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Hesperetin is a bioactive compound which is mainly found in dif-
ferent food sources, especially oranges, grapefruit, lemon, and 
tangerines, and recently, its effects on SARS- CoV- 2 have received 
much attention. Extensive studies have examined its role in various 
pathophysiological aspects of SARS- CoV- 2 infection, including virus 
entry, inflammatory response, and oxidative stress. However, there 
are gaps in the expression of its exact molecular mechanism that are 
addressed in this letter.

Several major routes for SARS- CoV- 2 entry to the host cell 
have been identified, including angiotensin- converting enzyme 2 
(ACE2), furin, TMPRSS2, and CD147 (Khezri et al., 2021). Among 
these, ACE2 and TMPRSS2 have attracted more attention due to 
their high expression in different organs. The mechanism underlying 
SARS- CoV- 2 entry into the host cells through ACE2 has been well 
studied. In this regard, it has been shown that ACE2/SARS- CoV- 2 

complex enters the host cell via a clathrin- mediated pathway 
(Bayati et al., 2021). In a closed inspection, sunitinib, a tyrosine ki-
nase inhibitor, has been shown to suppress the phosphorylation of 
AP2M1, which encodes an adapter protein complex for clathrin, 
AP2, leading to suppress SARS- CoV- 2 entry into host cells (Wang 
et al., 2020). On the other hand, it has been demonstrated that the 
PI3K/AKT signaling pathway is involved in expression of AP2M1 
(Yu et al., 2021). Since sunitinib is known as a PI3K/AKT inhibitor 
(Makhov et al., 2012), it can be said that its effect on inhibition of 
SARS- CoV- 2 entry to host cells may be mediated by the PI3K/AKT/
AP2M1 pathway. In this case, there are several studies which indi-
cate that inhibition of the PI3K/AKT pathway contributes to sup-
press entry of different viruses using the clathrin- mediated pathway 
(Khezri et al., 2021). There are similar studies on SARS- CoV- 2, which 
have shown that the PI3K/AKT pathway inhibition by capivasertib 
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Abstract
Hesperetin, mainly found in citrus honey, has antioxidant, anti- inflammatory, and an-
tiviral properties. Recently, the effect of hesperetin on different aspects of SARS- 
CoV- 2 infection such as viral entry, replication, and inflammatory responses has 
attracted a lot of attention. However, the exact molecular mechanism for its effects 
on SARS- CoV- 2 infection is not stated. The PI3K/AKT signaling pathway is an intracel-
lular pathway involved in cell proliferation, protein synthesis, and response to envi-
ronmental changes. Since the role of this pathway in the pathogenesis of SARS- CoV- 2 
has recently been considered, this letter assumes the probable role of this pathway in 
the function of hesperetin against SARS- CoV- 2 infection.

Practical applications
In this paper, we have discussed the therapeutic effects of hesperetin on SARS- CoV- 2 
infection. Additionally, we have hypothesized the molecular mechanism of hesperetin 
in suppression of SARS- CoV- 2 entry to the host cells, its replication and inhibition 
of inflammatory responses. Based on this evidence, the pharmacological properties 
of hesperetin make this natural compound a potential treatment for suppression of 
SARS- CoV- 2 entry into host cells and the subsequent replication of viral particles.
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suppresses virus entry into the host cells (Sun et al., 2021). Although 
the effect of hesperetin on ACE2 and TMPRSS2 and inhibition of 
SARS- CoV- 2 entry to host cells has been shown in various studies 
(Agrawal et al., 2021), none of these studies specify the exact mech-
anism. Numerous studies have suggested the role of hesperetin 
as an inhibitor of the PI3K/AKT pathway. For instance, it has been 
demonstrated that hesperetin ameliorates hepatic oxidative stress 
and inflammation via the PI3K/AKT pathway in oleic acid- induced 
HepG2 cells (Li et al., 2021). Therefore, based on the available evi-
dence, it can be concluded that the effect of hesperetin on inhibiting 
SARS- CoV- 2 entry into the cell may be due to its effect on the PI3K/
AKT/AP2M1 pathway, and further studies in this field to identify the 
exact mechanism can be constructive.

In addition to entry of SARS- CoV- 2 into the host cell, the effect of 
hesperetin on its replication may be interesting. In this context, the as-
sociation between cell metabolism and viral replication can be exam-
ined. It has been demonstrated that SARS- CoV- 2 affects human aortic 
adventitial fibroblasts through its nucleocapsid protein which leads 
to increased expression of glucose transporter 4 (GLUT- 4) (Freda 
et al., 2021). On the other hand, increased GLUT- 4 level is associated 
with increased glucose uptake by SARS- CoV- 2 infected cells lead-
ing to stimulated glycolysis process, and eventually, viral replication 
(Malgotra & Sharma, 2021). Since the PI3K/AKT signaling pathway is 
involved in expression of GLUT- 4, and the activation of a group of 
SARS- CoV- 2 receptors such as CD147 activates this pathway (Khezri 
et al., 2022), it can be concluded that the increase in GLUT- 4 expres-
sion by the virus can be mediated by the PI3K/AKT pathway. On the 
other hand, it has been demonstrated that hesperetin impairs glucose 
uptake in breast cancer cells through inhibition of GLUT- 4 transloca-
tion into cell membrane via AKT inhibition (Yang et al., 2013). This 
mechanism can be studied in relation to the effect of hesperetin on 
SARS- CoV- 2 replication in host cells through glucose metabolism.

Another aspect of the therapeutic role of hesperetin in 
COVID- 19 that has not been studied is its effect on angioten-
sin II (Ang II), a pro- inflammatory factor involved in lung fibrosis 
(Khezri, 2021). Endocytosis of ACE2 along with SARS- CoV- 2 con-
tributes to increase Ang II levels, as it has been shown in patients 
with COVID- 19 (Khezri, 2021). The effects of Ang II in inflammation 
and fibrosis induction are mediated by the PI3K/AKT pathway in-
duction (Khezri, 2021). In this regard, it has been reported that hes-
peretin blocks the proliferation of cardiac fibroblasts induced by Ang 
II through AKT suppression (Yuan & Tang, 2014). Also, it has been 
demonstrated that hesperetin attenuates Ang II- induced collagen 
expression in cardiac fibroblasts (Liu et al., 2014).

In addition to mentioned points, the PI3K/AKT signaling 
pathway is involved in other important aspects of COVID- 19 
pathophysiology such as blood coagulation (Khezri et al., 2022), 
inflammatory responses, and oxidative stress (Khezri et al., 2021), 
which can be studied to investigate the antiviral effects of hes-
peretin. Figure 1 depicts the probable role of hesperetin in re-
duced SARS- CoV- 2 entry into host cells and the subsequent 
replication of viral particles.
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