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Abstract 

Objectives: From the ancient, medicinal benefits of Hyssop (Hyssopus officinalis L.) have been implicated for respira‑
tory and digestive diseases despite the effects of Hyssop on viral infections have not been mechanistically investi‑
gated. In this study, we examined whether the Hyssop extract activated anti‑viral innate immunity, as a sentinel for 
immune system, through activation of endosomal TLRs recognizing nucleic acids and their downstream signaling. 
The Hyssop herb extracts was prepared and co‑cultured with healthy individual’s peripheral blood mononuclear 
cells (PBMCs). After viability assay, gene expression levels of TLR3,7,8,9, as well as MyD88 and NF‑κB, were evaluated in 
treated PBMCs using Real‑time PCR. Next, the secretion level of immune related cytokines was quantified via ELISA.

Results: Post 24 h, 40 µg/ml of the extract significantly inhibited the viability of less than 50% of cells compared to 
the control and had a maximum effect on cellular function. The Hyssop‑treated PBMCs demonstrated an elevated 
expression of endosomal TLRs genes, as well as MyD88 and NF‑κB. Moreover, the release of INF‑α and β notably 
enhanced in cell culture supernatant, while the content of inflammatory cytokines remarkably diminished (P < 0.05). 
The Hyssop extract was capable of inducing antiviral innate immune responses so can be promising in antiviral drug 
strategies.
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Introduction
One of the most important plants in the traditional 
medicine is Hyssop (Hyssopus Officinalis L.), belong-
ing to Lamiaceae family, used in flavored bever-
ages from the ancient. In Iran, Hyssop plant is grown 

spontaneously in the northwestern and southeastern 
of Iran, and the regions around the Caspian Sea [1]. 
According to previous studies, the Hyssop plant pos-
sesses excessive medicinal properties such as antifun-
gal, antibacterial and antiviral activities, which have 
made it a beneficial folk medicine to alleviate diges-
tive and intestinal disorders, as well as respiratory dis-
eases such as tuberculosis, asthma, chronic catarrh, 
and bronchitis [2, 3]. Srivastava et al. have reported the 
effectiveness of Hyssop in the treatment of nose, throat, 
and lung afflictions because of its anti-inflammatory 
properties in Southern Europe [4]. Nevertheless, these 
therapeutic applications and health benefits of Hyssop 
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have been documented mainly based on traditional 
medicine observations rather than scientific evidences 
[5]. Indeed, there are not enough scientific data regard-
ing the mechanism of immune system activation via 
Hyssop herb.

With the recent COVID-19 outbreak, a discussion has 
emerged about the potential values of traditional medi-
cine in the prevention and treatment of the disease when 
modern medicine appears to be disabled to overcome it. 
Viral illnesses, with their fascinating dynamics of causa-
tive organisms are undoubtedly at the top of our wish list 
[6]. It has been believed that innate immune system acts 
as the first responder for the detection and clearance of 
infections. Innate immune cells secrete various cytokines 
which inhibit viral replication, stimulate the adaptive 
immune response, and recruit other immune cells to the 
site of infection [7–10]. Considerably, Toll-like receptors 
(TLRs) are responsible for sensing invading microbes in 
different parts of a cell, such as the plasma membrane 
(TLR1, TLR2, TLR4, TLR5, TLR6, and TLR11) or in 
intracellular endosomes (TLR3, TLR7, TLR8, TLR9, and 
TLR10) [11]. TLRs trigger innate immune responses 
through activation of signaling cascades depending on 
the adaptors myeloid differentiation primary response 
protein 88 (MyD88) or TIR-domain-containing adapter-
inducing interferon-β (TRIF), and then sequentially 
induce the production of pro-inflammatory cytokines, 
type I interferons (IFNs-I), chemokines, and antimicro-
bial proteins through transcription factors activation 
such as nuclear factor kappa B (NF-κB) [12].

According to these evidences, this study aimed to 
investigate the impact of Hyssop extract on innate 
immune response through activation of TLRs and prob-
able signaling pathways in anti-viral responses.

Main text
Materials and methods
PBMCs isolation from blood samples
PBMCs were isolated from heparinized blood samples of 
45 healthy individuals (for all assays) and 20 COVID-19 
patients (for MTT assay only) by Histopaq density gra-
dient centrifugation (Sigma, Missouri, USA) after receiv-
ing informed consent from the participants. In details, 
the obtained samples were diluted with the same volume 
of PBS. Then, the Ficoll-Paque Plus (Biosra, France) was 
carefully added to diluted samples in 1:2 ratio respec-
tively. The mixture was then centrifuged at 400 × g for 
20 min at 20 °C. The undisturbed PBMC layer was care-
fully transferred to a new tube and washed twice with 
three volumes of PBS. This study was approved by the 
Ethics Committee in Tabriz University of Medical Sci-
ences (Code: IR.TBZMED.REC.1399.1143).

Extraction of plant extracts and treatment with PBMCs
Plant extracts was extracted from 10  g of crushed hys-
sopus samples using ultrasonic bath at 20  kHz and 
100  ml of ethanol (80%) at 45  °C for 20  min. Then, 
the solvents was evaporated by vacuum evaporator 
SPS:refid::bib13(13). The Hyssop extract was then treated 
with PBMCs (1 ×  106 cells/well) in complete RPMI-1640 
medium (Gibco, Paisley, UK) supplemented 15% heat-
inactivated fetal bovin serum (FBS; Gibco, Paisley, UK), 
100 mg/ml streptomycin, 100 u/ml penicillin (Gibco) and 
2  mM L-glutamine (Gibco, Paisley, UK) for 12, 24 and 
48  h at 37  °C in 5% atmospheric CO2 and 95% humid-
ity. Simultaneously, PBMCs were stimulated with subop-
timal dose (10 ng/ml) of phorbol myristate acetate (PMA; 
Gibco, NY, USA).

Cell viability
The viability of PBMCs was measured by the methyl thia-
zol tetrazolium bromide (MTT) assay. Briefly, 2 ×  105 
cells/well were seeded in a 96-well plate. The cells were 
treated with increasing concentrations of Hyssop extract 
(5–50  µg/ml) for 24  h. Subsequently, 100 ul of MTT 
(1  mg/ml, Sigma, USA) was added into each well and 
incubated for 4 h at 37 °C. Then, 100 µl DMSO was added 
to each well to dissolve the purple formazan crystals and 
incubated in room temperature for 30  min. Later, the 
optical density was measured using a spectrophotometer 
at 540  nm wavelength and compared to untreated cells 
[14].

Gene expression assay
The expression levels of genes including TLR 3,7,8,9, as 
well as NF-κB and Myd88 genes were assessed in PBMCs 
treated with Hyssop extract by real-time polymerase 
chain reaction (PCR). Briefly, total RNA was extracted 
from cultured PBMCs using RNA extraction kit (Qia-
gen, Hamburg, Germany) according to the manufactur-
er’s instructions. Then, cDNA synthesis was synthesized 
by the usage of a cDNA synthesis kit (Exiqon, Copen-
hagen, Denmark), based on manufacturer’s instruc-
tions. The expression level of each mRNA was measured 
by real-time PCR and a SYBR Green Real Time PCR 
kit (Ampliqon), according to manufacturer’s instruc-
tions. Finally, the mRNA expression was normalized by 
the detection of β-actin housekeeping gene. The used 
primers sequences designed by OLIGO v. 7.56 software 
(Molecular Biology Insights, Inc., CA, USA) for qPCR 
assay are listed in Additional file 1: Table S1.

Quantification of cytokine levels The concentrations of 
tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-8 
and IFN I α and β cytokines were quantified using ELISA 
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kits (Mybiosource, San Diego, USA), according to the 
manufacturer’s instruction. Briefly, the wells of micro-
titer ELISA plate (Maxisorp, Nunc, Roskilde, Denmark) 
were coated with anti-TNF-α, anti-IL-1β, anti-IL-8 and 
anti-IFN I α and β antibodies. Afterward, the superna-
tant of the cells and biotinylated mouse anti-hTNF-α 
mAb, anti-hIL-1β mAb, anti-hIL-8 mAb and anti-hIFN 
I α and β mAb were added to the relative wells. Next, 
the existence of anti-cytokine antibody was investigated 
by the addition of a streptavidin alkaline phosphatase 
conjugated anti-mouse IgG Ab (Sigma). Finally, p-nitro-
phenyl phosphate (4 mg/ml) was added as substrate and 
the absorbance was evaluated at 405  nm in an ELISA 
plate reader (LabSystems, Helsinki, Finland).

Statistical analysis
All experiments were performed in triplicate. Achieved 
data were analyzed using GraphPad Prism v.8 (Graph-
Pad, La Jolla, CA) and presented as mean ± standard 
deviation (SD). One-Way ANOVA followed by Dunnett’s 
T3 multiple comparisons test was done to compare the 
means between groups. p < 0.05 was considered as sta-
tistically significant.

Results
Hyssop extract decreased the PBMCs cells viability
To determine the cytotoxic effect of Hyssop extract 
on PBMCs, the cells were treated with multiple con-
centrations of the extract. Our results depicted the 
proliferation rate of cells was inhibited as the extract 
concentration enhanced during 24  h, so that the IC50 
value of the Hyssop extract was about 45 µg/ml (Addi-
tional file  2: Fig. S1A). Almost similar results were 
observed on PBMC of COVID-19 patients (Additional 
file 2: Fig. S1B). According to this, a sub-cytotoxic con-
centration of 40  µg/ml herbal extract, lower than its 
IC50 value, was used for the forward examinations.

Hyssop extract increased the TLRs and down‑stream 
molecules expression level
The expression levels of TLR 3, 7, 8, 9 genes, as well 
as Myd88 and NF-κB genes were evaluated in Hyssop 
extract treated cells using real-time PCR. As illustrated 
in Fig. 1, after 24 and 48 h, the fold changes of TLR 3, 7, 
8, and 9 genes were remarkably increased in the treated 
cells when compared with the control group. None-
theless, the differences of the expression levels of each 
TLR genes during 24 and 48  h were not statically sig-
nificant. Moreover, Myd88 expression level was notably 
increased in the treated cells after 24 h and 48 h. How-
ever, NF-κB expression was significantly increased after 

48 h, only compared to control group (Additional file 3: 
Fig. S2, Table 1).

The influence of Hyssop extract on cytokine secretions 
from PBMCs
The levels of TNF-α, IL-1β, IL-8 and IFN I α and β 
cytokines secreted from the cells treated with Hys-
sop extract were determined using ELISA. The results 
showed that Hyssop extract had a significant increas-
ing effect on IFN-Iα and IFN-Iβ production in treated 
cells after 24 and 48  h compared to the control group. 
However, at the same time points, the concentration 
of TNF-α, IL-1β and IL-8 were remarkably decreased 
in supernatants of treated cells in comparison to the 
untreated control (Fig. 2, Table 1).

Discussions
In this study, the role of Hyssop plant in induction of 
anti-viral innate immune response was assessed. Our 
results exhibited that the Hyssop extract can significantly 
enhance the expression levels of endosomal TLRs genes 
including TLR 3,7,8,9 and their downstream signaling 
pathway molecules.

In folk medicine, Hyssop has been used as an anti-
inflammatory, anti-catarrhal, and antispasmodic drug 
in different nations [4, 5]. In parallel, from the scientific 
point of view, it has been declared that Hyssopus offici-
nalis effectively regulates the secretion of IL-4, IL-17 
and interferon-γ (IFN-γ), as well as T helper (Th) 1/
Th2 cytokines imbalance in asthmatic mouse model 
[15–17]. However, it is unclear how Hyssop extract influ-
ences innate immune responses, which undoubtedly 
acts a critical role in restriction of infection and inhibi-
tion of pathogen invasion [18]. Thus, we investigated 
the impact of this herb extract on TLR signaling path-
ways, as the main pattern recognition receptors (PRRs) 
in innate immune responses [19]. On the other hand, it 
has been highlighted that tea blends of Hyssop herb are 
effective in cough relief, and treatment of laryngitis [4]. 
According to this, we assumed that Hyssop plant is ben-
eficial for viral infections such as COVID-19 which affect 
respiratory tracts. Our results indicated that the fold 
changes of endosomal TLRs including TLR 3,7,8,9 gene 
expressions significantly enhanced in PBMCs treated 
with Hyssop extract following 24 and 48 h. As such, the 
gene expression level of Myd88 and NF-κB notably ele-
vated in these cells in comparison to the control. It is 
well accepted that endosomal TLRs recognize microbial 
nucleic acids especially viral nucleic acids [20]. TLR 7, 
8,and 9 employ Myd88 molecule to direct their signaling 
pathway; while, TLR3 activation is transferred through 
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the TRIF molecule [21]. Finally, MyD88/TRIF-NF-κB 
signaling cascade induces the production of cytokines 
such as TNF-α, IL-6, IL-1 and IFN-I [21]. Based on 
coronavirus-related studies findings, TLR 3&7 are the 
most likely candidates recognizing pathogen-associated 
molecular patterns, which are considered as important 
immune mechanisms controlling infection, particularly 
SARS-CoV-2 [22]. Sallenave et al. demonstrated that TLR 
2, 3, 7 and 8 can stimulate the production of antiviral 
pro-inflammatory mediators (IL-6, IL-8, IFNs) in epithe-
lial and myeloid cells following the activation of NF-κB 
[23]. However, our results displayed that the secretion of 

IFN-α and β are significantly increased in supernatants 
of the treated cells, while the inflammatory cytokines 
including IL-8, IL-1β and TNF-α are considerably dimin-
ished in these cells. This may raise the hypothesis that the 
inhibitory effect of Hyssop on inflammation is independ-
ent from endosomal TLRs signaling; whereas, the herb 
extract stimulates IFN-I release through endosomal TLRs 
activation. Previously, Liu et  al. demonstrated that hys-
sopuside (HY), a novel phenolic glycoside isolated from 
Hyssopus cuspidatus, were able to reduce nitric oxide 
(NO) production and hamper the production of pro-
inflammatory mediators in LPS-stimulated macrophages 

Fig. 1 Gene expression levels of endosomal TLRs. The fold changes of TLR 3, 7, 8, and 9 gene expressions were estimated in PBMCs treated with 
40 µg/ml Hyssop extract in comparison to the control following 12, 24 and 48 h using real time PCR. The experiment was performed in triplicate. 
Data are presented as mean ± standard division (SD). P < 0.05 was considered as statistically significant
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[24]. Meanwhile, whether TLRs are involved in the inhi-
bition of poinflammatory processes via Hyssop needs 
further researches.

Blanco-Melo et  al. also reported that IFN-I can effi-
ciently restrict SARS-CoV-2 replication in vitro, suggest-
ing that SARS-CoV-2 triggers an IFN-I response which 
could limit viral spread [25]. Furthermore, a clinical study 

reported that IFN-I were not detected (particularly IFN-
β) or at least at lower levels (IFN-α) in plasma of patients 
with severe COVID-19 [26, 27]. Some studies have also 
described a direct relationship between the severity of 
COVID-19 and over-production of proinflammatory 
cytokines [9, 28–30].

Fig. 2 Protein expression levels of cytokines. The expression levels of IFN‑α and β, IL‑1β, TNF‑α and IL‑8 proteins were quantitatively assessed by 
ELISA test in PBMCs treated with 40 µg/ml Hyssop extract in comparison to the control after 12, 24 and 48 h. The experiment was performed in 
triplicate. Data are presented as mean ± standard division (SD). P < 0.05 was considered as statistically significant
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Conclusion
We showed that the Hyssop extract can significantly 
induce antiviral cytokine (INFs-I) production in PBMCs 
possibly through endosomal TLRs and their downstream 
signaling pathways. Moreover, the Hyssop has the capa-
bility to impede the release of proinflammatory cytokines 
from the PBMCs suggesting the potential usage of Hys-
sop in antiviral drugs. Although, it needs ongoing 
examinations on mechanisms by which the plant exerts 
anti-inflammatory consequences.

Limitations
A limitation of our study is the lack of functional assay.
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