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Abstract 
Newcastle disease remains a constant threat to poultry sector especially backyard chicken due to practical 

difficulties in following the vaccination protocol. Andrographis paniculata was reported to possess 

antiviral activity against several viruses affecting human and animal. The present study was designed to 

investigate the antiviral activity of Andrographis paniculata against mesogenic strain of Newcastle 

disease virus NDV2K35. Antiviral activity of aqueous, ethanolic extracts of Andrographis paniculata, 

andrographolide standard each @1.0, 2.5, 5 µg/ml were compared with standard antiviral drug ribavirin 

@ 500 µg/ml in chicken embryo fibroblast cells. The antiviral activity was confirmed by assessing the 

cell viability, HA titre and expression of F gene by RT-PCR in cell culture fluid. Aqueous extract and 

andrographolide standard exhibited antiviral activity at all doses and was on par with standard antiviral 

drug ribavirin. The ethanolic extract was unable to completely inhibit the virus which was evident from 

HA titre and expression of F gene. 

 

Keywords: Andrographis paniculata, andrographolide, antiviral activity, chicken embryo fibroblast, 

Newcastle disease virus, NDV2K35, RT-PCR 

 

Introduction 

Newcastle disease (ND) caused by avian paramyxovirus-1 in the genus Avulavirus is ranked 

as the fourth most important disease in terms of the number of livestock units lost for poultry 

species, behind highly pathogenic avian influenza, infectious bronchitis, and lowly pathogenic 

avian influenza [1]. Based on pathogenic studies ND is categorized into three groups: 

lentogenic (low virulence), mesogenic (moderate virulence) and velogenic (highly virulent). 

Low virulent NDV typically produces subclinical disease with some morbidity, whereas 

virulent isolates can result in rapid, high mortality in birds [2]. Virulent NDV are listed 

pathogens that require immediate notification of the OIE and outbreak typically results in trade 

embargos [3]. Stringent biosecurity measures and appropriate vaccination must be adopted to 

contain the spread of the virus as there is no treatment for ND. Even in vaccinated birds the 

production performance will be affected when infected with virulent strains [4]. Unlike 

commercial poultry morbidity and mortality is high in backyard chicken infected with NDV 

due to practical difficulties in vaccinating these birds. Hence, developing new control 

strategies and intervention program is highly imperative to contain the virus.  

Natural products have proved to be an important source of lead molecules and many extracts 

and compounds of plant origin with antiviral activity have been reported. Andrographis 

paniculata (Burm. f.) Nees, commonly known as King of bitters, has been used as traditional 

medicine for treatment of various infectious and degenerative diseases in Asian countries such 

as India, China, Vietnam, Malaysia and Indonesia [5].  

Among the several active chemical constituents, andrographolide, neoandrographolide and 

dehydroneoandrographolide are the most important bioprotectants with wide range of 

therapeutic applications. Of these, andrographolide, a diterpene lactone has been reported to 

have broad spectrum antiviral activity against several viruses including the recent SARS-CoV-

2 virus [6]. Andrographolide has also shown immunomodulatory effect by effectively 

enhancing cytotoxic T cells, phagocytosis by natural killer cells, and antibody-dependent cell-

mediated cytotoxicity [7]. Further, a polyherbal preparation used in Siddha medicine containing 

Andrographis paniculata as one of the ingredients was shown to improve immunity against 

Newcastle disease virus in backyard poultry [8].  
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Perusal of literature revealed few reports on the in ovo activity 

of Andrographis paniculata, against NDV. Hence, an attempt 

was made to explore the antiviral property of this potential 

herb against NDV in chicken embryo fibroblast cells.  

 

Materials and Methods  

Andrographis paniculata 
The whole plant of Andrographis paniculata collected from 

local area was authenticated by Botanical Survey of India, 

Coimbatore, Tamil Nadu, India. The reference herbarium 

specimen was authenticated under the voucher number 

BSI/SRC/5/23/2017/Tech/1696. The collected leaves were 

shade dried, powdered and ten% aqueous and ethanolic 

extracts were prepared and stored in airtight container in a 

refrigerator until further use [9].   

 

Newcastle disease virus 

Whole genome sequenced Newcastle disease virus isolate 

(NDV2K35) procured from Department of Animal 

Biotechnology, Madras Veterinary College, Chennai was used 

in this study. 

 

Experimental design for in vitro antiviral study 

Embryonated chicken eggs of 9 to 11 days old were used 

throughout the study for preparing Chicken Embryo 

Fibroblast (CEF) and maintained in 5% CO2 incubator. The 

experimental design for in vitro trial is as below: 

 
The experimental design for in vitro trial is as below 

 

Group Treatment 

T1 Cell control (CEF) 

T2 Virus control (NDV2K35) 

T3 Positive control (Virus pretreated with Ribavirin 500 µg/mL) 

T4-T6 Virus pretreated with different doses of aqueous extract of A. paniculata (1.0, 2.5, 5.0 µg/mL) 

T7-T9 Virus pretreated with different doses of ethanolic extract of A. paniculata (1.0, 2.5, 5.0 µg/mL) 

T10-T12 Virus pretreated with different doses of andrographolide standard (1.0, 2.5, 5.0 µg/mL) 

 

Cultivation of NDV2K35 strain by allantoic route [10] 

Briefly, 9 to 11 days old embryonated chicken eggs were 

candled, sterilised, and injected with 0.1mL of NDV2K35 

strain and sealed with melted wax. The eggs were incubated 

at 37 °C and candled twice daily and dead embryos were 

discarded. After 72hrs, the embryos were chilled at 4 °C for 

1hr. The allantoic fluid was aspirated aseptically and 

centrifuged at 5000rpm for 10 min at 4 °C. The supernatant 

was collected in sterile vials and stored at -20 °C until further 

use. The titre of NDV in freshly harvested allantoic fluid was 

identified by HA test.  

 

Preparation of chicken embryo fibroblast cell culture 
Primary CEF cultures were prepared from chicken embryos of 

9 to 11 days old11. A cell suspension of 0.5 mL was diluted 

with an equal amount of trypan blue solution and the cells 

were counted in haemocytometer. Concentration of the cells 

was adjusted to one million cells / mL of growth medium and 

dispensed into tissue culture flasks and incubated for 48 hrs at 

37 °C in 5% CO2 incubator and 75% humidity to obtain 

confluent monolayer. 

Cultivation of NDV2K35 strain in CEF 

The NDV2K35 strain was cultivated in chicken embryo 

fibroblast cells as per standard protocol [12]. After formation of 

CEF monolayer, 200 µL of antibiotic (Penicillin- 

streptomycin (5000U/ml) treated NDV2K35 strain was 

inoculated into each of the 25 cm flasks. The flasks were 

incubated for one hour at 37 °C in 5% CO2 incubator and 

media was decanted. Freshly prepared maintenance media 

(2% FBS) was added. The cells were observed daily under 

inverted microscope for the appearance of cytopathic effect 

(CPE). At the end of 48 hrs the culture fluid was harvested 

after five cycles of freeze thaw and collected in sterile vials 

and stored at -20 °C. 

 

Tissue Culture Infective Dose 50 (TCID50)  

Tissue Culture Infective Dose 50 was estimated as per 

standard protocol [13]. Briefly, 1.5×104 cells/ well were seeded 

into 96 well plate and incubated at 37 °C with 5 percent CO2 

for 24hrs. After incubation, total volume of 100 µL of ten-fold 

serially diluted NDV2K35 was inoculated into each well with 

six replicates for each dilution. The plates were incubated at 

37 °C for 72hrs and observed for CPE under inverted 

microscope. The proportion of wells with CPE in each serial 

dilution of virus was examined under inverted microscope and 

TCID50 was estimated by Reed and Muench formula [14]. 

 

Maximum Non-Toxic Dose (MNTD) [13] 

The assay for calculating maximum nontoxic dose of A. 

paniculata extracts was initiated by seeding 1.5×104 cells/ 

well into each well of 96 well flat bottom plate and incubated 

at 37 °C with 5 percent CO2 for 24hrs. After 24hrs the cells 

were treated with diluted stock solution of aqueous and 

ethanolic extracts, andrographolide purified and 

andrographolide standard at the concentrations ranging from 

0.5 to 25 µg/mL and ribavirin (25 to 100 µg/mL) and 

incubated. After 48 hrs, 10 µL of MTT [3-(4-5-

dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium bromide] dye 

was added into each well and incubated for 4hrs and the 

supernatant was removed. A total of 100 µL of dimethyl 

sulphoxide was added followed by continuous shaking for 10 

min to dissolve the purple-blue MTT formazan precipitate. 

The absorbance of each cell was measured using micro plate 

reader at 570 nm and percentage of cell viability was 

calculated. 

 

In vitro antiviral assay 

In vitro antiviral activity was assessed as per the experimental 

design mentioned above [13]. The assay was initiated by 

seeding 1.5×104 cells/ well into each well of 6 well flat 

bottom plate and incubated at 37 °C with 5% CO2 for 24hrs. 

After incubation, the medium was removed and treated with 

the plant extracts and ribavirin at specified concentrations 

(100 µL) which were previously mixed with 0.1MOI of 

NDV2K35 strain (100 µL) for 1 hr at 37 °C. The plates were 

incubated for 24, 48, 72hrs and CPE of the cells were 
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observed. At the end of 24, 48 and 72hrs the cell culture fluid 

was harvested after five cycles of freeze thaw and subjected to 

HA test. The remaining fluid was stored at -20 °C in sterile 

vials for confirmation of antiviral activity by RT-PCR. All the 

experiments were done in triplicate. 

 

Confirmation of viral inhibition 

Haemagglutination test  

The harvested cell culture fluid from in vitro assay was 

subjected to haemagglutination test with 1% chicken RBCs 

suspension. Sterile Alsever's solution and normal saline were 

prepared, and the test was conducted as per the standard 

protocol described by FAO [15]. The reduction in HA activity 

of virus was used as an indicator of antiviral activity of A. 

paniculata extracts and active principles. 

 

RT- PCR 

The cell culture fluid from various groups were subjected to 

RT-PCR for amplification of F gene as described by the same 

author9. The following primer sequence was used for 

amplifying F gene of NDV whose product size was 535bp. 

Forward primer: 5’- ATG GGC TCC AGA CCT TCT ACCA- 

3’ 

Reverse primer: 5’- CTG CCA CTG CTA GTT GTG ATA 

ATCC -3’  

 

Statistical Analysis  

The data collected were analyzed by one-way ANOVA 

procedure using SPSS® 20.0 software package for Windows 

and level of significance was tested by Duncan’s multiple 

range test. 

 

Results and Discussion 

TCID50 for NDV2K35 strain in CEF 

The cytopathic effect (CPE) in CEF cells infected with 

NDV2K35 was observed at 48 hrs post infection. The CPE 

was characterized by cell rounding, cell death, vacuolation, 

clumping or aggregation of the cells and detachment of cells 

from the surface. The number of wells showing CPE in each 

serial dilution was recorded and TCID50 was estimated to be 

10-7/0.1mL as shown in Table 1. The TCID50/ml were 107.9 for 

nonvirulent strain and 108.4 for mesogenic strain of NDV 

tagged with green fluorescence protein16 and in yet another 

study it was 105.5 /100 µl for both live and UV-irradiated 

NDV17.  

 
Table 1: Estimation of TCID50 for NDV2K35 in CEF cells 

 

Dilution No of wells No of wells showing CPE No of wells showing non CPE 
Accumulated value 

% of cytopathogenic 
CPE Non CPE 

10-1 6 6 0 40 0 100 

10-2 6 6 0 34 0 100 

10-3 6 6 0 28 0 100 

10-4 6 6 0 22 0 100 

10-5 6 6 0 16 0 100 

10-6 6 5 1 10 1 91 

10-7* 6 3 3 5 4 56 

10-8 6 2 4 2 8 20 

* TCID50 

 

MNTD for A. paniculata extracts and andrographolide 

The percentage cell viability for different concentrations (0.5 

to 25.0 µg/mL) of aqueous and ethanolic extracts of A. 

paniculata and its active principle were determined in CEF 

cells by MTT assay at 48 hrs and presented in Table 2. The 

MNTD for both the extracts and its active principles was 

found to be 5.0 µg/mL hence, three doses at and below 

MNTD (1.0, 2.5 and 5.0 µg/mL) were used for exploring 

antiviral activity. The methanolic extract of A. paniculata was 

reported to be safe and effective when used at 50 µg/mL in 

Vero cells infected with dengue virus [18]. The ethanolic 

extract was found nontoxic (IC50 124.30 µg/mL) to A549 cells 

and used as treatment for A549 cells transfected with Simian 

Retro Virus [19]. In yet another study, the MNTD of aqueous 

extract was reported to be 31.25 µg/mL and ethanolic extract 

was found to be 9.36 µg/mL in Vero cells however, the plant 

was found ineffective against Chikungunya virus [20]. The 

MNTD reported in the present study is less than the earlier 

reports probably due to variation in the cells. 

 
Table 2: Estimation of MNTD for A. paniculata extracts and andrographolide standard in CEF cells 

 

S. No Dose (µg/mL) 
Cell viability (%) 

Aqueous extract Ethanolic extract Andrographolide Standard 

1 0.5 100 100 100 

2 1.0 100 100 100 

3 2.5 100 100 100 

4 5.0 100 100 100 

5 10.0 86 84 88 

6 15.0 80 81 86 

7 20.0 78 79 83 

8 25.0 75 76 80 

Each value is mean of three observations 

 

Effect of treatment on cell morphology 
The cell morphology observed under inverted microscope in 

different groups at 24, 48 and 72 hrs are presented in Plates 1-

12. 
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Plate 1: Uninfected chick embryo fibroblast cells 

 

 
 

Plate 2: Chick embryo fibroblast cells infected with NDV2K35 strain of Newcastle disease virus 
 

 
 

Plate 3: Chick embryo fibroblast cells infected with NDV2K35 preincubated with ribavirin 
 

 
 

Plate 4: Chick embryo fibroblast cells infected with NDV2K35 preincubated with aqueous extract of A. paniculata at 24hrs 
 

 
 

Plate 5: Chick embryo fibroblast cells infected with NDV2K35 preincubated with aqueous extract of A. paniculata at 48 hrs 
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Plate 6: Chick embryo fibroblast cells infected with NDV2K35 preincubated with aqueous extract of A. paniculata at 72hrs 
 

 
 

Plate 7: Chick embryo fibroblast cells infected with NDV2K35 preincubated with ethanolic extract of A. paniculata at 24hrs 
 

 
 

Plate 8: Chick embryo fibroblast cells infected with NDV2K35 preincubated with ethanolic extract of A. paniculata at 48 hrs 
 

 
 

Plate 9: Chick embryo fibroblast cells infected with NDV2K35 preincubated with ethanolic extract of A. paniculata at 72hrs 
 

 
 

Plate 10: Chick embryo fibroblast cells infected with NDV2K35 preincubated with andrographolide standard at 24hrs 
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Plate 11: Chick embryo fibroblast cells infected with NDV2K35 preincubated with andrographolide standard at 48 hrs 
 

 
 

Plate 12: Chick embryo fibroblast cells infected with NDV2K35 preincubated with andrographolide standard at 72hrs 
 

The uninfected CEF (T1) retained normal morphology up to 

72hrs. The cells infected with NDV2K35 strain showed 

morphological changes like increased granularity, cell 

rounding, vacuolation, cell death and floating of dead cells in 

a time dependant manner. Velogenic and mesogenic strains of 

NDV were reported to cause rounding of the cells, syncytia 

formation and cell death in CEF [21]. The strain used in this 

study was reported to be mesogenic [22] and the morphological 

changes noticed correlate with the earlier report.  

The cells treated with different doses of aqueous extract, 

ethanolic extract, and andrographolide standard (drug control) 

at 1.0, 2.5 and 5.0 µg/mL retained normal morphology at the 

end of 24, 48 and 72hrs which indicates the nontoxic effect of 

the extracts. Earlier study had shown that A. paniculata 

extracts at 20.48 and 25.00 µg/mL was nontoxic to chicken 

embryo fibroblast and Vero cell lines, respectively [23, 13].  

The cells infected with NDV2K35 preincubated with ribavirin 

showed normal morphology up to 72hrs which indicates the 

antiviral potential of the drug. Ribavirin, a unique guanosine 

analogue is known for broad spectrum antiviral activity 

against RNA and DNA viruses. By inhibiting inosine 

monophosphate dehydrogenase, it depletes the intracellular 

GTP resulting in inhibition of mRNA capping, impacts host 

cell gene expression, inhibit viral RNA dependent RNA 

polymerase as well induce viral mutagenesis at high dose [24]. 

Ribavirin was proven to be highly effective against picorna 

virus when added prior to infection in HeLa cells [25]. The 

replication of borna virus in duck embryonic fibroblast cells 

was inhibited by ribavirin at 25μg/mL and Chikungunya virus 

at 250 μg/mL [25, 20].  

The CEF cells infected with NDV2K35 pretreated with 

aqueous extract of A. paniculata (T4 - T6) and 

andrographolide standard (T10 - T12) retained normal cell 

morphology which reflects better antiviral activity when 

compared to ethanolic extract. The cells infected with 

NDV2K35 preincubated with ethanolic extract at 1.0 and 2.5 

(T7 and T8) showed few rounding of cells whereas at 5.0 

µg/mL (T9) the cells were normal at 24hrs. The intensity of 

cell damage increased at 48 hrs with more rounding in lower 

dose and few rounding of cells in higher dose. At 72 hrs, dead 

cells were seen floating in lower dose (T7) and rounding was 

noticed in remaining two doses (T8 and T9). Several in silico 

studies predicted that andrographolide and its analogs bind to 

several antiviral targets of SARS-CoV-2 that are important for 

attachment to host cells and replication. The analogs, 

especially neoandrographolide and bisandrographolide were 

predicted to show better binding affinities than 

andrographolide regardless of target receptor26. Hence, it is 

presumed that better synergism was exhibited by the 

components of the aqueous extract than ethanolic extract as 

evidenced by the antiviral activity.  

 

Effect of treatment on cell viability 

The cell viability (%) of different groups was estimated by 

MTT assay at 48 and 72hrs and the results shown in Table 3.  

At the end of 48 and 72hrs cells treated with virus showed a 

significant (p<0.05) decrease in cell viability when compared 

to all the groups. The groups treated with ethanolic extract at 

1.0, 2.5 and 5.0 µg/mL showed significant decrease in cell 

viability when compared to control but was significantly 

higher than virus control. There was no significant difference 

in cell viability in the groups treated with different doses of 

aqueous extract, andrographolide standard and ribavirin.  

The cell viability (%) in groups infected with NDV2K35 

preincubated with aqueous extract, andrographolide standard 

and ribavirin were similar to the control whereas that of 

ethanolic extract showed reduced cell viability but was more 

than 80% at all the doses. The antiviral property of the plant 

extract and its active principle is obvious as the cell viability 

in virus control was only 18.00 and 5.00% at 48 and 72hrs, 

respectively.  

 

Effect of treatment on HA titre 

The HA titre could not be detected in cell culture fluid from 

control, cells infected with virus preincubated with ribavirin, 

aqueous extract, andrographolide standard at all doses and 
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ethanolic extract at 5.0 µg/mL at 24hrs whereas virus control 

showed highest titre which increased with time. The groups 

treated with different doses of ethanolic extract and 

andrographolide isolated showed titre at 48 and 72hrs which 

indicated the replication of virus (Table 4). The presence of 

more amount of terpenoids, tannins and saponins in aqueous 

extract than ethanolic extract in addition to the presence of 

alkaloids, flavonoids and phenols, would have acted 

synergistically and resulted in better antiviral activity [27]. The 

antiviral activity of A. paniculata is considered better than 

leaf extract of Momordica balsamina as it required higher 

concentration (20mg/mL) to inhibit NDV [28]. Since the virus 

and extract were preincubated before infection of cells the 

extract might have resulted in inactivation of the virus and 

prevented its attachment to the host cells. 

 
Table 3: Effect of treatment (ribavirin, A. paniculata extracts and andrographolide standard) on cell viability (Mean±SE%) in CEF cells 

 

Treatment/ 

Hrs 

Cell viability (%) 

Control 

(T1) 

Virus  

Control  

(T2) 

Ribavirin 

(µg/mL) 500 

(T3) 

Aqueous extract (µg/mL) Ethanolic extract (µg/mL) Andrographolide standard (µg/mL) 

1.0 (T4) 2.5 (T5) 5.0 (T6) 1.0 (T7) 2.5 (T8) 5.0 (T9) 1.0 (T10) 2.5 (T11) 5.0 (T12) 

48 hrs 98.33c±0.88 18.00a±2.30 93.33bc±2.33 93.67bc±2.02 92.00bc±1.15 90.67bc±1.20 80.33b±1.88 83.67b±3.17 85.66b±1.38 93.33bc±2.33 91.67bc±3.84 90.33bc±1.33 

72hrs 94.33c±2.90 5.00a±1.76 90.67c±1.20 91.33c±1.88 90.67c±1.67 90.00c±1.58 80.02b±1.88 83.62b±1.73 83.67b±1.73 90.00c±2.30 90.33c±1.20 89.97c±1.58 

Each value is mean of three observations 

Means bearing different superscripts within a row differ significantly (p<0.05) 

 
Table 4: Effect of treatment (ribavirin, A. paniculata extracts and andrographolide standard) on HA titre (Mean±SE Log2) against NDV antigen 

 

Treatment/ 

Hrs 

HA titre (Log2) 

Control 

(T1) 

Virus 

Control (T2) 

Ribavirin 

(µg/mL) 500 

(T3) 

Aqueous extract (µg/mL) Ethanolic extract (µg/mL) 
Andrographolide standard 

(µg/mL) 

1.0 (T4) 2.5 (T5) 5.0 (T6) 1.0 (T7) 2.5 (T8) 5.0 (T9) 1.0 (T10) 2.5 (T11) 5.0 (T12) 

24hrs 0.00a±0.00 6.67c±0.21 0.00a±0.00 0.00a±0.00 0.00a±0.00 0.00a±0.00 1.37b±0.33 1.21b±0.09 0.00a±0.00 0.00a±0.00 0.00a±0.00 0.00a±0.00 

48 hrs 0.00a±0.00 8.67d±0.23 0.00a±0.00 0.00a±0.00 0.00a±0.00 0.00a±0.00 1.62c±0.23 1.33b±0.23 1.24b±0.04 0.00a±0.00 0.00a±0.00 0.00a±0.00 

72hrs 0.00a±0.00 8.33d±0.30 0.00a±0.00 0.00a±0.00 0.00a±0.00 0.00a±0.00 1.69c±0.21 1.34b±0.02 1.33b±0.21 0.00a±0.00 0.00a±0.00 0.00a±0.00 

Each value is mean of three observations 

Means bearing different superscripts within a row differ significantly (p<0.01) 

 

Detection of NDV by RT-PCR 

The collected cell culture fluid was subjected to RT- PCR to 

confirm the antiviral activity of extracts of A. paniculata and 

andrographolide (Plate 13-15). Agarose gel electrophoresis 

showed amplification at 535bp for F gene of NDV in virus 

control, virus preincubated with ethanolic extract at all-time 

intervals which confirm the presence of the virus. However, 

the intensity of amplification was mild in the treated groups. 

There was no amplification in the remaining groups which 

confirms the antiviral activity of the extracts. The envelope of 

NDV contains two glycoproteins, the haemagglutinin 

neuraminidase (HN) and fusion (F) proteins. The HN 

glycoprotein is involved in attachment and release of the virus 

and F glycoprotein mediated fusion of viral envelope with 

cellular membrane. The F protein is synthesised as precursor 

F0 and must be proteolytically cleaved to F1 and F2 to 

activate fusion. The cleavage of F protein is considered as a 

major determinant of virulence29. In this study, failure to 

amplify F gene is taken as a confirmation that the virus has 

not replicated.  

Preincubation of the virus with extracts probably resulted in 

direct inactivation of the virus and prevented its replication 

when added to CEF cells [30]. The alcoholic extract of A. 

paniculata and andrographolide were found effective against 

Epstein – Barr virus lytic proteins, Dengue virus and Simian 

Retro virus [31, 32, 33]. However, in the present study ethanolic 

extract was not as effective as other treatments. In another 

observation ethanolic extract of A. paniculata was found 

ineffective against Chikungunya virus [20]. The antiviral 

activity of andrographolide standard was already proven 

against HIV, Herpes simplex, Avian influenza A, Hepatitis C 

and Dengue virus [33-37]. Thus, the present study confirms the 

antiviral activity of the aqueous extract of the plant against 

NDV in CEF cells based on the results of cell morphology, 

cell viability, HA titre correlated with RT-PCR result. 

 
 

Plate 13: RT- PCR for F gene of NDV in cell culture fluid 

https://www.thepharmajournal.com/


 
 

~ 1468 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

 
 

Plate 14: RT- PCR for F gene of NDV in cell culture fluid 

 

 
 

Plate 15: RT- PCR for F gene of NDV in cell culture fluid 

 

Conclusion 

The results of in vitro analysis confirmed the antiviral activity 

of A. paniculata against NDV. The aqueous extract was on 

par with andrographolide standard which were similar to 

ribavirin, the standard antiviral drug. The viral inhibition was 

further confirmed by RT-PCR. The alcoholic extract was 

unable to totally inhibit the virus at the concentration used in 

this study. Thus, the plant can be effectively used for 

prevention of ND in poultry. The antiviral efficacy should be 

further tested against velogenic strains and detailed study 

should be conducted to identify the molecular mechanism of 

action.  
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