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Abstract

This study evaluated the inhibition property of concentrates from
Aframomium melegueta K.Schum and Vernonia amygdalina Delile
against the proliferation of atypical Fowlpox virus strain (FPV
Kabete) in Embryonated chick eggs (ECEs). We determined the
effect of the concentrates on the propagation of the atypical FPV in
ECEs via virus inhibition assay and linked the possible mechanisms
by which compounds present in the concentrates were able to
reduce the levels of cytopathic effect expressions caused by the
atypical FPV in ECEs. The results showed that the concentrates had
multiple inhibitory effects against the FPV while they showed mild
toxicities in chick embryos with toxic threshold concentration set at
300 pM. In summary, the A. melegueta concentrate had stronger
inhibitory effect against the FPV proliferation; it increased the
average embryo weight (from 12.56 + 1.61 g to 23.19 + 1.79 g)
and diminished the FPV Log, EID, titer from 3.86 to 3.08. It also
reduced the mean number of pock lesions from 18.28 + 1.84
pfu/100EID, to 2.19 + 0.65 pfu/100EID,; and likewise reducing
the mean pock diameter from 22.48 + 2.74 mm to 4.89 £ 1.04 mm.
Comparatively, the V. amygdalina concentrate showed lesser
inhibitory effect than the A. melegueta concentrate; it increased
the average embryo weight (from 12.56 + 1.61 g to 19.49 £ 1.33
g), diminished the FPV Log, EID, titer from 3.86 to 3.34, reduced
the mean number of pock lesions from 18.28 + 1.84 pfu/100EID,
t0 6.85 + 1.77 pfu/100EID,, and likewise reducing the mean pock
diameter from 22.48 + 2.74 mm to 8.96 + 1.26 mm. This study
showed the efficacy of the concentrates to inhibit the proliferation
of the FPV in ECEs and that compounds contained in the
concentrate can lead the discovery for biosynthesis of novel anti-
poxvirus inhibitors.
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Introduction

Fowl pox virus belongs in in the sub family avipoxviridae and
different studies on the virus have delineated its economic importance
to domestic birds and its potential risk to man [1]. Studies on viruses
in the sub family avipoxviridae have laid precedence for vaccine
production, which limits the management of pox infections in
birds to prevention via vaccination [2]. Fowl pox virus is primarily
propagated on the chorioallantoic membrane (CAM) of Embryonated
chick eggs (ECEs) or Chicken embryo fibroblasts and some wild type
strains of the virus possess strong proliferative abilities, effecting mild
to severe damage to visceral tissues [3]. Studies on Fowl pox virus
have linked the ability of the virus to adsorb to specific animal tissues
and propagate rapidly in the tissues, leading to formation of pock
lesions and tissue aggregation [2]. In one of those studies reported
the occurrence of an “atypical” Fowl pox virus (FPV) strain in Kabete,
Kenya. The study showed that this strain of Fowl pox virus caused
a rapid epithelial invasion, endotheliosis and lympho-proliferative
damages in tissues of matured birds. Interestingly, other studies
following this lead later confirmed that the atypical FPV might
cause mild infections in human tissues since fragments of human
reticulo-endotheliosis virus (REV) were discovered in the whole viral
genome of atypical FPV [4]. Furthermore, [5] showed in his study
that the lethally rapid pace of atypical FPV proliferation in different
tissues makes the prospect of vaccine production quite uncertain
and characterization of the atypical FPV genome confirmed that
vaccinated birds may be at risk of infection since the atypical FPV
has a shortened replication time and thus higher infectivity. Antiviral
research involving the use of plant derived products has shown the
potency of many plant species localized in different regions of the
tropics. However, since most of these plants species are not ubiquitous
and given their proven potency over past decades against viruses, it is
expedient that continuous efforts be made to harness the full extent of
their curative abilities [6]. Some classes of Phyto-compounds such as
such as alkanols, base analogues, amides, polysaccharides, functional
ketones and phenols have been proven drugleads against re-emerging
infectious strains of viruses [7]. Scientists also have discovered that
many of these phyto-compounds actively block viral replication,
adsorption and or entry of viruses into specific host targets [8].
Furthermore, some studies on plant research have also shown that
many of these phyto-compounds could trigger chemotactic factors
and co-enzymes that may repress the proliferative abilities of viruses
in susceptible tissues [9]. In western Nigeria, recent studies points
to two local herbs Aframomium melegueta K.Schum and Vernonia
amygdalina Delile as rich reservoirs of potent phyto-compounds that
have wide range antimicrobial efficacies [10,11]. More so, a recent
information in [12] showed that crude extract from V. amygdalina
had antiviral effect against Newcastle Disease Virus strain (NDV
N1E) while scant data exist on the antiviral efficacy of A. melegueta.
With regard to our preliminary findings leading to this current
study, we already obtained that the two most abundant compounds
in the clarified concentrate from V. amygdalina were Phytol and a
nucleoside analogue Methyl-2-O-benzyl-d-arabinofuranoside while
the clarified concentrate of A. melegueta contain two abundant
phenols (benzaldehyde-3-hydroxy-4-methoxy and butan-2-one-4-
(3-hydroxy-2-methoxyphenyl). However, in this current study, we
tested for the ability of the clarified concentrates from A. melegueta
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and V. amygdalina to inhibit the proliferation of atypical Fowlpox
virus strain (FPV Kabete) in Embryonated chick eggs (ECEs). We
determined to what extent the concentrates were able to halt the
propagation of the atypical FPV in ECEs and linked the possible
mechanisms by which compounds present in the concentrates were
able to reduce the levels of cytopathic effect expressions caused by the
atypical FPV in ECEs.

Materials and Methods

Preview on preliminary characterization of phyto-com-
pounds in the clarified concentrates

The concentrates from the test plants A. melegueta and V.
amygdalina were obtained using procedures of [13]. After extraction,
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a protocol native to the Agilent Turbo Mass Spectrophotometer
7890A GC with chemstation NIST was used to clarify the concentrates
obtained from the test plants [6]. Characterization of the phyto-
compounds contained in the clarified concentrates was carried
out using Agilent Turbo Mass Spectrophotometer 7890A GC with
chemstation NIST for Gas Chromatography-Mass Spectrometry
(GC-MS) analysis. The two concentrates from the plants have been
analyzed and clarified prior to antiviral assay. Full details of these
procedures are already summarized in Figures 1 and 2.

Reconstitution of concentrate before antiviral assay

A 50 mM stock solution of the clarified concentrates were
prepared by reconstituting 1 g of the each concentrate into a 20 ml of
the diluent consisting of Penicillin, Streptomycin, Gentamycin, and
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Figure 1: Brief on the GC-MS studies on clarified concentrate of A. melegueta.
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Figure 2: Brief on the GC-MS studies on clarified concentrate from V. amygdalina.
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Amphotericin B (PSGA X5) adjusted to pH 7.2. Resulting solutions
were filtered with 0.45 p membrane filters by the aid of suction
pressure filtration into sterile vials and stored at -10°C until needed.

Virus source and egg cultures (ECEs)

The Viral Vaccines Production Division of National Veterinary
Research Institute (NVRI), Vom provided the already determined
100EID,; (1/7200 ml") of the atypical strain of Fowlpox virus (FPV
Kabete) used in this study while Embryonated Chick Eggs (ECEs) aged
13 days were from the poultry division of NVRI, Vom, Nigeria. The
embryonated eggs were checked for their viability using flash point
candling and viable eggs were punctured at the chorio-allantoic region
and at a region about 3 mm below the air sac, using pressure from a
vacuum pump (Eppendorf, Germany) to collapse the Chorioallantoic

membrane (CAM) for inoculation of the concentrates. The
determination of egg toxic threshold level, determination of embryo
infectious dose (EID,) and inhibitory effects of the concentrates
against proliferation of FPV Kabete in ECEs were carried out at viral
research division of the NVRI, Vom, Nigeria.

Determination of toxic threshold of concentrates on ECEs

The toxic effects of concentrates on the chick embryo was
determined to know the minimum toxic concentration that is safe for
13 days old ECEs. The 13 days old ECEs were divided into four groups
of five (5) eggs per group and labeled appropriately in biosafety
cabinets. The eggs were acclimatized in CO, pression Incubator
(Schumboldt CR-8V, Germany). From the 50 mM concentrate stocks
prepared, three dilutions of the concentrates (450 pM, 300 uM, and
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150 uM) were obtained. A 0.2 ml of each dilution was separately
inoculated into allantoic cavity of the eggs in their treatment
groups while control group received 0.2 ml PBS + PSGA X5
[12]. The inoculation sites were sealed with cutex and eggs were
incubated for 120 h at 37 + 1°C. The eggs were candled daily at
the end of the incubation period, embryos were harvested. The
toxic effects of the various dilutions from each concentrate on the
ECEs were determined by examining embryos for deformities and
determining the average weight of embryos in all the treatment
groups [12].

Test for inhibition of concentrates against proliferation of
FPV in ECEs

The inhibition effects of concentrates against FPV using ECEs
was done according to [2,12]. From the toxic threshold test above,
the minimum toxic concentration of concentrates was set at 300
UM and the 100 EID,; FPV stock solutions were prepared. Thirteen
(13) days old ECEs were divided into six groups of fifteen (15) eggs
each while the control group had six (6) eggs. The eggs were labeled
and punctured inoculation sites were swabbed with 70% ethanol
under biosafety cabinets. The inhibition assays were performed by
first inoculating a 0.1 ml/300 uM of each concentrate into the ECEs
via the CAM infection route. The eggs were incubated immediately
after inoculation for at 37 + 1°C for 90 minutes. This was to allow
the concentrates to adsorb evenly into the CAM region of the eggs.
At the end of 90 minutes, the 100 EID, /0.1 ml FPV was inoculated
into the eggs. Inoculation sites on the eggs were sealed with cutex
and eggs were incubated at 37 + 1°C for 120 h. The eggs were candled
daily and dead embryos were removed. After incubation, CAM and
embryos were aseptically harvested from surviving eggs and embryos
were examined for deformities. The CAMs were also examined for
formation of pock lesions which were counted if present. The average
weights of embryos from each group were determined and CAMs
were checked for Cytopathic effects (CPEs).

Pock assay

Chorioallantoic membranes (CAMs) harvested from each
treatment group were placed on sterile petri plates and treated them
with 2 ml of the bacteriostatic 2X PSA (Penicillin, Streptomycin
and Amphotericin B). After treatment, they were flushed
thoroughly with 5 ml PBS and spread evenly on the petri plates
using sterile forceps. A few drops of primary dye hematoxylin
were added to the CAMs and after 5 minutes the dye was flushed
off with PBS. A 2 ml of 65% ethanol was used to decolorize the
dye and flushed off with PBS after 2 minutes. Finally, a few drops
of eosin dye was added to the CAMs and flushed with PBS after
2 minutes. The eosin dye enhances visibility of the pock lesions
against the blue background of the hematoxylin. The pock lesions
on the CAMs were enumerated using the Scan through (ST)
inverted microscope (0994-ZS-Weitzler) and pock diameters were
measured across each treatment group.

Data analysis

Statistical tools in GraphPad Prism 5.0 were used to analyze the
graph of pock counts and FPV EID,_ titer, graph of average weights
of embryos after treatment assays and graph of pock diameters across
all treatment groups in this study. More so, the inhibition index of
concentrates by dose dependent 50% inhibition concentration (IC,))
were also determined using non-linear regression analyses in this

study.
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Results
Toxic threshold of concentrates in ECEs

The concentrates contained characterized compounds in high
quantities as summarized in Figures 1 and 2. However, the major
compounds in the concentrates had over 70% abundance by weight
after compound recovery. The concentrate from V. amygdalina
contained Phytol with 20.89% abundance (a recovery index of 134.15
pg/1 g) and a furan based nucleoside analogue Methyl-2-O-benzyl-
d-arabinofuranoside having 48.11% abundance (recovery index of
308.52 pg/1 g). Correspondingly, two compounds most abundant
in A. melegueta concentrate were benzaldehyde-3-hydroxy-4-
methoxy having 31.23% abundance (recovery index of 141.22 ug/1
g) and butan-2-one-4-(3-hydroxy-2-methoxyphenyl) with 41.77%
abundance (recovery index of 188.52 ug/1 g). The Figures 3 and 4
contain information on the toxic threshold of the concentrates and
evaluations on the toxic effects of the concentrates on chick embryos
were also represented as graphs of mean average weight in Figures 3
and 4.

Inhibition of FPV proliferation in ECEs by the concentrates

The results in Figures 5 and 6 showed that the concentrates were
able to strongly inhibit the proliferation of the FPV in the chick
embryos as evidenced in the weights of the embryos in test groups
juxtaposed with the weight of embryos in the control group. In Figure
5, the A. melegueta concentrate reduced the lethality of the FPV more
(Average embryo weight increased from 12.56 + 1.61 g to 23.19 + 1.79
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Figure 3: Graph of average weights of embryos with respect to toxicity of
A. melegueta concentrate.
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Figure 4: Graph of average weights of embryos with respect to toxicity of
V. amygdalina concentrate.
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g) than the V. amygdalina concentrate which marginally buoyed the
average embryo weight loss from 12.56 + 1.61 g to 19.49 £ 1.33 g. In
the Figure 6 however, the virus titer determined after inhibition assay
showed a similar trend with (Figure 5). The A. melegueta concentrate
reduced the FPV load in the ECEs better than V. amygdalina after the
inhibition assay. This shows that the both concentrates had strong
anti-proliferative effects against FPV; however, the A. melegueta
concentrate was more effective than V. amygdalina. The indices of
FPV proliferation in ECEs are the cytopathic effects (CPEs) it produces
in form of tissue aggregation. The (Figure 7) also showed that the two
concentrates had varying activity against the proliferation of the FPV
since there were regions of severe and mild tissue aggregations even
in the test groups.

doi: 10.4172/2324-8955.1000186

Reduction of FPV propagation in ECEs by the concentrates

In previous studies that evaluate the propagation of FPV in ECEs,
the findings mostly relate the establishment of infection in ECEs with
pock formation and spread of pock lesions. Similarly, in this study,
the results in Figures 8 and 9 showed that the concentrates were able
to reduce the extent of FPV propagation either by the number of
pock lesions present or if present, the diameter of the pock lesions.
In Figure 8, it can be observed that concentrate from A. melegueta
strongly reduced formation of pock lesions by the FPV (mean pock
lesions reduced from 18.28 + 1.84 pfu/100EID_FPV to 2.19 + 0.65
pfu/100EID, FPV) compared to V. amygdalina concentrate that
reduced pock lesions from 18.28 + 1.84 pfu/100EID, FPV to 6.85 +
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Figure 5: Graph comparing average embryo weights across test groups

after virus inhibition assay.
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Figure 6: Graph comparing the reduction in viral quantities across test
group after inhibition assay.
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Footnotes: These fignures show the cytopathic effect (CPE) of FPV on CAM regions of ECEs for the
inhibition assay and the degree to which the test plants were able to reduce the proliferation the virus. The
black arrows signify areas with severe tissue aggregations while the red arrow points to areas with mild
tissue aggregation.

Figure 7: Activity of concentrates against tissue aggregation patterns (CPEs) of FPV.
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Figure 8: Graph comparing the mean number of pocks across treatment
groups after inhibition assay.
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Figure 9: Graph comparing the mean pock diameter across treatment
groups after inhibition assay.

1.77 pfu/100EID,_ FPV. In the Figure 9, the extents of FPV localization
in ECEs were measured as a function of the spread of pock lesions.
The diameter of the pock lesions detected after inhibition assay was in
similitude with the information in Figure 8. Again the A. melegueta
concentrate reduced the pock diameter (from 22.48 + 2.74 mm to
4.89 = 1.09 mm) better than V. amygdalina that reduced the pock
diameter from 22.48 + 2.74 mm to 8.96 + 1.26 mm. This again
points to strong antiviral potential of the concentrates in general and
specifically, it shows that A. melegueta concentrate was more effective
than V. amygdalina for inhibition of FPV in ECEs.

Discussion

The two prominent compounds in the V. amygdalina
concentrate [furan-based nucleoside analogue Methyl-2-O-benzyl-
d-arabinofuranoside and the long chain alcohol Phytol] might have
some degrees of toxicity on embryos in the ECEs (Figure 3 or 4).
Recent findings in [14] suggested that overexposure to furan-based
nucleoside analogues might cause mild or chronic onset of neural
adenopathy in Wister albino rats. The findings also maintained that
cytotoxic damage may result from overload of chick fibroblast tissues
with analogues of nucleoside analogue compounds as a result of lactic
acidosis. Correspondingly, according to [15] proposed that many long
chain alcohols such as phytol might still trigger mild damages to the
host epithelial cells even at comparatively low doses; thereby making
young tissues prone to shock. In similitude, the concentrate from A.
melegueta also contained compounds triggered some level of toxicity
observed in the results (Figures 3 and 4). The concentrate contained

doi: 10.4172/2324-8955.1000186

two major compounds [benzaldehyde-3-hydroxy-4-methoxy and
butan-2-one-4-(3-hydroxy-2-methoxyphenyl)] for which specific
findings in [16] showed that continuous uptake of plants derived
phenols by young animal tissues inhibit protein translation activators
and block ionic absorption potentials eventually leading to reduced
tissue weight. Genotoxic damage to the visceral organs in test animals
was also attributed to overdose of plant-derived phenols since the
phenols interfere with tissue respiration and enzyme synthesis especially
when above the threshold concentrations [17]. All these factors played a
key role in informing why the dose administration for the concentrate
toxicity assay was limited to a concentration of <500 pM.

Several factors account for the strong efficacy of the concentrates
to inhibiting the FPV proliferation in ECEs and chief amongst them
would be the direct impact the compounds in the concentrates had
on the FPV. The findings in the report of [1] showed that plant
phenols in the A. melegueta concentrate inhibit virus invasion of
susceptible tissues by impairing cell surface attachment mechanisms
in a pangenotypic manner; disrupting the tyrosine kinases on the
viral envelope. Meanwhile, another observation in the study of [18]
showed that phenols actively block the tailing enzymes of poxviruses,
an important chemical factor needed for viral uncoating, hence,
deactivation of the virions by cellular translocation. Conversely, [8]
in their study described a more recent method by which phenols act
against poxviruses. The study showed that phenols ionize surface
receptors on host tissues to cause reduction in the ability of viruses to
make direct attachment to host tissues. These might have accounted
majorly as basis for the drastic reductions noticed in the FPV final
titer, mean number of pock lesions and the pock diameter after
inhibition assays since minimal damage was observed in the test
groups (Figures 5 and 6). In a similar vein, [7] reiterated that many
phenols often alter the formation of viral translation activation factor
(eIF2a in case of FPV), essential for translation of new genes into
viral proteins. This also led to the possibility that phenols might block
the synthesis of protease promoters due to its oxidative mechanisms
thereby weakening FPV virion assemblage. Alternatively, the benzyl-
group attached to the two phenols considered in this study affords
them the advantage of exposing FPV genome to genotoxic damage.
They achieve this by blocking the production of protein kinase R
(PKR) of FPV [7]. Although, the concentrate from V. amygdalina
showed lesser potency for inhibition of the FPV proliferation than
the A. melegueta concentrate. However, the concentrate still showed
strong inhibition against the virus propagation and its proliferation in
ECEs. The report of [19] showed that phytol in the concentrate blocks
FPV transcription factors responsible for late protein glycosylation
within the viral envelope. Alternatively, [19,9] described few points
of note for antiviral mechanisms of nucleoside analogues. These
studies showed that the nucleoside analogue Methyl-2-O-benzyl-
d-arabinofuranoside in the concentrate inhibit the formation of
concoctamer DNA complex essential for translation of new genes
into viral proteins. This might lead the possibility that Methyl-2-O-
benzyl-d-arabinofuranoside blocks the FPV late mRNA synthesis and
then cause denaturation of transcripted genes. The same findings of
[9] also raised the possibility that the nucleoside analogue in the V.
amygdalina might have blocked the production of DNA polymerases
in the FPV before the start of virus replication effectively ending the
virus reproduction cycle abruptly. However, since the mechanisms
responsible for antiviral activity of V. amygdalina concentrate are
more suited for phases of virus cycle after viral adsorption to host
tissues, it follows that the concentrate have lesser inhibition efficacy
compared to the A. melegueta concentrate.
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Conclusion

This current study has shown that the concentrates from V.
amygdalina and A. melegueta showed strong inhibition potential
against proliferation and propagation of FPV in ECE. This study also
points to the need for further studies on the compounds characterized
in the concentrates to deliver them effectively as antiviral targets
for better inhibition of FPV in living tissues. Furthermore, from
this study, we recommend the consumption of supplements from
the plants V. amygdalina and A. melegueta for respondents already
showing overt symptoms of poxvirus infection.
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