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Abstract: Background/Aim: The lack of effective therapies and/or vaccines for several vira infections, and the rapid
emergence of new drug-resistant viruses have necessitated the need for developing new and effective antiviral
agents. In this study we evaluate the antiviral potentials of three plants indigenous to Nigeria on vaccine strains of
Yelow fever virus (YFV) and Polio virus (PV) in order to inform their usefulness in antivira drug design. Fresh
leaves of Bambusa vulgaris Schrad., Moringa oleifera (L), and seed of Citrus paridisi Macfad were collected from
Lagos State, South Western Nigeria. Extraction of the plant materials was done with analar grade methanol using the
Soxhlet extractor and concentrated using the rotary evaporator. Results showed that the crude extracts of the three
plants inhibited YFV in vitro, with the virus being more susceptible to C. paridisi Macfad at al the concentrations
tested. B. vulgaris Schrad., and M. oleifera (L) inhibited the virus at two concentrations of 0.031 and 0.016 ug \xh'\
andO.063 and 0.031 ug uL~'respectively. PV was resistant to al the extracts at al the concentrations. Results of pre-
and post- infection antiviral activities of the extracts on the replicative cycle of the viruses showed both
adsorption/entry, and post infection inhibitors. Phytochemical screening of the extracts showed the presence of
terpenes, alkaloids, flavonoid, tannins, combined and free anthraguinones, cardiac glycosides, and saponins. This
study revealed that some Nigerian medicinal plants could serve as alternative agents for treating and/or preventing
infections caused by RNA viruses.
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Introduction

iral infeclions play an important role in human

\ f diseases (Kitazato er al, 2007).Recent

autbreaks in the advent of glebalization and
ease of travel have underlined their prevention as a
critical issue in safeguarding public health. Despite the
progress made in immumzation and drug development,
many viruses flack preventive vaccines and efficient
antiviral therapies, which are often beset by the
generation of viral escape mutants. Thus, identifying
novel antiviral drugs is of critical importance and
natural products are an excellent potential source for
such discoveries {(Liang-Tzung et al., 2014),

Several hundred natural active compounds
have been identified worldwide (Newman ez al., 2007}
Many of them have complementary and overlapping
mechanisms of action, either inhibiting synthesis of the
viral genome, viral protein or blocking of wviral
replication. These natural active compounds, which
contain more characteristics of high chemical diversity
and biochemical specificity than standard combinatorial
formuila, effer major opportunitics for finding novel
structures that are active -against a wide runge of assay
targets. In addition, natural products that are
- biologically active in assays are  gencrally small
molecules with drug-like properties. They are capable
of being absorbed and metabolized by the body. Hence.
the cost of producing orally active medicines are likely
w be much lower than that of biotechnologival products or
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most compounds produced to date from combinatorial
chemistry.  Thercfore, natural  products, including
traditional medicinal plants (herbs), offer great promise
as potentially effective new antiviral drugs (Kitazato et
al., 2007).

The contitived discovery and development of
new formulations of herbal medicines, containing a
combination of muitipfe ingredients that synergisticaiiy
act to potently and selectively inhibit replication of
viruses of public health significance like yellow fever
and polio virus at different stages and strengthen the
impaired immune system, should be a poteatial
therapeutic option in the future (Kitazato et al., 2007).

Yellow fever is caused by the yellow fever
virus, a 40- to 50-nm-wide enveloped positive-sense
spherical single stranded RNA virus, belonging to the
family Flaviviridae and genus Flavivirus (Stock er al.,
2013). This arthropod-borne pathogen is the causative
agent of severe and fatal disease in humans and has a
considerable socioeconomic effect worldwide (Stock er
al., 2013).

Poligvirus is a human entcrovirus and member
of the fumily of Picomaviridac (Ryan and Ray, 2004:
Carstens and Ball, 2009), [t is a naked single stranded
(+) sense RNA icosahedral virus (WHQ, 20135). Owing
o the expression of three unigue sets of Tour different
neutralization antigenic determinants on the poliovirion
suptace reforred 10 as N-Agl, 2. 3A, and 3B (Lee er al..
1977). poliovirus occurs in three serotypes, termed
types 1. 2. and 3, where the hames Mahoney or
Brunhilde, MEF-1/Lansing, and Saukett/Leon designate
a strain of each serotype, respectively (Minor, 1990).
Poliomyelitis caused by polio virus is a paralyzing
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disease transmitled primarily through person-to-person
spread through the fecal-oral route (WHO, 2015).

In this study. we investigated the antiviral
potentials of three locally available herbs in Nigeria
against known viruses of public health significance in
Nigeria, namely Yellow Fever virus and Polio virus

Materials and Methods

Study Design: This is an in vitro tissue culture study
Vero cell lines in MEM medium in 96 well tissue
culture plates. The study involved virucidal, and pre-
and post- infection antiviral activities of the extracts on
the test viruses.

Study site: Initial plant samples preparation and tissue
culture study was donme at the Virology Research
Laboratory, College of Medicine of the University of
Lagos, Idi-Araba, Extraction of the plant materials was
done at the Pharmocognosy Department, University of
Lagos while antiviral evaluation was done at the
Department of Virology, University of lbadan. The
study was carried out between July, 2013 and August,
2015.

Collection of plant samples

Fresh and healthy leaves of B. wulgaris
Schrad. and M. oleifera (L) and seeds of C. paridisi
Macfad. were collected from Okota, Lagos, South
Western Nigeria. The plants materials were carefully
examined and old, insect-damaged and fungus infected
samples were removed. The plant samples were
authenticated by a Taxonomist at the Herbarium unit of
the Department of Botany, University of Lagos, where
Voucher specimens were deposited. The voucher
numbers were B. vulgaris Schrad. (LUH 5493), C.
paradisi Macfad. (LUH 7659), and M. oleifera
(LYLUH 5498).

Extraction of plant materials
The method of extraction of plant materials
was as described by Wang and Weller, (18). Briefly the
leaves were dried, blended to a fine powder, and
subjected to Soxhlet extraction (Nahalito) using 99%
Analar grade methanol. They were concentrated in
vacuo at 45°C 1o a final volume of 3 ml using a rotary
evaporator {Buchi). The solid residues obtained after
evappration were dried, weighed and preserved at -
| 20°C in ainight sterile McCanney bottles 1ill further use
| a8 recommended by Somchit er al.. (2010) and Patrick-
| Iwuanyanwu er al.. (2011).

Reconstitution of extract: About 10 (1 mg/ml) mg of
each pasty solid plant extract was weighed and
mtroduced into sterile calibrated centrifuge tubes. They
‘were then reconstituted i 0.5% dimethyl sulfoxide
(DMSO) (Sigma) and shaken vigorously to ensure
“complete dissolution, They were then brought 1o a final
volume of 10 mL with the addition of 9.95 mL of sterile
(distilled water. They were subsequently filtered. first.

with 0.45 um and then with 0.22 pm membrane syringe
filters (Cell Treat USA). They were then aliquoted unto
sterile plain bortles. closed tightly and stored as stock
under refrigeration at -20°C till further use. Hundred
microliters of each extract concentration was thereafter
used to evaluate the cellular toxicity of the extracts as
well as antiviral assay as recommended by Beliran,
21).

Phytochemical screening

The extracts were first reconslituted in
methanol extraction solvent and then tested by standard
phytochemical methods according to Evans, (2009) for
the presence of alkaloids, cardiac glycosides, combined
anthraquinones,  f{lavonoids, (ree  anthraguinones,
saponins, tannins, and terpenes.

Evaluation of cellular toxicity: The method used was
based on cellular  morphologic  changes  as
recommended by In-Woo er al, (2009), Ojo er al.,
2009; and Omilabu ez al., 2010. Briefly Vero cells were
prepared at a density of 8 x10% cells mL' in a 10%
MEM in 75 em’ tissue culture flasks (Cell Treat, USA).
A 100 pL of this cell suspension {containing B00D cells)
was then dispensed into each well of a flat bottomed
Y6-well tissue culture plate (Cell Treat, USA) and
incubated for 24h at 37°C. The 10% MEM was
aspirated thereafter and discarded. Then eight sterile
upiversal bottles labeled with the code name for each
extract was arranged on a rack and a 2-fold serial
dilution was carried out. The positive control, Virest
200 mg. a brand of Acyclovir (Hovid Bhd, Malaysia),
was prepared by dissolving 200 mg of the tablet in 200
mL of Phosphate buffered saline (PBS) and filtered
using 0.22um of 250 mL (Nalgene filter, USA). Cell
viability was monitored every day for 14 days for any
possible immediate changes in morphology (CPE)
compared with the control wells containing only
medium and no extract, using an inverted microscope
(Inverskop 40(C).

Isolation of test viruses

Polio (types 1,2&3., Serum Institute, Hadaraba,
Pune, India), and Yellow Fever (17D strain, FSUE of
Chimakov IPVE, Russian Acad. Med. Sci.) viruses
were isolated from the respective vaccines of the
viruses obfained from Institute of Child Health,
University College Hospital (UCH), Ibadan, The
viruses were titrated and vsing Reed-Muench method,
the tissue culture infective doses of the viruses {(TCIDy,
ml'") were caleulated to be 10° for Yellow Fever virus
and 10%7for  Polio viruses. The respective
100TCIDsfor both viruses which was used for the
screening was 107 ‘and 1077,

Test for virucidal activity: Vero cells were prepared at
a density of 8 x10° cells ml" in a 10% MEM in 75cm’
tissue culture flasks (Cell Trear. USA).Hundred
microlitre of this cell suspension (containing 8000 cells)
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wis then dispensed into each well of a flat bottomed
96-well tissue culture plate (Cell Treat, USA) and
incubated for 24h at 37°C in 3% CO, and moisture.
Then (a) Hundred microlitre of 100 TCIDs, virus titer +
100pL of minimum non-toxic concentration of the test
extract in graded concentrations, and (b) 100uL of 100
TCIDs, virus titer + 100 pl of [% MEM as control
were prepared in a plain bottle and incubated for | h at
37°C in 5% €O Also prepared were  100ulof
acyclovir positive control + 100pl. of 100 TCIDs, virus
titer. The 10% MEM in the 96 - well tissue culture plate
was aspirated and discarded ((Zandi er al., 2000)).

After the Th mcubation period, 100uL of (a)
virus + extract mixture was inocujated in triplicate unto
the 96-well tissue culture plate seeded with Vero cells.
Simslarly 100pL of (b) virus + 1% MEM mixnre was
added in triplicate to thelast three wells of each row on
the same 96-well ussue culture plate 1o serve as control,
Also added m riplicate were 100pLof  acyclovir
positive control + [00uL of virus. The [ast two rows of
wells were kept for cell control and extract/fraction
control. All the mixtures were incubated at 37°C in 5%
CO> and moisture (Zandi er al.. 2009; Omilabu er al..
2010).

The setup was monitored every day under the
inverted microscope (Inverskop 40C) for 7 days and
scored for the presence of virus-induced syncytia as
follows: 4" for complete { 100%) CPE, 3" for 75%, 2" for
509, 1" for 25%. and 0. when there was no CPE
(Hierholzer and Killington, 1996; Omilabu ez al., 2010).
The wells containing virus and extracts were also
scored and compared with the wells containing virus
but no compound and wells containing virus and
acyclovir. The wells contaiming virus and extract were
also scored and compared with the wells containing
virus but no extract (Aljabri er al.. 20000).

Adsorption inhibition test: About 100 pL of Vero cell
line was added to each of 96-well of a microtiter plate
and incubated for 24 h at 37°C. The medium was
aspirated and discarded afterwards. Then 100 pl. of
different concent:anions of each plant extract was added
to each well and v.cubated m 37°C for 2 hin a 5% CO..
The extracts were therealter removed after incubation to
prevent any interaction with the viruses when the virus
inoculum was added. Then 100 ull of 100 TCID., of
each virus dilutiop in 1% MEM medium was added to
the wells. This was incubated days and the presentation
of CPE was investigated daily for
imverted microscope  (Inverskop  40C)  and
(Hierholzer and Killington. 1996 and Omalubu or ol
(2010).

7 days using un

scored

Past infection inhibition test: About 1 gl of vero
cell ine was added 10 each of Yh-well of 2 nucronies
plate and incubated for 24 h at 37°C. The medium was
an)'imlt.'d and discarded afterwards. Then 100 ul. of 100
TCIDs, of each virus dilution in 1% MEM medinm was
added to the wells. The plate was incubated in o 5%

CO; incubator for 2 h. Thereafter medra and unbound
virus were washed off and cells were refreshed with 1%
MEM  medium  containing  different  extract
concentrations and incubated at 37°C in a 3% CO.
incubator and the presentation of CPE was investigated
daily for 7 days using an inveried microscope
(Inverskop 40C) and scored (Hierholzer and Kilfington,
1996 and Omilabu et al., 2010).

Results

Results  of the phytochemical  screening
showed the presence  of  classes  of  bioactive
phytochemicals in the plant extracts, Terpene was very
abundant in M. ofeifera (1.), while absent in C. paradist
Macfad. and B. vulgaris Schrad. as shown in Table 1.

As pan of ethnopharmacological studies of
medicinal plants, the inclusion of cytotoxicity and other
toxicity protocols in the study are useful in detecting
potential toxicity {Hanisa er al., 2014) and the standard
is 1o select extract concentrations befow the toxic fevel
for antiviral screening. At the end of the period of
incubation. the results of the toxicity evaluation of the
extracts were as shown in Figure. The most toxic
extract was from B. vulgaris Schrad.. with 1Cy, of 0.065
ug ul . while the least was Acyelovir with 1C0f4.56
pg pl ', The 1Cyof the extracts was observed to be
higher than their maximum non-toxic concentrations
(MNTC). However 1o show that the extraction solvent
{methanol) made no contribution to the cytotoxicity of
the extracts, there was 100% CPE recorded on all the
wells of the solvent control, while non was observed on
the wells containing cells and extracts only.

The aim of virucidal activity was to determine
whether the extract could mactivate the virus before
both were incubated with the cell {(Fayad et al., 2013).
Result of the virucidal activity of the extracts on the test
viruses was as shown i Table 2. YFV was susceprible
to all the extracts with C. paridisi Macfad. being more
potent than B. vudgaris Schrad. and M. oleifera (L),
having inhibited the virus at aft the concentrations
tested. On the other hand, PV was resistant to all the
extracts @t all the concentrations {Table 3).The result in
Figure 2 showed the percentage inhibition of YFV by
the methanol extructs. The result showed that M.
oleifera (LY with 20.8% inhibition of the virus was the
least sensitive. while C. paridisi Macfad.. with 5.21%
wis  the maoast susceptible. Plate [ showed  the
photomicrograph of the extracts that inhibited YFV.
The rounding of the cells were indicative of the
charactenisiic CPE of YFV,

Pre- and post- infection was done 1w determing
the mechanism of action of the plant exuracts as it
concerns replication cvele of the viruses (Jaime er af..
201 3). Table 4 shows the result of the mechanism of
action of 1he extracts on the test viruses. Al the exiracts
that inhibited YFV were active at the post- infection
assay. while the virus was resistant to them o the pre-
infection level. PV was still resistant to the extracts at
both the pre- and post- infection inhibitory assavs.
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The potential value of a compound can be
assessed by determining the ratio of its cell toxicity to
its antiviral activity. This ratio is known as the
selectivity index (SI) (Driscoll. 2002). The result in
Table 5 showed the inhibitory concentration (1Csq) and

sefectivity index (51 of the extracts that inhibited YFV.
All the extracts showed S1 which were all above their
1Cs. The ST were also observed to be above one,
showing that they are less toxic and could be used as a
pharmaceutical raw materials for drug production.

Table 1 Phytochemical screening of the methanol extract of plant materials

Constituents

Extract Alkaloid  Cardiac glycosides

Anthraguinones

Flavoneids Saponins Tannins Terpenes

Wagner's Dragendorfi™s Kedde's Kellear-Killiani’s Free anthraq Combined anthrag

Bontruger's  Modified Bontrager's

Ferric chlonde Lead Acetate

B. vulgaris K - +4 + + + - +4 +4 4
C. paridist + - e ++ + e -
M. oletfera ++ + + ++4 ++ + 4 s R ¥ -t
KEY: +++ Very much abundant ++ Abundant + Present - Absent
104 by
b1
o =
= B ¢ = s
= B -
o =5 0.22
Q g o i
E ' = o
— -— M
(5] o
44
< W [ =4
o o
2 24 2
o 1Cs = 0.065 pg ul.”' =8
c LI I L il 3 I I I L]
25 20 <15 -0 05 00 25 20 15 0 45 W
Log of Concentration (ug/uL) Log of Concentration (ug/ul)
(a) (h)
5 i 5.0
=1 l
=4 I "o =
-~ fm— S6pe ul”! -
= (=]
= =
= ©35
~ a
—_— ICs 0.31ng jIL-l 1 3.0 () ' T T
25 . : & . 25 20 15 0 05 00
. Log of Concentration {ug/ul) Log of Concentration (pg/pL)
f (b} (d)

lovir

1. Probit analyses and ICg of the toxicity profile of methanol extracts of (a) B, vulgaris (b) C. paradisi (¢} M. oleifera (d)
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Table 2 Virucidal activity of the plant extracts (pg pL "y against 100 TCIDs of YFV

Extract concentration (ug pl. "

Extract 1 0.5 0.25 0.125 0.063 0.031 0.016 0.008 0.004 0.002
Bambusa vulgaris
BVM ] 0 1"
Citrus paradisi
CPrM 0 ] 0
Moringa oleifera
MOM 0 0 3
Acyclovir

ACI 4 4 4'
Cell 0 0 0
COHt
Ext 0 0 f)
con. '

4+4=Complete (100%) cytopathic effect (CPE): 3'=75% CPE: 2'=50% CPE: 1'=25% CPE; 0=No CPE
Kev: BVM B vuilearis methanol CPM  C. paridisi methanol MOM M. oleifera methanol

Table 3 Virucidal activity of the plant extracts (pg/pl) against 100 TCIDs, of Polio viruses

Extract concentration (pg ul.")

Extract 1 0.5 0.25 0.125 0.063 0.031 0.016 0.008 0.004 0.002
Bambusa vulgaris
BVM 4 4 4
Citrus paradisi
CPM 47 4" 4"
Moringa oleifera
MOM 47 4 4’
Acyclovir
ACI 4 4" 4"
Cell 0 0 0
con
Ext con 1] 0 §]
4+=Complete ( 100%) cytopathic effect (CPE); 3'=75% CPE; 2°=50% CPE; 1'=25% CPE: (=No CPE
Key: BVM B velgaris methanol CPM  C. paridisi methano! MOM M. oleifera methanol
404
— |'J sﬂo
<<
< 304 —_—
- 2() R
S 20.8%
=
S 20
=
= —_—
£ 10+ ‘ ———]
= =
0 T
N

Methanol extracts of the plant samples
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Fig 2, Percentage inhibition of YFV by methanol extracts of B. vulgaris, C. paridisi, and M. oleifera

Plate 1 Virucidal activity of the different extracts on 100TCIDsy of Yellow Fever virus

(Magnification X100)

Cell control (Vero) Extract control | ACT (+) control

YEV cortrol BVM 0.031 pg uL" BVM 0.016 pg pL’

CPM 0.031pug pL’ | CPM0.016 pg pL”

CPM 0.008ug pl. MOM 0.063ug ul.' MOM 0.031pg pl*
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Table 4.Pre- and post- infection inhibitory tests of the extracts on 100 TCIDsy of YFV and PV

Pre infection Antiviral Activity

Post Infection Antiviral Activity

Extract concentration (ug L")

Extract 0125 0063 0031 0016 0008 0.004
BVM 4 4 &

CPM s & g

MOM & & @

BVM A S

CPM A Y

MOM ¢ & @

0,125 0,063 0031 0016 0008 0.004

YFV
0 0 1+
{ {1 4]
0 0 3+
PV
4 4! 4*
4 4' 4
4" 4 4"

Table 5. 50% inhibitory concentration (ICs,) and selectivity index (S1) of extracts that inhibited measles virus

Extract Vero cell Virus Replication S1
ICso (pg pl.") ICso (pg pi. ")
VIRUCIDAL ACTIVITY
YFV

BVM 0.0635 0.004 16.3

CPM 0.22 0.002 110.0

MOM 0.313 0.002 156.5

Discussion concert 1o inhibit the antiviral activities of the extracts,

The lack of effective therapies and/or vaccines
for several viral infections, and the rapid emergence of
new drug-resistant viruses have indeed necessitated a
growing need for developing new and effective
chemotherapeutic  agents o treat viral diseases
(Kitazato er al., 2007).

The current study started with the evaluation
of the toxicity of the crude extracts on Vero cells. The
1Csg0f the extracts revealed them as potential candidates
for drug development against susceptible viruses. This
wis because the extracts displayed 1Csy values below
that recommended by the National Cancer Insttute
(NCI) for crude extracts (Fig. 1). The recommended
guideline set the ICylimit of activity for crude plant
extracts at < 20 pg/ml. after the exposure time of 72
hours (Abdel-Hammed er al, 2012). According to
Mahavorasirikul et af (2010), the lower the ICs values
of a given erude extract, the higher will be its toxicity
potential. This assertion was in agreement with the
findings of this present study which shows that the

1Cs0f 4.56 po/ull observed for Acyclovir, a processed .

and purified drug. was far higher than that recorded for
all the crude extracts,

The antiviral activities shown in Tables 2, 3
and 4. revealed that B, viulgaris Schrad.. C. paridisi
Macfad. and M. oleifera (L) could be alternative
treatment options for miections due 1o 100TCID,0f
YFV. This was because the exuacts were able 1o
inachivate the virus i the virucidal and post- infection
assays. PV on the other hand. was resistant to the
extracts at all the concentrations tested, probably
because the three strains of the virus present in the
vaceme used for virus solatien. may have acted in

In similar studies Ojo er al., (2009) confirmed the
findings of this study that B. swwlearis Schrad. was
inactive against PV, while active against YFV. Other
workers had earlier reported positive results with other
herbs against YFV (Esimone er al.. 2007; Fasola er al..
2011}, thus corroborating the results of the present
study that Nigerian herbs could become veritable
altermatives in the global effort to manage this
dangerous viral haemorrhagic infection.

The abundant phytochemicals present in the
tissues of the crude extracts of the three plants were as
shown in Table {.These identified phytochemicals have
been variously reported as being antimicrobial (Cowan,
2009), and could have been responsible for the antiviral
activities of the extracts against YFV. The selectivity
index (SI) of all the extracts used in this study as
revealed in Table 5 shows that the extracts are safe 1o
be used as antiviral agents since their values are above
the 1Cs (De Clereq. 2005) of the extracts. When the
IC:,values of extracts is below its SI, that extract is
considered safe for use, directly as antimicrobial agent,
or indirectly as a raw material for drug production.

The fact that there are no medications against
viral infections. or that those currently available are
prone o resistance by the viruses. wiis agzain manifested
m this study where Acvelovir, a krown drug for herpes
viruses. could not inhibit any of the viruses.

Conelusion

Bambusa Vulgaris Schad.. Citrus  paradise
Macfad., and Moringa oleifera (1) have shown
promise, in this study. to be potential anti-YFV agents.
While work continues to find functional alternatives for
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PV. it is absolutely necessary that further studies be
conducted to isolate the active components responsible
for the anti-YFV activities of these plants. This could
be a cost effective way of managing this fatal viral
haemorrhagic infection, and reduce over dependence on
vaccines have sometimes failed to protect, due 1o
shortage, poor coverage, and vaccine failure.
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