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Respiratory tract infections caused by influenza viruses have challenged clinicians due to shortages of ideal antiviral
therapy or rapid development of resistance to available drugs. The development of new medications, especially from
natural sources, is particularly important to combat the highly mutagenic influenza virus. This study was conducted to
test the activity of some medicinal plants used traditionally in Sudan for the treatment of respiratory tract infections
and other various diseases. Balanites aegyptiaca, Cordia africana, Aristolochia bracteolata, Boscia senegalensis, and
Leptadenia arborea were extracted by water and methanol and tested against influenza virus strain A/WSN/33(H1N1)
using zanamivir as a standard. The effective concentrations for methanol and water extracts were found in the ranges
of 0.25–20 mg/ml and 10–35 mg/ml, respectively. The toxicities of all extracts were evaluated against Madin–Darby
canine kidney cells, and the cytotoxic concentration for all extracts was 80 mg/ml. Plants’ extracts at a concentration
of 2.5–20 mg/ml prevented hemagglutinin-assisted viral adsorption to RBCs using hemagglutination inhibition
assay. The proven anti-influenza activity of the tested plants could explain their folkloric use. It would be valuable
to standardize the plants’ extracts and conduct in vivo studies so as to develop a safe and effective herbal formula for
influenza.
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INTRODUCTION
Respiratory tract viral diseases have continued to be a
global health threat since they are among the most encountered
human infections with high rates of morbidity and mortality.
These diseases are contagious and transmitted mainly by contact
droplets, aerosols, and hands or objects touching (Lee and Treanor,
2016; Richard et al., 2020). “Flu,” a viral respiratory disease, is
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caused by a highly pathogenic organism “influenza virus”. This
virus is highly mutagenic and remains an alarming threat to
both human and animal health worldwide. It infects many hosts,
including poultry, birds, swine, and mammals (Yoo et al., 2018).
The capacity of influenza virus to cause seasonal or sometimes
global outbreak (Neumann et al., 2009) is attributed mainly to
the ability of the virus to mutate its genome in several regions
“antigenic drift and/or shift” combined with re-assortment and
generation of modified or new virus capable of invading various
host (Shao et al., 2017). In addition, governance, socioeconomic,
and environmental factors have been shown to play a role (Chawla
et al., 2009). Despite its high mutagenicity, influenza virus invades
mainly the respiratory tract, affecting both the upper and lower
airways (Lee and Treanor, 2016).
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Curing influenza infections has been a challenge since
only a few drugs have been approved to eradicate the disease.
Furthermore, the emergence of high resistance rate has called
upon withholding two anti-influenza drugs, namely, amantadine
and rimantadine. Although oseltamivir, peramivir, and zanamivir
are still used for influenza infections, the fear of reemergence of
new resistant strains has tackled their prescription (FDA, 2018).
The literature revealed independent attempts to develop either
new anti-influenza drugs or vaccines; nonetheless, all have gone
unsuccessful due to rapid emergence of resistance, escaping host
immunity, genetic diversity of the virus, and high rate of mutation
and, thus, reassortment that can generate new traits giving the
virus abilities of infecting various host (Lyons and Lauring, 2018).
Medicinal plants have always been an important source for
therapeutic agents or leads for curing infectious diseases and serve
as an alternative therapy for local community. The environmental
factors could affect the nature of the plants’ secondary metabolites,
and consequently, various biological activities might evolve (Li et
al., 2020). In this context, a variety of medicinal plants have been
screened against influenza virus, and the data revealed promising
results. However, not a single therapeutic agent has reached the
market yet (Chantrill et al., 1952). Sudan flora is rich in herbs which
are used traditionally for malaria, inflammation, jaundice, HIV
infections, respiratory tract infections, and other microbial diseases
(Chothani and Vaghasiya, 2011; El-Tahir et al., 1999; Fisher, 1990;
Gebreegziabher, 2014; Hamid et al., 1999; Heinrich et al., 2009;
Saeed, 2006; Suliman et al., 2014; von Maydell, 1986). In the
current study, five Sudanese medicinal plants, namely, Balanites
aegyptiaca, Cordia africana, Aristolochia bracteolate, Boscia
senegalensis, and Leptadenia arborea, were selected for screening
against influenza virus based on their folkloric use for the treatment
of infectious diseases and known safety since long time.
METHODOLOGY
Cell culture
Madin–Darby canine kidney (MDCK, American Type
Culture Collection) cells were maintained in minimum essential
medium (Invitrogen) containing 2 mM l-glutamine, 10% fetal
bovine serum, 100 µg/ml streptomycin, and 100 U/ml penicillin
and incubated at 37°C and 5% CO2.
Viruses
Influenza virus strain A/WSN/33(H1N1) was prepared
and stored as described previously (Brauer and Chen, 2015). It
was grown in 10-day-old embryonated chicken eggs at 36°C for
48 hours. The infected allantoic fluids were collected 48 hours
after egg inoculation and stored at −80°C.
Preparation of plants’ extracts
Medicinal plants were collected from healers and
authenticated by the taxonomist Mr. Yahia Mohammed, Herbarium
Unit, Medicinal and Aromatic Plants Research Institute, Sudan
(code numbers shown in Table 1). The parts collected were
cleaned, dried, powdered, and weighed. About 1 g of each plant
material was extracted for 24 hours at room temperature in glass
bottle using water or 70% methanol with continuous shaking,
followed by heating at 85°C for 10 minutes. After cooling at room
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Table 1. Medicinal plants and parts used.
Plant name

Code number

Part used

A. bracteolata (AB)

G-1994-7-MAPTRI-H

Whole plant

B. senegalensis (BS)

A-2005-49-MAPTRI-H

Leave

C. africana (CA)

Y-1010-11-PAPTRI-H

Bark

L. arborea (LA)

W-1999-8-MAPTRI-H

Roots

B. aegyptiaca (BA)

A-1995-15-MAPTRI

Leave

temperature, the extracts were filtered by Whatman filter paper,
and the solvents were evaporated. The obtained powders were
stored at 4°C. The powders were dissolved in reverse osmosis
(RO) water at the time of cytotoxicity assays.
Cytotoxicity and in vitro antiviral activity
The effects of plant extracts on cell proliferation and
viability were evaluated using water-soluble tetrazolium-1 reagent
(WST-1, Dojindo) as described previously (Chen et al., 2017).
The overnight MDCK cells plated in 96-well plate were treated
with serial two-fold dilutions of the prepared plant extract in the
medium and incubated at 37°C for 24 hours together with negative
control (untreated cells). About 10 µl of the WST-1 solution was
added to each well including the negative control and incubated
for 4 hours, and then, the absorbance of each well was measured at
450 and 630 nm using a microplate reader (Life Sciences-Tecan).
The mean values of triplicate experiments were obtained, and the
percentage cell viability was determined for both the water and
methanol extracts according to the negative control measurement.
The 50% cytotoxic concentrations (CC50) were calculated from the
plot of percent cell viability (y-axis) against the concentration of
the plant extracts (x-axis).
In vitro antiviral activity
The cells were seeded into 96-well plate and treated
with a preincubated (37°C for 1 hour) mixture of serial two-fold
dilutions of the prepared plant extract and virus inocula of 100
median tissue culture infective dose (TCID50). The treated cells
were incubated for 1 hour, washed with medium, and cultured
for 3 days. The wells containing cells and virus only served as
the negative controls. WST-1 reagent was added to all wells as
described above, and the 50% effective concentrations (EC50) for
water and methanol extracts were calculated in the same manner
as CC50. The ratio of the CC50 to the EC50 (selective index) was
calculated for all extracts.
Hemagglutination inhibition (HI) assay
The lowest concentrations of plant extracts that inhibit
hemagglutination of chicken red blood cells induced by influenza
virus strain A/WSN/33(H1N1) were determined as described
previously (Pedersen, 2014). The serial two-fold dilutions of
methanol plant extract (25 μl) were added to each well of 96-well
microtiter plates containing an equal volume of virus suspension
(64 HA unit) and incubated for 1 hour at 4°C. The prepared
chicken erythrocytes, 0.5% (v/v) (50 µl), in phosphate-buffered
saline (−) was added and then incubated for 30 minutes at room
temperature for hemagglutination. Red blood cells (RBCs)
without virus served as the negative control, whereas RBCs with
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virus only served as the positive control. The concentrations
of plant extracts marked as (−) were defined as those with
inhibitory effects on viruses, which prevent hemagglutination
(prevent the attachment of virus to RBCs and appear as small
red pellet in the center of a well, as in negative control), whereas
the concentrations marked as (+) were defined as those without
inhibitory effect on viruses and allow the hemagglutination of
RBCs, which appear as a lattice structure (suspended RBCs make
the whole well appear red as in positive control).
RESULTS AND DISCUSSION
Cytotoxicity and antiviral effect of plants’ extracts
The cytotoxicity of the plants’ extracts was assessed
against MDCK cells. WST-1 assay was used to determine CC50
value which was found to be 80 mg/ml. There was no significant
cytotoxicity observed at concentrations up to 40 mg/ml for all
extracts. This finding might support the claim that medicinal
plants used folklorically for long time are safe. The anti-influenza
activity of the plants’ extracts was evaluated using virus inocula
of 100 (TCID50). The EC50 was calculated using WST-1 assay.
Zanamivir was used as a control in a concentration range of 3–100
nM, and it was safe to the cells within the concentrations used
(Fig. 6). The EC50 was 12.5 nM.
Aristolochia bracteolata
Aristolochia bracteolata is a popular medicinal herb in
most of the African, Asian, and South American countries. It is
used traditionally for the treatment of infectious diseases as well
as other diseases (Heinrich et al., 2009). As shown in Figure 1,
the EC50 of the plant against influenza virus was found to be 2.5
mg/ml for methanol extract and 10 mg/ml for water extract with
selectivity indices of 32 and 8, respectively (Table 2). Being the
most active in terms of EC50, the methanolic extract was tested for

the inhibition of RBC hemagglutination induced by viruses, and
it was found to be active at 2.5 mg/ml (Table 3). These findings
together with the known antibacterial effect of AB (Heinrich et
al., 2009; Negi, 2003; Suliman et al., 2014) might explain its
traditional use for respiratory tract infections.
Boscia senegalensis
Boscia senegalensis is a medicinal plant grown in Sudan
and locally known as Mikheit. The plant was used as a food by
western Sudanese population during the starvation period, 1984–
1985 (Fisher, 1990). BS is a promising medicinal plant due to its
folkloric use for the treatment of cough and nutritional value (Doka
and Yagi, 2009; Salih et al., 1991). The activity of BS against
influenza virus was comparable to AB, where CC50 was 80 mg/ml,
EC50 was 2.5 and 10 mg/ml, and selectivity indices were 32 and 8
for methanol and water extracts, respectively (Fig. 2 and Table 2).
Similar to AB, the methanolic extract of BS at 2.5 mg/ml inhibited
RBC hemagglutination induced by influenza virus (Table 3). It
appears that the most active compounds in both AB and BS plants
are relatively less polar since the methanol extracts were more active
than the aqueous one. However, bioactivity-guided fractionation
with less polar solvents is necessary to confirm this observation.
Leptadenia arborea
Leptadenia arborea is used in the folkloric medicine for
the treatment of cough, diarrhea, dandruff, and jaundice (Doka
and Yagi, 2009; Issa et al., 2018). As shown in Figure 3, LA
demonstrated less potency against influenza virus when compared
to AB and BS. The EC50 of the methanolic extract was two-fold
less than that of the aqueous extract (EC50 = 10 and 20 mg/ml,
respectively). The corresponding selectivity indices were 8 for the
organic extract and 4 for the aqueous one (Table 2). Regarding
HI assay, LA was found less active than AB and BS, where it

Figure 1. Cytotoxicity and anti-influenza effect of A. bracteolata (AB) extracts. The EC50 value was 2.5 mg/ml
for methanol extract and 10 mg/ml for water extract.
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Table 2. The selectivity index (SI) of different plants extracts.
Methanol extracts
Plant name

Water extracts

CC50 (mg/ml)

EC50 (mg/ml)

SI

EC50 (mg/ml)

SI

A. bracteolata

80

2.5

32

10

8

B. senegalensis

80

2.5

32

10

8

L. arborea

80

10

8

20

4

C. africana

80

20

4

10

8

B. aegyptiaca

80

20

4

35

2

Table 3. Inhibitory effects of plants' methanol extracts on RBC hemagglutination.
Negative control

Positive control

Extract name

Virus + Plant extract (mg/ml)
1.25

2.5

5

10

20

40

A/WSN/33(H1N1)

−a

+b

AB

−

+

+

−

−

−

−

−

BS

−

+

+

−

−

−

−

−

CA

−

+

+

+

+

+

−

−

LA

−

+

+

+

+

+

−

−

BA

−

+

+

+

+

+

−

−

Negative control: RBCs without virus.
Positive control: RBCs with virus (no plant extract).
a
No hemagglutination.
b
Hemagglutination.

Figure 2. The activity of B. senegalensis (BS) extracts against influenza virus: The EC50 value was 2.5 mg/ml
for methanol extract and 10 mg/ml for water extract.
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Figure 3. Cytotoxicity and anti-influenza effect of L. arborea (LA) extracts: The EC50 value was 10 mg/ml for
methanol extract and 20 mg/ml for water extract.

inhibited RBC hemagglutination induced by influenza virus at a
concentration of 10 mg/ml (Table 3).
Cordia africana
Cordia africana (Sudan teak) is widely distributed in
whole Africa and the Middle East. Its fruit is edible (can be eaten
raw or cooked) and used locally as medicine. The antimicrobial
and antioxidant properties of the plant have been documented in
the literature (Isa et al., 2016). CA is a potential source of antiviral
compounds as it is traditionally employed for the treatment
of respiratory tract infections and jaundice (Gebreegziabher,
2014). Contrary to AB, BS, and LA, the water extract has shown
a higher antiviral activity (EC50 = 10 mg/ml) compared to the
organic extract (EC50 = 20 mg/ml) (Fig. 4). The SI for water
extract was higher than methanol extract, which were 8 and 4,
respectively (Table 2). The aqueous extract of CA inhibited RBC
hemagglutination induced by influenza virus at 20 mg/ml (Table
3). The resultant anti-influenza activity of CA, its multipurpose
use (Teklay et al., 2013), supported by the traditional use of the
plant against respiratory tract infections and jaundice, make it very
important herb as a potential source of antiviral compounds.
Balanites aegyptiaca
Balanites aegyptiaca, the desert dates, is a known
medicinal plant in Sudan and other countries (Sarker et al.,

2000). BA has several medical traditional uses; it is almost
used for all microbial infections including viral ones (Chothani
and Vaghasiya, 2011; Issa et al., 2018). In the current study, BA
showed the weakest activity against influenza viruses compared to
the other tested plants. As shown in table 2, the EC50 of the plant
against influenza virus was found to be 20 mg/ml for methanol
extract and 35 mg/ml for water extract with selectivity indices of 4
and 2, respectively, being the least active medicinal herb tested in
this study. The concentration at which BA inhibited virus-induced
RBC hemagglutination was 20 mg/ml (Table 3). It is worth noting
that this plant is culturally acceptable and sold in local food shops
due to its nutritional value, medicinal use, and other local uses.
We believe that such a weak antiviral activity could be attributed
to the potential mutation acquired through long term exposure of
the plant to different human viruses
There is a discrepancy between the usefulness of purified
compounds, standardized extract, and whole plant extracts that
have been used for the treatment of various disorders. However,
the use of whole medicinal plants for the treatment of respiratory
tract infections is widely accepted by the local communities due
to their own experience about their efficacy and safety for long
time. The potential bioactive compounds could be isolated from
medicinal plants and subjected to the drug discovery approach,
hit-to-lead exploration, for the identification of promising
molecules.

Mohamed et al. / Journal of Applied Pharmaceutical Science 10 (06); 2020: 054-061

Figure 4. The antiviral activity and cytotoxicity of C. africana (CA) extracts: The EC50 value was 20 mg/ml for
methanol extract and 10 mg/ml for water extract.

Figure 5. The activity of B. aegyptiaca (BA) extracts against influenza virus: The EC50 value was 20 mg/ml for
methanol extract and 35 mg/ml for water extract.
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Figure 6. Cytotoxicity and anti-influenza activity of zanamivir: No cytotoxicity seen up to 100 nM. The EC50
was 12.5 nM.

CONCLUSION
The most safe and potent plants against influenza virus
strain A/WSN/33(H1N1) were proved to be AB and BS, where the
EC50 were 2.5 and 10 mg/ml and selectivity indices were 32 and 8
for the organic and aqueous extracts, respectively. The least potent
aqueous extract was that of BA with an EC50 of 35 mg/ml, whereas
the least active methanolic extracts (with an EC50 of 20 mg/ml)
were associated with CA and BA. All plants inhibited the virusinduced hemagglutination of chicken RBCs at concentrations
equal to their EC50 values. The proven anti-influenza activity of
the tested plants could rationalize their efficacy against some
respiratory tract infections. Future studies should concentrate on
the in vivo efficacy and toxicity of the tested plants to open the
way toward standardized herbal therapy for influenza virus.
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