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In vitro antiviral activity of plant extracts on goatpox virus replication 
V Bhanuprakash, M Hosamani, V Balamurugan, P Gandhale, Ram Naresh, D Swarup & R K Singh  

Division of Virology, Indian Veterinary Research Institute, Mukteswar 263 138, India 

Received 16 April 2007; revised 11 December 2007 

Four plants having known medicinal properties were screened for inhibition of goatpox virus (GTPV) replication in 
vitro. Of the 4 plants, extract of Acacia arabica (Babul) and Eugenia jambolana (Jamun) leaves had inhibition (%) 99.70 
and 99.92 at their maximum non toxic concentrations, 99.93±0.38 and 1999.73±0.50 μg/ml, respectively in all cytopathic 
effect (CPE) inhibition assays. Inhibition of GTPV virus replication was further confirmed by PCR and SYBR Green based 
quantitative real-time QPCR assays specific for GTPV. Results indicated that the extract of Acacia arabica and Eugenia 
jambolana leaves inhibited GTPV replication in vitro. 
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Goatpox is Office Internationale des Epizooties (OIE) 
notifiable and highly contagious viral disease of goat, 
which is accompanied by fever, ocular, nasal 
discharges and pox lesions on skin, respiratory and 
alimentary tracks. Goatpox is caused primarily by 
goatpox virus (GTPV) and occasionally by sheep 
poxvirus (SPPV), an enveloped ds-DNA virus of 
genus Capripoxvirus and family Poxviridae. Goatpox 
inflicts substantial losses of productivity, lower 
quality of wool and leather and is a major obstacle in 
the international trade. Goatpox is the most important 
of all pox diseases of domestic animals with 100% 
morbidity and mortality up to 75 %1. Goatpox is 
enzootic and epizootics occur sporadically in India. 
As vaccination is the only primary means of 
controlling infection, various types of vaccines viz., 
inactivated, live, subunit as well as vaccine prepared 
from a capripoxvirus strain that infects sheep and 
goats have been reported with various degrees of 
protection2,3. But each of these has its own merits and 
demerits. In India, though reports exist on goatpox 
vaccines, they are commercially not available. 
Therefore, shepherds occasionally rely either on 
heterologous sheep pox vaccine or ovination, which is 
colligated with rapid spread of virulent virus4. 
Application of cost-benefit-analysis (CBA) criteria 
has limited the use of veterinary prophylactics and 
therapeutics5. Therefore, herbal preparations may be 

used as alternative and complimentary medicine. 
Reports indicate that many indigenous communities 
make use of their own herbal preparations for 
veterinary use6. Notable scientific investigations 
include Ocimum sanctum (Tulsi), which inhibits 
Vaccinia (VACV) and Newcastle disease 
(NDV)viruses7; the Azadirachta indica leaf extract is 
found active against pox and herpes viruses; an 
extract of Opuntia streptacantha (Cactus) inhibits 
equine herpes and pseudorabies viruses; a peptide 
from Melia azedarach leaves (Argentinean plant) 
found to inhibit FMDV in vitro; while theaflavin from 
black tea neutralizes the viral activity of bovine rota 
and corona virus infections8. Selection of GTPV 
inhibitors may be of value in obtaining antiviral 
agents against pox viruses5,9 in general and small pox 
virus in particular, which has re-emerged as a threat 
for use as a biowarfare agent10. 

Various preparations of Acacia arabica (Indian 
gum in English, Babul in Hindi), Ocimum sanctum 
(Holy basil in English and Tulsi in Hindi), Eugenia 
jambolana (Black berry in English and Jamun in 
Hindi) and Perscia vulgaris (Peach in English and 
Aadoo in Hindi) are traditionally used in treating 
several ailments of animals and human beings11, 12. 
Although antiviral activity of O. sanctum is known, 
no such activity of other plants is known. Therefore, 
in the present investigation, in vitro antiviral activity 
of leaf extract of above 4 plants has been studied 
against GTPV replication. Initially, various 
cytotoxicity assays of each extract were carried out in 
Vero cells and their protective efficacy was monitored 
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by inhibition of GTPV as indicated by reduction or 
absence of cytopathic effect (CPE) in vitro, and by 
PCR and quantitative real time-PCR. 
 
Materials and Methods 

Preparation of extract—The leaves of plants, 
Eugenia Jambolana (F. Myrtaceae), Ocimum 
sanctum (F. Labiatae) and Perscia vulgaris  
(F. Rosaceae) were collected at IVRI, Bareilly, 
whereas, Acacia arabica (F. Mimosaceae) leaves 
were obtained from Jatauwa, 26 kilometer north of 
Bareilly. The plants were identified at the Department 
of Botany, Bareilly College, Bareilly and the voucher 
specimens were submitted at the Division of 
Medicine, Indian Veterinary Research Institute, 
Bareilly, Uttar Pradesh. For aqueous extract, leaves of 
A. arabica, E. jambolana, O. sanctum and P. vulgaris 
were cut into pieces, washed thoroughly, air dried and 
powdered in a warring blender. Required quantity of 
the powder was dissolved in Eagle’s minimum 
essential medium (EMEM) and stirred. The 
suspension was clarified at 500 g for 10 min and the 
supernatant was filtered through 0.22 μm filter and 
kept at -20°C until further use. Ethanolic extract of O. 
sanctum was prepared as per Van Den Berghe et al13. 
Leaves were dissolved in absolute alcohol in the ratio 
of 1:3, prefiltered and concentrated into a thick paste. 
Rest of the steps were same as described for aqueous 
preparations. Both aqueous and ethanolic extracts of 
O. sanctum were used because ethanolic extract of 
this plant leaves was reported to have significantly 
higher antiviral activity against polio virus type-3 than 
that of aqueous extract14. 

Phytochemical constituents of the tested plants— 
Phytochemical studies conducted earlier reported the 
presence of alkaloids, glucosides, flavonoides and 
volatile oils in E. jambolana12, alkaloids, anthraqui-
none, flavonoids, saponins, tannins, reducing sugars 
and proteins in A. arabica15, saponins, flavonoids, 
triterpenoids, tannins and essential oil composed of 
eugenol and volatile compounds in O. sanctum16 and 
goucosides, naringenin, quinic acid, lycopene, tannins 
and glycosides in P. vulgaris17. 

Cells and virus — Attenuated goatpox virus 
(Uttarkashi) isolate (passage 60) which was adapted 
in Vero cells (ATCC) and maintained in the Division 
was utilized. 
 

Cytotoxicity testing 
Determination of maximum non-toxic 

concentration/dose (MNTC/MNTD) — Cytotoxicity 

of each extract based on cellular morphologic changes 
was carried out according to Goncalves et al18, with 
modifications. In brief, different concentrations of 
each extract were prepared in Eagle’s minimum 
essential medium (EMEM). Vero cells were grown 
for 48 hr in 24-well plates to obtain confluence. The 
monolayers were then washed with EMEM and 
various concentrations of each extract were placed in 
contact with confluent monolayers in triplicate and 
incubated at 37°C for 4 days under CO2(5%)with 

appropriate cell controls. Cells were observed at every 
24 hr intervals for visible morphological changes under 
inverted microscope (Leitz) and the treated cells were 
compared with untreated cells. Highest concentrations of 
the extract evincing no cellular morphologic alterations 
were considered as its MNTC. Concentration exhibiting 
toxicity to cells was omitted and that below MNTC was 
employed to study antiviral activity. 
 
Determination of cell cytotoxicity 50 (CC50/CyC50) 

Dye exclusion method— Concentration of extract 
inducing 50% of cell lysis and death (CC50 or 
CyC50) was determined as per Tolo et al19. Briefly, 
Vero cells were seeded in tissue culture plate  
(24 wells) at a concentration of 3×104 cells/well and 
grown at 37°C for 2 days under 5% of CO2. The 
culture medium was replaced with the EMEM 
containing 2% bovine calf serum with various 
concentrations of extract and cells were further 
maintained at 37°C under CO2. After 72 hr, the cells 
were trypsinized and the total and viable cell counts 
were determined using trypan blue (0.4%) exclusion 
method. The total, viable cells and viable cells (%) 
were calculated using haemocytometer as — Total 
cells/ml= (total cell count/5) × (Dilution factor) × 104; 
Viable cells/ml= (viable cell count/5) × (Dilution 
factor) × 104; and Percentage (%) of viable cells=100 
× (Viable Cell Count/Total Cell Count). The 
concentration of extract reducing the cell viability by 
50% (CC50/CyC50) was determined from a curve 
colligating per cent cell viability to concentration of 
the extract. 

Optical density method— Cytotoxicity of various 
extracts was studied as per Gebre-Mariam et al20. The 
48 hr old Vero cell monolayers in a culture plate 
containing 24 wells were treated with different 
concentrations of extracts in EMEM after removing 
the growth medium. Then the cells were incubated at 
37°C in 5% of CO2 for 72 hr. Cells without extract in 
6 well per plate were used as controls. At the end of 
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incubation period, the test medium containing extract 
was removed from the plate and washed gently with 
phosphate buffered saline (0.1M). Then the wells 
were stained with crystal violet (1%) in formalin 
(10%) for 15 min. The cell viability was evaluated as 
the percentage of the mean value of optical density 
resulting from the 6 cell controls, which was set at 
100%. The 50% cytotoxic concentration (CC50) was 
calculated from the mean dose response of 3 
independent assays. 
 
Virus inhibition assays 

Cytopathic effect (CPE) reduction assay— 
Antiviral activity was determined by reduction of 
virus titres using TCID50 determinations18. Vero cells 
were grown in cell culture plates containing 96 wells 
for 48 hr. After decanting the growth medium, the 
cells were treated with extract at their respective 
MNTCs (50μl/well) and immediately logarithmic 
dilutions of GTPV were added at 50μl/well in treated 
and untreated cell cultures and incubated at 37°C in 
CO2 (5%) for 24 hr. After 24 hr of simultaneous 
incubation, both extract and the virus were discarded 
and the wells were replenished with fresh 
maintenance medium. Subsequent change of medium 
was done regularly at 48 hr interval and the virus 
titres (TCID50/ml) were calculated after 6 days21. The 
experiment was carried out in triplicates. The antiviral 
activity was expressed as percentage of inhibition (PI) 
using antilogarithm values of TCID50, as — PI= [1- (T 
antilogarithm/C antilogarithm)] × 100. An extract is 
considered active when the PI is >80%, at its 
MNTC18. 

Effective concentration50 (EC50) — Modified end 
point assay was followed as described elsewhere22. 
Vero cells were seeded at 2×104cells/well on cell 
culture plates containing 96 wells. After 48 hr, the 
growth medium was removed and replaced with two-
fold dilution (log2) of extract in EMEM containing 
bovine calf serum (1%) with 50 µl quantities. GTPV 
(100TCID50/50μl) was then used to infect each well. 
Each experiment was run in triplicates with infected-
untreated and uninfected-treated as controls. Virus 
specific CPE was recorded after 72 hr as — 0% 
CPE=score 0; 1-25 % CPE=score 1; 26-50 % 
CPE=score 2; 51-75 % CPE=score 3; and 76-100 % 
CPE=score 4. Effective concentration reducing CPE 
by 50% (EC50) in comparison with virus controls was 
estimated from data plots23 and expressed as the mean 
of 3 independent experiments. Selectivity index (SI) 

or Therapeutic index (TI) was calculated as the ratio 
of CC50/EC50. 

One step growth curve — To determine stage at 
which the extract has effect on the replication of 
GTPV, one step growth curve was performed 
according to Yamasaki and Tagaya24. Briefly, Vero 
cell monolayer of 48 hr culture in a plate containing 
96 wells were washed with EMEM and then selected 
number of wells were infected with GTPV at 0.01 
multiplicity of infection (m.o.i) (in 50 µl volume) 
along with mock infected controls. From this, a set 
(triplicate) of infected wells without discarding the 
virus inoculum, extract at its MNTC (in 50 μl/well) 
was added simultaneously and appropriate controls 
(cell, extract and virus) were also maintained. Then, 
after incubating the plate at 37° C for 1 hr, virus from 
the remaining infected wells of the plate (excluding 
the first set) was aspirated and washed twice with 
EMEM. Then, another set of infected and healthy 
wells from which virus and media respectively, 
aspirated were selected and treated with extract at its 
MNTC(in 100 μl/well) in triplicate (0 hr post 
infection) with maintaining appropriate controls as 
above. The remaining wells of the plate were fed with 
maintenance medium and incubated at 37°C for 24 hr 
under 5% of CO2. After 24 hr incubation, next set of 
infected (24 hr old) and healthy wells were selected 
and treated with extract at its MNTC with keeping all 
the controls and incubated as above. Similarly, the 
treatment of infected and healthy cells with extracts 
was done for different hr of post infection (hpi)  
(48, 72, 96, 120 and 144 hpi). The medium of all the 
sets of wells was changed first at 24 hr interval and 
subsequently at 48 hr interval depending upon the 
duration of incubation. The concentration of the 
extract and virus was maintained uniformly in each 
set of wells. Finally, on 6th day post infection (dpi), 
the virus was harvested from different sets of wells 
along with their appropriate virus controls with 3 
cycles of freezing-thawing. The titres of each set of 
infected-treated and virus controls were calculated 
and the titres were expressed as TCID50/ml21 and the 
PI was calculated as described earlier18. 

Dose response study— Vero cell monolayers  
(48 hr old) were washed with EMEM and infected 
with 10-fold dilutions (log10, 10-1 to 10-8) of GTPV at 
50 μl/well with each dilution in triplicate. Then 
various concentrations of extract in 50 μl/well were 
added to each virus dilution in triplicate. Each 
concentration was added in triplicate wells of virus 
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dilutions from 10-1 to 10-8. Appropriate virus and cell 
controls were also maintained24. Reduction in titre in 
the treated and untreated virus controls was 
determined21. 

Polymerase chain reaction (PCR) and SYBR green 
quantitative real time PCR (Q-PCR)—For 
conventional PCR, the cell culture plates containing 
96 wells were used for the determination of CPE 
reduction assay, were freeze-thawed thrice at -20°C. 
The respective dilution of the virus infected, infected 
+ extract treated, uninfected + extract treated and cell 
controls were pooled separately. Such pooled samples 
were clarified at 2000g in a microfuge for 10 min. 
The virus containing supernatant was used for total 
DNA extraction using an AuPrep commercial DNA 
extraction kit (M/s Life Tech. India, Pvt Ltd., New 
Delhi). Similarly for QRT-PCR, 48 hr old Vero cells 
in 25cm2 TC flasks were infected with 0.01 m o i of 
GTPV and treated with A. arabica and E. jambolana 
at 100 and 2000μg/ml, respectively following 
simultaneous treatment, as well as, after 1 hr of 
adsorption. Experiment controls included, Vero cells 
and Vero cells treated with extract and incubated at 
37°C under 5% of CO2 for 72 hr. After 144 hr, all the 
flasks were freeze-thawed thrice and DNA was 
extracted as mentioned above. 

P32 gene specific published primers, B68: 
CTAAAATTAGAGAGCTATACTTCTT and B69: CGATTT 
CCATAAACTAAAGTG25 were used to amplify a 
segment of 390 bp in GTPV genome. PCR was 
performed in a 50 µl of reaction mixture containing  
5 µl DNA; 10 pico mole(pM); each primer; 1.5 mM, 
MgCl2; 10 mM, Tris-HCl (pH 8.3); 50 mM, KCl; 
0.1%, Triton X-100; 10 mM, each dNTP and; 2 units, 
Taq DNA polymerase. The cyclic conditions were 
95°C for 2 min, followed by 35 cycles at 95°C for 30 
sec, 47°C for 1 min and 72°C for 1 min. The 
amplified DNA product was resolved in 1% agarose 
gel electrophoresis. 

To assess the quantity of viral genome template in 
the harvests, SYBR Green Q-PCR using P32 gene 
specific primers of GTPV, HCP5.1 
TGTTATTATGTTTGATCCCGTTC and HCP 5.2 
GTAAAATCATATAAGGTGCGACAA (unpublished 
data) was used for total DNA extracted from GTPV 
infected-treated Vero cells with A. arabica and E. 
jambolana at 100μg/ml and 2000μg/ml, respectively or 
without extract. Q-PCR was carried out in 25μl volume 
using 10pM concentration of primers and QuantiTectTM 
SYBR Green PCR Master Mix containing HotStarTaq 

DNA polymerase (M/s QIAGEN Inc, Valencia, USA) 
in Mx 3000p TM machine (M/s Stratagene Inc, LaJolla, 
CA, USA). PCR was carried out for 30 cycles—
denaturation at 94°C for 30 sec, primer annealing at 
55°C for 60 sec and extension at 72°C for 60 sec with 
an initial activation of enzyme at 95°C for 15 min. 
Mean cycle threshold (CT) values of duplicate samples 
were used for analysis. Melting curves of PCR 
products were deduced for calculation of dissociation 
curves. The entire analysis was done using inbuilt 
M×3000P software program of the M×3000p TM 
machine. 
 

Results and Discussion 
Prior to evaluating antiviral activities of the 

extracts, the cytotoxicity of the extracts on the host 
cell (Vero cell) was studied. An antiviral drug should 
be active against the virus without inducing 
significant toxicity on the host cell. Therefore, the 
maximum concentration of the drug at which there is 
no visible toxicity to the cell was determined. The 
MNTCs of A.arabica, O.sanctum (aqueous),  
O.sanctum (ethanolic), E.jambolana and P.vulgaris 
leaves extracts are presented in Table 1. Rounding, 
clumping and finally detachment of the cells from the 
surface were the major manifestations of toxicity. But 
the cells tolerated MNTCs of the extracts and thence, 
below MNTCs were utilized for antiviral efficacy 
testing. CC50 of each extract has been presented in 
Table 1 and it was observed that among all the 
extracts, A. arabica was more toxic to Vero cells. 

EC50 of A. arabica and E. jambolana against 
GTPV were found to be 3.75 and 46.5 µg/ml, 
respectively with selective/therapeutic indices of 
127.1 and 162.7, respectively. In all the assays used, 
EC50 values were substantially less than CyC50 values 
(thus higher SI/TI values) implying wider safety and 
dependable potency of extracts. O. sanctum (aqueous 
and alcoholic) and P. vulgaris were found not 
effective against GTPV, whereas A. arabica and E. 
jambolana at their MNTCs potentially inhibited the 
replication of GTPV. Similarly, A. arabica potentially 
inhibits the multiplication of peste des petitis 
ruminants’ virus (PPRV) in vitro26, while, 
E.jambolana is active against buffalopox virus27, an 
emerging and reemerging zoonotic agent28. Likewise, 
O. sanctum is reported to inhibit polio virus type 314, 
vaccinia (VACV) and Newcastle disease viruses 
(NDV) 7. Failure to inhibit GTPV by O. sanctum in 
the present study may be due to GTPV belongs to 
separate genus (capripox viruses) of poxviridae 
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family and affects primarily goats (occasionally 
sheep), while, VACV belongs to orthopoxvirus genus 
and affects wide range of species. Whereas, both 
polio virus type 3 and NDV are RNA viruses, while, 
GTPV is a DNA virus. P. vulgaris, though widely 
used in folk medicine, its antiviral activity has not 
been established and therefore, its non-effectiveness 
against GTPV needs to be elucidated further. The 
titres of GTPV at MNTCs of A. arabica and E. 
jambolana when compared to the virus control are 
presented in the Table 1. An inhibition of log 2.53 
(339-fold) and log 3.11 (1288-fold) virus titres were 
observed with A. arabica and E. jambolana, 
respectively at their MNTCs (Table 1). However, 
prevention of in vivo infection is to be investigated 
further. Therefore, only the extracts of A. arabica and 
E. jambolana were further studied. 

To ascertain the stages of virus multiplication 
(attachment, penetration, un-coating, early protein 
synthesis, DNA replication, late protein synthesis, 
assembly and release) at which the extracts were 
effective, one step growth studies were conducted. 
In one step growth, maximum inhibitions of 
99.94% (1778-fold) and 100% (199526-fold) of 
GTPV were observed, when extract of E. 
jambolana and A.arabica, respectively, was 
subjected with GTPV and after 0 hpi of GTPV and 
extract treatment. Treatment of E. jambolana 
extract at 24 and 48 hpi each had inhibition (%) of 
99.44 and no inhibition was observed at 72-96 hr. 
However, at 120 and 144 hpi, the treatment of E. 
jambolana had inhibition (%) of 97.18 and 98.99, 
respectively. Similarly, A. arabica had inhibition 
(%) of 68.4 at 72 and 96 hpi and only 43.79 at 
144hpi, while no such effect was observed at 48-72 
and 120 hpi. Maximum PI of GTPV was observed, 
when the extract and virus were added 

simultaneously and after 0 hpi with both the 
extracts. This indicated that the extract might have 
direct virucidal activity, when the extract and virus 
were added simultaneously and/or might act at one 
or more stages of virus replication. Therefore, this 
observation warrants further exploration. However, 
E. jambolana aqueous extract has been reported to 
have not only virucidal activity, but also inhibit 
BPXV at adsorption/early stages of replication27 

and A. arabica aqueous extract has been reported to 
have maximum virucidal activity, when the extract 
and PPRV(a paramyxovirus) are pre-incubated 
together, before adding to the Vero cell 
monolayer26. There was a graded increase in the 
percentage of inhibition (PI) of virus replication as 
the concentrations of the extracts were increased 
within and around MNTC. PI was 36.9 at 31.25 
µg/ml, followed by 60.1 at 62.5 µg/ml, 84.2 at 125 
µg/ml, 96.9 at 250 µg/ml, 93.9 at 500/1000µg, and 
99.68 at 2000 µg/ml for E. jambolana. Similarly for 
A. arabica, PI was 49.9 at 3.75 µg/ml followed by 
84.2 at 7.5 µg/ml, 94.9 at 15 µg/ml, 98.9 at 25/50 
µg/ml and 99.7% at 75/100 µg/ml. Such dose 
dependent inhibition has been reported with 
aqueous acetone extract of Guiera senegalensis for 
fowl pox virus (FPV)5. In the present study, CPE 
assays indicated the potential inhibition of GTPV 
replication in the presence of various extracts. The 
dose response study, as anticipated, signaled that 
the lower concentration has less inhibitory effect 
than the higher ones. 

To determine the inhibitory effect of the extracts, 
conventional PCR was performed using P32 gene 
specific primers of GTPV which resulted in specific 
product 390 bp in virus control up to 10-5 dilution, 
whereas such amplification was not observed even at 
10-4 dilution and onwards of virus which were 

Table 1— Cytotoxicity and inhibitory effects of different plant extracts on Vero cells and GTPV replication 

[Values are mean ± SD of 3 replications] 

Infectivity titre of GTPV 
(TCID50/ml) 

Treatment  
(Aqueous extract of Leaves) 

MNTC/MNTD 
(μg/ml) 

CC50/ml  
(Dye Exclusion) 

CC50/ml 
(OD540/630) 

Virus 
Control 

Virus + 
Extract 

Percentage Inhibition 
(PI) 

Acacia arabica 
Eugenia jambolana 
Ocimum sanctum* 
Ocimum sanctum 
Perscia vulgaris 

99.93±0.38 
1999.73±0.50 
999.95±0.50 
799.03±0.56 
3000.43±0.60 

476.5 ±4.4 
7567.7 ±2.5 
3749.7 ±1.2 
1881.7 ±3.5 
8335 ±2.3 

467.7±0.5 
7893.7±1.5 
3849.3±0.5 
1886.7±1.5 
8337.3±1.1 

5.63 
5.63 
5.63 
5.63 
5.63 

3.10a 
2.52a 
5.63 
5.63 
5.63 

99.70 
99.92 

0 
0 
0 

a Inhibition 
*Ethanolic extract of leaves used for the treatment 
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treated with the extracts at their MNTC (Fig. 1a, b). 
Presently, QPCR has been widely used to study the 
efficacy of antiviral agents27, 29. Hence, in the present 
investigation, DNA extracted from the infected as 
well as infected and treated with the extract (both 
preadsorbed and simultaneously infected) samples 
were subjected to real time QPCR to quantify the 
load of virus template and also monitor the 
differential amplification pattern of GTPV ‘P32’ 
gene at MNTC of extracts, i.e., 99.93±0.38 and 
1999.73±0.50 µg/ml, respectively for A. arabica and 
E. jambolana. The real-time PCR amplification plot 
indicated that ΔCt between the virus control and A. 
arabica extract treated cells was ≈ 2.88 and 6.21 
cycles, which was approximately equivalent to 7.36 
and 74-folds reduction in the virus yield in the 
presence of A. arabica extract at 100μg/ml of 
concentrations as post-adsorption and co-infection, 
respectively (Fig.2a). The ΔCt threshold between the 
virus control and E. jambolana extract treated cells 
was ≈ 3.28 and 7.22 cycles, which was 
approximately equivalent to 9.713 and 149-folds 
reduction in the virus yield in the presence of E. 
jambolana extract at 2000 μg/ml of concentrations 
as post-adsorption and co-infection, respectively 
(Fig. 2a). These, in turn, corroborate the 
effectiveness of extracts in inhibition of GTPV 
replication. The dissociation curve obtained using 
PCR products from treated and virus control cells 

confirmed the presence of specific product of Tm 
76.04 and the absence of primer-dimers (Fig. 2b). 

Phytochemically, the leaves of E. jambolana are 
reported to contain sitosterol, betulinic acid, 
crategolic acid, n-hepatcosane, n-nonacosane, n-
hentriacontane, n-octacosanol, n-triacontanol, n-
dotricontnol and sugars-glucose, fructose, acids-
oxalic, citric, glycolic acids and aminoacids-glycine, 
alanine, tyrosine and leucine ; 15 polyphenols and two 
acetylated flavonol glycosides and quercetin, 
myricetin and myricitrin12. The antiviral activity 
against several DNA and RNA viruses of plant 
derived flavonoids has also been reported elsewhere30, 
including the inhibition of ectromelia pox virus in 
mice by quercetin 13. Similarly, the non-tannin 
phenolic fraction of plant of Mint family has been 
reported to inhibit poxvirus replication31. The active 
principles though not identified in our study, as the 
leaves of E. jambolana contain several polyphenolic 
and flavonoids, the antiviral activity could probably 
be attributed to any one and/or more of these 
compounds. The extracts from seed, leaves and bark 
of E. jambolana are long-familiar for their broad 
antibacterial activities as well12. Similalry, A. arabica 
contains alkaloids, anthraquinone, flavonoids, 
saponins, tannins, reducing sugars and proteins15, 32, 33. 
The study signals that the extract from A. arabica and 
E. jambolana leaves inhibit the GTPV replication in 
vitro. 

 
 
Fig 1⎯ Agarose gel electrophoresis of PCR products from infected Vero cells with or without Acasia arabica leaves extract and (b) 
Eugenia jambolana leaves extract using GTPV P32 genes specific primers. [plant extract Vs GTPV (p32) , Lane M: 100bp ladder marker,
Lane1 : GTPV control at 10-4 dilution, Lane 2: GTPV control at 10-5 dilution, Lane3 :, GTPV control at 10-6 dilution, Lane 4: DNA 
isolated from well with respective plant extract +GTPV at 10-4 dilution, Lane 5: DNA isolated from well with babul +GTPV at 10-5 

dilution, Lane 6: DNA isolated from well with babul +GTPV at 10-6 dilution, Lane 7: DNA from Vero cell]  
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