF cells separately. The effect of two
combinations of 50 pg/ml S/100 pg/ml R and 100 pg/ml S/200 pg/ml R
on TPA-1 release was significant (a). The histogram exhibits a significant
effect of silymarin at 100 pg/ml concentration on TNF-, but this effect
was not significant for resveratrol at 100 pg/ml. The combination of
50 pg/ml S/100 pg/ml R had a significant effect on TNF-o secretion while
this effect was not significant for combination of 100 pg/ml S/200 pg/ml R
(b). R, resveratrol; S, silymarin; H, histamine. Individual data are present-
ed with mean + SD of at least three independent experiments using ELISA
method and analyzed via ANOVA and Student’s  test. *P <0.05, when
compared with the controls.

we have investigated the anti-histaminic effects of silymarin
and resveratrol on HGFs in vitro [31, 32]. In this study, we
examined different concentrations of silymarin and resver-
atrol or combination of both in order to find an effective
concentration in which they have an anti-histaminic effect
while maintaining cell viability. Similar to the previous
study, the results indicate that silymarin has a significant
impact on cell viability [2]. Even et al. in a similar study
showed that silymarin can reduce the viability of biofilm-
forming cells [33]. However, our results showed that the cell
viability effect of silymarin was more prominent at
100 pg/ml concentrations in 24 and 48 h. Furthermore,
applying mixtures of silymarin and resveratrol exhibited
that cell viability increased significantly with the combina-
tion of 50 pg/ml silymarin and 100 pg/ml resveratrol in
48 h. Nevertheless, no proliferative effect was found after
24 h. Besides, the viability of gingival fibroblast cells did
not change significantly with resveratrol treatment in 24 and
48 h. Moreover, we investigated the anti-histaminic effects
of resveratrol and silymarin on HGFs by determination of

some inflammatory markers. After treatment of the HGF
cells with histamine, a considerable rise of IL-8, IL-6, and
TNF-« levels was found in the supernatant. Similarly,
Kohda F et al. reported that histamine amplified the produc-
tion of IL-6 and IL-8 in human keratinocyte [34]. Corre-
spondingly, in a previous study, histamine showed a crucial
role in magnifying inflammatory responses of gingival fi-
broblasts and considered as a predictive index in the out-
come of periodontitis [9]. Furthermore, we found that
silymarin alone, at the concentration of 100 pg/ml, had a
remarkable effect on the reduction of TNF-«. This synchro-
nizes with a recent study of silymarin effect on the liver,
representing blocking of p38 and JNK phosphorylation and
activation effect of this flavonoid [35]. Though, resveratrol
alone at the same concentration had a significant effect on
the fall in the level of IL-6. The results of the present study
are nearly consistent with those of our previous study on the
LPS-treated HGF cells, demonstrating a greater effect of
resveratrol on IL-6 when compared with silymarin [2].
Shirley et al., also, demonstrated that 100 pg/ml resveratrol
strongly reduced secretion of IL-6, while this effect was not
significant for TNF-« secretion, as conducted on mast cells
[36]. Likewise, resveratrol had reversed the induced levels
of IL-6 in a previous study [37]. Correspondingly, silymarin
was separately assessed in a study by Fordham et al. on
LPS-induced cells which resulted in a significant reduction
in the level of TNF-«. Studies, however, have been shown
different effects of silymarin on various types of cells.
Though, the differences between the results could be due
to different types of the cells which have been used in
various studies. Combination of 200 pg/ml resveratrol and
100 pg/ml silymarin led to a significant decline in the
secretion of IL-8 and TPA-1. However, the lower concen-
tration of resveratrol/silymarin combination (100 pg/ml and
50 pg/ml) demonstrated a considerable drop in the secretion
of all detected factors (IL-8, IL-6, TPA-1, and TNF-x),
indicating a greater influence of this combination. Mean-
while, histamine and all of detected factors in the present
study are involved in angiogenic process [38, 39]; the blend
of resveratrol and silymarin might also be considered as an
anti-aniogenic component. The present study though con-
firms the reported data indicating a significant role of res-
veratrol and silymarin in suppressing inflammation and
empowers the anti-histaminic effect of resveratrol in com-
bination with silymarin, which is novel. Nevertheless, fur-
ther investigations would be constructive for better under-
standing of the principal mechanisms of this effect.

Our findings indicate that resveratrol and silymarin play
an important role in invigorating the HGF cell response over
the stimulation by histamine, which totally advocates their
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anti-inflammatory effects. The combination of resveratrol
with silymarin showed a greater effect on the inflammatory
and angiogenic cytokines; however, the concentrations of
these compounds are crucial in determining their effect on
histamine-induced HGFs. The viability of the cells could be
enhanced by applying silymarin either alone or in combina-
tion with resveratrol. These results suggest that combination
of resveratrol induces stronger anti-inflammatory effect than
with silymarin or resveratrol alone in histamine-induced
HGFs. Moreover, the presence of silymarin may also keep
the viability of the cells which could be a helpful therapeutic
tool. These results may contribute to the development of the
HMT strategies and novel therapeutic approaches for inflam-
mations like periodontitis.
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