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Abstract 

Context: Echinacea purpurea, a well-known herbal remedy, is believed to possess immunomodulatory properties and has been traditionally utilized for a wide 

range of health benefits. However, its antiviral activities, particularly against SARS-CoV-2, and its modulation of reproductive hormones remain unknown. 

Aims: To investigate the utilization of E. purpurea herbal preparations as an antiviral by evaluating the Transmembrane Serine Protease 2 (TMPRSS2) 

expression and investigating its effect on reproductive hormones by measuring androgen in males and estrogen in females. 

Methods: Forty male and female participants were randomly assigned to different groups. Daily administration of 400 mg of E. purpurea herbal preparations 

for 28 days constituted the intervention. The gathering of demographic data was documented. Before and after the intervention, samples were collected for 

investigation, which included the ELISA-based assessment of androgen, estrogen, and TMPRSS2 expression. 

Results: This study indicated that administration of E. purpurea can significantly down-regulate TMPRSS2 expression in both males (8.39 ± 1.13 to 4.16 ± 1.53; 

p=0.000) and females (14.18 ± 1.93 to 5.25 ± 1.13; p=0.000). The androgen was also significantly down-regulated in the male intervention group (22.73 ± 1.75 to 

12.72 ± 2.26; p=0.000). In addition, estrogen levels were also significantly up-regulated in the female intervention group (72.33 ± 11.12 to 161.14 ± 35.13; 

p=0.000).  

Conclusions: E. purpurea may be capable of down-regulating androgen in males, up-regulating estrogen in females, and down-regulating TMPRSS2 
expression. This study contributes to the growing body of literature exploring the effects of E. purpurea as an antiviral property, especially for SARS-CoV-2, 

and its effect on reproductive hormones.  
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Resumen 

Contexto: Se cree que la Echinacea purpurea, un conocido remedio herbal, posee propiedades inmunomoduladoras y se ha utilizado tradicionalmente para 

una amplia gama de beneficios para la salud. Sin embargo, aún se desconocen sus actividades antivirales, en particular contra el SARS-CoV-2, y su 

modulación de las hormonas reproductivas.  

Objetivos: Investigar la utilización de preparados herbales de E. purpurea como antiviral mediante la evaluación de la expresión de la proteasa 

transmembrana de serina 2 (TMPRSS2) e investigar su efecto sobre las hormonas reproductivas mediante la medición de andrógenos en varones y 

estrógenos en mujeres. 

Métodos: Cuarenta participantes masculinos y femeninos fueron asignados aleatoriamente a diferentes grupos. La intervención consistió en la administración 

diaria de 400 mg de preparados herbales de E. purpurea durante 28 días. Se documentó la recogida de datos demográficos. Antes y después de la 

intervención, se recogieron muestras para la investigación, que incluyó la evaluación basada en ELISA de la expresión de andrógenos, estrógenos y TMPRSS2. 

Resultados: Este estudio indicó que la administración de E. purpurea puede reducir significativamente la expresión de TMPRSS2 tanto en hombres (8,39 ± 1,13 
a 4,16 ± 1,53; p=0,000) como en mujeres (14,18 ± 1,93 a 5,25 ± 1,13; p=0,000). El andrógeno también se redujo significativamente en el grupo de intervención 

masculino (22,73 ± 1,75 a 12,72 ± 2,26; p=0,000). Además, los niveles de estrógeno también aumentaron significativamente en el grupo de intervención 

femenino (72,33 ± 11,12 a 161,14 ± 35,13; p=0,000). 

Conclusiones: E. purpurea puede ser capaz de regular a la baja los andrógenos en los varones, regular al alza los estrógenos en las mujeres y regular a la baja 

la expresión de TMPRSS2. Este estudio contribuye al creciente cuerpo de literatura que explora los efectos de E. purpurea como propiedad antiviral, 

especialmente para el SARS-CoV-2, y su efecto sobre las hormonas reproductivas. 

Palabras Clave: andrógenos; Echinacea; estrógenos; reproducción. 
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INTRODUCTION 

Nature has always been a rich resource of thera-
peutic compounds, presenting us with a variety of 
medicinal plants that contain beneficial phytochemi-
cals. Recently, phytotherapy has become increasingly 
prevalent in the treatment and prevention of a variety 
of medical diseases. In recent decades, there has been 
a worldwide increase in interest in medicinal plants 
that can play a role as immunomodulators, including 
Echinacea purpurea, also known as coneflower (Kumar 
and Ramaiah, 2011). The United States (US) Food and 
Drug Administration (FDA) identifies it as a food, 
whereas Commission E (Task Force E of the Federal 
Bureau of Health of Germany) authorized it as a med-
ication. Echinacea is a genus of nine herbaceous, daisy-
family (Asteraceae; Compositae) flowering plants indig-
enous to eastern and central North America. There 
are various applications for Echinacea species, compo-
nents, and preparations. Three species of Echinacea, 
notably E. purpurea, E. angustifolia, and E. pallida, have 
been utilized for generations in Native American 
medicine. Multiple significant categories of bioactive 
constituents having pharmacological properties have 
been identified. The most important components in-
clude alkylamides, polysaccharides, glycoproteins, 
flavonoids, and phenolic compounds, including deri-
vates of caffeic acid, such as caffeic acid, chicoric acid, 
caftaric acid, chlorogenic acid, and echinacoside, 
whose levels vary according to the plant's sections 
(Attarzadeh et al., 2020; Bruni et al., 2018). Phylloxan-
thobilins, 3-phellandrene, acetaldehyde, dimethyl 
sulfide, camphene, hexanal, apinene, and limonene 
were also detected in all plant tissues, regardless of 
species (Attarzadeh et al., 2019; Dalby-Brown et al., 
2005; Kakimov et al., 2021; Maggini et al., 2019; Nya-
lambisa et al., 2017; Pallag et al., 2016; 
Ramezannezhad et al., 2019; Tabar et al., 2019; Ven-
dramin et al., 2021). 

Furthermore, current research has identified 
Transmembrane Serine Protease 2 (TMPRSS2) as a 
crucial role in viral infections, such as the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), 
the virus responsible for the coronavirus disease of 
2019 (COVID-19) pandemic (Iwata-Yoshikawa et al., 
2022; Mahapatra et al., 2021). It has been discovered 
that TMPRSS2 facilitates viral entrance into host cells, 
emphasizing its significance in infection progression. 
Understanding the effect of immunomodulatory 
compounds, such as that of E. purpurea, on TMPRSS2 
expression could shed light on their possible antiviral 
capabilities. In addition to its immunomodulatory 
and antiviral properties, recent research reveals that 
E. purpurea may also alter reproductive hormones. 
According to a study, E. purpurea may have an anti-

androgenic effect in male rats (Skaudickas et al., 
2004). In addition, molecular docking research 
demonstrated that E. purpurea may have estrogenic 
effects via binding to and modulating the human 
estrogen receptor (Powers et al., 2015). Randomized 
controlled clinical trials are regarded as the gold 
standard for assessing the efficacy and safety of hu-
man interventions. This study aims to investigate the 
utilization of E. purpurea herbal preparations as an 
antiviral by evaluating the TMPRSS2 expression and 
investigating its effect on reproductive hormones by 
measuring androgen in males and estrogen in fe-
males.  

MATERIAL AND METHODS 

Ethical consideration 

This study was reviewed and approved by The 
Health Research Ethics Committee Dr. Moewardi 
Hospital, Surakarta, Central Java, Indonesia (refer-
ence number of 911/VI/HREC/2022 and issued on 
6th July 2022). The study adhered to the Helsinki Dec-
laration's guiding principles (World Medical Associa-
tion, 2013). Before being enrolled in the study, all 
subjects were provided either verbal or written in-
formed consent. The procedures and objectives of the 
study were communicated to the participants. In ad-
dition, participants were informed that they might 
withdraw from the study at any moment. This re-
search also received support from and collaboration 
with the Indonesian Ministry of Education, Culture, 
Research and Technology. 

Study locations 

This is a pilot clinical trial with a posttest control 
group design was conducted at the Mondokan Health 
Center, Sragen, Central Java, Indonesia. Mondokan 
Health Center is one of the tertiary health centers in 
Indonesia where demographic data was collected, 
clinical evaluation and intervention administration 
were performed, as well as sampling, which was then 
used for laboratory tests at the Biomedical Laborato-
ry, Faculty of Medicine, Universitas Sebelas Maret, 
Surakarta, Central Java, Indonesia. The study was 
conducted between May 2022 and March 2023.  

Study participants 

The study population comprised individuals of 
reproductive age residing in the Mondokan Health 
Center's service area in Sragen, Central Java, Indone-
sia. The inclusion criteria for this study consist of the 
following: 1) Participants including both males and 
females between the ages of 18 and 49 to guarantee 
homogeneity; 2) Subjects whose reproductive hor-
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mone levels are stable within the normal range, as 
determined by pre-study blood tests; 3) Participants 
without significant chronic medical conditions or 
uncontrolled diseases that could impede the study's 
results or their ability to adopt herbal medicines. 4) 
Participants who are willing and able to provide writ-
ten informed consent to participate in the trial, indi-
cating that they understand the procedures, potential 
risks, and potential benefits of the study; 5) Partici-
pants within a specific body mass index (BMI) range 
(18.5-30) to remove potential confounding factors 
related to weight and metabolism; 6) Individuals who 
are not using hormone replacement therapy, oral 
contraceptives, or any other medications that may 
influence reproductive hormone levels. 7) Participants 
with no known allergies or hypersensitivity to E. pur-
purea or any of its components, as determined by 
medical history and allergy testing; and 8) Partici-
pants with the ability to adhere to the study protocol, 
attend scheduled visits, and complete required evalu-
ations and questionnaires. 

Exclusion criteria include those below or above the 
age requirements, pregnant or lactating female, those 
with preexisting hormonal disorders, those currently 
or recently using hormone-based medications, those 
with known allergies or hypersensitivity to E. pur-
purea or its components, and those with an autoim-
mune disease diagnosis. The dropout criteria include 
participant withdrawal, noncompliance with the 
study protocol, substantial adverse effects associated 
with herbal preparations, follow-up loss, and failure 
to meet exclusion criteria. These criteria guarantee 
that study participants are suitable for the research 
objectives, limit confounding variables, and maintain 
data integrity throughout the trial. 

Sample size 

Lemeshow's replication technique was used to cal-
culate the sample size for a study (Lemeshow and 
David, 1997). According to the calculations, the min-
imum number of samples required for each group 
was eight. Considering a previous study's 12.5 per-
cent failure rate (Novika et al., 2022), it was rectified 
using the formula 1/(1-f) x r. Therefore, the resulting 
sample size was 1/(1-0.125) × 8 = 9.14, rounded to 10. 
The researcher settled on a sample size of 10 for each 
group: male control group, male treatment group, 
female control group, and female treatment group, for 
a total of 40 participants. 

Randomization 

Randomization using Microsoft Excel was used to 
assign participants to distinct groups. Separate rows 

were created for the participant ID numbers and gen-
der information. Using the "=RAND()" function, a 
person not directly involved in the study assigned 
random numbers to each participant in order to pre-
serve blinding. This method ensured a fair and objec-
tive allocation process, eliminates selection bias, and 
enhanced the internal validity of the study. 

Preparation and intervention 

As a form of treatment, herbal components were 
utilized. Capsules of E. purpurea were obtained from 
existing products that had been approved by Indone-
sia's National Agency for Drug and Food Control. 
Instructions drawn from reliable published articles 
were utilized as support to estimate the dosage. In a 
prior trial, E. purpurea was provided at 400 mg per 
day for a total of 28 days (Li et al., 2017). 

Data collection 

In this study, demographic information and clini-
cal evaluations were obtained. Age, sex, and other 
relevant variables were included in the demographic 
data. The clinical evaluations included a comprehen-
sive assessment of the individuals' health status, in-
cluding medical history and physical examinations. 
Before and after the intervention, blood samples from 
the participants were collected. The collected samples 
were then examined using specialized enzyme-linked 
immunosorbent assay (ELISA) kits. Androgen Hu-
man ELISA kit (BT-Lab, Bioassay Technology Labora-
tory), Cat. No. E6694Hu; Estrogen Human ELISA Kit 
(DEMEDITEC), Cat. No. 42K.121; and Human 
TMPRSS2 Human ELISA kit (BT-Lab, Bioassay Tech-
nology Laboratory), Cat. No. E0090Hu; were utilized. 
The analysis was undertaken according to the manu-
facturer's instructions supplied in each kit. 

Statistical analysis 

All statistical analyses were performed using Sta-
tistical Package for the Social Sciences (SPSS) version 
27.0 (SPSS Inc. Chicago, IL, USA, 2020). Descriptive 
statistics analyses were generated to define the demo-
graphic characteristics of the study subjects. This in-
volved calculating metrics, including means and 
standard deviations. Depending on the data distribu-
tion, either the independent t-test or the Mann-
Whitney test was employed to compare demographic 
data. In addition, a paired student t-test or Wilcoxon 
signed-rank test, depending on the data distribution, 
was employed to assess the effect of the intervention 
on TPPRS2 expression and reproductive hormone 
levels. The significance level (alpha) was set to 0.05. 
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RESULTS  

Characteristics of study participants 

This study enrolled forty participants who met the 
criteria. The demographic information was observed 
for all participants. The overall characteristics are 
shown in Table 1. In this study, there were no signifi-
cant differences in the entire demographic data. Dur-
ing study completion, none of the participants 
dropped out. On the first day of consumption, there 
were a number of adverse reactions, including nausea 
(n = 1) and itchiness (n = 1). The researcher gave a 
treatment for this reaction, and on the second day, the 
reaction did not occur. Researchers have also guaran-
teed that individuals are still willing to participate in 
ongoing studies. 

E. purpurea on TMPPRS2 expression 

This study indicated that administration of E. pur-
purea can down-regulate TMPRSS2 expression, as 
evidenced by a significant decrease in TMPPRS2 ex-
pression in the intervention group after 28 days of 
treatment in all samples (11.28 ± 3.35 to 4.70 ± 1.42 
pg/mL; p=0.000) as well as both males (8.39 ± 1.13 to 
4.16 ± 1.53 pg/mL; p=0.000) and females (14.18 ± 1.93 
to 5.25 ± 1.13 pg/mL; p=0.005) (see Table 2). 

This study also showed that administration of E. 
purpurea can also down-regulate the androgen, prov-
en by the significant decrease in androgen levels in 
the intervention group after being given E. purpurea 
for 28 days in males (22.73 ± 1.75 to 12.72 ± 2.26 
pg/mL; p=0.005). In addition, the administration of E. 
purpurea led to an increase in estrogen levels in fe-

males (72.33 ± 11.18 to 161.14 ± 35.13 pg/mL; 
p=0.000), indicating an up-regulation of estrogen (see 
Table 3). 

DISCUSSION 

E. purpurea is a well-known medicinal herb with 
immunomodulatory, anti-inflammatory, and antioxi-
dant properties. E. purpurea has a number of bioactive 
compounds that have biological and pharmacological 
effects as an immunomodulator. These bioactive 
compounds are alkylamides (Cech et al., 2010; Mudge 
et al., 2011; Rios and Olivo, 2014; Saeidnia et al., 2015), 
polysaccharides (Balciunaite et al., 2015; Cai et al., 
2014; Jiang et al., 2021; Mohamed Sharif et al., 2021; 
Xu et al., 2022; Yang et al., 2018; Yao et al., 2019), and 
glycoproteins (Bergeron and Gafner, 2007; Bodinet 
and Beuscher, 1991; Del-Rio-Navarro et al., 2006; 
Guiotto et al., 2008; Kim et al., 2014). Several process-
es are responsible for the immunostimulant effect of 
its formulations, including phagocytosis activation, 
fibroblast stimulation, and cytokine induction (Sae-
idnia et al., 2015; World Health Organization, 1999). It 
has been demonstrated that E. purpurea modulates 
both innate and adaptive immune responses (Zhai et 
al., 2007). By positively impacting the host's defensive 
mechanisms and the fate of dendritic cell production, 
it can activate or suppress both the innate and adap-
tive immune responses (El-Ashmawy et al., 2015; 
Haria et al., 2016; Nagoor et al., 2021). Antiviral effect 
also found in Echinacea especially in polysaccharides 
(Balciunaite et al., 2015; Cai et al., 2014; Jiang et al., 
2021; Mohamed Sharif et al., 2021; Xu et al., 2022; 
Yang et al., 2018; Yao et al., 2019) and flavonoid 
(Agrawal, 2011; Kurkin et al., 2011).  

 
 

Table 1. Characteristic of study participants. 

Variable 

Male Female 

All Group  

(n = 20) 

Intervention 

group  

(n = 10) 

Control group  

(n = 10) 
p 

All group  

(n = 20) 

Intervention 

group  

(n = 10) 

Control group  

(n = 10) 
p 

Age  

(years) 

22.55 ± 2.625 22.80 ± 2.658 22.30 ± 2.71 0.682 23.00 ± 1.919 22.80 ± 2.150 23.20 ± 1.751 0.654 

Weight 

(kg) 

64.80 ± 4.561 64.70 ± 5.122 64.90 ± 4.202 0.925 58.40 ± 4.057 58.80 ± 2.530 58.00 ± 5.292 0.673 

Height 

(cm) 

166.35 ± 3.233 166.70 ± 3.773 166.00 ± 2.749 0.641 155.60 ± 2.664 154.90 ± 3.213 156.30 ± 1.889 0.250 

BMI 

(kg/m2) 
23.43 ± 1.774 23.29 ± 1.792 23.58 ± 1.84 0.730 24.13 ± 1.70 24.51 ± 0.901 23.75 ± 2.235 0.339 

The data is presented as the mean ± SD. The independent t-test was utilized. 
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Table 2. Effect of E. purpurea on TMPRSS2 expression (pg/mL). 

Sex Group (n) Pre Post P-value 

All sample (n = 40) Intervention Group (n = 20) 11.28 ± 3.35 4.70 ± 1.42 0.000a* 

Control Group (n = 20) 9.48 ± 5.62 9.80 ± 4.95 0.156a 

Male (n = 20) Intervention Group (n = 10) 8.39 ± 1.13 4.16 ± 1.53 0.000b* 

Control Group (n = 10) 4.45 ± 1.83 5.31 ± 1.86 0.071b 

Female (n = 20) Intervention Group (n = 10) 14.18 ± 1.93 5.25 ± 1.13 0.005a* 

Control Group (n = 10) 14.52 ± 2.65 14.28 ± 1.85 0.823b 

The data is presented as the mean ± SD. aWilcoxon test and bStudent paired t-test was utilized. *p<0.005, statistically significant. 

 
 

Table 3. Effect of E. purpurea on reproductive hormone (pg/mL). 

Male (androgen)  Female (estrogen) 

Group Pre Post P-value Group Pre Post P-value 

Intervention group  

(n = 10) 
22.73 ± 1.75 12.72 ± 2.26 0.005b* 

Intervention group  

(n = 10) 
72.33 ± 11.18 161.14 ± 35.13 0.000a* 

Control group  

(n = 10) 
18.54 ± 2.86 18.93 ± 6.56 0.866a 

Control group  

(n = 10) 
63.96 ± 7.32 66.27 ± 7.66 0.539a 

The data is presented as the mean ± SD . aStudent paired t-test and bWilcoxon test were utilized. *p<0.005, statistically significant. 

 

This study shows that administration of E. pur-
purea with a dosage of 400 mg per day in 28 days can 
down-regulate the expression of TMPRSS2. Another 
study showed that treatment with E. purpurea extract 
(Echinaforce®, EF) at concentrations of 40 to 80 
µg/mL resulted in significantly reduced expression of 
TMPRSS-2 in primary nasal epithelial cells (Vimalana-
than et al., 2022). The possible mechanism is that E. 
purpurea may have the potential to inhibit interleukin-
1β (IL-1β) production and reduce pro-inflammatory 
cytokines such as IL-1β, IL-6, and tumor necrosis fac-
tor (TNF) (Fast et al., 2015; Vieira et al., 2022), due to 
its components, especially polysaccharides (Roesler et 
al., 1991). IL-1β has been found to promote TMPRSS2 
expression and SARS-CoV-2 cell entry through the 
p38 mitogen-activated protein kinase-GATA binding 
protein 2 (MAPK-GATA2) axis (Cioccarelli et al., 
2021). In addition, IL-6 has been found to synergize 
with IL-1β and TNF to up-regulate trypsin expres-
sion, which activates matrix metalloproteinases and 
causes the breakdown of tissues (Gubernatorova et 
al., 2020; Indalao et al., 2017). A similar mechanism 
has been found in azithromycin, which has been 
found to downregulate gene expression of IL-1β and 
pathways involving TMPRSS2 and transmembrane 
protease, serine 11D gene (TMPRSS11D) (Renteria et 
al., 2020). The other possible mechanism is that E. 
purpurea has an antiandrogenic effect. It is well known 
that TMPRSS2 expression is regulated by androgens 
in certain cells, and androgenic receptor inhibitors 

such as enzalutamide can downregulate TMPRSS2 
expression (Leach et al., 2021). 

This study also shows that the administration of 
Echinacea purpura can down-regulate the expression of 
androgen in males. Other studies show similar re-
sults, in which Echinacea treatment for 2 to 4 weeks 
showed gradual antiandrogenic activity through the 
effect on male sexual hormone testosterone producing 
organ, which may be associated with the vegetative 
sterols which are from the constituents of Echinacea 
extract (Skaudickas et al., 2003; 2004). The antiandro-
genic effect of the preparations of E. purpurea makes it 
possible to claim that it is associated with vegetative 
sterols (sitosterol, campesterol, stigmasterol) (Skau-
dickas et al., 2004). The chemical structure of these 
compounds is very similar to cholesterol. In the diges-
tive duct, vegetative sterols reduce the absorption of 
cholesterol, creating a certain competition between 
sterols and cholesterols; thus, dietary phytosterols 
may lower the activities of the enzymes of testos-
terone metabolism (Awad and Fink, 2000; Trautwein 
and Demonty, 2007). However, some studies found 
different results, in which the testosterone level was 
increased in the administration of E. pupurea ethanol 
(EPE) compared to the control in vivo study (Mao et 
al., 2021). The explanation is that testosterone synthe-
sis is catalyzed by an enzyme called 17β-
hydroxysteroid dehydrogenase type 3 (17β-HSD3). 
This catalyzes the reduction of androstenedione to 
testosterone (Mindnich et al., 2005). The results of that 
study indicated that EPE extract, especially with a 

https://jppres.com/


Novika et al. Echinacea purpurea and reproductive hormones 

 

https://jppres.com  J Pharm Pharmacogn Res (2024) 12(2): 260 

 

dose of 465 mg/kg, was able to ameliorate the mRNA 
expression of kisspeptin receptor (Kiss1R), steroido-
genic acute regulatory protein (StAR), and 17β-HSD3 
(Mao et al., 2021). Kiss1R is the receptor of a neuro-
peptide called kisspeptin, which is associated with 
initiating puberty and maintaining the reproductive 
capacity of the adult (Wahab et al., 2018). Further-
more, StAR is a labile phosphoprotein known for the 
regulation of steroid hormones. The activity of StAR 
is highly enhanced in the adrenals and gonads under 
the acute steroidogenesis process (Manna et al., 2009). 

Lastly, this study shows that the administration of 
E. purpurea can up-regulate the expression of estrogen 
hormone in females. The possible mechanism remains 
unclear, while another study shows that Echinacea has 
not shown estrogenic activity (Zava et al., 1998). 
However, another study with a molecular docking 
approach to identify potential estrogen mimics or 
anti-estrogens in phytochemicals revealed six strong-
ly docking compounds in E. purpurea: flavonoid quer-
cetin; phenolic compounds caffeoyl-p-coumaroyl-
tartaric acid, caftaric acid, and chicoric acid; and ses-
quiterpenoids cinnamoylechinadiol and cinnamoyl-
epoxyechinadiol (Powers and Setzer, 2015). Besides 
that, there are also several possible pathways of an-
drogen and estrogen in regulating TMPRSS2 expres-
sion. Androgens in vivo regulate TMPRSS2 expres-
sion, and TMPRSS2 is an androgen-responsive gene 
(Lucas et al., 2014; Qiao et al., 2021). TMPRSS2 is 
strongly up-regulated in prostate cancer cells in re-
sponse to androgens (Lucas et al., 2014). Other studies 
also show that TMPRSS2 is not an estrogen-
responsive gene, but estrogen can regulate TMPRSS2 
expression (Treppiedi et al., 2022). Lastly, TMPRSS2 is 
an androgen-regulated gene and regulation of the 
oncogenic transmembrane protease, serine 2, and E26 
transformation-specific related gene (TMPRSS2-ERG) 
fusion involves ER signaling pathways (Bonkhoff, 
2018).  

All of the aforementioned mechanisms explain 
that E. purpurea has an effect on the regulation of re-
productive hormones, which indirectly adds to strong 
evidence of its function as an immunomodulator. In 
addition, the effect on the expression of TMPRSS2, 
both through the reduction of pro-inflammatory cy-
tokines and its indirect effect through the regulatory 
pathways for the two reproductive hormones above, 
provides additional evidence of the potential effect of 
E. purpurea as an antiviral and protection against 
SARS-COV2 by several mechanisms caused by down-
regulation of TMPRSS2 itself including reduced viral 
entry (Leach et al., 2021; Mahmoud and Jarrar, 2021), 
altered site infection (Leach et al., 2021; Liu et al., 
2022), and inhibition of viral replication (Wettstein et 
al., 2022). 

Limitation of study 

It is important to acknowledge the limitations in-
herent in this study. Firstly, the study was conducted 
with a relatively small sample size. A larger sample 
size would provide more robust and generalizable 
results, reducing the potential for sampling bias and 
increasing the statistical power of the study. Secondly, 
the study participants were selected based on specific 
inclusion and exclusion criteria, which may limit the 
generalizability of the findings to broader popula-
tions. Thirdly, the duration may have been relatively 
short. Lastly, although potential molecular mecha-
nisms were discussed, the exact mechanisms through 
which E. purpurea parts may affect reproductive hor-
mones require further investigation. The complex 
interactions between the bioactive compounds in E. 
purpurea and hormonal pathways necessitate more in-
depth studies to elucidate the precise mechanisms 
involved. 

CONCLUSION 

The results of this study demonstrated several no-
table findings, including that E. purpurea may be ca-
pable of down-regulating androgen in males and up-
regulating estrogen in females, in addition to down-
regulating TMPRSS2 expression. Despite these en-
couraging results, several limitations should be con-
sidered. Further research with larger participant 
numbers may improve the generalizability of the 
results, and longer follow-up periods are warranted 
to validate and expand upon these findings. Future 
studies should also consider incorporating additional 
outcome measures. Lastly, this study contributes to 
the growing body of literature exploring the effects of 
E. purpurea as an antiviral property, especially for 
SARS-CoV-2, and its effect on reproductive hor-
mones. 
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