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Abstract Porcine epidemic diarrhea virus (PEDV) causes

diarrhea in pigs leading to severe illnesses and high mor-

tality rates. The development of medicinal agents to treat

PEDV infection is therefore crucial. In this study, antiviral

activities against PEDV of ethanol and aqueous extracts of

17 Vietnamese traditional medicinal plants were evaluated

using the cytopathic effect-based assay. The results showed

that 14 out of 17 medicinal plants could inhibit the cyto-

pathic effect of PEDV. The ethanol extract of Stixis

scandens was identified as the most active extract with its

MIC (minimum inhibitory concentration) being 0.15 lg/
mL. Other plant extracts also displayed strong antiviral

activity against PEDV, including Anisomeles indica,

Pericampylus glaucus and Croton kongensis. The results

demonstrate that certain medicinal plants have a high

antiviral potential and may serve as a lead to develop novel

pharmaceutical agents to cure PED as well as the diseases

caused by other coronaviruses.
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Introduction

To date, there is a very limited number of commercial

antiviral agents and no cure has been found to treat many

viral diseases. The issue is exacerbated by the fact that

drug-resistant viral strains appear rapidly due to their high

replication and mutation rate and hence highly variable

genetics [1]. Therefore, there is a critical need for novel

antiviral compounds.

Traditional medicinal plants have been used for thou-

sands of years to treat various infectious diseases including

viral diseases. Several hundred compounds derived from

medicinal plants have been identified and proven for their

antiviral activities [2]. The wide range of action mecha-

nisms of the compounds as the result of their diversity as

well as their relatively small molecular weights make them

promising drug leads. Thus, screening for antiviral natural

compounds from medicinal plants has become a promising

approach [2, 3].

Vietnam is known to be a rich repository of natural

products with more than 12,000 tropical plant species of

which nearly 3,000 have been recorded to have over 8,000

therapeutic effects [4]. Traditional medicine in Vietnam

has a long history and remains very popular in medical

practice to treat numerous diseases including viral diseases

[5]. However, insights into the medicinal functions, espe-

cially the antiviral effect of the plant extracts, are largely

unknown.

Porcine epidemic diarrhea virus (PEDV) is an envel-

oped, single-stranded RNA coronavirus belonging to the

family Coronaviridae. Since its first identification in Bel-

gium and the United Kingdom in 1978, PEDV has spread

to many countries worldwide and caused devastating eco-

nomic losses in the swine industry, particularly in Europe

and Asia [6, 7]. PEDV was also reported to cause an
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outbreak in the USA in 2013 and has spread through 30

states [8, 9]. PEDV causes vomiting, diarrhea and dehy-

dration in pigs leading to severe illness and high mortality

rates of up to 100% in piglets under 2 weeks old [10].

PEDV was first identified in Vietnam in 2009 and has

become a severe threat in pig farming across many pro-

vinces [11, 12]. PEDV strains isolated in Vietnam were

reported to have a nationwide distribution, and they belong

to the G2b and G1b genotypes [13]. A recent study also

reported PEDV strains from unvaccinated piglets in 11

provinces across Vietnam belonging to the G1 and G2

groups [12]. Although a PEDV vaccine has been used to

control it, PED is still a highly contagious and devastating

enteric disease in pig farms causing heavy economic losses.

Therefore, the development of medicinal agents to treat

PED is crucial. As mentioned earlier, Vietnamese tradi-

tional medicinal plants are a promising source of natural

products with bioactivities, including antiviral activity.

Thus, in this study, we investigated the virucidal activity

against PEDV of ethanol and aqueous extracts of 17 dif-

ferent Vietnamese traditional medicinal plants, in an effort

to progress towards the discovery of novel drugs that

efficiently control PED.

Materials and methods

Media, cells and virus strain

Growth medium (GM) used for Vero cell culture was

Dulbecco’s Modified Eagle Medium (DMEM) supple-

mented with 5% heat-inactivated fetal bovine serum (FBS)

and 1% antibiotic–antimycotic agent mixture (Gibco,

Thermo Fisher Scientific, Waltham, USA). Maintenance

medium (MM) contained DMEM, 0.3% tryptose phosphate

broth (TPB), 0.02% yeast extract and 10 lg/ml of trypsin

(Gibco) as a previous report [14]. The PEDV strain of

HUA-14PED96 was propagated in Vero cells and used for

viral inhibition test [15].

Plant materials

Samples of 17 different plant species were collected in the

scope of an Académie de Recherche et d’Enseignement

Supérieur (ARES) project about ‘‘Exploring the Medical

and (Eco)-toxicological Potential of Natural Extracts in

North Vietnam’’, and deposited at the Botanical Museum

of Hanoi (HNU), VNU University of Science (Table 1).

We selected these 17 species because they are medicinal

plants found in Vietnam and have not been studied much

(based on SciFinder searches), plus that some of them,

including Lactuca indica L. (S1), Gnetum montanum

Markgr. (S7) and Tinospora sinensis (Lour.) Merr. (S15),

have commercial potentials, according to our socio-eco-

nomic survey (unpublished data).

The plant samples were cleaned with water and dried for

72 h to a constant weight using a hot-air oven at 40 �C.
The samples were then ground in a blender to obtain a fine

powder and subjected to extraction.

Preparation of extracts

Dried plant powders were used for extraction in two dif-

ferent solvent systems, ethanol and double-distilled water.

Each dried powder sample was suspended with a solvent at

a ratio of 1:10 (w/v) and then incubated in an ultrasonic

cleaner (S100H, Elma GmbH, Germany) for 30 min at

45 �C. The mixture was swirled at 200 rpm for 60 min at

room temperature in a shaker (Incubator-shaker 747,

Amerex Instruments, USA). To facilitate supernatant

recovery, the mixture was centrifuged at 10,000 rpm for

20 min at 10 �C (Avanti J-E, Beckman Coulter, USA). The

supernatant was filtered using Whatman No.1 filter paper

and the filtrate was later completely evaporated either in a

vacuum rotary evaporator (HS-2005S-N, Hahnshin S & T

Co., Republic of Korea) if it was an ethanol solvent or

lyophilized if it was a water solvent. The dried extracts

were preserved at 4 �C for further use.

The ethanol extracts (EE) and aqueous extracts (AE)

were dissolved in DMSO (dimethyl sulfoxide) to make a

stock solution of 50 mg/mL. This stock solution was ten-

fold diluted in DMEM to make a working solution of 5 mg/

mL before testing.

Cell toxicity test

The cytotoxicity assay was performed to evaluate the

effects of EE and AE on proliferation and viability of Vero

(African green monkey kidney) cells. Serial two-fold

dilutions of EE and AE working solutions (50 mg/mL)

were prepared in DMEM and then added to the Vero cell

culture which had been previously prepared in a 96-well

plate (100 ll/well). Each sample dilution was tested in

three wells and the experiments were performed in dupli-

cate. The plate was incubated for 1 h at 37 �C in 5% CO2.

Then the samples were replaced by 200 ll Maintenance

medium. Vero cell morphology was observed under the

inverted microscope and checked daily for cytotoxic

effects for a period of 5 days.

Both dead and alive Vero cells were determined by the

identification of their morphological changes following the

treatment with extracts. Maximum nontoxic concentration

(MNTC) of an extract was determined as the maximum

concentration of the extract at which the cells developed

normally.
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Viral inhibition test

In order to examine the inhibitory activity of the EE and

AE against the PED virus, the MNTC of EE and AE was

used as the starting concentration for the test. Serial two-

fold dilutions of EE and AE were prepared in DMEM and

then mixed with an equal volume of PED virus solution

(400 TCID50/0.1 ml) [16]. The virus-extract mixture was

incubated at 37 �C for 1 h and then added to the Vero cell

culture that had been previously prepared in a 96-well plate

(100 ll/well). Each sample dilution was tested in three

wells and the experiments were performed in duplicate.

The plate was incubated for 1 h at 37 �C in 5% CO2. Then

the samples were replaced by 200 ll Maintenance medium.

In parallel, infected and uninfected (mock) Vero cells with

PEDV were used as control measures. The cytopathic

effect (CPE) was monitored daily for five days. The

antiviral activity of the samples was evaluated based on the

inhibition of the CPE of the virus. The minimum inhibitory

concentration (MIC) of the crude extract was determined as

the minimum concentration of the extract at which the cells

developed normally in the presence of the virus.

Results

Cell cytotoxic effect

The cytotoxic effects of ethanol (EE) and aqueous extracts

(AE) of 17 medicinal plants were evaluated to determine

the maximum nontoxic concentration (MNTC) of each

extract (Tables 2 and S1). There were only two EEs of

Lactuca indica (S1) and Tacca chantrieri (S8) having a

high MNTC of 0.63 mg/mL and one EE of Aristolochia

xuanlienensis (S16) having a MNTC of 1.25 mg/mL. All

MNTCs of other EEs were smaller than 0.5 mg/mL. Rep-

resentative microscopic images of treated Vero cells at a

toxic concentration (0.08 mg/mL) and a non-toxic con-

centration (0.04 mg/mL) of S13 ethanol extract sample are

shown in Fig. 1. Overall, the MNTC values varied between

0.04 mg/mL and 5 mg/mL. It is interesting to note that, in

general, MNTCs of EE were significantly lower than those

of AE of the same plant. Four AEs presented a MNTC of

5 mg/mL, including those of Stixis scandens (S13),

Tinospora sinensis (S15), Aristolochia xuanlienensis (S16)

and Aristolochia acuminata (S17); two AEs (of Lactuca

Table 1 List of medicinal plants selected in this study

Sample

name

Scientific name Collected

part

Place of collection Deposited

number

S1 Lactuca indica L. Stem, leaf Lang Giang, Lang Son

province

HNU 024108

S2 Glochidion eriocarpum Champ. ex Benth. Leaf Bat Xat, Lao Cai province HNU 024776

S3 Anisomeles indica (L.) Kuntze Stem, leaf Bat Xat, Lao Cai province HNU 024777

S4 Pericampylus glaucus (Lam.) Merr. Stem, leaf Bat Xat, Lao Cai province HNU 024778

S5 Mahonia bealei (Fortune) Carrière Stem Bat Xat, Lao Cai province HNU 024779

S6 Ficus semicordata Buch.-Ham. ex Sm. Bark, leaf Vi Xuyen, Ha Giang province HNU 024780

S7 Gnetum montanum Markgr Stem Vi Xuyen, Ha Giang province HNU 024781

S8 Tacca chantrieri André Rhizome,

root

Vi Xuyen, Ha Giang province HNU 024782

S9 Crinum asiaticum L. Leaf Cam Pha, Quang Ninh

province

HNU 024783

S10 Mallotus barbatus Müll.Arg. Root Lac Son, Hoa Binh province HNU 024784

S11 Aganope balansae (Gagnep.) P.K.Loc Stem Bac Quang, Ha Giang

province

HNU 024785

S12 Hedyotis capitellata Wall. ex G.Don Stem, leaf Bac Quang, Ha Giang

province

HNU 024786

S13 Stixis scandens Lour. Leaf Bac Quang, Ha Giang

province

HNU 024787

S14 Croton kongensis Gagnep. Stem, leaf Lac Son, Hoa Binh province HNU 024789

S15 Tinospora sinensis (Lour.) Merr. Stem Lac Son, Hoa Binh province HNU 024790

S16 Aristolochia xuanlienensis N.T.T. Huong, B. H. Quang & J.

S. Ma

Stem, leaf Cam Thuy, Thanh Hoa

province

HNU 024791

S17 Aristolochia acuminata Lam. Stem, leaf Phuc Yen, Vinh Phuc

province

HNU 024792
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indica—S1 and Croton kongensis—S14) had an MNTC of

2.5 mg/mL; and one AE (of Anisomeles indica—S3) had

an MNTC of 1.25 mg/mL, to be compared to the MNTCs

of the corresponding EEs, respectively 40, 80, 1250, 80,

630, 40, 40 lg/mL. The remaining AEs had MNTCs of less

than 0.5 mg/mL, with the smallest value at 0.08 mg/mL,

slightly higher or equal to the MNTCs of the corresponding

EE. Only two AE extracts were more toxic than their

corresponding EEs, with two-fold lower MNTCs: extracts

of Mahonia bealei (S5) and Tacca chantrieri (S8).

Antiviral effect

Ethanol and aqueous extracts of 17 plant species were

screened for anti-PEDV activity by CPE-based assay, with

the tested concentrations in serial twofold dilution starting

from their respective MNTCs. The minimum inhibitory

concentration (MIC) of the crude extract of each plant was

determined (Tables 2 and S2). The antiviral effects of the

extracts were clearly observed, as illustrated by represen-

tative microscopic images of Vero cells infected with

Table 2 Maximum non-toxic concentrations (MNTCs) on Vero cell line and minimum inhibitory concentrations (MICs) on PEDV-cytopathic

effect of the ethanol extracts and the aqueous extracts of 17 medicinal plants in this study

Plant

samples

Scientific name Ethanol extract Aqueous extract

MNTC (lg/
mL)

MIC (lg/
mL)

MNTC/

MIC

MNTC (lg/
mL)

MIC (lg/
mL)

MNTC/

MIC

S1 Lactuca indica L. 630 19.53 32.26 2500 312.5 8.00

S2 Glochidion eriocarpum Champ. ex Benth. 40 2.44 16.39 160 –

S3 Anisomeles indica (L.) Kuntze 40 0.61 65.57 1250 78.13 16.00

S4 Pericampylus glaucus (Lam.) Merr. 160 0.61 262.30 310 –

S5 Mahonia bealei (Fortune) Carrière 310 78.13 3.97 160 19.53 8.19

S6 Ficus semicordata Buch.-Ham. ex Sm. 80 – 310 –

S7 Gnetum montanum Markgr 160 – 310 39.06 7.94

S8 Tacca chantrieri André 630 2.44 258.20 310 –

S9 Crinum asiaticum L. 80 4.88 16.39 80 –

S10 Mallotus barbatus Müll.Arg. 40 – 80 9.77 8.19

S11 Aganope balansae (Gagnep.) P.K.Loc 310 – 310 –

S12 Hedyotis capitellata Wall. ex G.Don 80 – 310 –

S13 Stixis scandens Lour. 40 0.15 266.67 5000 1250 4.00

S14 Croton kongensis Gagnep. 40 1.22 32.79 2500 625 4.00

S15 Tinospora sinensis (Lour.) Merr. 80 2.44 32.79 5000 2500 2.00

S16 Aristolochia xuanlienensis N.T.T. Huong, B.
H. Quang & J. S. Ma

1250 4.88 256.15 5000 625 8.00

S17 Aristolochia acuminata Lam. 80 2.44 32.79 5000 1250 4.00

The data represent the lowest MNTC and the highest MIC observed in all performed experiments for each sample

Fig. 1 Representative

microscopic pictures of Vero

cell cultures exposed to toxic

(0.08 mg/mL) (a) and
maximum nontoxic (0.04 mg/

mL) (b) concentrations
(MNTC) of S13 ethanol extract
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PEDV pre-treated with S13 ethanol extract at the concen-

trations of 0.15 lg/mL and 0.07 lg/mL (Fig. 2, A and B).

Out of the 17 plants, three plants, including Ficus semi-

cordata (S6), Aganope balansae (S11) and Hedyotis

capitellata (S12), could not inhibit the cytopathic effect of

PEDV. In addition, there were four plants, including

Glochidion eriocarpum (S2), Pericampylus glaucus (S4),

Tacca chantrieri (S8), Crinum asiaticum (S9), that had

only EEs showing anti-PEDV activities while their AEs did

not. In contrast, there were two plants Gnetum montanum

(S7) and Mallotus barbatus (S10) with only AEs showing

anti-PEDV activities while their EEs did not. Among the

remaining eight plants that had both AE and EE showing

anti-PEDV activities, there was one plant, Mahonia bealei

(S5), with the MIC of its AE lower than that of its EE. The

remaining seven plants had low-MIC EEs and very high-

MIC AEs, indicating that the antiviral active compounds of

these plants were presumably dissolved in ethanol but not

water. Notably, the EE of Stixis scandens (S13) had the

lowest MIC of 0.15 lg/mL followed by the MICs of those

of Anisomeles indica (S3) and Pericampylus glaucus (S4)

which were the same at 0.61 lg/mL.

Discussion

PEDV, a single-stranded RNA coronavirus, has become a

devastating enteric disease and caused significant eco-

nomic losses in livestock worldwide. Consequently there is

an urgent need to discover antiviral agents to fight against

PEDV. Vietnam is home to a large collection of medicinal

plants, especially in the mountainous areas of the north [5].

Many of these medicinal plants have been used for years to

relieve symptoms of viral disease in humans even though

the active compounds and their mechanisms of action are

largely unknown [4, 5]. Nevertheless, Vietnamese medic-

inal plants are a potential source of novel antiviral agents.

In this study, the cytopathic effect (CPE)-based assay,

which evaluates the ability to inhibit the CPE of PEDV on

Vero cells, was utilized to screen for antiviral activities of

ethanol and aqueous extracts of 17 medicinal plants col-

lected from northern Vietnam. To our best knowledge, this

is the first study to report the antiviral activities of

medicinal plants against PEDV. Plus, our selected plants

were those that have not yet been studied much. Appar-

ently, our results were remarkably interesting, as they

showed that 14 plants could inhibit the CPE of PEDV with

a wide range of MIC from 0.15 to 78.13 lg/mL in the case

Fig. 2 Representative

microscopic pictures of antiviral

activity (0.15 lg/mL) (a) and
non-antiviral activity (0.07 lg/
mL) (b) against PEDV of the

S13 ethanol extract sample on

Vero cells. Infected (c) and
uninfected (mock) (d) Vero
cells with PEDV were used as

control measures

In vitro antiviral activities of ethanol and aqueous extracts of Vietnamese traditional… 801

123



of EE and from 9.77 to 2500 lg/mL in the case of AE.

With almost every plant sample, the EE showed lower

cytotoxicity as well as stronger antiviral activity than the

AE, leading to higher MNTC/MIC. The stronger antiviral

activities of ethanol/methanol extracts compared to aque-

ous extracts have also been previously reported [17, 18].

Many antiviral-screening studies have focused only on the

ethanol/methanol extracts of medicinal plants [19, 20].

The most active extract was the EE of Stixis scandens

(S13). The EE was active at a concentration as low as

0.15 lg/mL while the AE of this plant only displayed CPE

inhibition from 1.25 mg/mL. This antiviral activity of the

EE also compared well with the cytotoxic activity of the

extract. The ratio of MNTC/MIC for the EE of Stixis

scandens was 267, while it was only 4 for the AE and was

also the highest MNTC/MIC among all samples. This

strong antiviral activity compared to its cytotoxicity sup-

ports the great potential of developing antiviral agents from

this plant. Stixis scandens Lour. belongs to the Cappa-

raceae family and is traditionally used to treat rheumatism,

hemoptysis and infected eye diseases in Vietnam [5]. There

is no report on the natural compounds from Stixis scandens.

However, chemical constituents of a closely related species

Stixis suaveolens have been studied exclusively by Viet-

namese research groups. Seven lignan compounds have

been isolated and identified from an aqueous fraction [21],

while ten compounds including lignans, lignan glycosides

and phenolic glycosides were isolated from a methanol

fraction [22]. Moreover, two new phenolic amides were

also reported from ethylacetate extracts of Stixis suave-

olens leaves by the same group [23]. However, no bioac-

tivity of compounds extracted from Stixis suaveolens have

been published. In particular, no report is available on the

antiviral activity of Stixis genus.

Our results also revealed additional plants potentially

displaying strong antiviral activity against PEDV, includ-

ing Anisomeles indica and Pericampylus glaucus (with the

MICs of 0.61 lg/mL); Croton kongensis (with the MIC of

1.22 lg/mL); Glochidion eriocarpum, Tacca chantrieri,

Tinospora sinensis and Aristolochia acuminata (with MICs

of 2.44 lg/mL). Anisomeles indica is an extensively stud-

ied plant with known pharmacological activities including

antioxidant, antimicrobial, anti-Helicobacter-pylori and

anti-cancer activity [24]. In particular, ovatodiolide –

proven to have anti-HIV activity—has been purified from

Anisomeles indica [25]. Alkaloids from Pericampylus

glaucus were shown to be active against HBV and HIV-1

[26]. Here we show for the first time that these two plants

are also active against PEDV.

None of the remaining active plants have been previ-

ously reported to have antiviral activities. Diterpens from

Croton kongensis exhibited antimycobacterial and anti-

malarial activities [27]. Triterpenoid saponins from

Glochidion eriocarpum exhibited cytotoxic activity against

various cancer cell lines [28, 29]. Taccalonolides from

Tacca chantrieri are well known as distinct microtubule

stabilizers, expected to be promising anti-cancer agents

[30]. Tinospora sinensis is also a popular medicinal plant in

traditional medicine with proven immunomodulating,

antitubercular, anti-cancer activities [31, 32]. The anti-in-

flammatory activity of Aristolochia acuminata has been

reported by Battu et al. in 2011 [33]. Thus, our study is the

first to report the antiviral activity of Croton kongensis,

Glochidion eriocarpum, Tacca chantrieri, Tinospora

sinensis and Aristolochia acuminata. Moreover, this is also

the first report on the antiviral activity of medicinal plants

against PEDV.

As an extension, the findings in this study could be a

leading cue to develop antiviral medicine for the treatment

of SARS-CoV-2, another member of the Coronaviridae

family, which caused the COVID-19 pandemic.

Conclusions

In this study, 17 medicinal plants collected in Vietnam

were screened for antiviral activity against PEDV. We

found 14 plants that could inhibit the CPE of PEDV. The

EE of Stixis scandens (S13) was identified as the most

active extract with its MIC being 0.15 lg/mL. To the best

of our knowledge, this is the first study reporting the

antiviral activity of Stixis scandens, Croton kongensis,

Glochidion eriocarpum, Tacca chantrieri, Tinospora

sinensis and Aristolochia acuminata. This is also the first

report on the antiviral activity of medicinal plants against

PEDV. The data may also serve as a lead to develop novel

pharmaceutical agents to cure PED, as well as the diseases

caused by other coronaviruses including SARS-CoV-2.
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