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Abstract
Coronavirus disease (COVID-19) is an infectious disease caused by a newly discovered
strain of Corona viruses (SARS-CoV-2). The disease causes mild to severe symptoms,
mainly respiratory. Some patients can develop pneumonia, severe acute respiratory
syndrome, kidney failure and even death. Any patient can develop mild to severe illness, but
old age and severe underlying medical conditions like chronic lung diseases, diabetes,
obesity, etc. seem to be higher risk factors for developing more serious complications from
COVID-19. There is no specific treatment for COVID-19. However, many of the symptoms
can be treated according to the patient’s clinical condition. Adiantum capillus-veneris
(Maidenhair fern) is a medicinal herb of the family Pteridaceae. The plant extract showed a
potential efficacy as ancient physicians used it for curing different diseases. In modern
medicine, the plant was proven to possess a pharmacological efficacy to treat many
symptoms similar to that caused by COVID-19 and its underlying medical conditions. Herbal
agents extracted from Adiantum capillus veneris is widely used  for the treatment of
COVID-19 in Egypt, but Unfortunately, specific preclinical and clinical trials to evaluate the
effects of the herbal immunoregulators in COVID19 patients have not been conducted.
However, Certain natural compounds are proven here to be possibly effective for the
treatment of COVID-19 symptoms based on general concepts from previous  experiments.
Meanwhile, people believe that consuming herbal immunomodulators can prevent or even
cure COVID-19, this review is done to discuss the pros and cons of utilising the extract of
Adiantum capillus veneris during COVID-19 pandemic, draw conclusions, and make
recommendations of modern therapeutic application of an extract-based drug to treat
symptoms of patients with COVID-19.
Introduction
A pneumonia of unknown cause, first reported in Wuhan, China to the World Health
Organization country office in December 2019 was declared as a public health emergency of
international concern in January 2020. In February 2020, the World Health Organisation
announced a name for a new coronavirus outbreak: COVID-19 [1]. SARS-CoV-2 viral
infection has variable effects on different people. According to the international guidelines
announced by the World Health Organisation, most common symptoms of COVID-19
include fever, dry cough and tiredness. Less common symptoms include body aches,
headache, sore throat, diarrhea, skin rash and others. Although most patients develop mild
to moderate symptoms, others can develop serious symptoms that can be severe enough to
cause death. The mechanism of how the viral infection affects people differently is still
unknown. However, factors like old age, diabetes, obesity, chronic lung diseases, androgenic
disorders and other comorbidities are thought to increase the risk of developing a severe
form of the disease. Though available vaccines that hold future promise, infection control
and chemotherapy remain the primary weapons for reducing the burden of the disease in
individuals and populations. There are still no drugs or therapeutics approved by the Food
and Drug Administration (FDA) to treat or prevent COVID-19. Current clinical procedure
includes  prevention and control of infection by supportive care including supplemental
oxygen and mechanical ventilatory support depending on patients’ clinical conditions [2].



On the other hand, Adiantum capillus-veneris, Maidenhair fern, a herb of the class
Pteridopsida, family Pteridaceae, Adiantaceae, has medicinal parts like fronds, rhizomes and
roots that have various medicinal properties [3]. The plant has a cosmopolitan distribution
and is found in various shady and moist regions throughout the World [4,5]. Scientists
assessed the plant extract chemical composition for its numerous pharmacological effects
after being used for curing different diseases by ancient physicians. The plant was proven to
possess anti-inflammatory, antioxidant, analgesic, antibacterial, antifungal, antidiarrheal,
antispasmodic, anticonvulsant, hypoglycemic anti-diabetic, hypocholesterolemic,
anti-obesity, goitrogenic, anti-thyroidal, anti-asthmatic, anti-androgenic alopecia, as well as
diuretic, anti-lithiasic, detoxifying and many other effects.
Dealing with many symptoms similar to that which are caused by the current COVID-19
disease and the underlying risk factors for developing severe illness, the plant is used by the
public as a herbal treatment for COVID-19 patients in Egypt. People competitively shopped
for the herbal products to prevent or even cure COVID19 patients. Unfortunately, this
community behaviour was undertaken without a solid research based on the plant effects on
COVID-19.
This review explains in detail the symptoms of COVID-19 and how active compounds of
Adiantum capillus veneris products might prevent or cure the symptoms of COVID-19. It also
will discuss the safety aspects of the natural compounds of the herb and provide
recommendations for both the community and clinicians what makes the plant extract a
potential candidate for starting a Maidenhair fern Clinical Therapy (MCT)
Active ingredients
Adiantum capillus-veneris L. extract includes:

● Flavonoids: astragalin, isoquercitrin, kaempferol-3-sulfate, naringin, nicotiflorin,
populnin, procyanidin, prodelphinidin, quercetin, quercetin-3-O-glucoside,
querciturone and quercetin-3-O-rutinoside (rutin) [6-9].

● Triterpenoids: 3-methoxy-4-hydroxy filicane, 3,4-dihydroxyflavone, 30-normethyl
fernen-22-one (capillirone, 1), hopan-3β-ol (capillirol B, 2)
hydroxyadiantone,21-hydroxy adiantone, isoadiantone, isoglaucanone, isoadiantol-B,
hdoxyhopane, adiantoxide, adian5-en-3a-ol, adian-5(10)-en-3a-ol,
olean-18-en-3-one, olean-12-en-3-one,  pteron-14-en-7a-ol, hop- 22(29)ene,
neohop-12-ene ,  filic-3-ene ,  7-fernene, ferna-7, 9(11)-diene, fern-9(11)-ene,
fern-9(11)-en-28-O, Fern-9(11)-en-12-one, fern-9(11)-en-12- beta-ol, fern9(11)-en-
3a-ol and fern-7-en-3a-ol [10-23].

● Four sulphate esters of hydroxycinnamic acid-sugar derivatives:
1-caffeylgalactose-3-sulphate, 1-caffeylgalactose–6-sulphate,
1-p-coumarylglucose-6-sulphate and 1-p-coumarylglucose-2-sulphate [24].

● Sterols: beta sitosterol, stigmasterol and capesterol [23].

● Aoleananes, carbohydrates, alicyclics, phenylpropanoids and carotenoids, Mg, Mn,
Fe, Co, Na, Ni, Cu, Zn and mainly Ca and K ;Fibers, fats and waxes [6];

Extraction
Leaves contain 24.00% water extractable matter, 8.3% moisture extractable matter and
11.44% ethanol extractable matter [6].
The following table shows the total phenolics and total flavonoids in the leaves in (mg/100g)
in aqueous, methanolic and ethanolic extracts respectively [25]:



Total phenolics Total flavonoids

Aqueous extract 224.76 ± 9.75 49.62 ± 0.875

Methanolic extract 156.34 ± 9.70 78.18 ± 1.741

Ethanolic extract 36.53 ± 3.65 50.15 ± 4.79

Pharmacological actions of the extract in relation to symptoms of COVID-19 :-
-Anti-inflammatory:
The systemic cytokine profiles that are observed in patients with severe COVID-19 show
similarity to cytokine release syndromes that are caused by overproduction of cytokines such
as IL-6, tumour necrosis factor (TNF) and inflammatory chemokines which include
CC-chemokine ligand, CCL3 and CXC-chemokine ligand 10 (CXCL10) and soluble α-chain
of the interleukin 2 (IL-2) receptor. This has led to the hypothesis that dysregulated activation
of the mononuclear phagocyte (MNP) compartment leads to COVID-19-associated
hyper-inflammation and cytokine storm [26]. Trials to block IL-6 signalling in a subset of
patients across the world showed some clinical benefits. A study reported a clear benefit in
15 of 20 patients treated with IL-6 blockade, leading to FDA approval of IL-6 blockade in
patients with COVID-19 [27].
In vitro, the anti-inflammatory activity of the ethanolic extract of Adiantum capillus veneris
appeared to have suppressing effect on nuclear factor kappa B activation leading to a
significant inhibitory effect on the production of inflammatory cytokine in human monocytes
lipopolysaccharide-induced prostaglandin E2, interleukin 6 (IL-6) and tumor necrosis factor
(TNFα) generation with an IC50 less than 50μg/ml [28]. Moreover, it has a cell-specific
pattern on NF-κB gene transcription by blocking luciferase expression and it also
downregulates IKKα/β phosphorylation by selective abrogatation of IL-8 transcription at a
dose of 200 μg/mg [29]. In hind paw edema test in rats, at a dose of 300 mg/kg, the ethyl
acetate fraction of the plant ethanolic extract has a better anti-inflammatory activity than that
of the standard drug Indomethacin [29]. The anti-inflammatory activity of the ethanolic
extract and all its fractions against COVID-19-associated hyper-inflammation and cytokine
storm is expected to be mainly related to the inhibition of NO release and reduction in TNF-α
level.
-Antioxidant:
At the cellular level under hypoxic conditions that occur in respiratory diseases, the reactive
oxygen species (ROS) and reactive nitrogen species (RNS) are continuously generated by
the mitochondrial metabolism and inflammatory cells in the case of diseases that are caused
by pathogens that include virus replication such as COVID-19 [30]. Therefore, international
guidelines make recommendations for the dietary antioxidants in supportive treatment and
prevention of COVID-19. In vitro, through DPPH test, the ethanolic extract from Adiantum
capillus-veneris Linn exerted a good antioxidant activity compared to ascorbic acid with a
low value of IC50 (0.3986 mg/gm). by the same assay ultrasonic-assisted flavonoid extract
of the plant exhibited a chelating capability on ferrous ions, scavenging capacity on
superoxide anion and reducing power tests. The plant essential oil phytoconstituents like
carvacrol and thymol are responsible for its antioxidant capacity [31]. Aqueous and butanol
fractions have significant protection against the damaging of fibroblasts by oxygen free
radicals [32]. In vitro, a 18 hour pretreatment with the extract of the plant leaves inhibits
peroxidation of lipids and significantly enhances glutathione (GSH) content and antioxidant



enzymes activity in peripheral blood lymphocytes hydrogen peroxide (H2O2)-induced
oxidative damage [33]. In vivo, the plant showed more potent antioxidant activity compared
to some synthetic antioxidants such as ascorbic acid, EDTA and BHT. Total flavonoids from
Adiantum capillus-veneris showed a high scavenging activity on hydroxyl radicals in
peripheral blood lymphocytes induced oxidative damage [34-35]. Antioxidants have a
potential role in the treatment of respiratory diseases and the plant antioxidant capacity
against COVID-19 is referred to be due to its direct potential in scavenging free radicals and
modulating the antioxidant defense system.
-Analgesic and antinociceptive:
The early symptoms of COVID-19 include generalised muscle and body-aches [36].
The analgesic effect of the ethanolic extract from Adiantum capillus-veneris and especially
its  ethyl acetate fraction (p<0.01) was confirmed through tail flick method and writhing test.
The results revealed significant analgesic action with insignificant gastric ulceration
compared to standard anti-inflammatory, antipyretic and analgesic drugs as Ibuprofen [ 9,
29, 37 ] and its 4-α- hydroxyfilican-3-on fraction exhibited a significant anti-nociceptive
activity [38].
-Antimicrobial co-infection:
Co-infections occur within one to four days after the onset of COVID-19 infection. Microbial
co-infection increases the risk of disease severity in humans. Patients with fungal
co-infections, bacterial-fungal co-infections and viral co-infections were among the highest
severe cases of COVID-19. 242 among 257, about 94.2 % of laboratory-confirmed
COVID-19 cases got co-infection with one or more pathogens. When tested for 39
respiratory pathogens by a real-time PCR, 24 out of the 29 respiratory pathogens were
confirmed among patients. However, Streptococcus pneumoniae followed by Klebsiella
pneumoniae and Haemophilus influenzae were the most common pathogens confirmed
among COVID-19 patients [39].
Different extracts of all used parts of Adiantum capillus veneris displayed potent antibacterial
and antifungal properties [40]. Methanolic extracts of four important Adiantum species  were
evaluated for antibacterial and antifungal effects. Among these species, A.capillus-veneris
showed a  potent antibacterial properties.The methanolic extract of Adiantum
capillus-veneris was tested for its antimicrobial activity against five gram positive (including
multi-resistant Staphylococcus aureus), six gram negative bacteria  and eight fungal strains.
Broad antimicrobial properties and maximum zone of inhibition against Staphylococcus,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus vulgaris, Agrobacterium
tumefaciens, Salmonella arizonae, Salmonella typhi, Providencia, Candida,Vibrio cholera,
Shigella, Helicobacter pylori and Escherichia coli with and a very low minimum inhibitory
concentration (mic) value between 0.5 and 2 mg/ml was confirmed [41]. The water extract of
the species was very potent against all bacteria strains. In vitro, the ethanolic extract of the
plant possesses antiviral properties [42].The plant extract antimicrobial capacity against the
virus and multidrug resistant (MDR) bacterial strains associated with COVID-19 was
confirmed through tissue culture and disc diffusion method respectively.
-Neuropharmacological effect:
Coronaviruses have positive tropism to invade the central nervous system and cause
neurological pathologies  under certain conditions. In most human coronavirus
infections(OC-43, 229E, MERS and SARS), neuroinvasion is reported. In patients affected
by COVID-19, neurological symptoms including headache, dizziness, stroke, myalgia and
anosmia, encephalitis,  encephalopathy, necrotising hemorrhagic encephalopathy,
rhabdomyolysis, Guillain-Barre syndrome and epileptic seizures were reported [43].



The indication of different Adiantum capillus veneris extracts in patients with
COVID-19-associated neurological symptoms is due to its anticonvulsant effect and the
neurological depressant profile of the active ingredients. In PTZ-induced convulsion model,
The plant extract could reduce the period of seizures and prolong onset of action. In the
MES-induced seizure model, it could decrease the time of different phases of seizure. In a
forced swim test in mice, the plant revealed depressant property by prolonging immobility
time [44]. Shikimic acid isolated from the plant extract is responsible for the neuroprotective
activity. It decreases middle cerebral artery thrombosis-induced focal cerebral ischemic injury
[45].
-Antidiarrheal spasmolytic:
Diarrhea is the most common GIT manifestation of COVID-19 and the early symptom of
COVID-19 in 19% of patients and lasted for 5.4 days (±3.1 days) in average, with 4.3 (±2.2)
daily frequent bowel movements and SARS-CoV-2 RNA frequently detected in their fecal
samples (73.3%). Furthermore, the recovery after the onset of symptoms  takes a longer
time in patients with digestive symptoms (16 days) compared to (11.6 days) in patients with
respiratory symptoms only [46].
The indication of Adiantum capillus veneris extract in COVID-19-associated GIT disorders
is due to the significant antidiarrheal and antispasmodic capacity. The antidiarrheal effect of
Adiantum capillus-veneris leaves was confirmed through castor oil-induced diarrhea in mice.
The antispasmodic activity of the plant extracts was confirmed through its inhibitory effect on
K+-induced contraction in isolated rabbit jejunum [47].
Controlling COVID-19 disease in high risk groups :-
-Diabetic patients:
The compromised immune system and an environment of elevated blood glucose for the
virus as well as the presence of possible diabetes complications make diabetic patients with
COVID-19 among high risk groups to develop severe illness and require a longer recovery
period [48].
Extract from Adiantum capillus veneris, prepared by boiling the dried parts with water,
reduced glucose-induced hyperglycemia in mice when it was given orally at a dose of (25
mg/kg). The alcoholic extract of Adiantum capillus-veneris exhibited significant
hypoglycaemic effect in rabbits, onset of action started after 30 min of administration and
lasted for 4 hours [9]. Aqueous and methanolic extracts Improved the fasting blood sugar
level with low side effects in streptozotocin-induced diabetic rat model [49]. Due to
insulin-like constituents in the species, the plant extract significantly affects pancreas activity
for amylase secretion and reduces the blood glucose Level [50]. The species also revealed
anti-hyperglycemic properties compared to the standard drug Acarbose [51]. An ointment
containing the plant extract cured wounds in diabetic rats [52].
-Obesity:
Obesity plays an important role in the pathogenesis of COVID‐19 infection. 88% of 112
patients reported with obesity were among the highest severe COVID-19 cases who died
compared to 19% who survived [53].  Among 124 patients admitted to an intensive care unit
with COVID-19 50% were with obese BMI. The more BMI of the patient, the more the need
for mechanical ventilation [54].
Water extract of Adiantum capillus-veneris exhibited potent hypocholesterolemic effect by
the reduction of serum total cholesterol (TC) levels with no change in HDL level. TC/HDL
atherogenic index was normalized in rats treated with a preparation of the plant [55]. In vitro,
the plant has significant inhibitory effect on phospholipase compared to standard drug
Orlistat [51].



-Renal complications:
severe cases of COVID-19 reported signs of kidney damage including high levels of
acidosis, protein in urine and abnormal blood work even in cases with no history of
underlying renal problems. Almost 30% of hospitalized patients with COVID-19 in China and
New York developed moderate or severe kidney dysfunction or even required dialysis [56].
After a 14 day therapy with the ethanolic extract from Adiantum capillus-veneris Linn at a
dose of 500 mg/kg, a significant nephroprotective activity was revealed [57]. The plant
improved the renal pathological features associated with systemic Candida Albicans
infection in mice [78]. Besides, the plant astragalin anti-proliferative activity inhibited matrix
over-synthesis and proliferation of human mesangial cells which is supposed to prevent
progression of chronic renal disease. The hydro-alcoholic extract of the plant caused a
significant reduction in the number of crystals and serum levels of calcium, phosphorus and
blood urea [58]. The plant also affected crystallization, crystal aggregation, sizes and
numbers of crystals in vitro [59].The plant extracts raise urinary output at low doses.
-Androgenic disorders-related complications:
Concentration of testosterone in plasma is reduced by age and by comorbidities like
diabetes and obesity [60] that are highly prevalent in COVID-19 patients. Vast majority of
men with COVID-19 cases admitted to intensive care units had low plasma testosterone
levels that can induce cytokine storms which in turn can be fatal [61]. 71% out of 41
COVID-19 cases with bilateral pneumonia had clinically a significant androgenic alopecia
[62]. About 79% of the men and 42% of the women involved in the study of 175 COVID-19
cases had signs of androgenic alopecia [63]. Therefore, COVID-19 patients with androgenic
disorders seem to be more likely to need hospitalization and more likely to develop serious
complications of the disease.
Through a testosterone-induced alopecia model, the ethanolic extract of  Adiantum
capillus-veneris displayed a potent hair tonic effect on anagen/telogen ratio and follicular
density on albino mice. This hair growth-promoting activity was evaluated in Adiantum
capillus-veneris-treated group in comparison to testosterone and finasteride treated groups
respectively as described in following table :

Animal group The follicular density
(follicles/mm)

Anagen/telogen ratio

Adiantum capillus
veneris-treated

1.92 ± 0.47 0.92 ± 0.06

Testosterone-treated 0.23 ± 0.03 0.23 ± 0.03

Finasteride-treated 2.05 ± 0.49 1.12 ± 0.06

As observed, after 21 days, the animal group treated with Adiantum capillus-veneris showed
less hair loss compared to the group treated with testosterone only and anagen/telogen ratio
was significantly affected [64].
-Chronic Lung disease:
People with underlying chronic lung disease, including asthma, were at a higher risk of
hospitalization for COVID-19 in the United States [65] and more likely to develop
multisystem inflammatory syndrome that is temporally related to COVID-19 in children and
adolescents [66].



Anti-asthmatic effect of the ethanolic extract from Adiantum capillus-veneris leaves was
confirmed through histamine aerosol-induced asthma in guinea pig [67]. According to usage
history, most important indication of A. capillus veneris was mainly for respiratory tract
conditions as anti-productive cough, anti-dyspnea, anti-tuberculosis and anti-asthmatic agent
[68-71].
Safety and adverse effects
The plant extracts have no inhibitory effect on Aryl Hydrocarbon Hydroxylase (AHH) and
Epoxide Hydrolase (EH) enzymes which accelerate conversion of carcinogenic components
into active compounds [72]. It has a safe contact with eyes as ancient physicians applied the
active ingredient as eye drops to control the fistula lacrymalis [73]. It has a safe contact with
intact skin as ancient physicians applied the active ingredient topically as an ointment  [74]. It
is also safe on broken skin as the extract of the plant increases angiogenesis and
proliferation of endothelial cells and protects fibroblasts from damage by oxygen free
radicals [75]. It also cured wounds in diabetic rats [76]. Discomfort (eg, burning, itching) is
not expected or usually disappear after a short time as it reduces severity of pre-existing
dermatitis and prevents development of atopic dermatitis [77]. There is no risk on patients
with underlying gastric ulceration and reflux esophagitis compared to some standard
anti-inflammatory drugs as the ethanolic extract and its fractions don’t cause ulcers in the
stomach at a dose of 900 mg/kg body weight [29]. Moreover, the plant extract has
gastroprotective properties by inhibiting inflammatory cytokine production, gastric acid
secretion, intracellular calcium mobilization and oxidative stress. The effect on the ability to
drive and use machines has not been studied in humans, but according to side effect and
toxicity profile obtained on animal studies, no major behavioral change is expected as no
acute toxicity, restlessness, seizure or piloerection were noticed in mice at doses of 1, 3 and
7 g/kg up to 6 hours after oral administration [49]. The plant extract may have pungent taste
that is almost not felt with no specific flavor [78].
Accordingly, on proper dosage, the active ingredient seems to be significantly safe and have
no health hazards. No adverse events were reported for this plant in modern phytotherapy.
However, The plant exhibited to have spleen protective function in mice and it could
normalize the LPS-induced elevated spleen index at 200 μg/mg [80] and could also reduce
the colony-forming units (CFU) of Candida albicans in the spleen [81], avoid indication in
patients susceptible to spleen damage [79] as from traditional report, the plant is considered
harmful to spleen so it's not recommended. On the other hand, this adverse event is
traditionally reduced by combination with Pistacia lentiscus resin (mastic) or Viola odorata
flower (English violet) [68-70]. The plant medication is also contraindicated in women with
estrogen-positive cancers as it probably has estrogen-like effects  [25]. There is no clinical
data on direct and indirect possible toxicity effects of the plant extract on pregnancy,
embryonic, fetal development, postnatal development or breast feeding. However, The
medication is contraindicated in pregnant women or couples seeking pregnancy as it may
have abortive action and prevent conception as the plant extract ingredient of the drug is
traditionally believed to stimulate the uterus and promote menstruation, additionally and
animal studies indicated anti-implantation effect [25]. It’s better to avoid indication in patients
with overactive thyroid gland as in toxic adenoma, multinodular goiter and Graves’ diseases.
Although the plant extract decreased size of the gland in animal studies, thyroid peroxidase
action, antioxidant enzymes, T4 and T3 serum levels increased and TSH serum level
strongly decreased [82].
Toxicity



No acute oral toxicity is expected. In vivo, methanolic, aqueous and ethanolic extracts of the
plant have no major behavioral changes or lethality at acute dosage of 2000 mg/kg in mice
[82,83]. However, the medication should be administered with caution at designed
therapeutic doses according to clinical conditions taking into consideration the hypoglycemic,
hypocholesterolemic, goitrogenic, anti-calcium and double effect on diuresis of the plant
extract. High dosage can reverse the diuretic effect and reduce the urinary output
significantly [81].This plant should be used with caution in patients with diabetes and patients
with hypoglycemia and monitor their blood sugar levels accordingly.
Conclusion
The fern species Adiantum which is Maidenhair was employed for numerous medicinal
purposes by the Pharaohs on Ancient Land of Egypt. Nowadays and after thousands of
years, Adiantum capillus-veneris has  showed to be a promising effective and safe candidate
for development of a novel drug to treat many symptoms associated with COVID-19 with its
wide range of chemical constituents and numerous pharmacological effects that is expected
to be useful if clinically applied in adequate therapeutic dosages.
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