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Abstract
Background: Allergic asthma is a chronic and inflammatory disease of the respiratory tract,
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which is characterized by inflammation, airway obstruction and swelling. Anti-inflammatory
compounds can be used to improve the disease severity. Hypericum perforatum (HP)/ St. John’s
wort has been used in the treatment of many diseases due to its anti-inflammatory effects.

Therefore, this study was performed to investigate the effects of HP on TH1 and TH2 parameters
Keywords:

in an animal model of allergic asthma.
-Allergic Asthma

Methods: Thirty BALB/c mice were sensitized with subcutaneous injection and inhalation of
e e ovalbumin and then administered different doses of HP post-sensitization. Histological analysis
of the lungs was performed. The effects of HP on mRNA expression of T-bet and GATA3
(TH1 and TH2 transcription factors, respectively), IFN-y, IL-4 and IL-10 in the spleen were
determined by real-time PCR. The protein levels of IFN-y, IL-4 and IL-10 cytokines were also

determined by ELISA technique in the serum of mice.

-Ovalbumin
-TH1
-TH2

Results: HP extract (HPE) reduced the clinical severity in asthma-induced mice, and a reduction
in the inflammatory cell infiltration in the lung. Furthermore, treatment with HPE inhibited
asthma-related mediators as well as increased the anti-inflammatory parameters compared to
the control. The study also showed that treatment with HPE significantly increased IFN-y, IL-10
and T-bet, while decreasing the level of IL-4 and GATA3 in mice treated with HPE.
Conclusion: The data indicated that HPE can attenuate allergic asthma autoimmune responses
by inhibiting infiltration of immune cell in the lung and TH2-related parameters. It is reasonable
to assume that HPE has significant effects in the treatment of allergic asthma.

Introduction

Asthma is a chronic and inflammatory disease of the
respiratory tract that is associated with overreaction and
reversible narrowing of the airways. Inflammation leads
to airway obstruction, swelling and clinical manifestations
such as wheezing, shortness of breath, cough, and chest
tightness.! The prevalence of allergic asthma has been
increasing in recent years. Asthma is a serious problem for
global health and significantly affects people’s lifestyles.>? It
is estimated that, allergic asthma affected about 262 million
people in 2019, and caused 455,000 deaths.* Its prevalence
varies according to geographical area and gender for
example, it is more common in women than men.” Immune
cells such as eosinophils, mast cells and lymphocytes play

an important role in inflammatory responses.® In fact,
these cells promote inflammation in the airways and cause
bronchoconstriction and lung dysfunction by production
of allergic inflammatory mediators.

In addition, CD4+T cells are involved in the disease
pathogenesis.” These cells differentiate into different
subtypes such as T helperl (TH1), T helper2 (TH2), T
helper17 (TH17), and regulatory T cells (T reg) based on
the type of antigen and their milieu.® An imbalance between
TH1 and TH2 responses with a tendency toward TH2 can
be a major cause of inflammatory responses in allergic
asthma. TH2 cells secrete cytokines, including interleukin
4 (IL-4), interleukin 5 (IL-5), interleukin 10 (IL-10) and
interleukin 13 (IL-13) and promote allergic diseases.’ IL-4
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(as the key cytokine of TH2) binds to the IL-4 receptor to
activate STAT6, which ultimately leads to the induction of
GATA3 expression and TH2 differentiation.'® It has been
documented that the level of this transcription factor
increases in allergic asthma patients.!" On the other hand,
TH1 cells secrete the interferon gamma (IFN-y), which
activates macrophages and promotes cellular immunity.
The studies have shown that the differentiation of naive
TCD4+ cells into TH1 depends on transcription factors
such as T-bet, STAT1 and STAT4. In addition, IFN-y and
IL-12 activate STAT1 and STAT4 and subsequently lead
to the expression of T-bet transcription factor and TH1
differentiation."

It has been documented that TH2 and related cytokines
have a pathologic role in allergic asthma, while THI1
and IFN-y play fundamental part in amelioration of the
disease.'>!*

Contrary to intensive research, the treatment of asthma
has yet remained as a challenge. Thus, there has been
growing interest in using herbal remedies with anti-
inflammatory or immune-modulatory properties for the
treatment of asthma.”” H. perforatum (HP) is a valuable
perennial medicinal plant of the Hypericaceae family.' It is
well now established that HP has various effects, including
anti-inflammatory"’, antiviral'®, anti-depressant'® and anti-
bacterial.® This plant is one of the best-selling medicinal
plants in the United States and other Western countries.
Therefore, it has been highly regarded by researchers due
to HP properties and its low side effects.”

According to the properties of HP, we hypothesize that
HP may modulate immune responses in allergic asthma by
downregulating TH2 and upregulating TH1 parameters.

Methods

Animals

In this study, 30 female BALB/c mice (aged 4-6 weeks) with
a weight of 18-22 g, were purchased from the animal farm
of Kerman University of Medical Sciences, Kerman, Iran.
The mice were maintained in pathogen-free facilities at 21-
23 °C with a 12-h light/dark cycle, and standard conditions
in terms of adequate water and food for a week to adapt to
environmental conditions.

The animals were randomly divided into five groups
(n=6/group). The first group (control/non-asthmatic)
received saline without induction of asthma. The second
group (asthma) was asthma induced and received saline.
Groups 3, 4 and 5 were asthma induced and received HP
extract at doses 50, 150 and 300 mg/kg and were named
HP-50, HP-150 and HP-300, respectively.

Preparation of hydroalcoholic extract of H. perforatum
HP was collected at a high altitude from Kerman (Iran).
The samples were approved by a botanist in the herbarium
department of Vali-e-Asr University of Rafsanjan, Iran. To
prepare the hydro-alcoholic extract of the plant (HP), 100 g
of the ground plant was dissolved in ethanol-water (70/30,
v/v 1260 ml of 96% ethanol solvent and 540 ml of distilled

water). Extraction was performed by soaking at 40 °C for
72 hours in the dark on a shaker. The resulting product
was then filtered through filter paper. Finally, the solvent
was removed from the extracts using a rotary evaporator at
40 °C until only a semisolid extract remained. The residue
was stored in a refrigerator and the desired concentration
of the extract was prepared in distilled water before
administration to the animals.?>*

Asthma induction and treatment

Allergic asthma was induced in BALB/c mice in two
steps: In the sensitization step, a suspension of ovalbumin
(OVA, grade V, 98% pure; Sigma, St. Louis, MO, USA)
and aluminum hydroxide, AI(OH3), was injected
subcutaneously (s.c) on days 0, 7 and 14. This suspension
was prepared by mixing ovalbumin (0.5 mg/ml) and
aluminum hydroxide (20 mg/ml) in 9% NaCL. In the
challenge step, the mice were exposed to 1% inhaled
ovalbumin solution on days 18, 19, 20, and 21 using a
whole-body exposure chamber (BTK-4267, Behboud
Tahghigh Kerman, Iran). (Figure 1).

The construction method of the asthmatic mouse model
was based on the study by Yu et al.,** with a simple but
effective modification.

The disease was induced in all groups except the normal
group or non-asthmatic control group. Animals in the
asthmatic group received saline instead of ovalbumin
solution. In the treatment groups, HP extract was
administrated intraperitoneally (i.p) to mice in groups 3, 4
and 5 at 50, 150 and 300 mg/kg, respectively.

The drugs were given to the mice from the 17th day to
the 22nd day, once a day 1 hour before each ovalbumin
challenge. The doses were selected based on a research by
Nosratabadi et al.>* On the 23" day, the mice were sacrificed
according to animal ethics.

Histologic analysis

On day 23 after asthma induction, the mice were
anesthetized with ketamine-xylazine mixture and their
lungs were removed and immersed in 10% formalin.
Paraffin-embedded sections (5-pm thick) were prepared
from the lungs and stained with hematoxylin and eosin
(H&E) to observe the infiltration of inflammatory cells and
the airway morphology. Inflammation was determined
using the following scales: 0=No inflammation; 1=Mild
inflammation; 2=Moderate inflammation; 3=Severe
inflammation.

Enzyme-linked immunosorbent assay (ELISA)

To determine the effect of HP on the cytokine level, animals
were anesthetized with ketamine and xylazine 24 hours
after the last inhalation. Then the mice were sacrificed and
serum from peripheral blood was collected and stored at
-80°C for quantitative determination of cytokines. Serum
levels of IL-4, IL-10 and IFN-y were determined using
ELISA kits (Karmania pars gene, Iran) according to the
manufacturer’s protocol.
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Figure 1. Schematic diagram of the experimental protocol of ovalbumin-induced asthma and HP treatment in mice.

Quantitative real-time PCR (qPCR)

The effect of HP on the expression of TH1 and TH2
transcription factors (T-bet and GATA3, respectively)
and their key cytokines (IFN-y, IL-4 and IL-10) were
determined by SYBR green real-time-PCR method. The
spleen cells were isolated from all mice and total RNA
was extracted from the samples using TRIzol reagent
(Karmania pars gene, Iran). Then cDNA was synthesized
using Karmania pars gene kit (Iran) according to the
manufacturer’s instructions. To perform the real-time
PCR reaction, a combination of template, primers, SYBR
green master mix and sterile distilled water was distributed
in the microtubes. The PCR vials were then placed in the
ABI model of a real-time PCR device and the reaction
was performed according to the following schedule:
Initial denaturation was done at 95°C for 5 minutes,
Denaturation; in this step, the reaction was heated to 95
°C for 20 seconds and repeated 35 times - Connection/

Table 1. The sequences of primers which are used in the study.

multiplication; reaction’s temperature was lowered to 60°C
for 30 seconds and repeated 35 times. Mouse beta-actin was
used as an endogenous control for sample normalization.
Results calculated the relative quantification delta-delta Ct
based on the expression of target genes normalized to
actin. The results were reported as fold change compared
to control. The sequence of primers used in this research is
shown in Table 1.

Statistical analysis

SPSS software version 22 was used for statistical
calculations. The distribution of data was examined using
the Shapiro-Wilk statistical test. ANOVA statistical test was
used to compare the variables. A significant level (P<0.05)
was considered.

Sequences

Mouse beta-actin

Genes

Mouse GATA3 F
R

Mouse T-bet F
R

Mouse IL-4 F
R

Mouse IFN-y F
R

Mouse IL-10 F
R
F
R

5'- CCTACCGGGTTCGGATGTAA-3'

5'- CACACACTCCCTGCCTTCTGT-3'
5-ACCTGTTGTGGTCCAAGTTCAA-3'
5- GCCGTCCTTGCTTAGTGATGA -3’
5- TCACAGCAACGAAGAACACCAC-3'
5- TCTGCAGCTCCATGAGAACACTA-3'
5- ATTGCCAAGTTTGAGGTCAACAA-3'
5- ATCTCTTCCCCACCCCGAAT-3'

5- CAGGTGAAGACTTTCTTTC-3'

5- AACCCAAGTAACCCTTAA-3'

5'- CGATGCCCTGAGGCTCTTA-3'

5- TGGATGCCACAGGATTCCA-3'
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Figure 2. The inflammatory cell infiltration into the lungs after administration of HP. Lung tissue from each mouse (collected on Day 22
post-immunization) was fixed, embedded in paraffin, sections (5-um) were prepared and the tissues were then stained with hematoxylin-
eosin (H&E) and infiltration of inflammatory cells were evaluated. (A) Microscopic findings of lung tissue showed in the control group no
cell infiltration was seen. (B) In the asthma group, an increase in bronchial wall thickness, and infiltration of leukocyte was observed. (C-E)
Pathological changes in the treated groups, HP50, HP150 and HP300mg/kg, respectively. (F and L) Histologic features were also scored
semi-quantitatively as described in the methods section. (G-K) Results for airway wall thickness in the lung tissue of mice (figures 2G-K,
control, asthma, HP50, HP150 and HP300mg/kg, respectively). Values are shown as mean + SEM. *P<0.05, ** P<0.01, *** P<0.001 vs.

asthma group. # P<0.05, ## P<0.01, ### P<0.001 vs. control group.

Results

HP decreased infiltration of inflammatory cells into the
lung

The results of lung histology showed that in the asthma
group, a significant number of inflammatory cells was
found, compared to the control group (Figure 2A and 2B).
Increased bronchial wall thickness was also observed in
this group (P<0.001). The results showed the effect of HP
in a dose of 50 mg/kg on lung pathology was not significant
compared to asthma group (Figure 2C), while infiltrating
of inflammatory cells was significantly reduced in

treatment with 150 and 300 mg/kg of HP (Figures 2D-2E,
respectively). Similar results were observed for airway wall
thickness in the lung tissue of mice (Figures 2G-(Figures
2G-K, control, asthma, HP50, HP150 and HP300 mg/kg,
respectively). The results showed that HP in doses of 150
and 300 mg/kg can reduce the clinical severity of asthma
due to the reduction of cellular infiltration into the lung.
Histologic features were also scored semi-quantitatively as
shown in the Figure 2F and 2L.
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Figure 3. Effect of HP on serum levels of IFN-y, IL-4 and IL-10 in the study groups. Serum from immunized mice from all groups were
collected on day 22 post immunization. Cytokine levels of (A) IFN-y, (B) IL-4 and (C) IL-10 were measured by ELISA. Results are shown
as mean = SEM. *P<0.05, **P<0.01, ***P<0.001 vs asthma group. # P<0.05, ## P<0.01, ### P<0.001 vs. control group. Statistical analysis
was performed by one-way ANOVA followed by post hoc Tukey’s test.

Effect of HP treatment on serum levels of IFN-y, IL-4 and
IL-10

To investigate the effect of HP on the level of IFN-y, IL-4
and IL-10 in asthmatic mice, the serum from all animals
was collected on day 22 post immunization and analyzed
by ELISA technique. Results showed that the level of IFN-y
and IL-10 was decreased in the asthma group compared to
control animals (P<0.05 for IFN-y and P<0.001 for IL-10;
Figures 3A and C), while the level of IL-4 was increased
(P<0.05; Figure 3B). Treatment with HP significantly
increased the level of IFN-y and IL-10 in comparison with
asthma mice (P<0.05; Figures 3A and C). There were also
statistically significant differences in the levels of IFN-y
and IL-10 between the treatment groups and the control,
except for the HP-150 group (P<0.05 for IFN-y and P<0.01
for IL-10; Figures 3A and C). In contrast, the level of IL-4
was highly reduced in the serum of mice treated with
HP compared to asthma mice (P<0.01; Figure 3B). These
results indicate that HP induces the suppression of Th2
response through the inhibition of IL-4 production and
promotion of Thl responses via upregulation of IFN-y.

Effect of HP on the polarization of TH1 and TH2 responses
in asthma mice
To evaluate the therapeutic potential of HP on the

polarization of TH1 and TH2, quantitative real-time
PCR was performed. The asthma group showed reduced
expression of T-bet and elevated expression of GATA3
in the spleen compared with the control mice (P<0.001
and P<0.01, respectively; Figures 4A and B). However,
treatment with HP reversed the asthma-induced changes
in the expression of T-bet and GATA3 (P<0.05). In
addition, The mRNA expressions of IFN-y and IL-10 were
decreased (P<0.01 and P<0.001, respectively; Figures
4C and E) in the asthma group, while those of IL-4 were
significantly increased compared with the normal control
group (P<0.05; Figure 4D). Furthermore, treatment with
HP led to elevated expression of both IFN-y and IL-10
(Figures 4C and E), as well as decreased expression of IL-4
compared to the asthma group (P<0.05 for HP-150 and
HP-300, Figure 4D). As a result, HP has a protective effect
in the treatment of asthma disease by inhibiting Th2 cells
and upregulating Th1 cells.

Discussion

In this research, the effect of H. perforatum extract
on ovalbumin-induced asthmatic mouse model was
investigated. To the best of our knowledge, this is the first
reportin which H. perforatum is used for asthma treatment.
The results of our study found that in asthmatic animals,
a significant increase in infiltration of inflammatory

Pharmaceutical Sciences, 2024, 30(4), 486-495 | 490



Rostamabadi et al.

-
&
0
@
o
4
s
X
b
g
2
[
£
v
-
]
hut
]
«

IL-10
15

i

]

05

Relative mRNA expression

A T-bet
15
c
o
@
4
a
X
)
<
F4
[
£
]
2
5
o
K]
[3
Ctrl Asthma HP-50 HP-150 HP-300
Groups
C IFN-y D
15 2 4
c c
9 K]
@ @
4 vo1s ]
Q ¥ Q 4
x 1 * X A
L) 1) i/
< A
r4 # g 1
« 3
£ £
g5
g os
7] 7]
4 [3
0 0
ctrl Asthma HP-50 HP-150 HP-300 Ctrl Asthma

Groups

HP-50 HP-300 Ctrl Asthma HP-50 HP-150 HP-300

Groups Groups

Figure 4. Expression of transcription factors (T-bet, GATA3) and related cytokines in the spleen of mice with asthma. Splenocytes were
isolated from mice on day 22 post sensitization. Total RNA was extracted and reverse transcribed into cDNA. Equal quantities of cDNA
from each sample analyzed by qPCR using B-actin as the internal control. mMRNA expression levels of transcription factors were evaluated
in the spleen of mice. * P<0.05, ** P<0.01, *** P<0.001 vs asthma group. # P<0.05, ## P<0.01, ### P<0.001 vs control group. Statistical
analysis was performed by one-way ANOVA followed by post hoc Tukey’s test.

cells into the lungs compared to the control group, while
mice treated with HP significantly decreased clinical
scores and reduced asthma severity. These changes were
observed in connection with the decrease in infiltration of
inflammatory cells into the lungs.

In accordance with our results a study on an animal
model of lung injury reported that HP decreased PMNs
infiltration, lipid peroxidation, and production of TNF-a
and IL-1p.% Furthermore, bronchodilator properties of HP
are well-known and have been studied in an animal model
of bronchoconstriction.”” This research reported that
HP dose-dependently inhibited the carbachol-induced
increase in the inspiratory pressure.

In addition, extensive studies and results have
documented that the biological activity of HP is related to
its active chemicals such as hyperforin and hypericin.?®%
In line with these researches, Dell’Aica et al.,”® in an animal
model of bleomycin-induced pulmonary inflammation
indicated that, hyperforin as an active ingredient of HP
prevents neutrophil trafficking to the lungs and leads to a
reduction in lung fibrosis.

In another study on animal model of edema, Zdunic
et al,’ showed that, II8-biapigenin and quercetin, the
two major oil extracts of HP, have anti-inflammatory and
gastroprotective properties.

Today, researches have demonstrated that autoreactive

T cells play a pivotal part in the pathogenesis of asthma
and polarization of these cells toward TH1 or TH2 can
significantly influence the disease.”> A study by Gao et al.*
showed an increased level of TH2 cytokines and a decreased
level of TH1 cytokines in asthma-induced mice. TH2 cells
can activate mast cells, eosinophils and stimulate B cells
to switch to IgE production, while TH1 cells could inhibit
TH2 cells by IFN-y secretion and down-regulating mast
cells and eosinophils.* The studies have documented that
THI cells can prevent the development of allergic asthma
by producing IFN-y cytokine.>* Another study has also
shown that the expression of T-bet transcription factor
and secretion of IFN-y cytokine are decreased in patients
with allergic asthma.”” Our study showed that HP increases
IEN-y and T-bet expression in murine splenocytes. In
line with our data, an animal study in influenza-infected
mice showed that HP increased IFN-y and IL-10 levels
in the BALF and serum of infected animals.*® Therefore,
according to the results it seems that HP induces the
production of TH1 cytokines via up-regulation of T-bet
and subsequently differentiation of naive CD4+T cells into
THI1 subsets. A study by Ko et al.* reported a decrease in
T-bet levels in the peripheral blood of asthmatic patients.
In this study, T-bet levels were decreased both in people
with asthma without steroids and in asthmatic patients
who had inhaled corticosteroids. Therefore, stimulation
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of immune responses toward TH1 cells, plays a role in
balancing allergic responses induced by TH2 cells.** To
date, no reports are available on the application of HP on
differentiated T cells in asthma or other hypersensitive
diseases. However, one study on atopic dermatitis patients
showed the efficacy of HP in the treatment of mild to
moderate atopic dermatitis.* The potential of HP in the
treatment of asthma was also confirmed, in part, by the
results of the evaluation of TH2 cells in the spleens of treated
mice. Previous investigations demonstrated that elevated
levels of TH2 cells are responsible for the pathogenesis
of asthma, and a reduction in TH2 cells might be useful
in controlling asthma disorders.” Therefore, the present
study investigated the effect of HP on TH2 cells in asthma-
induced animals. The data showed that administration of
HP led to lower expression of GATA3, a TH2 transcription
factor, in the spleen of treated animals in comparison to
the asthma group. Our results also showed that this change
was more significant in mice treated with an intermediate
dose of HP. However, research in this field is still scarce,
but the study by Menegazzi et al.,* demonstrated that HP
suppressed activation of STAT3 and NF-kB, production of
IL-1f and TNF-a and led to decreased inflammation in the
lung of animal model of carrageenan-induced lung injury.

In addition, the possible mechanism involved in
ovalbumin-induced asthma is the expression of IL-4, a
key cytokine for Th2 differentiation. Our results indicated
that HP improved the disease by significantly inhibiting
the expression of IL-4. Previous studies have shown that
inhibiting IL-4 leads to reduced TH2 differentiation and
on the other hand results in the trafficking of TH1 cells into
inflamed tissues.* Therefore, it seems that in addition to
affecting TH2 cells, HP can improve the clinical symptoms
of allergic asthma through an effect on TH1 cells.

In addition, our results revealed that the level of IL-10
was increased in the groups treated with HP. In parallel with
our results, Xiuying indicated that HP can enhance IL-10
in bronchoalveolar lavage (BAL) fluid of mice infected with
influenza virus.*® Moreover, a study by Barathan et al.*’ on
HepG2 cells showed that hypericin, an active component
of HP, led to an increase in the level of IL-10 and IFN-y
in comparison to the control group. Additionally, the
results revealed that although HP reduced the expression
of GATA3 in asthmatic mice, the level of IL-10 increased
in the serum and spleen of HP-treated mice. According to
our results, it can be concluded that in addition to TH2
cells, other cells such as regulatory T cells (Treg) can
produce IL-10 in large amounts. The results of a study by
Nosratabadi et al.** also confirmed the conclusion. This
research demonstrated hyperforin (a constituent of HP)
enhances the level of IL-10 and TGFp from regulatory T
cells in the spleen of EAE mice treated with hyperforin. The
other study also showed HP treatment led to an increase in
the population of regulatory T cells in the spleen of EAE
mice.”

So far, there is no study that shows the exact mechanism
of HP in allergic asthma, but a study on the animal model

of lung injury has shown that the HP leads to a decrease
in the expression of NF-kB and STAT3.* In addition, the
researchers have documented that cytokines start signaling
through the activation of STAT molecules, which are
transcription factors required for many biologic functions
of T cells.*>*

On the other hand, many studies have shown that STAT3
leads to the inhibition of the expression of T-bet,**® so
it seems that HP by inhibiting STAT3 and increasing
T-bet expression leads to the improvement of the disease
symptoms, which this data is in line with our results that
showed that HP leads to an increase in the expression
T-bet and IFN-y.

In this research, our team also investigated the effect
of three concentrations of the extract on THI and TH2
transcription factors and related cytokines. The findings
showed that although an intermediate dose of HP (150
mg/kg) was more effective in the treatment of asthmatic
animals, the differences between three concentrations of
HP were not statistically significant.

It can be pointed out that some herbal medicines in high
doses due to increased cytotoxic effects or other side effects
may have opposite effects. Therefore, the increased level of
T-bet in this group increases the balance between TH1
and TH2 responses towards to TH1 cells and significantly
reduces asthma symptoms.

Conclusion

It can be stated that HP as a valuable medicinal plant
can ameliorate clinical and pathological manifestations
of asthma, through decreasing the infiltration of allergic
inflammatory cells in the lungs of asthmatic mice. Our
finding also indicated that HP-treated mice showed high
expression of THI transcription factor and its signature
cytokine (IFN-y), while TH2 transcription factor and its
related parameters were decreased. Therefore, the results
here demonstrated that HP could play crucial roles in
the modulation of immune responses via the immune-
deviation of immune responses from TH2 towards TH1
and, hence, have a promising therapeutic potency to be
considered as a useful candidate for the treatment of
asthma.

Although the present research showed that HP
could alleviate allergic asthma mainly through
an effect on TH1 and TH2 cells and their signature
molecules, but due to limited sample size and lack of a
placebo group, further study such as, long-term studies and
potential clinical trials should be carried out to translate
these findings into clinical practice.

Ethical Issues

Experiments were performed in accordance with the NIH
Guide for the Care and Use of Laboratory Animals with
the approval of the Animal Ethic Committee of Rafsanjan
University of Medical Sciences (IR RUMS.REC.1398.127).

Pharmaceutical Sciences, 2024, 30(4), 486-495 | 492



Rostamabadi et al.

Acknowledgments
The authors wish to thank the authorities in the research
unit of Rafsanjan University of Medical Sciences.

Author Contributions

Fahimeh Rostamabadi: Conceptualization, Methodology,
Investigation, Formal Analysis, Writing - Review &
Editing. Reza Nosratabadi: Formal Analysis, Writing
- Review & Editing, Amir Rahnama: Formal Analysis,
Writing - Original Draft. Vahid Mohammadi-Shahrokhi:
Conceptualization, Methodology, Writing - Review &
Editing.

Conflict of Interest
The authors declare that they have no conflicts of interest.

References

1. Habib N, Pasha M, Tang D. Current understanding of
asthma pathogenesis and biomarkers. Cells. 2022;11
(17):2764. doi:10.3390/cells11172764

2. Chatkin J, Correa L, Santos U. External environmental
pollution as a risk factor for asthma. Clin Rev Allergy
Immunol. 2021;62(1):72-89. doi:10.1007/s12016-020-
08830-5

3. Serebrisky D, Wiznia A. Pediatric asthma: A
global epidemic. Ann Glob Health. 2019;85(1):6.
doi:10.5334/a0gh.2416

4. Dharmage SC, Perret JL, Custovic A. Epidemiology
of asthma in children and adults. Front Pediatr.
2019;7:246. d0i:10.3389/fped.2019.00246

5. Fonseca LGdA, Floréncio RB, Lima INDE Peroni
Gualdi L. Time trend of brazilian hospital admissions
and deaths due to asthma among children and
teenagers, 1998-2019. PloS One. 2021;16(3):0248472.
doi:10.1371/journal.pone.0248472

6. Sun X, Hou T, Cheung E, Iu TN-T, Tam VW-H, Chu
IM-T, et al. Anti-inflammatory mechanisms of the
novel cytokine interleukin-38 in allergic asthma.
Cell Mol Immunol. 2020;17(6):631-46. doi:10.1038/
s41423-019-0300-7

7. Jeong J, Lee HK. The role of cd4+ t cells and
microbiota in the pathogenesis of asthma. Int ] Mol
Sci. 2021;22(21):11822. d0i:10.3390/ijms222111822

8. Zhu X, Zhu J. CD4 T helper cell subsets and related
human immunological disorders. Int ] Mol Sci.
2020;21(21):8011. doi:10.3390/ijms21218011

9. Harker JA, Lloyd CM. T helper 2 cells in asthma.
J Exp Med. 2023;220(6):€20221094. doi:10.1084/
jem.20221094

10. Junttila IS. Tuning the cytokine responses: an
update on interleukin (IL)-4 and IL-13 receptor
complexes. Front Immunol. 2018;9:888. do0i:10.3389/
fimmu.2018.00888

11. Kandil R, Baldassi D, Bohlen S, Miiller JT, Jiirgens
DC, Bargmann T, et al. Targeted gata3 knockdown
in activated t cells via pulmonary sirna delivery as
novel therapy for allergic asthma. ] Control Release.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22,

2023;354:305-15. doi:10.1016/j.jconrel.2023.01.014
Guo J, Shen Y, Lin X, Chen H, Liu J. Schisandrin b
promotes th1 cell differentiation by targeting statl. Int
Immunopharmacol. 2021;101:108213. doi:10.1016/j.
intimp.2021.108213

Leén B, Ballesteros-Tato A. Modulating th2 cell
immunity for the treatment of asthma. Front Immunol.
2021;12:637948. doi:10.3389/fimmu.2021.637948
Cautivo KM, Matatia PR, Lizama CO, Mroz NM,
Dahlgren MW, Yu X, et al. Interferon gamma
constrains type 2 lymphocyte niche boundaries during
mixed inflammation. Immunity. 2022;55(2):254-71.
e7.doi:10.1016/j.immuni.2021.12.014

15. Lin S-C, Shi L-S, Ye Y-L. Advanced molecular
knowledge of therapeutic drugs and natural products
focusing on inflammatory cytokines in asthma. Cells.
2019;8(7):685. doi:10.3390/cells8070685

. Nobakht SZ, Akaberi M, Mohammadpour AH,

Moghadam AT, Emami SA. Hypericum perforatum:
Traditional uses, clinical trials, and drug interactions.
Iran ] Basic Med Sci. 2022;25(9):1045-58. d0i:10.22038/
IJBMS.2022.65112.14338

Tanideh N, Ghafari V, Ebrahimi R, Habibagahi R,
Koohi-Hosseinabadi O, Iraji A. Effects of Calendula
officinalis  and  Hypericum  perforatum  on
antioxidant, anti-inflammatory, and histopathology
indices of induced periodontitis in male rats.
] Dent. 2020;21(4):314-21. doi:10.30476/
DENTJODS.2020.83660.1056

Chen H, Muhammad I, Zhang Y, Ren Y, Zhang R,
Huang X, et al. Antiviral activity against infectious
bronchitis virus and Dbioactive components of
Hypericum  perforatum L. Front Pharmacol.
2019;10:1272. doi:10.3389/fphar.2019.01272

Sadeghi A, Ghorayshi F Baghshahi H, Akbari
H, Memarzadeh MR, Taghizadeh M, et al. The
antidepressanteffectof combined extractsof Hypericum
perforatum and Echium amoenum supplementation in
patients with depression symptoms: A randomized
clinical trial. Avicenna ] Phytomed. 2023;13(4):328-
37.doi:10.22038/AJP.2023.21707

Bahmani M, Taherikalani M, Khaksarian M, Soroush
S, Ashrafi B, Heydari R. Phytochemical profiles and
antibacterial activities of hydroalcoholic extracts
of Origanum vulgare and Hypericum perforatum
and carvacrol and hypericin as a promising anti-
staphylococcus aureus. Mini Rev Med Chem.
2019;19(11):923-32. d0i:10.2174/13895575196661901
21124317

Milutinovi¢ M, Dimitrijevi¢-Brankovi¢ S, Rajili¢-
Stojanovi¢ M. Plant extracts rich in polyphenols as
potent modulators in the growth of probiotic and
pathogenic intestinal microorganisms. Front Nutr.
2021;8:688843. doi:10.3389/fnut.2021.688843

Stintar IP, Akkol EK, Yimazer D, Baykal T,
Kirmizibekmez H, Alper M, et al. Investigations on
the in vivo wound healing potential of Hypericum

493 | Pharmaceutical Sciences, 2024, 30(4), 486-495



Hypericum perforatum Alleviates Ovalbumin-Induced Asthma

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

perforatum L. ] Ethnopharmacol. 2010;127(2):468-77.
d0i:10.1016/.jep.2009.10.011

Baniasad A, Khajavirad A, Hosseini M, Shafei MN,
Aminzadah S, Ghavi M. Effect of hydro-alcoholic
extract of Rosa damascena on cardiovascular
responses in normotensive rat. Avicenna J Phytomed.
2015;5(4):319-24.

Yu QL, Chen Z. Establishment of different
experimental asthma models in mice. Exp Ther Med.
2018;15(3):2492-8. d0i:10.3892/etm.2018.5721
Nosratabadi R, Rastin M, Sankian M, Haghmorad
D, Tabasi N, Zamani S, et al. St. John’s wort and
its component hyperforin alleviate experimental
autoimmune encephalomyelitis through expansion of
regulatory t-cells. ] Immunotoxicol. 2016;13(3):364-
74. d0i:10.3109/1547691X.2015.1101512

Menegazzi M, Di Paola R, Mazzon E, Muia C, Genovese
T, Crisafulli C, et al. Hypericum perforatum attenuates
the development of carrageenan-induced lung injury
in mice. Free Radic Biol Med. 2006;40(5):740-53.
doi:10.1016/j.freeradbiomed.2005.08.034.

Khan A-u, Gilani AH. Antidiarrheal, antisecretory,
and bronchodilatory activities of Hypericum
perforatum.  Pharm  Biol.  2009;47(10):962-7.
doi:10.1080/13880200902960206

Oliveira AI, Pinho C, Sarmento B, Dias AC.
Neuroprotective activity of Hypericum perforatum and
its major components. Front Plant Sci. 2016;7:1004.
doi:10.3389/pls.2016.01004

Shugin L, Beilei Y, Jungui D, Ridao C. Targeting the
biological activity and biosynthesis of hyperforin:
A mini-review. Chin ] Nat Med. 2022;20(10):721-8.
doi:10.1016/51875-5364(22)60189-4

Dell'Aica I, Niero R, Piazza F Cabrelle A, Sartor
L, Colalto C, et al. Hyperforin blocks neutrophil
activation of matrix metalloproteinase-9, motility and
recruitment, and restrains inflammation-triggered
angiogenesis and lung fibrosis. ] Pharmacol Exp Ther.
2007;321(2):492-500. doi:10.1124/jpet.106.116459
Zduni¢ G, Godevac D, Milenkovi¢ M, Vucicevi¢ D,
Savikin K, Menkovi¢ N, et al. Evaluation of Hypericum
perforatum oil extracts for an antiinflammatory
and gastroprotective activity in rats. Phytother Res.
2009;23(11):1559-64. d0i:10.1002/ptr.2809

Zhu X, Chen Q, Liu Z, Luo D, Li L, Zhong Y.
Low expression and hypermethylation of FOXP3
in regulatory t cells are associated with asthma
in children. Exp Ther Med. 2020;19(3):2045-52.
doi:10.3892/etm.2020.8443

Gao F, Wei D, Bian T, Xie P, Zou ], Mu H, et al. Genistein
attenuated allergic airway inflammation by modulating
the transcription factors T-bet, GATA-3 and STAT-6 in
a murine model of asthma. Pharmacology. 2012;89(3-
4):229-36. d0i:10.1159/000337180

Peng W, Xu Y, Zhou Y, Wu ], Peng G, Gu Y, et al.
Sanzi yangqin decoction alleviates allergic asthma
by modulating th1/th2 balance: Coupling network

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

pharmacology with biochemical pharmacology. Evid
Based Complement Alternat Med. 2022;2022:9037154.
doi:10.1155/2022/9037154

Montuori-Andrade A, Nolasco A, Malacco N, Vaz
L, Afonso L, Russo R, et al. Lactobacillus delbrueckii
UFV-H2b20 increases IFN-y production and
CD39+CD73+ Treg cell numbers in lungs, and
protects mice against experimental allergic asthma.
Immunobiology. 2022;227(6):152284. doi:10.1016/].
imbio.2022.152284

He Y-t, Zhou Y, Shao Q, Gan C, Chen M, Bao Y-I,
et al. Immunoregulatory effects of subcutaneous
immunotherapy on lymphocyte subgroups and
cytokines in children with asthma. ] Immunol Res.
2019;2019:7024905. doi:10.1155/2019/7024905
Aslani MR, Jafari Z, Rahbarghazi R, Rezaie ], Delkhosh
A, Ahmadi M. Effects of crocin on T-bet/GATA-3
ratio, and miR-146a and miR-106a expression levels
in lung tissue of ovalbumin-sensitized mice. Iran ]
Basic Med Sci. 2022;25(10):1267-74. doi:10.22038/
IJBMS.2022.65622.14433

Xiuying P, Jianping L, Ruofeng S, Liye Z, Xuehong W,
Yan L. Therapeutic efficacy of Hypericum perforatum 1.
Extract for mice infected with an influenza a virus. Can
J Physiol Pharmacol. 2012;90(2):123-30. doi:10.1139/
y11-111

Ko E Lun S, Wong C, Szeto C, Lam C, Leung T,
et al. Decreased t-bet expression and changes in
chemokine levels in adults with asthma. Clin Exp
Immunol. 2007;147(3):526-32. doi:10.1111/j.1365-
2249.2006.03315.x

Mohammadi-Shahrokhi V, Rezaei A, Andalib
A, Rahnama A, Jafarzadeh A, Eskandari N.
Immunomodulatory effects of adjuvants cpg, mpla,
and BCG on the derp2-induced acute asthma at early
life in an animal model of balb/c mice. Inflammation.
2017;40(1):259-74. doi:10.1007/s10753-016-0476-2.
Schempp CM, Windeck T, Hezel S, Simon JC. Topical
treatment of atopic dermatitis with st. Johns wort
cream-a randomized, placebo controlled, double blind
half-side comparison. Phytomedicine. 2003;10:31-7.
doi:10.1078/1433-187x-00306.

Lazarski CA, Ford J, Katzman SD, Rosenberg AFE
Fowell DJ. 1I-4 attenuates thl-associated chemokine
expression and thl trafficking to inflamed tissues and
limits pathogen clearance. PloS One. 2013;8(8):e71949.
doi:10.1371/journal.pone.0071949

Barathan M, Mariappan V, Shankar E, Abdullah BJ,
Goh K, Vadivelu J. Hypericin-photodynamic therapy
leads to interleukin-6 secretion by HepG2 cells and
their apoptosis via recruitment of BH3 interacting-
domain death agonist and caspases. Cell Death Dis.
2013;4(6):€697-e. d0i:10.1038/cddis.2013.219
Nosratabadi R, Rastin M, Sankian M, Haghmorad
D, Mahmoudi M. Hyperforin-loaded gold
nanoparticle alleviates experimental autoimmune
encephalomyelitis by suppressing thl and th17 cells

Pharmaceutical Sciences, 2024, 30(4), 486-495 | 494



Rostamabadi et al.

45.

46.

and upregulating regulatory t cells. Nanomedicine.
2016;12(7):1961-71. d0i:10.1016/j.nan0.2016.04.001
Aung WW, Hamaguchi Y, Matsushita T. Targeting
cytokines and potentiality of jak-stat inhibition
in systemic sclerosis. J Cutan Immunol Allergy.
2023;6(1):4-12. doi:10.1002/cia2.12288

Gluud M, Pallesen EM, Buus TB, Gjerdrum LMR,
Lindahl LM, Kamstrup MR, et al. Malignant t cells
induce skin barrier defects through cytokine-mediated
jak/stat signaling in cutaneous t-cell lymphoma. Blood.

47.

48.

2023;141(2):180-93. doi:10.1182/blo0d.2022016690
Wan C-K, Andraski AB, Spolski R, Li P, Kazemian M,
Oh J, et al. Opposing roles of STAT1 and STAT3 in
IL-21 function in CD4+ T cells. Proc Natl Acad Sci.
2015;112(30):9394-9. d0i:10.1073/pnas.1511711112
Yang XO, Panopoulos AD, Nurieva R, Chang SH,
Wang D, Watowich SS, et al. Stat3 regulates cytokine-
mediated generation of inflammatory helper t cells.
J Biol Chem. 2007;282(13):9358-63. do0i:10.1073/
pnas.151171111

495 | Pharmaceutical Sciences, 2024, 30(4), 486-495



