
Vol.:(0123456789)1 3

Pharmacological Reports (2023) 75:411–422 
https://doi.org/10.1007/s43440-023-00452-w

ARTICLE

Comparative study on the impacts of visnagin and its methoxy 
derivative khellin on human lymphocyte proliferation and  Th1/Th2 
balance

Vahid Reza Askari1,2,6 · Zohreh Najafi1,3 · Vafa Baradaran Rahimi4,6 · Mohammad Hossein Boskabady2,5 

Received: 1 November 2022 / Revised: 14 January 2023 / Accepted: 19 January 2023 / Published online: 6 February 2023 
© The Author(s) under exclusive licence to Maj Institute of Pharmacology Polish Academy of Sciences 2023

Abstract
Background Visnagin is a phenolic and natural compound in turmeric and fenugreek, and its anti-inflammatory effect has 
been indicated. Therefore, this study aimed to investigate and compare the anti-inflammatory properties of visnagin and its 
methoxy derivative khellin on human lymphocytes.
Methods Human lymphocytes were treated with khellin, visnagin (10, 30, and 100 µM), and dexamethasone (0.1 mM) in 
the presence of phytohemagglutinin (PHA). The levels of cell proliferation, nitric oxide (NO), glutathione (GSH), malon-
dialdehyde (MDA), and MDA/GSH ratio were measured using biochemistry methods. Furthermore, the mRNA levels of 
interferon-γ (IFN-γ), interleukin (IL)-4, and IL-10 were assessed using real-time PCR, while IFN-γ/IL-4(Th1/Th2), IFN-γ/
IL-10(Th1/Treg), and IL-4/IL-10(Th2/Treg) ratios were made by dividing their exact values.
Results In the PHA-stimulated group, GSH and IFN-γ/IL-4 levels were markedly diminished, but other variables were sig-
nificantly elevated compared to the control group. Khellin and visnagin significantly declined the levels of cell proliferation, 
MDA, MDA/GSH ratio, and NO production. Khellin and visnagin concentration-dependently diminished IFN-γ and IL-4 
levels and increased IL-10 levels compared to the PHA-stimulated group. Two higher concentrations of khellin and visnagin 
(30 and 100 μM) considerably diminished the IFN-γ, IFN-γ/IL-10, and IL-4/IL-10 values compared to the PHA-stimulated 
group. However, 100 µM of khellin and visnagin significantly increased GSH level compared to the PHA-stimulated group.
Conclusions In PHA-stimulated lymphocytes, representing  Th2 dominant allergic diseases, khellin and visnagin provides 
more specific anti-oxidant, anti-inflammatory, and immunomodulatory functions than dexamethasone. In addition, the effects 
of khellin were more prominent than visnagin.

Keywords Khellin · Visnagin · Immunomodulatory · Inflammation · Oxidative stress · T helper cells

Abbreviations
AP-1  Activator protein 1
CMI  Cell-mediated immunity
CD  Cluster of differentiation
DMSO  Dimethyl sulfoxide
FBS  Fetal bovine serum
GSH  Glutathione
iNOS  Inducible nitric oxide synthase
IFN  Interferon
IL  Interleukin
LPS  Lipopolysaccharide
MDA  Malondialdehyde
NO  Nitric oxide
NF-κB  Nuclear factor-kappa light chain enhancer of 

activated B cells
TNF  Tumor necrosis factor

 * Mohammad Hossein Boskabady 
 boskabadymh@mums.ac.ir; boskabadymh2@gmail.com

1 International UNESCO Center for Health-Related Basic 
Sciences and Human Nutrition, Mashhad University 
of Medical Sciences, Mashhad, Iran

2 Applied Biomedical Research Center, Mashhad University 
of Medical Sciences, Mashhad, Iran

3 Division of Biotechnology, Faculty of Veterinary Medicine, 
Ferdowsi University of Mashhad, Mashhad, Iran

4 Department of Cardiovascular Diseases, Faculty of Medicine, 
Mashhad University of Medical Sciences, Mashhad, Iran

5 Applied Biomedical Research Center and Department 
of Physiology, School of Medicine, Mashhad University 
of Medical Sciences, Mashhad, Iran

6 Pharmacological Research Center of Medicinal Plants, 
Mashhad University of Medical Sciences, Mashhad, Iran

http://crossmark.crossref.org/dialog/?doi=10.1007/s43440-023-00452-w&domain=pdf
http://orcid.org/0000-0001-5736-9755


412 V. R. Askari et al.

1 3

Introduction

T lymphocytes are one of the adaptive immune system’s 
primary arms and act as the central mediator of cellular 
immunity (CMI) [1–3]. T helper (Th) cells are a subset of 
the cluster of differentiation (CD)4+ T lymphocytes that 
play a vital role in prompting distinct adaptive immunity. 
This subpopulation consists of influential subgroups, 
such as Th1, Th2, and Th17, and exerts various biologi-
cal defensive and inflammatory functions [4–14]. In this 
regard, Th1 lymphocytes play a crucial role in regulating 
cellular immunity against tumors and intracellular patho-
gens by releasing interferon (IFN)-γ and interleukin (IL)-2 
[15, 16]. On the contrary, Th2 cells stimulate the humoral 
immune response to combat extracellular infections, such 
as fungi and parasites, and comprise allergic reactions, 
including asthma and atopic dermatitis, mainly by pro-
ducing IL-4, IL-5, and IL-13 [17, 18]. Numerous studies 
have described the essential function of Th2 cells in initi-
ating, maintaining, and promoting allergic inflammatory 
responses and cancer [1, 17–20]. It has been revealed that 
changes in the ratio pattern of IFN-γ/IL-4 cytokines (Th1/
Th2 balance) to IL-4 (main cytokine secreting from Th2 
cells) lead to allergic as well as atopic diseases including 
asthma, anaphylactic shock, atopic dermatitis rhinitis, and 
cancer. Th1 susceptibility may also cause autoimmune dis-
eases, the most important of which are rheumatoid arthritis 
(RA) and multiple sclerosis (MS) [5–14, 21]. Experimen-
tally, there is ample evidence indicating that Th1 and Th2 
lymphocytes antagonize each other's responses recipro-
cally [1, 6–14, 17, 18].

Pyrones are the major constituents of Ammi visnaga, 
and their immunostimulatory effects have been demon-
strated previously [22]. Two of the main pyrones of A. 
visnaga are khellin and visnagin [23–27]. Therapeutic 
applications of khellin and visnagin were indicated for 
photochemotherapy of vitiligo and psoriasis using khellin 
[28], the photodynamic properties of visnagin and khellin 
in their optical reaction with DNA [29], and the use of 
khellin as an antispasmodic agent and for the treatment of 
kidney stones [30]. Furthermore, both khellin and visnagin 
showed vasodilator activities owing to their calcium chan-
nel blocking actions and also anti-inflammatory effects by 
inhibiting activator protein 1 (AP-1) and nuclear factor-
kappa light chain enhancer of activated B cells (NF-κB) 
signaling [31, 32]. Contextually, it has been demonstrated 
that visnagin isolated from A. visnaga induces anti-inflam-
matory reactions and reduces mRNA expression of tumor 
necrosis factor-α (TNF-α), IFN-γ, and IL-1β [33]. Fur-
thermore, it has been reported that visnagin reduced the 
expression of lipopolysaccharide (LPS)-induced inflamma-
tory genes, including TNF-α, IL-1β, IFN-γ, and inducible 

nitric oxide synthase (iNOS), as well as IL-6 by inhibit-
ing the AP-1 and NF-κB pathways, and led to release of 
anti-inflammatory cytokine IL-10 [33]. In addition, khellin 
restrained the mutagenicity of benzo [a] pyrene, 2-amino-
flurane, and 2-aminoanthracene promoters in Salmonella 
typhimurium T98 [34].

Due to the toxicity and adverse effects of chemical com-
pounds, herbal remedies can be a valuable choice in per-
manently altering the response of T helper cells with at 
least toxicity. Therefore, this comparative study aimed to 
investigate the immunomodulatory properties of khellin and 
visnagin on phytohemagglutinin (PHA)-stimulated human 
lymphocytes.

Materials and methods

Chemicals and reagents

Roswell park memorial institute (RPMI)-1640 growth 
medium, PHA, fetal bovine serum (FBS), penicillin–strep-
tomycin (pen/strep), dexamethasone, Ficoll, dimethylsulfox-
ide (DMSO), khellin and visnagin, and other materials were 
cellular and molecular grade (purity of > 97%) and obtained 
from Sigma Aldrich Chemical Company (St. Louis, MO, 
USA). Red blood cell (RBC) lysis buffer was provided by 
Biolegend company (San Diego, CA, USA). The cell prolif-
eration assessment kit (WST-1) was from Roche Diagnostic 
(Mannheim, Germany).

Subjects and enrolling criteria

In the current study, inclusion criteria were healthy men with 
body mass index (BMI) lower than 25 and lack of history 
of inflammatory, autoimmune and infectious ailments, res-
piratory disorders, history of smoking, chest X-ray adducts, 
hypertension, and diabetes, as well as people being treated 
with glucocorticoids (GC), other immunosuppressants, 
anti-histamines, and herbal medicines. Healthy male vol-
unteers' characteristics were 23.0 ± 5.4 years (age ± SD), 
178.5 ± 13.4  cm (height ± SD), and 75.6 ± 11.4  kg 
(weight ± SD). They fasted for about 10–12 h before blood 
sampling. This study was permitted by the ethics commit-
tee of Mashhad University of Medical Sciences (IR.MUMS.
fm.REC.1395.593), and all individuals agreed with informed 
written consent.

Isolation of human lymphocytes and grouping

First, 10 mL of blood was collected from each volunteer 
in an anti-coagulant tube (heparinized). Then, collected 
blood cells were layered employing Ficoll (Sigma, St. 
Louis, MO, USA) and centrifuged at 400 g at controlled 
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room temperature (20–25 °C) for 20 min. Eventually, lym-
phocytes were collected according to previous studies [1, 
7, 9, 10, 35–37]. Experimental groups were justified as fol-
lows. Group 1: lymphocytes + culture medium + vehicle; 
Group 2: lymphocytes + culture medium + PHA (5 µg/ml 
at final concentration, [1, 38]) + vehicle; Groups 3, 4, and 
5: lymphocytes + culture medium + PHA + khellin (10, 30 
and 100 µM); Groups 6, 7, and 8: lymphocytes + culture 
medium + PHA + visnagin (10, 30 and 100 µM); and Group 
9: lymphocytes + culture medium + PHA + dexamethasone 
(0.1 mM). The levels of DMSO, as a vehicle, were less than 
0.1%. Moreover, the vehicle group contained the concentra-
tion specified for DMSO.

Cell proliferation assay

Cell proliferation was assessed based on the manufacturer’s 
guidelines utilizing a WST-1 colorimetric test kit. Briefly, 
lymphocytes were inserted into RPMI-1640 enriched and 
cultured in  105 cells/100 μl/well in 96-well plates. Each well 
was treated based on the experimental group in a final vol-
ume of 200 μl/well, and incubated for 48 h. By ending the 
incubation time, the lymphocytes were co-incubated with 
WST-1 reagent for 4 h at 10% of the final volume of each 
well. Ultimately, the optical density was measured at 450 nm 
against 630 nm [1, 7, 9, 10, 35–37, 39].

Biochemical assessments

Lymphocytes were cultured in 5 ×  106 cells/well in 6-well 
plates and treated based on the experimental group in a final 
volume of 1500 μl/well for 48 h. Later, the supernatant and 
cells were collected separately for biochemical and real-
time PCR assays, respectively. The nitrite concentration 
was determined utilizing a Griess reagent (sulfanilamide 
and N-(1-Naphthyl)-ethylenediamine in 2N hydrochloric 
acid) by a spectrophotometer [1, 7, 9, 10, 35–37]. In addi-
tion, oxidative stress was evaluated based on the levels of 
malondialdehyde (MDA, an index of lipid peroxidation) and 
glutathione (GSH, an index of anti-oxidant) using commer-
cial biochemistry kits (ZellBio Company, Germany) based 
on the manufacturer’s guidelines [1, 7, 9, 10, 35–37], in the 
supernatant.

RNA extraction, synthesis of cDNA, and gene 
expression study

Based on the manufacturer’s guidelines, total RNA was 
isolated from spleen cells using a tripure isolation reagent 
(Roche Applied Science, Germany) according to the previ-
ous reports [1, 7, 9, 10, 35–37]. The mRNA extracted by 
the reverse transcriptase enzyme was converted to cDNA. 
Afterward, this construct was used as a template in PCR. 

The RNA volume for all reactions was a constant volume 
of 1 μl. The reverse transcription was performed through 
Revert  Aid™ H Minus M-MulV First-Strand (Fermentase, 
Germany) based on the manufacturer's guidelines. Real-time 
PCR primers and quantitative real-time PCR (qPCR) were 
consistent with our previous studies [1, 7, 9, 10, 35–37].

Data analysis

All collected data were analyzed using Graph Pad  Prism® 8 
(Graph Pad Software, San Diego, CA, USA) software. First, 
all data were evaluated for normal distribution using Kol-
mogorov–Smirnov’s test. All data followed normal distribu-
tions. The results are presented as mean ± standard devia-
tion (SD). Furthermore, Levene’s test was used to assess the 
equality of variances for the groups. If the data had equal 
variance, they were analyzed using a one-way analysis of 
variance (ANOVA) followed by the Tukey–Kramer post hoc 
test [5, 40, 41]. On the other hand, the data with no equal 
variance were analyzed using the Brown–Forsythe ANOVA 
test, followed by Games–Howell’s multiple comparisons 
tests [5, 40, 41]. Significance levels were considered when 
p-values < 0.05. For one-way ANOVA, F values are reported 
as Fdf of treatment, residual, and For Brown–Forsythe ANOVA, 
F*values are reported as F*df of treatment, residual. In addition, 
raw data and the following analysis were reported as supple-
ments 1 and 2, respectively.

Results

Effects of visnagin and khellin on cell proliferation

In non-stimulated lymphocytes, no significant changes 
were observed in cell proliferation for all control and treat-
ment groups (F8, 99 = 0.2977, p = 0.9652, one-way ANOVA, 
Fig. 1a). However, in the case of PHA stimulation of lym-
phocytes (Fig. 1b), all three concentrations of khellin and 
visnagin significantly and concentration-dependently 
diminished cell proliferation (F*9, 88.11 = 109.6, p < 0.0001, 
Brown–Forsythe ANOVA, Fig. 1b) (p < 0.001 for all con-
centrations of khellin, and two higher concentrations of vis-
nagin, Games–Howell’s multiple comparisons tests).

Effects of visnagin and khellin on NO levels

In the case of PHA stimulation of lymphocytes, NO pro-
duction levels were significantly increased compared to the 
non-stimulation state (F9, 110 = 43.20, p < 0.0001, one-way 
ANOVA, p < 0.001, Tukey–Kramer post hoc test, Fig. 2). 
On the other hand, khellin (10, 30, and 100 µM) and vis-
nagin (30 and 100 µM) dramatically reduced NO produc-
tion in a concentration-dependent manner compared to the 



414 V. R. Askari et al.

1 3

Fig. 1  The effects of khellin and 
visnagin on cell proliferation in 
the absence (A) and presence 
(B) of phytohemagglutinin 
stimulation. Data were pre-
sented as mean ± SD values (for 
each group, n = 12). Data had 
equal variances in the absence 
of PHA stimulation (A). 
Therefore, statistical analyses 
employed one-way ANOVA fol-
lowed by Tukey–Kramer’s post 
hoc test. In contrast, in the pres-
ence of PHA (B), data had no 
equal variances and did not pass 
Levene’s test. Thus, statistical 
analyses employed the Brown–
Forsythe ANOVA test, followed 
by Games–Howell’s multiple 
comparisons tests. +  Com-
pared to the non-stimulated 
control group;  +++p < 0.001. # 
Compared respected concentra-
tions of khellin with visnagin; 
##p < 0.01. *Compared to the 
PHA-stimulated control group; 
***p < 0.001. Non-stimulated 
control group (C), phytohemag-
glutinin (PHA), PHA-stimulated 
control group (Control), 
dimethylsulfoxide (DMSO), 
dexamethasone-treated group 
(Dexa), visnagin-treated groups 
(VIS), khellin-treated groups 
(KH)
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PHA-stimulated control group (F9, 110 = 43.20, p < 0.0001, 
one-way ANOVA, p < 0.01 for 10 µM, p < 0.001 for other 
cases, Tukey–Kramer post hoc test, Fig. 2).

Effects of visnagin and khellin on levels of MDA 
and GSH and MDA/GSH ratio

In the presence of PHA, levels of MDA (F9, 110 = 37.79, 
p < 0.0001, one-way ANOVA, Fig. 3a) and MDA/GSH ratio 
(F*9, 29.21 = 9.415, p < 0.0001, Brown–Forsythe ANOVA, 
Fig. 3c) were significantly elevated in comparison to the 
non-stimulation state (p < 0.001 for both parameters, 
Tukey–Kramer post hoc test, and Games–Howell’s multiple 
comparisons tests, respectively, Fig. 3a and c). However, the 
GSH level (F9, 110 = 12.99, p < 0.0001, one-way ANOVA, 
Fig. 3b) was diminished considerably in contrast to the non-
stimulation state (p < 0.001, Tukey–Kramer post hoc test, 
Fig. 3b). Our results also demonstrated that khellin (10, 30, 
and 100 µM) and visnagin (30 and 100 µM) notably reduced 
the levels of MDA and MDA/GSH ratio in a concentration-
dependent manner (p < 0.001 for all cases, Tukey–Kramer 
post hoc test, Fig. 3a and b). Besides, khellin at two higher 
concentrations significantly reduced the MDA concentration 
(p < 0.05 for 30 µM, and p < 0.01 for 100 µM, Tukey–Kramer 
post hoc test, Fig. 3a) than visnagin. Moreover, khellin 
(30 µM; p < 0.05, and 100 µM; p < 0.001, Games–Howell’s 
multiple comparisons tests, Fig. 3c) and visnagin (100 µM; 
p < 0.001, Games–Howell’s multiple comparisons tests, 

Fig. 3c) significantly attenuated the MDA/GSH ratio com-
pared to the PHA-stimulated control group. Nevertheless, 
khellin (100 µM; p < 0.001, Tukey–Kramer post hoc test, 
Fig. 3b) and visnagin (100 µM; p < 0.001, Tukey–Kramer 
post hoc test, Fig. 3b) remarkably increased GSH concentra-
tion compared to the PHA-stimulated control group.

Effects of visnagin and khellin on IFN‑γ, IL‑4, 
and IL‑10 levels

In the gene expression study, the mRNA levels of IL-10 
(F*9, 89.33 = 43.22, p < 0.0001, Brown–Forsythe ANOVA, 
Fig. 4a), IL-4 (F*9, 90.55 = 38.55, p < 0.0001, Brown–Forsythe 
ANOVA, Fig. 4b), and IFN-γ (F*9, 84.52 = 17.75, p < 0.0001, 
Brown–Forsythe ANOVA, Fig. 4c) were significantly ele-
vated in the PHA-stimulated control group in comparison 
to the non-stimulated conditions (p < 0.001 for all cases, 
Games–Howell’s multiple comparisons tests, Fig. 4a, b, 
and c). In the stimulated state, the highest concentration 
(100 µM) of both khellin (p < 0.001, Games–Howell’s mul-
tiple comparisons tests, Fig. 4a) and visnagin (p < 0.001, 
Games–Howell’s multiple comparisons tests, Fig. 4a) sig-
nificantly elevated the mRNA levels of IL-10, but dexa-
methasone (0.1 mM, p < 0.001, Games–Howell’s multi-
ple comparisons tests, Fig. 4a) considerably diminished 
IL-10 mRNA levels, compared to the PHA-stimulated 
control group. IL-4 mRNA expression levels were signifi-
cantly decreased in dexamethasone (0.1 mM; p < 0.001, 

Fig. 2  The effects of khellin and 
visnagin on nitric oxide concen-
tration in the presence of phyto-
hemagglutinin stimulation. Data 
were presented as mean ± SD 
values (for each group, n = 12). 
Data had equal variances. 
Statistical analyses employed 
one-way ANOVA followed by 
Tukey–Kramer’s post hoc test. + 
Compared to the non-stimulated 
control group;  +++ p < 0.001. 
#Compared respected concentra-
tions of khellin with visnagin; 
# p < 0.05. *Compared to the 
PHA-stimulated control group; 
**p < 0.01, ***p < 0.001. Nitric 
oxide (NO), non-stimulated 
control group (C), phytohemag-
glutinin (PHA), PHA-stimulated 
control group (Control), 
dimethylsulfoxide (DMSO), 
dexamethasone-treated group 
(Dexa), visnagin-treated groups 
(VIS), khellin-treated groups 
(KH)
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Games–Howell’s multiple comparisons tests, Fig. 4b), vis-
nagin (100 µM; p < 0.01, Games–Howell’s multiple com-
parisons tests, Fig. 4b), and khellin-treated groups (10 µM; 
p < 0.01, 30 and 100; p < 0.001, Games–Howell’s multiple 
comparisons tests, Fig. 4b). The suppressive effect of khellin 
on IL-4 was more pronounced than the equal concentrations 
of visnagin (p < 0.01 for 10 µM and 30 µM, and p = 0.07 
for 100 µM, Games–Howell’s multiple comparisons tests, 
Fig. 4b). IFN-γ mRNA expression was significantly dimin-
ished in the dexamethasone-treated group (0.1 mM; p < 0.01, 
Games–Howell’s multiple comparisons tests, Fig. 4c) and 
two high concentrations of khellin (p < 0.05 for 30 µM and 
p < 0.001 for 100 µM, Games–Howell’s multiple compari-
sons tests, Fig. 4c) compared to the PHA-stimulated group. 
The highest concentration of khellin had a more reducing 
effect on IFN-γ mRNA expression than visnagin at the same 
concentration (100 µM; p < 0.01, Games–Howell’s multiple 
comparisons tests, Fig. 4c).

Effects of visnagin and khellin on IFN‑γ/IL4 (Th1/
Th2), IFN‑γ/IL10 (Th1/Treg), and IL4/IL10 (Th2/Treg) 
ratios

The IFN-γ/IL-4 (F9, 110 = 2.553, p = 0.0106, one-way 
ANOVA, Fig. 5a) gene expression ratio was significantly 
diminished in PHA-stimulated lymphocytes in compari-
son to the non-stimulated group (p < 0.01, Tukey–Kramer 
post hoc test, Fig. 5a). On the other hand, the IFN-γ/IL-10 
(F*9, 46.40 = 8.316, p < 0.0001, Brown–Forsythe ANOVA, 
Fig.  5b) and IL-4/IL-10 (F*9, 52.20 = 17.86, p < 0.0001, 
Brown–Forsythe ANOVA, Fig. 5c) gene expression ratios 
were significantly elevated in the PHA-stimulated cells 
(p < 0.05 and p < 0.001, respectively, Games–Howell’s 
multiple comparisons tests, Fig. 5b and c). In the case of 
stimulation of lymphocytes with PHA, khellin (30 µM; 
p < 0.05, and 100 µM; p < 0.01, Games–Howell’s multiple 
comparisons tests, Fig. 5b) and visnagin (100 µM; p < 0.05, 
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Games–Howell’s multiple comparisons tests, Fig. 5b) sig-
nificantly diminished the IFN-γ/IL-10 ratio compared to the 
control group. However, the impacts of the highest concen-
tration of khellin and visnagin on the IFN-γ/IL-10 ratio were 
significantly different, with the more significant implications 
of khellin (100 µM, p < 0.05, Games–Howell’s multiple 
comparisons tests, Fig. 5b). Furthermore, khellin (30 and 
100 µM, p < 0.001 for both cases, Games–Howell’s multiple 
comparisons tests, Fig. 5c) and visnagin (30 µM; p < 0.01, 
100 µM; p < 0.01, Games–Howell’s multiple comparisons 
tests, Fig. 5c) significantly diminished the IL-4/IL-10 ratio 
in comparison to the PHA-stimulated group. The attenuation 
effects of two higher concentrations of khellin (p < 0.05 for 
30 µM and p = 0.08 for 100 µM, Games–Howell’s multi-
ple comparisons tests, Fig. 5c) on the IL-4/IL-10 ratio were 
more significant than the same concentrations of visnagin.

Discussion

The present study is the first on the immunomodulatory 
effects of khellin and visnagin on human lymphocytes in 
non-stimulated and PHA-stimulated states. In the current 
experiment, we examined and compared the properties of 
three equal concentrations of khellin and visnagin on cell 
proliferation, oxidative stress, NO production, IFN-γ, IL-4, 
and IL-10 mRNA levels, and IFN-γ/IL4  (Th1/Th2), IFN-γ/
IL10  (Th1/Treg), and IL4/IL10  (Th2/Treg) ratios.

In numerous studies, PHA, a known T-cell mitogen acti-
vator, induces T-cell subtypes proliferation [1, 20] and acti-
vation, which provides  Th2 dominant models like cancers 
and inflammatory allergic diseases [1, 20, 38, 42]. Neverthe-
less, several studies have shown that PHA at a concentration 
of 5 μg/ml provides lymphocyte stimulation and leads to 
an imbalance between the three subtypes of T cells  (Th1/
Th2/Treg) toward  Th2 cells and perturbation of its cytokines 
releases and productions [1, 43–45]. The more significant 
effect of PHA-induced cellular stimulation on  Th2 (IL-4) 
than on  Th1 (IFN-γ) leads to a substantial reduction in  Th1/
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Th2 (IFN-γ/IL-4 ratio) and  Treg/Th2 balance (IL-10/IL-4) 
is approved. In this way, the results of PHA stimulation in 
the present study also support this finding [35, 43, 45, 46]. 
Our research findings revealed an increase in the rate of cell 
proliferation and gene expression of cytokines such as IL-4, 
IL-10, and IFN-γ, as well as nitric oxide production follow-
ing incubation with PHA. Comparing the stimulation state 
with the non-stimulatory state indicates the development 
of an inflammatory condition by reducing the IFN-γ/IL-10 
 (Th1/Treg) and IL-4/IL-10  (Th2/Treg) ratios relative to  Th2 by 
further increasing the amount of IL-4.

In this study, three equal concentrations (10, 30, and 
100 μM) of khellin and visnagin showed no significant 
anti-proliferative activities in non-stimulated lymphocytes 
through WST-1 colorimetric assay, which indicates no tox-
icity of these substances on normal cells. These findings 
are supported by Laura Risaliti and coworkers’ study that 
demonstrated khellin loaded in ASC10 ascosomes and for-
mulated in hydrogel hydroxyethyl cellulose has no toxic 
effects according to the liver and dermal histological and 
pathological evaluations [47].

Under PHA stimulation, the number of cells was 
increased. After that, treatment with khellin and visnagin 
concentration-dependently inhibited cell growth. Several 
studies have shown the therapeutic effects of khellin and 
visnagin. For example, the Qingling Qi et al. study con-
firmed that visnagin is a powerful anti-oxidant with spe-
cific anti-cancer activity. In fact, visnagin eventually causes 
apoptosis and migration prevention of HeLa cancer cells by 
modulating anti-oxidant systems and inhibiting the  PI3K/
AKT/mTOR and MAPK signaling pathways, which are dis-
tinctive properties of a perfect anti-cancer medicines[48].

Nitric oxide and inducible nitric oxide synthase (iNOS) 
can play an essential role in the pathogenesis of inflamma-
tion, multiple sclerosis, cancer, and allergic diseases such 
as asthma and atopic dermatitis [46, 49–52]. It has also 
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been shown that a decrease in NO levels leads to reducing 
and treating an unbalanced  Th1/Th2 ratio to a dominant  Th2 
disease like asthma and cancers, especially leukemia [46, 
49–52]. A significant increase in NO levels following stimu-
lation of lymphocytes with PHA compared with unstimu-
lated cells supported by previous studies. In this regard, 
it has been plentifully reported that PHA or LPS/IFN-γ 
(RAW264.7) stimulates lymphocytes and macrophages and 
increases NO levels [1, 43, 46, 50, 53]. In our current study, 
dexamethasone, a steroidal anti-inflammatory drug at a 
concentration of 0.1 mM as a positive control, significantly 
reduces the NO level of PHA-stimulated lymphocytes. How-
ever, all three concentrations of khellin and two higher con-
centrations of visnagin significantly decreased nitric oxide 
levels in PHA-stimulated lymphocytes.

To evaluate the immune response, T helper cell subsets, 
including  Th1,  Th2, and  Treg cells, and associated cytokine 
gene expression comprising IFN-γ, IL-4, and IL-10 were 
assessed.  Th2 cells have a protective role against worms and 
cause acute and chronic allergic reactions [1, 20]. On the 
other hand, overexpression of  Th2 cells reduces the popula-
tion of  Th1 cells and prevents the activation of  Th1 cells. 
This condition shifts the  Th1/Th2 balance toward  Th2 activ-
ity, compromises the body's immune system against cellular 
defenses and infections, and promotes cancer [1, 19, 46, 50, 
51, 54]. The subset of regulatory T cells with the secretion 
of cytokines IL-10 and TGF-β, depending on the regulation 
of the  Th1/Th2 ratio, have antagonistic effects on  Th1 and  Th2 
cells [6–14, 55–57]. Therefore, manipulating Th responses 
toward a suitable immune response may be the best way 
to transcend disease immunopathology. For example,  Treg 
cells can reduce allergic reactions by secreting TGF-β and 
IL-10, thereby diminishing the  Th2 response or increasing 
 Th1 activity, IL-4 production, and IgE inhibition. On the 
other hand, the overactive  Th1 lymphocytes, regulatory T 
cells, and  Th2 subpopulations, by secreting IL-10, TGF-β, 
IL-4, and IL-13, can suppress the  Th1 response, respectively. 
Herbal agents, exclusively pure compounds, are valuable for 
modulating immunity in the selective rearrangement of dis-
eases associated with an unbalanced immune response from 
allergy to autoimmunity and from cancer to infection [6–14, 
52, 54, 56, 57].

The findings of this study confirmed that dexametha-
sone at 0.1 mM concentration did not significantly affect 
the expression of lymphocyte cytokine genes, and also  Th1/
Th2 (IFN-γ/IL-4) and  Treg/Th2 (IL-10/IL-4) balance in the 
non-stimulation state. However, in the stimulation state by 
PHA, dexamethasone (0.1 mM) significantly diminished 
cell proliferation, the gene expression level of IFN-γ, IL-4, 
and IL-10, and altered  Th1/Treg (IFN-γ/IL-10) and  Th2/Treg 
(IL-4/IL-10) balance toward  Th1 and  Treg. Therefore, non-
specific inhibitory impacts of dexamethasone were seen on 
gene levels (IL-4, IL-10, and IFN-γ), and its effect on  Th2 

(IL-4) was more potent than on  Th1 (IFN-γ) cells. Various 
studies support the non-specific activities of dexamethasone 
perceived in this study by proving the same non-specific 
effect on imbalanced  Th1/Th2 (IFN-γ/IL-4) and  Treg/Th2 (IL-
10/IL-4) toward  Th1 and  Treg, respectively [1, 6–14, 20]. 
Besides, Ramirez et al. have revealed that pretreatment of T 
cells with dexamethasone diminished IFN-γ secretion [58]. 
A similar study also supports its inhibitory activity on IL-4, 
IL-10, and IFN-γ secretion in non-stimulated and mitogen-
activated splenocytes [59]. The inhibitory effect of dexa-
methasone on IL-4 and IFN-γ production in conditions of 
stimulation with PHA and alternation of the  Th1/Th2 balance 
toward  Th1 and its inhibitory effect on proliferation was also 
confirmed previously [43, 45].

In the PHA-stimulated lymphocytes, the IL-10 gene 
expression level was elevated for all three tested khellin 
concentrations in a concentration-dependent manner, with 
a significant increase in the highest concentration. These 
results demonstrated that khellin, at all three concentrations, 
could significantly diminish the IL-4 gene expression level, 
at two higher concentrations, could substantially diminish 
the gene expression of IFN-γ, and at the highest concentra-
tion, could dramatically elevate the IL-10 gene expression 
levels. IFN-γ/IL-10 and IL-4/IL-10 significantly declined 
due to two higher concentrations of khellin. In stimulated 
lymphocytes, visnagin declined IFN-γ and IL-4 levels in a 
concentration-dependent manner, with a significant decrease 
at the highest concentration for reducing the IL-4 levels. In 
addition, visnagin significantly increased IL-10 at the high-
est concentration. Visnagin at two higher concentrations 
also diminished IFN-γ/IL-10 and IL-4/IL-10. Notably, the 
frictional difference of the highest concentration of khellin 
(100 µM) compared to visnagin was significant. IFN-γ/IL4, 
IFN-γ/IL10, and IL4/IL10 ratios were improved as a result 
of treatment with two high concentrations of khellin and 
visnagin, which were not affected by dexamethasone. The 
effects of two higher concentrations of khellin were signifi-
cantly higher than the same visnagin-related concentrations. 
The findings of this study confirmed that treatment of the 
 Th2 predominant imbalance state with khellin and visnagin 
could adjust the  Th1/Treg (IFN-γ/IL-10) and  Th2/Treg (IL-4/
IL-10) balance toward  Th1 and  Th2 polarization with rela-
tively selective activity on IFN-γ and IL-4 regarding gene 
expression data.

Furthermore, several studies have shown that the visnagin 
concentrated of A. visnaga extract provided anti-inflamma-
tory effects by reducing mRNA expression and releasing 
TNF-α, IL-1β, and IFNγ. In addition, visnagin decreased 
IL-6 and MCP-1 mRNA levels with LPS-induced inflamma-
tion. These findings indicate that the probable cause of the 
anti-inflammatory effect of visnagin is related to the inhibi-
tion of transcription factors such as AP-1 and NF-κB [33]. 
Moreover, the neuroprotective effect of visnagin in terms of 
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disease suppression caused by kainic acid in the brain has 
been revealed. It has been found that this neuroprotective 
effect of visnagin was associated with its anti-inflammatory 
effects [60]. In one study, khellin inhibited the mutagenic-
ity of promutagens benzo[a]pyrene, 2-aminofluorene, and 
2-aminoanthracene in Salmonella typhimurium T98, while 
visnagin represented higher toxicity [34].

However, as a study limitation, we measured the gene 
expression level, which suggested verifying cytokine gene 
expression at the protein levels and mRNA levels in future 
studies. Furthermore, as another limitation of the current 
research, all the changes in NO production, redox potential, 
cytokine production, and gene expression following visnagin 
and khellin treatment were consequences of changes in cell 
proliferation/activation (Fig. 1b). Therefore, the alternative 
explanation to these observed changes is that visnagin and 
khellin treatment could inhibit T-cell activation, reducing 
both proliferation and expression of  Th1/Th2 cytokines. 
Noteworthy, previous studies showed that visnagin eventu-
ally causes apoptosis of HeLa cancer cells by modulating 
anti-oxidant systems and inhibiting the  PI3K/AKT/mTOR 
and MAPK signaling pathways, which are distinctive prop-
erties of a perfect anti-cancer drug[48]. Besides, it has been 
demonstrated that visnagin attenuates LPS-induced inflam-
mation and IL-6 and MCP-1 mRNA levels. These findings 
indicate that the probable cause of the anti-inflammatory 
effect of visnagin could be described through the inhibi-
tion of transcription factors such as AP-1 and NF-κB [33]. 
Therefore, further experiments can be suggested, including 
apoptosis assay using Annexin-PI staining and evaluating 
the same concentrations and parameters in unstimulated 
lymphocytes.

In conclusion, the whole findings of this study together 
could prove that khellin at two higher concentrations (30 
and 100 µM) and visnagin at the highest concentration 
(100 µM), without any cytotoxicity, suppress  Th1 and  Th2 
immune cell responses. Consequently, these natural com-
pounds have therapeutic values in immunopathologic dis-
orders in which  Th2 or  Th1 is predominant such as atopic 
dermatitis, cancers, and autoimmune diseases. Moreover, the 
results of our study presented the selective suppression of 
proinflammatory cytokines (IFN-γ) and relatively particular 
anti-inflammatory cytokines (IL-10) by khellin and visnagin.
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