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Abstract: The existing literature supports the anti-inflammatory, antioxidant, and antiviral capacities
of the polyphenol extracts derived from Geranium sanguineum L. These extracts exhibit potential in
hindering viral replication by inhibiting enzymes like DNA polymerase and reverse transcriptase.
The antiviral properties of G. sanguineum L. seem to complement its immunomodulatory effects,
contributing to infection resolution. While preclinical studies on G. sanguineum L. suggest its potential
effectiveness against COVID-19, there is still a lack of clinical evidence. Therefore, the polyphenols
extracted from this herb warrant further investigation as a potential alternative for preventing and
treating COVID-19 infections.
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1. SARS-CoV-2 and COVID-19

SARS-CoV-2 is a beta coronavirus responsible for the COVID-19 pandemic which, as of
September 2023, has caused over 770 million cumulative cases and over 6.9 million deaths
(www.covid19.who.int; accessed on 8 November 2023). The virus recognizes angiotensin-
converting enzyme 2 (ACE2) on the surface of host cells. This receptor is expressed on
many human cells, including lung epithelia, kidney, and cardiomyocytes and explains
the pathology of COVID-19 as a multi-organ disease with the upper respiratory tract as a
primary target.

After ACE2 binding, the viral spike (S) glycoprotein requires proteolytic processing
in order to enter the host cells. Cathepsin L is an endosomal cysteine protease needed to
prime the S protein. Knockdown of cathepsin L in the lungs was successful in reducing
experimental SARS-CoV-2 infectivity in a mouse model, and alleviated brain pathology as
well [1]. TMPRSS2 is a serine protease present on the lung cell membrane which can cleave
the spike protein and facilitate fusion with the host cell [2]. In addition to the host proteases,
the virus also contains two cysteine proteases: the main protease (Mpro or 3CLpro) and a
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papain-like protease (PLPro). These proteases play a crucial role in the processing of the viral
polyprotein, which is essential for the virus’s replication and lifecycle. Several monoclonal
antibodies targeting the S protein (such as Bebtelovimab, Bamlanivimab, Etesevimab,
Sotrovimab, Casirivimab, Imdevvimab, Regdanvimab, Tixagevimab, and Cilgavimab) have
been approved by both the FDA and EMA for COVID-19 treatment. These antibodies work
by preventing the virus from entering host cells.

Furthermore, various agents have been developed to inhibit viral replication. These
include remdesivir, which acts as an inhibitor of the viral RNA polymerase; nirmatrelvir, an
inhibitor of the viral main protease 3CLpro, typically used in combination with ritonavir;
and molnupiravir, a nucleoside analog that induces mutations in the virus.

A third category of drugs for COVID-19 treatment focuses on modulating the host
immune response to prevent severe organ damage caused by the hyperactivation of the
immune system. These drugs include vilobelimab, which sequesters complement C5a;
baricitinib, a Janus kinase inhibitor; tocilizumab, which binds to the IL-6 receptor; and
anakinra, an antagonist of the IL-1 receptor. Notably, the latter three drugs have previously
been employed to manage inflammation in rheumatoid arthritis. Long COVID, also known
as post-acute sequelae of SARS-CoV-2 infection (PASC), is a complex and often debilitating
condition that can affect individuals who have recovered from the acute phase of COVID-19.
While the acute phase of the disease primarily involves respiratory symptoms, Long COVID
encompasses a wide range of persistent and often unpredictable symptoms, extending far
beyond the initial infection. These symptoms can affect various organ systems, including
the respiratory, cardiovascular, neurological, and immune systems, and can significantly
impact an individual’s quality of life. Long COVID remains an active area of research, and
its full scope and underlying mechanisms are still being explored, making it a crucial focus
in understanding the long-term consequences of the COVID-19 pandemic [3–9].

The persistent changes that COVID-19 induces in the body months after initial infec-
tion necessitate the availability of supportive therapies, which replenish the host’s defense
systems and are non-toxic with long-term application. The novel SARS-CoV-2 mechanism
in causing acute and Long COVID and emerging as a multi-organ dysfunction has spiked
research activity in re-evaluating medicinal plants as a source for new pharmaceuticals.
These efforts started early in the pandemic and have continued to the present day. Tra-
ditional medicine is a rich resource of knowledge on bioactive plant metabolites with
pluripotent effects. Natural products often combine with antioxidant, antiviral and im-
munomodulatory effects [10]. Here, we review the anti-COVID-19 potential of polyphenols
from Geranium sanguineum L., a herb used in Bulgarian traditional medicine.

2. Geranium sanguineum L. in Traditional Medicine

Bloody cranesbill (Geranium sanguineum L.) is a flowering perennial herb with a
natural range extending over Europe [11]. The herb is used in the ethnopharmacological
practice in Bulgaria [12]. Figure 1 presents plant efficacy according to the Bulgarian
traditional medicine in various disorders. Infusions and decoctions from the roots and
aerial parts can be used as a rinse for inflamed mucous membranes of the mouth and
respiratory tract, a wash for wounds or skin eruptions, for its astringent, anti-inflammatory,
antiviral, hypotensive, and immunostimulant activity, as well as for supportive treatment
of diarrhea, dysentery, and enterocolitis [12–14]. The extracts have an antibacterial effect
against S. aureus, E. coli, E. faecalis, K. pneumoniae, P. aeruginosa, and B. subtilis [14–16].
A polysaccharide extracted from the roots inhibits the growth of S. enterica [17]. The
antibacterial properties of the essential oil from the flowers and the aerial parts of the herb
have also been explored and more than 240 chemical components in the extracts have been
identified [18,19]. An ethanol extract containing mainly anthocyanidins from the roots
was reported to have antitumor activity in vitro and in a murine model of Ehrlich’s breast
carcinoma [20].
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An early survey of the Geranium spp. showed that G. sanguineum was among species
with high ellagitannin content in the leaves [21]. The main polyphenol component accord-
ing to Mavlyanov et al. [22] is bis-hexahydroxydiphenoyl-trigalloylglucose, similar to the
condensed tannin from Geranium thunbergii.

The plant shares relatively high quercetin levels with other Geranium spp. but its
content of myricetin is distinctive and not wide-spread in the genus [11]. This was more
recently confirmed by Ivancheva and Petrova [23] who found myricetin, quercetin (in-
cluding quercetin-3-glucoside and -galactoside), and kempferol. Whole-plant extracts
identified quercetin and kempferol, as well as their glycosides (quercitrin, isoquercitrin,
hyperoside, rutin), caftaric, and caffeic acid [24]. A combination of extraction methods
achieved the identification of flavonoids, phenolic acids, and hydrolysable tannins in-
cluding gallic acid, kaempferol, quercetin, rutin, 2-galloylglucose, 3-galloylglucose, and
2,3-digalloylglucose [22]. In the roots, polyphenols of the condensed type were dominant,
including (+) catechin, (+/−) gallocatechin, and three protoanthocyanidins [25].

Another comparison of eight Geranium spp. detected the highest concentration of
polyphenols and tannin content in G. sanguineum aerial parts [15]. While the amount
of polyphenols in the leaves is 9–11%, it is even higher in the roots, at up to 18% [22].
Similar values for the total phenolics content in the leaves were obtained in a study by
Maslennikov et al. [26], who identified G. sanguineum as the second most phenol-rich plant
among 66 species of plants included in the study.

The later part of the 20th century saw systematic attempts to characterize the active
components present in a standardized polyphenol complex (PPC) of G. sanguineum L.
This extract from aerial roots yields a dark red water-soluble powder on lyophilization
and contains 34.6% (w/w) total soluble phenolics with 16.15% represented by tannins,
0.126% flavonoids and 2.12 mg/kg catechins and proanthocyanidins [27–30]. Slightly
higher values for tannins (19.7%) and flavonoids (0.22%) were obtained by Benzel et al. [14].

The standardized PPC extract contains caffeic acid, gallotannin, (+/−), catechin,
(−) epicatechin, quercetin, hyperoside, apigenin, myricetin, morin, maltol, and additional
unidentified flavonoids [29,30]. Thin-layer chromatography identified ellagic acid in the
extract, but this was reported only in some later studies [30,31].

More recently, the polysaccharide components of G. sanguineum L. extracts have also
been analyzed. The total polysaccharide content in leaves has been reported to be 27%
(w/w) and in roots 56.8% (w/w) [17]. The lectin content in the roots of G. sanguineum L.
is high, exceeding that of G. robertianum or G. sibiricum, but further studies on the lectin
composition of the herb are lacking [32]. Documented biological effects of G. sanguineum
extracts are summarized in Figure 2.
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The standardized PPC from G.sanguineum L. has raised interest because of its activity
against herpes and influenza virus both in vitro, as well as in in vivo rodent models [10].
The availability of a standardized extract has allowed for the mechanism of its bioactivity
to be explored in a controlled fashion. There is an apparent strong synergy between the
components of the extract. In addition, the extract seems to be not only directly antiviral,
but also to be capable of modulating the oxidative and immune environment. Several
studies on the G. sanguineum L. extracts have been conducted before the emergence of
the SARS-CoV-2 pandemic. We will now explore these studies within the context of the
potential applications of G. sanguineum L. extract for the supportive treatment of both
COVID-19 and its long-term consequences, known as Long COVID. This review seeks
to shed light on how the findings from these earlier investigations may contribute to our
understanding and management of the critical aspects of the past global health crisis, due
to COVID-19 pandemic.

3. Antiviral Activity of G. sanguineum L. Polyphenol Complex

Both herpes simplex virus HSV1 and HSV2 and influenza virus type A and B have been
shown to be susceptible to treatment with PPC [30,33]. In vitro, the extract was effective if
applied within 3 h post-infection [45]. In the case of herpes infection, inhibition was more
effective if PPC was applied after inoculation with the virus than as a pretreatment [33].
The main effects of G. sanguineum L. against influenza infection are summarized in Table 1.

Table 1. Effects of Geranium sanguineum L. antiviral action against influenza infection.

Mechanism Type of Experiment References

Decreased viral load mice [36]

Reduced extent of lung lesions mice [36]

Normalization of lung protease activity mice [36]

Reduced replication (in combination with protease inhibitor from Streptomyces spp.) MDCK cells [34,46]

Inhibition of trypsin, pepsin, proteinase K, and cathepsin in vitro [36]

DNA polymerase inhibition in vitro, in ovo [22]

Reverse transcriptase inhibition in vitro, in ovo [22]

Increased SOD activity mice [37,38]

Increased GPx levels mice [37,38]

Decreased levels of H2O2, O2, and NO produced by alveolar macrophages mice [35,42]
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Table 1. Cont.

Mechanism Type of Experiment References

Decreased MDA levels mice [10,27,41]

Superoxide generation in early stages of viral infections in vitro [40]

Increased number of peritoneal and alveolar macrophages mice [28,36,42]

Stimulated migration and phagocytic activity of macrophages mice [28,36,42]

For the influenza infection rodent model, among the several different application
routes tested, the aerosol PPC was found to be effective [31,34,35]. Intranasal application in
mice at 10 mg/kg 3 h prior to virus exposure was effective in vivo against human influenza
A/Aichi (H3N2) [10,27]. The treatment 24 h before infection was the most effective, but it
also worked if it coincided with the viral inoculation [31]. The benefits of PPC intranasal
delivery show promise for the prophylaxis of other infections of the respiratory tract,
including those caused by the coronaviridae. The advantage of this mode of application is
that it does not depend on the metabolism of the ingested polyphenols, which are generally
poorly bioavailable and extensively metabolized when taken orally.

Administration of the PPC decreased viral loads in mice, reduced the extent of the lung
lesions, and increased mean survival time in mice. Accordingly, PPC induced normalization
of the protease activity levels in the lung of the infected mice [36].

Combined with a protease inhibitor extract from Streptomyces sp. 225b, the polyphe-
nol complex of G. sanguineum L. reduced the replication of influenza virus in MDCK
cells [34,46]. The PPC also showed synergistic effects with ε-aminocaproic acid (a ser-
ine protease inhibitor) when used in experimentally induced viral infection in mice [47].
In vitro, the PPC alone inhibited dose-dependently several proteases including trypsin,
pepsin, proteinase K, and cathepsin, but not subtilisin or chymotrypsin [36].

The PPC may also prevent viral replication by targeting polymerases. A preparation
from the epigeal parts of the plant showed inhibition of DNA polymerase and reverse
transcriptase, although it was not active in inhibiting RNA polymerase. [22]

The ability of the PPC to inhibit the development of lesions from HSV, as well as
the traditional use of the G. sanguineum L. herb in topical treatment for skin conditions,
including the oral mucosa, makes it worthwhile to explore the properties of the G. san-
guineum L. PPC extract in Long COVID with dermatological involvement. In contrast to
influenza infection, the effect on G. sanguineum L. on other viruses has not been explored
as systematically.

4. Antioxidant Effects of G. sanguineum L. Polyphenol Complex

A driver of tissue damage in viral infection which seems to be targeted by the
G. sanguineum L. PPC is oxidative stress. During an immune response, activated cells,
such as neutrophils and macrophages, are able to launch an attack on microbes and signal
to other cells via the production of reactive oxygen and nitrogen species (RONS). Oxidative
stress is a downstream effect of SARS-CoV-2, binding to ACE2 and triggering of NADPH
oxidases [48].

There are correlations between high levels of TBARS (lipid peroxidation products)
in the lungs, as well as in the blood and liver, and the inhibition of hepatic CYP-450,
responsible for the metabolism of many drugs and endogenous compounds. Data from our
group have indeed shown a significant negative correlation between the increased TBARS
levels and the decreased content of cytochrome P450 in infected animals [10,27,49].

The prophylactic and therapeutic role of several natural antioxidants, vitamins, and
polyphenols on experimental models of viral infections has been extensively reviewed in
previous publications [10,50]. Polyphenols increase the antioxidant capacity of tissues by
increasing SOD and GPx levels, as well as create microenvironments with reduced ROS [51].
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Along the same lines, the antioxidant capacity of extract from G. sanguineum L. has been
already observed in vivo, in influenza-infected mice [37,38].

In a comparative panel assessing the free radical scavenging activity of various Gera-
nium spp., the aerial parts of G. sanguineum L. demonstrated exceptional antioxidant
capabilities, second only to G. macrorhizum [52]. In another study comparing different
Geranium species, it was revealed that the aerial parts of G. sanguineum L. exhibited the
second-highest total antioxidant activity, closely following G. palustre, and this robust
activity corresponded to its high polyphenol content [15].

The PPC complex effectively inhibited the production of superoxide (O2
−) radicals [39].

Both the PPC and the fraction extracted with EtOAc exhibited strong superoxide scavenging
capabilities, synergizing with the presence of SOD in the test environment [40]. When
employed to support an exogenous SOD from Humicula lutea, the G. sanguineum extract
displayed a synergistic response, even at doses that are typically considered too low (up to
8 times less) to have a significant effect on their own [53].

Hepatic P-450 mono-oxygenases are membrane-bound enzymes that can be inhibited
by viral infections, such as influenza. Our research group demonstrated that a standardized
G. sanguineum PPC effectively restored the activity of these enzymes [10,27]. The inhibition
of these liver enzymes during the disease process seems to result from the generation of
free radicals. Therefore, it was hypothesized that the mechanism by which pretreatment
with PPC alleviates enzyme inhibition is through its antioxidant properties, as evidenced
by decreased levels of TBARS and TAA [10,27].

The pro-oxidant effects in healthy mice and the antioxidant properties in virus-infected
mice of a polyphenol-rich extract from G. sanguineum L. were confirmed through both
in vitro and in vivo studies. In hepatocytes, membrane lipid peroxidation induced by Fe2+

ascorbate, as measured by malonyl dialdehyde (MDA), decreased in a dose-dependent
manner with PPC treatment, with significant effects observed at concentrations up to
25 µg/mL [41].

Oxidized phospholipids in the lungs play a crucial role in COVID-related injuries, as
they are associated with the activation of endothelial cells for monocyte recruitment and
macrophage activation (as reviewed in [48]).

In the context of COVID-19, a multi-omics study has reported alterations in the
ferroptosis pathway and lipid metabolism in erythrocytes of infected patients [54]. In
particular, it was found that the red blood cells of COVID-19 patients contained lower
levels of SOD1 and higher levels of oxidized glutathione [54].

The alterations in the erythrocyte membrane appear to be linked to the persistent
reduction in size and deformability of erythrocytes in COVID-19 patients, even months after
recovery [9]. It is possible that bolstering the endogenous antioxidant systems with natural
products like G. sanguineum PPC could offer significant benefits. The PPC exhibited a dose-
dependent capacity to prevent increases in the permeability of erythrocyte membranes,
without impacting catalase activity [41]. Furthermore, no notable effects were observed on
H2O2 generation at physiological pH or on catalase activity [39,41].

The PPC complex also exhibits chelating properties for iron [39]. Elevated levels of
IL-6 in COVID-19 can lead to increased ferritin and hepcidin levels. Hepcidin plays a role
in storing iron in macrophages, potentially impacting the iron pool available for generating
reactive oxygen species (ROS) and ferroptosis [48].

In alveolar macrophages, the combined treatment decreased superoxide and hydrogen
peroxide levels and restored the activity of SOD and CAT enzymes [53]. The extract alone
was also effective in restoring their enzymatic activity [46]. Furthermore, the presence of
PPC resulted in decreased levels of H2O2, O2

−, and NO produced by alveolar macrophages
during influenza infection [35,42]. In healthy mice, spontaneous, though not inducible,
NO production by peritoneal macrophages was also reduced [55].

Catechol and galloyl-containing polyphenols can exhibit pro-oxidant properties as
they scavenge free radicals from semi-quinones and reduce Fe3+ [51]. The PPC complex
displayed pro-oxidant effects on lung membrane lipids in intact mice. However, in the
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influenza infection model, the G. sanguineum L. extract acted as an antioxidant, effectively
returning elevated levels of malonyl dialdehyde (MDA) to control levels [10,27,41]. A mild
pro-oxidant effect was also observed with regard to CYP450 content and aniline hydroxylase
activity in healthy animals [27]. In healthy mice, the presence of PPC led to an increase in
alveolar macrophage superoxide production [34,36]. During the early stages of the infection
(day 2), PPC further augmented superoxide production in alveolar macrophages [34,36].
Notably, the butanol (BuOH) fraction of the PPC demonstrated superoxide-generating
effects and contained the majority of the antiviral effect in vitro [40]. This suggests that
reactive oxygen species generation early in the viral infection is an important mechanism
for the G. sanguineium PPC to inhibit viral replication [40].

5. Immunomodulatory Effects

Numerous studies have highlighted the distinctive mode of action exhibited by the
PPC extract in both in vivo and in vitro settings. This divergence may arise from its capacity
to influence immune signaling within the broader context of the whole organism. Unlike
the hydrolysable tannins, this variance is unlikely to result from substantial metabolic
transformations of the polyphenols within the extract. Instead, it is probable that when
G. sanguineum is topically applied in the context of viral infections, it predominantly elicits
a localized response.

Macrophages are the most abundant immune cell in the lung and an increase in
macrophages and transcript of matrix metalloproteases (MMPs) has been observed in
the lungs of COVID-19 patients [2,56,57]. Alveolar macrophages secrete chemokines and
cytokines, which recruit monocytes and neutrophils and lead to tissue damage [4]. In
severe COVID-19, fibrotic remodeling of the lung is characteristic [4]. Monocyte-derived
macrophages are important for the response and are directed to the lungs by the release of
chemokines from lung pneumocytes. This occurs on both acute and post-acute stages of the
disease [4]. Activated macrophages also lead to endothelial involvement and coagulation
disorders associated with severe COVID-19 [4].

Tissue damage in viral disease is often caused by the deregulated action of immune
cells. An immune response is necessary to promote survival and decrease viral loads, but
this needs to be counterbalanced by the ability of a deregulated inflammatory response
to cause immunopathology [57]. In the lung, resident and recruited macrophages can
drive tissue remodeling, granulocyte infiltration, and airway inflammation [8]. Type-I
IFN is necessary to control IL-6 levels and macrophage activity and to minimize tissue
damage, including in respiratory infections [57]. In COVID-19, the immune system mounts
an exaggerated chemokine and interferon response which persists in the macrophage
population several months after initial infection. In severe COVID-19, patients had reduced
type I IFN responses and CD68+ macrophage infiltration in the lung [57].

The effect of PPC has not been tested in the context of SARS-CoV-2 infection, but
several studies have been performed in influenza models. Pretreatment with PPC extract
from G. sanguineum decreased the lung damage in mice and extended their mean survival
time [28,31,36,42]. Lung pathology was independent of influenza viral titers [57]. Thus,
the direct antiviral effects of the PPC extract may be synergistic to its immunomodulatory
properties in mounting an appropriate immune response and leading to resolution of
the infection.

In the extracts analyzed by Georgiev et al. [17], the total phenolic content was low rel-
ative to the polysaccharides. Both human monocytes and granulocytes could be stimulated
with the plant extract. The root extract was able to expand the CD69+-activated population
and induced release of IL-6 from macrophages. Even though the extract contained some
phenolic compounds, its antioxidant activity was low, suggesting that the immunomod-
ulatory action of G. sanguineum extracts can be dissociated from their antioxidant effects.
Similarly, to the dual pro- and antioxidant function of the PPC, the authors pointed out
that polysaccharides can be immunostimulatory but in an inflammation context can have
anti-inflammatory activity [17].
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In healthy and influenza-infected mice, the polyphenol extract caused an increase
in the number of peritoneal and alveolar macrophages, as well as an increase in their
migration and in phagocytic activity [28,36,42]. The increase in numbers was the highest in
healthy alveolar macrophages exposed to the extract [28]. Phagocytosis by blood PMNs
also increased [28]. In vitro, at 12.5 and 25 µg/mL, the extract did not have a significant
effect on migration of alveolar or peritoneal macrophages [42,55].

6. Effects of Individual Ingredients in the G. sanguineum Polyphenol Extract

One of the challenges encountered in the study of natural products is unraveling the
synergistic effects resulting from the components within the extract. Frequently, when
purified components are individually tested, a loss of activity is observed, making it difficult
to provide a detailed mechanistic explanation for the observed bioactivity. This challenge is
also evident in the context of the G. sanguineum extract, where the ethyl acetate and butanol
fractions show distinct antioxidant and antiviral properties. The disparities observed may
arise from variations in the composition or concentration of individual components within
the fractions, highlighting that individual components do not produce identical effects [40].

High concentrations of phenolic compounds may be present, but they could exhibit
limited bioavailability, thus explaining the differences between their in vitro and in vivo
effects. Indeed, pure substances such as myricetin, (−) epicatechin, and (+/−) catechin
do not exhibit the same antiviral effect as the extracts containing them [29]. Notably,
myricetin, found in the ethyl acetate fraction, demonstrated an EC50 closest to that of the
whole extract [29]. This is significant as myricetin, a component less abundant in other
members of the genus Geranium, may contribute to the therapeutic effects characteristic of
G. sanguineum.

In the specific context of myricetin, its incubation with Vero E6 cells inhibited SARS-
CoV-2 replication, despite its high hydrophilicity, which would normally reduce its ability
to enter cells [43,44,58]. Additionally, myricetin interfered dose-dependently with the
binding of the S protein to ACE2 expressed by HEK293 cells [44]. Treatment with myricetin
also demonstrated a reduction in hyperinflammation markers, such as RIPK and NFkBp65
phosphorylation, in LPS-stimulated macrophages [44]. In a mouse model, myricetin
showed a protective effect against acute lung injury, reducing lung edema and alveolar
inflammation [44]. Furthermore, myricetin reduced inflammatory cell counts in the BALF
of bleomycin-treated mice and normalized levels of inflammatory markers [59].

Notably, myricetin glycoside and rhamnoside (myricitrin) from Camellia sinensis and
Myrica cerifera, respectively, demonstrated binding affinities against the 3CLPro viral pro-
tease of SARS-CoV-2 in silico [60]. Myricetin itself exhibited covalent binding to the catalytic
cysteine of SARS-CoV-2 and SARS-CoV main protease 3CLPro, with weaker affinity for
PLPro [43]. This binding could occur after myricetin autooxidation, suggesting a potential
benefit in a pro-oxidative cellular environment during early viral infection in the upper
respiratory tract or in the presence of activated immune cells [43].

In the whole extract of G. sanguineum, myricetin activity may be complemented
by the antiviral properties of a non-identified gallotannin, caffeic acid, catechin, and
epicatechin [29]. Quercetin and quercetin-O-galactoside, present in the extract, also showed
similar EC50 values to the whole extract, indicating their potential contribution [31,36].
Incubation with quercetin and catechin demonstrated inhibitory activity against various
viruses [61], and in vivo studies showed the preventive and restoring effects of rutin and
quercetin in a mouse influenza virus infection model [50].

Moreover, quercetin displayed inhibitory activity towards the main protease of SARS-
CoV-2, suggesting its potential synergy with kempferol, both present in G. sanguineum
extract [62]. Importantly, these polyphenols did not alter the secondary structure of the
enzyme [62]. These findings collectively emphasize the complex interplay of components
within natural extracts, the nuanced effects of individual compounds, and the potential for
synergistic actions in the pursuit of antiviral therapeutic agents. Table 2 summarizes the
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molecular mechanisms of the main identified compounds of G. sanguineum L. and their
action against SARS-CoV-2 [62–99].

Table 2. Effects of Geranium sanguineum L. in regard to SARS-CoV-2 infection.

Content of
Geranium sanguineum L. Type of Study Main Anti-COVID Effects References
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Table 2. Cont.

Content of
Geranium sanguineum L. Type of Study Main Anti-COVID Effects References
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Table 2. Cont.
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Geranium sanguineum L. Type of Study Main Anti-COVID Effects References
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7. Conclusions

This extensive review of the available literature strongly underscores the therapeu-
tic potential of polyphenol extracts derived from G. sanguineum L. These polyphenols
exhibit significant anti-inflammatory, antioxidant, and antiviral properties, establishing
G. sanguineum L. as a noteworthy candidate in the field of natural remedies.

One of the distinctive characteristics of G. sanguineum L. is its capacity to impede viral
replication by inhibiting DNA polymerase and reverse transcriptase. This direct antiviral
effect couples synergistically with its immunomodulatory properties, contributing to the
resolution of infections. Specifically, the prevalence of condensed tannins in G. sanguineum
L. emerges as a pivotal factor in mitigating lung damage during respiratory viral infections,
including the potential implications for COVID-19. These tannins demonstrate efficacy by
inhibiting pulmonary protease activity and modulating macrophage responses, thereby
offering a multifaceted defense against respiratory viruses.

Furthermore, the antioxidant properties inherent in the polyphenols extracted from
G. sanguineum L. play a crucial role in elevating tissue antioxidant capacity. This elevation is
achieved by upregulating levels of superoxide dismutase (SOD) and glutathione peroxidase
(GPx), creating a microenvironment with reduced reactive oxygen species (ROS). An
additional vital mechanism involves the restoration of the activities of hepatic P-450 mono-
oxygenases, enzymes typically inhibited by viral infections.

While preclinical studies using G. sanguineum L. suggest its promising effectiveness
against COVID-19, the current state of clinical evidence is still limited. It is imperative
to acknowledge this gap and emphasize the need for further research to substantiate the
potential of the polyphenols derived from G. sanguineum L. as a viable alternative for the
prevention and treatment of COVID-19 infections. Continued exploration in both preclinical
and clinical settings will be instrumental in unlocking the full therapeutic potential of this
natural resource.

In conclusion, G. sanguineum L. emerges as a promising avenue for future research,
with its polyphenols presenting a multifaceted approach in combating inflammation,
oxidative stress, and viral infections, especially in the context of respiratory diseases
like COVID-19.
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19. Radulović, N.; Dekić, M.; Stojanović-Radić, Z. Chemical composition and antimicrobial activity of the volatile oils of Geranium
sanguineum L. and G. robertianum L. (Geraniaceae). Med. Chem. Res. 2012, 21, 601–615. [CrossRef]

20. Dimitrova, M.; Todorova, K.; Iliev, I.; Sulikovska, I.; Kirazov, L.; Ivanov, I. Effects of Geranium sanguineum Ethanol Extract After i.p.
Application in a Mouse Model of Ehrlich’s Breast Cancer. Pathology and Anthropology with Museum Bulgarian Anatomical
Society. Acta Morphol. Et Anthropol. 2022, 29, 3–4. [CrossRef]

21. Bate-Smith, E.C. Ellagitannin content of leaves of Geranium Species. Phytochemistry 1972, 11, 1755–1757. [CrossRef]
22. Manolova, N.; Gegova, G.; Serkedzhieva Iu Maksimova-Todorova, V.; Uzunov, S. Antiviral action of a polyphenol complex

isolated from the medicinal plant Geranium sanguineum L. I. Its inhibiting action on the reproduction of the influenza virus. Acta
Microbiol. Bulg. 1986, 18, 73–77.

23. Ivancheva, S.; Petrova, A. A chemosystematic study of eleven Geranium species. Biochem. Syst. Ecol. 2000, 28, 255–260. [CrossRef]
24. Leucuta, S.; Vlase, L.; Gocan, S.; Radu, L.; Fodorea, C. Determination of phenolic compounds from Geranium sanguineum by

HPLC. J. Liq. Chromatogr. Relat. Technol. 2005, 28, 3109–3117. [CrossRef]
25. Mavlyanov, S.M.; Islambekov, S.Y.; Kamaev, F.G.; Abdullaev, U.A.; Karimdzhanov, A.K.; Ismailov, A.I. Tannins of Geranium

sanguineum. Transl. Khimiya Prir. Soedin. 1997, 33, 238–246. [CrossRef]
26. Maslennikov, P.V.; Chupakhina, G.N.; Skrypnik, L.N. The content of phenolic compounds in medicinal plants of a botanical

garden (Kaliningrad oblast). Biol. Bull. 2014, 41, 133–138. [CrossRef]

https://doi.org/10.1038/s41589-022-01094-4
https://doi.org/10.3390/ijms24033036
https://www.ncbi.nlm.nih.gov/pubmed/36769357
https://doi.org/10.7554/eLife.86014
https://www.ncbi.nlm.nih.gov/pubmed/37233729
https://doi.org/10.7554/eLife.86002
https://doi.org/10.3390/v13101916
https://www.ncbi.nlm.nih.gov/pubmed/34696346
https://doi.org/10.3390/cosmetics10010034
https://doi.org/10.1111/jocd.15477
https://doi.org/10.1038/s41385-021-00482-8
https://doi.org/10.1016/j.bpj.2021.05.025
https://doi.org/10.1111/j.1095-8339.1973.tb02552.x
https://doi.org/10.1016/S0378-8741(03)00047-3
https://www.ncbi.nlm.nih.gov/pubmed/12860298
https://doi.org/10.1016/S0378-8741(99)00129-4
https://www.ncbi.nlm.nih.gov/pubmed/10687872
https://doi.org/10.22377/ijgp.v12i02.1768
https://doi.org/10.26355/eurrev_202110_26998
https://www.ncbi.nlm.nih.gov/pubmed/34730208
https://doi.org/10.1007/978-1-4615-3476-1_43
https://doi.org/10.1016/j.jep.2022.115390
https://doi.org/10.1007/s00044-011-9565-9
https://doi.org/10.7546/AMA.29.3-4.2022.05
https://doi.org/10.1016/0031-9422(72)85032-5
https://doi.org/10.1016/S0305-1978(99)00060-5
https://doi.org/10.1080/10826070500295211
https://doi.org/10.1007/BF02291537
https://doi.org/10.1134/S1062359013050105


Biomolecules 2024, 14, 130 13 of 15

27. Abarova, S.; Tancheva, L.; Nikolov, R.; Serkedjieva, J.; Pavlova, E.; Bramanti, A.; Nicoletti, F.; Tzvetkov, N.T. Preventive effect of a
polyphenol-rich extract from Geranium sanguineum L. on hepatic drug metabolism in influenza infected mice. Sci. Pharm. 2020, 88,
45. [CrossRef]

28. Ivanova, E.; Toshkova, R.; Serkedjieva, J. A plant polyphenol-rich extract restores the suppressed functions of phagocytes in
influenza virus-infected mice. Microbes Infect. 2005, 7, 391–398. [CrossRef]

29. Pantev, A.; Ivancheva, S.; Staneva, L.; Serkedjieva, J. Biologically Active Constituents of a Polyphenol Extract from Geranium
sanguineum L. with Anti-Influenza Activity. Z. Naturforschung C 2006, 61, 508–516. [CrossRef] [PubMed]

30. Serkedjieva, J.; Manolova, N. Plant Polyphenolic Complex Inhibits the Reproduction of Influenza and Herpes Simplex Viruses. In
Plant Polyphenols: Synthesis, Properties, Significance; Springer: Boston, MA, USA, 1992; pp. 705–715. [CrossRef]

31. Serkedjieva, J.; Gegova, G.; Mladenov, K. Protective efficacy of an aerosol preparation, obtained from Geranium sanguineum L., in
experimental influenza infection. Pharmazie 2008, 63, 160–163. [CrossRef]

32. Rybak, L.; Rudik, G. Research on Quantitative Content of Lectins in Plants of the Geranium L. Genus. Pharma Innov. 2013, 2, 7725.
33. Serkedjieva, J.; Ivancheva, S. Antiherpes virus activity of extracts from the medicinal plant Geranium sanguineum L. J. Ethnophar-

macol. 1999, 64, 59–68. [CrossRef]
34. Serkedjieva, J. Combined antiinfluenza virus effect of a plant preparation and a bacterial protease inhibitor. Biotechnol. Biotechnol.

Equip. 2009, 23, 589–593. [CrossRef]
35. Serkedjieva, J.; Krumova, E.; Stefanova, T.; Tancheva, L. Pulmonary protection of a plant polyphenol extract in influenza

virus-infected mice. J. Infect. 2009, 59, S426. [CrossRef]
36. Serkedjieva, J.; Toshkova, R.; Antonova-Nikolova, S.; Stefanova, T.; Teodosieva, A.; Ivanova, I. Effect of a plant polyphenol-rich

extract on the lung protease activities of influenza-virus-infected mice. Antivir. Chem. Chemother. 2007, 18, 75–82. [CrossRef]
[PubMed]

37. Abarova, S.; Dimova, I.; Tancheva, L.; Pavlova, E.; Serkedjieva, J.; Ivancheva, S. Antioxidant mechanisms in prevention of
experimental influenza virus infection by polyphenols, isolated from Geranium sanguineum L. In Polyphenols Communications;
Antti Hoikkala, O.S., Ed.; Gummerus Printing: Helsinki, Finland, 2004; pp. 103–106.

38. Tantcheva, L.; Abarova, S.; Dimova, I.; Serkedjieva, J.; Pavlova, E. Prooxidant and antioxidant activity of extract from Geranium
sanguineum L. Diverse effect on lipid peroxidation and antioxidant activity in healthy and infected mice. Toxicol. Lett. 2005,
158S, 14–17.

39. Pavlova, E.; Simeonova, L.; Serkedjieva, J. Antioxidant activities of Geranium sanguineum L. polyphenolic extract in chemilumines-
cent model systems. Inorg. Chem. Commun. 2019, 108, 107518. [CrossRef]

40. Sokmen, M.; Angelova, M.; Krumova, E.; Pashova, S.; Ivancheva, S.; Sokmen, A.; Serkedjieva, J. In Vitro antioxidant activity of
polyphenol extracts with antiviral properties from Geranium sanguineum L. Life Sci. 2005, 76, 2981–2993. [CrossRef] [PubMed]

41. Murzakhmetova, M.; Moldakarimov, S.; Tancheva, L.; Abarova, S.; Serkedjieva, J. Antioxidant and prooxidant properties of a
polyphenol-rich extract from Geranium sanguineum L. in vitro and in vivo. Phytother. Res. 2008, 22, 746–751. [CrossRef] [PubMed]

42. Toshkova, R.; Stefanova, T.; Nikolova, N.; Serkedjieva, J. A plant extract ameliorates the disfunctions of alveolar macrophages in
influenza virus-infected mice. PharmacologyOnLine 2006, 3, 778–784.

43. Su, H.; Yao, S.; Zhao, W.; Zhang, Y.; Liu, J.; Shao, Q.; Wang, Q.; Li, M.; Xie, H.; Shang, W.; et al. Identification of pyrogallol as a
warhead in design of covalent inhibitors for the SARS-CoV-2 3CL protease. Nat. Commun. 2021, 12, 3623. [CrossRef]

44. Pan, H.; He, J.; Yang, Z.; Yao, X.; Zhang, H.; Li, R.; Xiao, Y.; Zhao, C.; Jiang, H.; Liu, Y.; et al. Myricetin possesses the potency against
SARS-CoV-2 infection through blocking viral-entry facilitators and suppressing inflammation in rats and mice. Phytomedicine
2023, 116, 154858. [CrossRef]

45. Serkedjieva, J.; Hay, A.J. In Vitro anti-influenza virus activity of a plant preparation from Geranium sanguineum L. Antivir. Res.
1998, 37, 121–130. [CrossRef]

46. Serkedjieva, J.; Roeva, I.; Ivanova, I. Combined anti-influenza virus effect of synthetic and natural viral inhibitors. Biotechnol.
Biotechnol. Equip. 2005, 19, 6–10. [CrossRef]

47. Nikolova, E.; Teodosieva, A.; Roeva, I.; Serkedjieva, J. Antiinfluenza virus effects of a plant polyphenolic extract and e-
aminocaproic acid applied alone and in combination. Probl. Infect. Parasit. Dis. 2008, 36, 32–34.

48. Fratta Pasini, A.M.; Stranieri, C.; Cominacini, L.; Mozzini, C. Potential role of antioxidant and anti-inflammatory therapies to
prevent severe SARS-Cov-2 complications. Antioxidants 2021, 10, 272. [CrossRef]

49. Dimova, I.; Abarova, S.; Tancheva, L.; Pavlova, E.; Serkedjieva, J.; Ivancheva, S. Restoring Activity of Polyphenols from Geranium
sanguineum L. on Hepatic Drug Metabolism, Depressed by Experimental Influenza Virus Infection. In Polyphenols Communications;
Antti Hoikkala, O.S., Ed.; University of Helsinki: Helsinki, Finland; Gummerus Printing: Helsinki, Finland, 2004; pp. 167–170.

50. Savov, V.M.; Galabov, A.S.; Tantcheva, L.P.; Mileva, M.M.; Pavlova, E.L.; Stoeva, E.S.; Braykova, A.A. Effects of rutin and quercetin
on monooxygenase activities in experimental influenza virus infection. Exp. Toxicol. Pathol. 2006, 58, 59–64. [CrossRef] [PubMed]

51. Scott, M.B.; Styring, A.K.; McCullagh, J.S.O. Polyphenols: Bioavailability, Microbiome Interactions and Cellular Effects on Health
in Humans and Animals. Pathogens 2022, 11, 770. [CrossRef]

52. Nikolova, M.; Tsvetkova, R.; Ivancheva, S. Evaluation of antioxidant activity in some Geraniacean species. Bot. Serbica 2010,
34, 123–125.

53. Serkedjieva, J.; Stefanova, T.; Krumova, E. A fungal Cu/Zncontaining superoxide dismutase enhances the therapeutic efficacy of
a plant polyphenol extract in experimental influenza virus infection. Z. Naturforschung C 2010, 65, 419–428. [CrossRef]

https://doi.org/10.3390/scipharm88040045
https://doi.org/10.1016/j.micinf.2004.11.013
https://doi.org/10.1515/znc-2006-7-807
https://www.ncbi.nlm.nih.gov/pubmed/16989309
https://doi.org/10.1007/978-1-4615-3476-1_42
https://doi.org/10.1691/ph.2008.7617
https://doi.org/10.1016/S0378-8741(98)00095-6
https://doi.org/10.1080/13102818.2009.10818494
https://doi.org/10.1016/j.jinf.2009.10.005
https://doi.org/10.1177/095632020701800203
https://www.ncbi.nlm.nih.gov/pubmed/17542152
https://doi.org/10.1016/j.inoche.2019.107518
https://doi.org/10.1016/j.lfs.2004.11.020
https://www.ncbi.nlm.nih.gov/pubmed/15820508
https://doi.org/10.1002/ptr.2348
https://www.ncbi.nlm.nih.gov/pubmed/18446846
https://doi.org/10.1038/s41467-021-23751-3
https://doi.org/10.1016/j.phymed.2023.154858
https://doi.org/10.1016/S0166-3542(97)00067-3
https://doi.org/10.1080/13102818.2005.10817254
https://doi.org/10.3390/antiox10020272
https://doi.org/10.1016/j.etp.2006.05.002
https://www.ncbi.nlm.nih.gov/pubmed/16793246
https://doi.org/10.3390/pathogens11070770
https://doi.org/10.1515/znc-2010-5-616


Biomolecules 2024, 14, 130 14 of 15

54. Thomas, T.; Stefanoni, D.; Dzieciatkowska, M.; Issaian, A.; Nemkov, T.; Hill, R.C.; Francis, R.O.; Hudson, K.E.; Buehler, P.W.;
Zimring, J.C.; et al. Evidence of Structural Protein Damage and Membrane Lipid Remodeling in Red Blood Cells from COVID-19
Patients. J. Proteome Res. 2020, 19, 4455–4469. [CrossRef]

55. Toshkova, R.A.; Nikolova, N.; Ivanova, E.; Ivancheva, S.; Serkedjieva, J. In vitro investigation on the effect of a plant preparation
with antiviral activity on the functions of mice phagocyte cells. Pharmazie 2004, 59, 150–154.

56. Alexova, R.; Alexandrova, S.; Dragomanova, S.; Kalfin, R.; Solak, A.; Mehan, S.; Petralia, M.C.; Fagone, P.; Mangano, K.; Nicoletti,
F.; et al. Anti-COVID-19 Potential of Ellagic Acid and Polyphenols of Punica granatum L. Molecules 2023, 28, 3772. [CrossRef]
[PubMed]

57. Lee, A.J.; Feng, E.; Chew, M.V.; Balint, E.; Poznanski, S.M.; Giles, E.; Zhang, A.; Marzok, A.; Revill, S.D.; Vahedi, F.; et al. Type I
interferon regulates proteolysis by macrophages to prevent immunopathology following viral infection. PLoS Pathog. 2022, 18,
e1010471. [CrossRef] [PubMed]

58. Li, J.; Guo, M.; Tian, X.; Liu, C.; Wang, X.; Yang, X.; Wu, P.; Xiao, Z.; Qu, Y.; Yin, Y.; et al. Virus-host interactome and proteomic
survey of PMBCs from COVID-19 patients reveal potential virulence factors influencing SARS-CoV-2 pathogenesis. Med 2020, 2,
99–112.e117. [CrossRef]

59. Xiao, T.; Cui, M.; Zheng, C.; Wang, M.; Sun, R.; Gao, D.; Bao, J.; Ren, S.; Yang, B.; Lin, J.; et al. Myricetin Inhibits SARS-CoV-2
Viral Replication by Targeting M(pro) and Ameliorates Pulmonary Inflammation. Front. Pharmacol. 2021, 12, 669642. [CrossRef]
[PubMed]

60. Tahir Ul Qamar, M.; Alqahtani, S.M.; Alamri, M.A.; Chen, L.L. Structural basis of SARS-CoV-2 3CL(pro) and anti-COVID-19 drug
discovery from medicinal plants. J. Pharm. Anal. 2020, 10, 313–319. [CrossRef]

61. Kaul, T.N.; Middleton, E.; Ogra, P.L. Antiviral effect of flavonoids on human viruses. J. Med. Virol. 1985, 15, 71–79. [CrossRef]
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