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Research Paper
Chamomile Extracts Regulate IL-6 in PBMCs of 
Severe COVID-19 Patients

Background: Matricaria chamomilla L. is advantageous due to its anti-inflammatory properties. The 
present study aimed to assess the efficacy of treating peripheral blood mononuclear cells (PBMCs) 
of COVID-19 patients with chamomile aqueous and ethanolic extracts on regulating interleukin-6 
(IL-6) production.

Materials and Methods: PBMCs obtained from three COVID-19 volunteers were exposed to 
different concentrations (200, 300, 400, and 500 μg/mL) of ethanolic extract and (400, 500, 600, and 
700 μg/mL) of aqueous extract, as well as 1 μg/mL prednisolone (positive control). The chemical 
content of the extracts was analyzed using high-performance liquid chromatography (HPLC). The 
production level of IL-6 was quantified using ELISA.

Results: The aqueous extract contained 0.26 and 0.11 mg/g of apigenin and quercetin, respectively, 
while the ethanolic extract contained 1.32 and 3.22 mg/g of apigenin and quercetin, respectively. 
Our data revealed that the ethanolic extract (all concentrations, including 200, 300, 400, and 500 
μg/mL), aqueous extract (concentrations of 500, 600, and 700 μg/mL), and prednisolone (1 μg/
mL) significantly lowered IL-6 production in PBMCs of COVID-19 patients (P<0.05). In terms of 
viability, 400 μg/mL of aqueous extract, 200 μg/mL and 300 μg/mL of ethanolic extracts, and 1 μg/
mL of prednisolone had no significant effect on cell viability (P>0.05).

Conclusion: Given these results, the therapeutic potential of chamomile in hyper-inflammatory 
contexts can be related to its anti-inflammatory properties; however, its safety seems dose-dependent. 
Additional investigations are required to examine this herb’s potential as a complementary treatment 
for inflammatory diseases.
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Introduction

he COVID-19 pandemic, which was first 
documented in December 2019, resulted 
in a substantial rise in the occurrence of 
diseases and deaths globally. The cause 
of this outbreak was linked to infection 

by the severe acute respiratory syndrome coronavirus 
(SARS-CoV)-2 virus. SARS-CoV-1 and SARS-CoV-2 
are phylogenetically linked and are classified under the 
beta coronavirus genus [1]. While approximately 80% of 
SARS-CoV-2 confirmed cases are classified as asymp-
tomatic or moderate, the remaining 20% of individuals 
may encounter severe symptoms that have the potential 
to be life-threatening [2]. Patients do not exhibit pro-
nounced clinical signs during the early stages of disease 
progression. However, as the disease progresses, multi-
ple organ failure and acute respiratory distress syndrome 
(ARDS) become evident. A significant proportion (86%) 
of mortality attributed to SARS-CoV-2 infection has 
been documented to result from respiratory failure [3]. 

 The intricate immunopathogenicity of COVID-19 is 
linked to the virulence of the SARS-CoV-2 virus and 
the inability of the innate and adaptive immune systems 
to coordinate [4-6]. Additional putative routes that may 
contribute to immune responses against this virus include 
superantigens, autoimmunity, and pre-existing SARS-
CoV immunity [7]. Patients with COVID-19 may have 
a dysregulated host immunological response, leading 
to the development of a potentially lethal inflammatory 
status referred to as “cytokine release syndrome” [8]. 
This scenario pertains to an unregulated inflammatory 
reaction, wherein there is an immediate and widespread 
secretion of pro-inflammatory cytokines in reaction to 
infectious stimuli. It has been noted that individuals re-
quiring admission to the intensive care unit (ICU) exhibit 
an uncontrolled pro-inflammatory response [9]. ARDS 
is a significant contributor to mortality in patients with 
COVID-19. The substantial cause of this condition is an 
exaggerated immune response called a cytokine storm. 
The dysfunction of the respiratory epithelium in individ-
uals with ARDS is associated with the involvement of 
various interleukins, including interleukin-1 (IL-1), IL-
6, IL-17, and tumor necrosis factor-α, which play a fun-
damental role in the advancement of lung damage [10].

Throughout evolution and human history, natural prod-
ucts played a pivotal role in treating numerous ailments 
[11]. The COVID-19 pandemic has substantially im-
pacted the application of herbal medicine. Nevertheless, 
a significant variation was observed in the utilization of 
herbal medications, necessitating further investigation to 

assess their efficacy and establish a comprehensive data-
base documenting the herbal ingredients employed and 
their possible advantages and drawbacks [12]. Given the 
prevailing focus of global health on immunizing individ-
uals who are in good health and treating those who are 
already ill, it is imperative to emphasize the significance 
of research endeavors to identify plant species with 
medicinal potential against different viral infections. 
Chamomile is widely recognized as a prominent herbal 
remedy employed in treating influenza or influenza-like 
symptoms owing to its antiviral properties [13]. This 
plant is significant in traditional Iranian contexts. Per-
sian scholars, including Dioscoridus, Galen, Avicenna, 
Jarjani, and Ibn Bitar highlighted the therapeutic benefits 
of this plant on the neurological, digestive, and respi-
ratory systems [14]. Chamomile contains notable bio-
logically active compounds, such as apigenin, luteolin, 
patoletin, quercetin, and glucosides. Extensive research 
has substantiated the antimicrobial, antifungal, anti-in-
flammatory, antiallergic, wound-healing, antipyretic, an-
tispasmodic [15, 16], sedative [17], anticancer [18], and 
antioxidant [19] properties of these substances.

In light of the significance of identifying medications 
that possess minimal adverse effects and are economi-
cally valuable for the worldwide healthcare system, this 
research endeavor was undertaken to assess the potential 
advantageous impacts of ethanolic and aqueous extracts 
obtained from chamomile on the concentration of pro-
inflammatory cytokine production, IL-6, in peripheral 
blood mononuclear cells (PBMCs) of individuals af-
flicted with COVID-19.

Materials and Methods

Herbal materials

Preparation of chamomile aqueous and ethanolic 
extracts

Dried aerial portions of chamomile were acquired from 
the Pakan Bazar Isfahan firm in Iran. A total of 10.0 g of 
dried and ground material was macerated in either dis-
tilled water (100 mL) or 70% ethanol (100 mL) to pre-
pare aqueous or ethanolic extracts, respectively. The sys-
tems were subjected to a three-day immersion period at 
ambient temperature, during which intermittent agitation 
was applied. Subsequently, the extracts were filtered us-
ing folded gauze and Whatman filters. Subsequently, the 
filtrate was concentrated using a rotary vacuum evapora-
tor (temperature: 40 °C), forming a waxy substance. Fi-
nally, the substance was dried at a temperature of 37 °C. 
The samples were stored in the dark at 4 °C until testing. 

T
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For cell culture experiments, the desiccated substance 
obtained from the ethanolic and aqueous extracts was 
carefully weighed and subsequently dissolved in RPMI 
1640 culture medium, which was sourced from Gibco 
(United States). Prednisolone was dissolved in dimethyl 
sulfoxide (DMSO) to prepare a stock solution. The pre-
pared solution was combined with the culture medium to 
obtain the desired concentration. Notably, the medium’s 
final concentration of DMSO did not exceed 0.5% [16, 
20]. It should be noted that all materials under study 
were endotoxin-free.

High-performance liquid chromatography 
(HPLC) analysis

The two flavonoids, apigenin, and quercetin, present 
in chamomile’s aqueous and ethanolic extracts, were 
evaluated using liquid chromatography following appro-
priate preparation procedures. The measurements were 
conducted in triplicates. Reference standards of apigenin 
(product number 10798, purity >95.0%) and quercetin 
(product number Q4951, purity >95.0%) were procured 
(Sigma-Aldrich). All other substances used in the ex-
periment were of high analytical quality. A Shimadzu 
(LC 20, Japan) HPLC system comprising an LC-10Avp 
pump, CTO-10A column oven, SPD-10A UV-DAD de-
tector, CBM-10A interface, and LC-10 Workstation was 
used. A Eurospher 100-5 C18 column was employed 
with a particle size of 5 µm, length of 250 mm, and di-
ameter of 4.6 mm. The mobile phases used in the ex-
periment consisted of two components: (A) consisting 
of 0.1% (v/v) phosphoric acid dissolved in water, and 
(B), which was acetonitrile. The gradient consisted of 
the following proportions of solvent A (v/v) over cer-
tain time intervals: 0-90% A at 0-10 minutes, 90-30% 
A at 10-40 minutes, 30-10% A at 40-45 minutes, 10% A 
at 45-50 minutes, and 10-90% A at 50-60 minutes (to-
tal run time=60 min). The flow rate of the stream was 
1.5 mL/min, the injection volume was 20 μL, and the 
wavelength utilized for detection was 350 nm. Phenolic 
chemical standards, including apigenin and quercetin, 
were dissolved in methanol to measure the amounts of 
apigenin and quercetin in chamomile›s ethanolic and 
aqueous extracts. The apex in HPLC was determined by 
comparing the retention times of apigenin and quercetin. 
The apigenin and quercetin contents in the extracts were 
determined by analyzing the peak areas of apigenin and 
quercetin reference standards used as points of standard 
measurement. The results are presented as milligrams 
per gram of extract [21, 22].

Human subjects

Since the present study was conducted in the first year 
of the COVID-19 pandemic and no cell line related to 
this disease was available, we collected blood samples 
from three COVID-19 patients, and their PBMCs were 
used as a representative for the COVID-19 cell line. 
PBMCs were collected from confirmed COVID-19 pa-
tients hospitalized at Nikan Hospital, Tehran Province, 
Iran (February 2022). COVID-19 was confirmed based 
on the World Health Organization guidance [21]. In this 
regard, patients with positive SARS-CoV-2 reverse tran-
scription polymerase chain reaction (RT-PCR) and lung 
involvement on chest computed tomography scans were 
enrolled in this study. Patients were hospitalized in the in-
tensive care unit (ICU) and had IL-6 levels in the ELISA 
test above the normal range. Blood samples were col-
lected on the first day of hospitalization. The subjects had 
a mean age of 72.6 years, and their main clinical manifes-
tations were fever, cough, weakness, and body bruising.

In vitro experiment on peripheral blood mono-
nuclear cells (PBMCs) 

PBMCs isolation

PBMCs were isolated using previously described meth-
ods [23], wherein heparinized human peripheral whole 
blood was used. Specifically, 10 mL of whole blood was 
obtained from three individuals diagnosed with severe 
COVID-19 by venipuncture. Each patient was consid-
ered a separate case. The collected blood samples were 
transferred to heparin tubes. PBMCs were isolated from 
whole blood using density gradient centrifugation with 
Lymphodex (manufactured by Inno-Train, Germany).

In detail, 3 mL of phosphate-buffered saline (PBS) was 
added to each blood sample and then slowly poured into 
two Falcon tubes containing 3 mL of Lymphodex. The 
sample was centrifuged at 400 g for 30 min at 25°, form-
ing a white layer. The white layer containing PBMCs 
was separated using a micropipette and poured onto 10 
mL of PBS for cell washing. For this purpose, the sol-
vent was centrifuged at 6° for 10 min at 300 g. In the 
next step, after draining the supernatant, the cells were 
re-washed by adding 5 mL of PBS to the cell pellet and 
centrifugation at 250 g for 10 min. Next, the supernatant 
was extracted, and cells were placed in RPMI medium 
enriched with 10% FBS (BIO-IDIA, Iran) and 1% peni-
cillin-streptomycin solution (5000 units/mL penicillin; 5 
mg/mL streptomycin) (Sigma Aldrich, Germany). Cell 
viability evaluation using trypan blue revealed that the 
separated cells exhibited a viability rate exceeding 98%.
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PBMCs culture and experimental design 

The PBMC’s density was adjusted to 1×105 cells/well. 
Cell suspensions were distributed in 96-well plates con-
taining RPMI medium with 10% FBS and 1% penicillin-
streptomycin. 

In our pilot study, we initiated treatment with very low 
doses of chamomile extract and gradually increased the 
concentration until we observed a noticeable decrease in 
IL-6 production. We then expanded our range to higher 
doses to assess the dose-response relationship. However, 
at higher concentrations, we observed a decreased cell 
viability, which prompted us to select the dose range used 
in the final study. This range allowed us to evaluate the 
anti-inflammatory effects of chamomile extracts while 
minimizing potential cytotoxicity. Accordingly, different 
concentrations of chamomile aqueous (400, 500, 600, 
and 700 µg/mL) and ethanolic (200, 300, 400, and 500 
µg/mL) extracts were added to the cells for analysis. An 
equivalent number of wells was used for prednisolone 
as a positive control (1 µg/mL, purity 98%, Sigma Al-
drich, Germany) instead of the chamomile extracts. The 
plates were placed in an incubator and kept at 37 °C for 
24 hours in 5% CO2 humidified air [23, 24].

Interleukin-6 (IL-6) cytokine secretion

The supernatants derived from the cell culture for sub-
sequent ELISA analysis were stored at -70 °C. IL-6 levels 
were measured using commercially available kits (R&D, 
USA). After thawing at room temperature, the cell cul-
ture supernatants were transferred to the corresponding 
wells of a 96-well plate. All the reagents included in the 
kit were placed at room temperature and mixed care-
fully to avoid foaming. Each sample group was analyzed 
in replicate for each cytokine. A spectrophotometer 

(BioTek, USA) was used to measure the optical density 
of each well, and the absorbance values were recorded 
employing a microplate reader at a specific wavelength 
of 450 nm [23].

Statistical analysis

The results were expressed as the Mean±SE. Statistical 
analysis was conducted using SPSS software, version 
23. Initially, we used the Shapiro-Wilk test to assess nor-
mality across all groups. The results indicated that most 
groups showed normal distribution with P>0.05. The 
statistical analysis employed in this study to measure the 
significance of differences between treatment groups in-
volved using analysis of variance (ANOVA), followed 
by Duncan’s multiple tests. Graphs were created using 
GraphPad Prism software, version 6.0. Statistical signifi-
cance was set at P<0.05.

Results

HPLC analysis of the extracts

Figures 1 and 2 show the chromatographic profiles of 
the ethanolic and aqueous extracts of chamomile, respec-
tively. The results of the quantitative study on phenolic 
compounds revealed the presence of the standard com-
ponents, apigenin and quercetin, in both aqueous and 
ethanolic extracts. Figure 3 shows the chromatograms of 
the combination, including standard markers [22].

The contents of the aforementioned components in the 
ethanolic and aqueous extracts were ascertained based on 
the calibration curve of apigenin y=448.073x–3568.48 
(R2=0.9959) and quercetin y=958.599x–11529.5  
(R2=0.9825), where y represented the Summit region, 
and x denoted the concentration of analytes (50, 100, 

Figure 1. The HPLC chromatogram of the ethanolic extract obtained from Chamomile, measured at a wavelength of 350 nm
HPLC: High-performance liquid chromatography.
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200, 300, and 400 μg/mL). Apigenin and quercetin were 
quantified in various extracts using calibration curves 
[22]. The amounts of apigenin and quercetin in the aque-
ous extract were 0.26 and 0.11, and in the ethanolic ex-
tract, they were 1.32 and 3.22 mg/g of dry chamomile 
powder, respectively. 

IL-6 cytokine release after PBMCs treatment with 
Chamomile extracts

The production of IL-6 cytokine following the treat-
ment of PBMCs with ethanolic and aqueous chamomile 
extracts was examined. The results indicated that PBMCs 
treated with the ethanolic extract at all concentrations, as 
well as the positive control group treated with predniso-
lone, exhibited significantly lower IL-6 production than 
the untreated group (P<0.001) (Figure 4). Furthermore, 

PBMCs exposed to the aqueous extract at concentrations 
of 500, 600, and 700 μg/mL, as well as the positive con-
trol group treated with prednisolone (1 μg/mL), exhib-
ited a statistically significant decline in the production of 
IL-6 compared to the untreated group (P<0.01) (Figure 
5). Compared to prednisolone (1 μg/mL), 300, 400, and 
500 μg/mL of ethanolic extracts and 400, 500, and 700 
μg/mL of aqueous extract significantly decreased IL-6 
concentration. 

The dose-response curve (Figure 6) shows that IL-6 
production decreased with increasing doses of chamo-
mile aqueous and ethanolic extracts.

It should be noted that the viability of the PBMCs was 
assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5 di-
phenyl tetrazolium bromide (MTT) test in the first step 

Figure 2. The HPLC chromatogram of the aqueous extract obtained from Chamomile, measured at a Wavelength of 350 nm
HPLC: High-performance liquid chromatography.
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of the study. The result demonstrated that 400 μg/mL of 
aqueous extract, 200 μg/mL, and 300 μg/mL of ethano-
lic extract, as well as 1 μg/mL of prednisolone, did not 
cause a substantial decline in cell viability when com-
pared to untreated cells [25].

PBMCs obtained from COVID-19 patients were 
treated with rising concentrations (200, 300, 400, and 
500 μg/mL) of chamomile ethanolic extract and pred-
nisolone (1 μg/mL). The concentration of IL-6 was 

measured in the cell culture medium of PBMCs treated 
with chamomile ethanolic extract for 24 h. Data are pre-
sented as Mean±SEM from three separate experiments; 
significant differences were determined using one-way 
ANOVA followed by Dunnett’s post-hoc test (*P<0.05 
compared to untreated cells).

PBMCs obtained from COVID-19 patients were treated 
with rising concentrations (400, 500, 600, 700 μg/mL) of 
chamomile aqueous extract and prednisolone (1 μg/mL). 
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The concentration of IL-6 was measured in the cell cul-
ture medium of PBMCs treated with chamomile aque-
ous extract for 24 h. Data are presented as Mean±SEM 
from three separate experiments; significant differences 
were determined using one-way ANOVA followed by 
Dunnett’s post-hoc test (P<0.05 compared to untreated 
cells).

Discussion

The results of various studies demonstrate that chamo-
mile possesses widely recognized properties that reduce 
inflammation and counteract the effects of oxidants. 
Furthermore, the anti-inflammatory effects have been 
demonstrated to result from inhibiting nitric oxide (NO) 
production [26]. The present study represents a novel 
examination of the potential anti-inflammatory proper-
ties of chamomile in hyperinflammation linked to COV-
ID-19. Our results demonstrated the in vitro anti-inflam-
matory efficacy of aerial parts of chamomile extracts 
and, importantly, provided initial evidence suggesting 
that the observed immune-regulating effects of chamo-
mile can be attributed to the modulation of immune cell 
function. This particular herb possesses properties that 
make it suitable for future and more extended research 
for incorporation into a complementary pharmaceutical 
product, as it has demonstrated a significant ability to 
reduce inflammation in a manner equivalent to the cor-
ticosteroid prednisolone, which has been approved for 
such purposes.

Previous studies have documented a notable disparity 
in IL-6 concentrations between individuals with severe 
and non-severe COVID-19 [27]. Consistent with other 
studies suggesting the anti-inflammatory properties of 
different chamomile extracts and its metabolites, this 

study also demonstrated that chamomile effectively re-
duced inflammation by reducing the production of IL-6 
by PBMCs. It is worth mentioning that in our first part 
of the study, the extracts exhibited minimal cytotoxicity 
towards cell viability when used at low concentrations 
(specifically, 400 μg/mL of aqueous extract and also 200 
μg/mL and 300 μg/mL of ethanolic extract) [25] (Ap-
pendix 1). These results indicate that these extracts can 
be employed as anti-inflammatory immunomodulators. 
Consistent with these findings, De Cicco et al. examined 
the in vitro impact of chamomile extracts on lymphocyte 
proliferation, viability, and stimulation of proinflamma-
tory cytokine levels in PBMCs. The study revealed that 
chamomile extract effectively suppressed the production 
of IL-6 by inhibiting the expression of genes associated 
with this cytokine. It highlighted the utilization of cham-
omile extract as an effective anti-inflammatory media-
tor. In the study by Cicco et al. the application of inter-
feron gamma (IFN-γ) and lipopolysaccharides (LPS) to 
murine and human macrophages, in addition to a safe 
amount of chamomile essential oils (EOs), resulted in 
a substantial drop in the level of IL-6. This decrease 
was observed in cell supernatants and messenger ribo-
nucleic acid (mRNA) levels [28]. The study conducted 
by Srivastava et al. demonstrated that the administration 
of chamomile effectively suppressed the secretion of 
prostaglandin E(2) caused by LPS in RAW 264.7 mac-
rophages. The observed impact was determined to result 
from the suppression of cyclooxygenase-2 (COX-2) 
activity by chamomile. Furthermore, chamomile ad-
ministration led to a significant downregulation of the 
expression of COX-2 mRNA and protein generated by 
LPS, while having no impact on the expression of COX-
1 [29]. α-bisabol, often known as α-bis, has garnered 
pharmacological attention due to its presence in the es-
sential oil derived from chamomile. The research carried 
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out by D’Almeida et al. demonstrated that the utilization 
of α-bis-lipid-core nano-capsules caused a significant 
drop in various indicators of lung inflammation and in-
jury in a murine model of acute respiratory distress syn-
drome. These indicators included neutrophil infiltration, 
chemokine levels (particularly KC and MIP-2), airway 
hyperreactivity, myeloperoxidase activity, and lung tis-
sue injury [30]. In support of these results, McKay et 
al. conducted research utilizing extracts derived from 
Matricaria recutita L. In this investigation, the primary 
components of the oil were identified as α-bis and its 
oxides. The researchers observed that the administration 
of these extracts effectively inhibited leukocyte infiltra-
tion, which was caused by concurrent carrageenan and 
prostaglandin E1 treatment in “Wistar” rats [31].

The difference in solubility between ethanol and water 
influences the extraction efficiency of bioactive com-
pounds, potentially leading to higher concentrations in 
ethanolic extracts. According to Cowan [32], ethanol 
is highly efficient for extracting phenolic compounds. 
Our HPLC analysis showed that significantly higher 
amounts of flavonoids including apigenin and quercetin, 
were found in the ethanolic extract than in the aqueous 
extract. These compounds are known for their anti-in-
flammatory properties and may have contributed to the 
enhanced efficacy of the ethanolic extract observed in 
the present study. Apigenin and quercetin represent the 
principal phenolic anti-inflammatory compounds identi-
fied in chamomile [33]. Research results have indicated 
that apigenin has effectively reduced the proinflammato-
ry enzymes’ activity by suppressing the mRNA expres-
sion of COX and inducible nitric oxide synthase (iNOS) 
[34, 35]. Furthermore, previous studies have provided 
evidence of its ability to inhibit the release of IL-6 and 
IL-8, as well as its capacity to decrease the expression of 
adhesion molecules including ICAM-1, VCAM-1, and 
E-selectin, in response to cytokine stimulation [36]. The 
research conducted by Drummond et al. (2013) revealed 
that apigenin exhibited significant anti-inflammatory 
properties, as evidenced by its ability to decrease the 
levels of IL-6 by approximately 70%–90% at concentra-
tions of 10 mM and higher [37]. Quercetin possesses the 
capacity to diminish the production of NO and TNF-a 
by human macrophages. Additionally, it has been noted 
that it diminishes the expression levels of COX-2 and 
inducible nitric oxide synthase (iNOS) mRNA [38]. Fur-
thermore, Drummond et al. observed a notable decline in 
IL-6 levels following the quercetin administration [37]. 

Our results demonstrated that chamomile extracts, par-
ticularly ethanolic extracts, reduced excessive inflam-
mation by suppressing IL-6 production in COVID-19 

patients PBMCs. While additional research is required to 
ascertain the influence of various chamomile extracts on 
the modulation of additional inflammatory agents such 
as cytokines, chemokines, and immune cells involved in 
the pathology of COVID-19, the previously described 
discoveries also illuminate the immune-regulating role 
of chamomile extract in adaptive immunity. Further-
more, it is essential to conduct randomized, double-blind 
clinical trials involving human subjects to obtain clini-
cally significant results about the potential of chamomile 
as an effective treatment for COVID-19. In addition to its 
recognized medical qualities, numerous investigations 
have highlighted concerns over the potentially harmful 
consequences of chamomile, particularly about allergic 
reactions that may occur after oral consumption [39] and 
contact dermatitis following topical applications [40, 
41]. In addition, chamomile preparations contain many 
constituents, including chamazulene, cis-spiroether, and 
trans-spiroether. These constituents have demonstrated 
inhibitory effects on crucial drug-metabolizing enzymes 
in vitro, namely those relevant to human metabolism 
[42]. Therefore, it is imperative to consider the possi-
bility of interactions between chamomile and different 
pharmaceutical substances.

Conclusion

This study demonstrates that aqueous and ethanolic ex-
tracts of Matricaria chamomilla L. effectively regulate 
IL-6 production in PBMCs from COVID-19 patients 
with severe manifestations. Notably, the safety profile 
of chamomile appears to be dose-dependent, indicating 
that careful consideration of dosage is crucial to maxi-
mize therapeutic benefits and minimize adverse effects. 
This study highlights the possible therapeutic potential 
of chamomile in reducing IL-6 production and opens 
avenues for future investigations into its role in broader 
inflammatory contexts.

This study has certain limitations. The small sample 
size restricted the generalizability of our findings. Ad-
ditionally, the in vitro setup, although useful for initial 
exploration, does not fully capture the complex inter-
actions in vivo. In addition, due to resource constraints 
during the study period, particularly given the extraor-
dinary circumstances, it was not feasible to delve into 
the underlying mechanisms and more specific mediators 
within the scope of the current research. Future studies 
should explore the effect of chamomile extracts on key 
signaling pathways and cytokine production to provide 
deeper insights into their anti-inflammatory effects.
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