
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Research in Veterinary Science 92 (2012) 320–323
Contents lists available at ScienceDirect

Research in Veterinary Science

journal homepage: www.elsevier .com/locate / rvsc
Antiviral activity of Alpinia katsumadai extracts against rotaviruses

Ha-Hyun Kim a, Hyung-Jun Kwon a, Young Bae Ryu a, Jong Sun Chang a, Kyoung-Oh Cho b,
Myra D.T. Hosmillo b, Mun-Chual Rho a, Su-Jin Park a,⇑, Woo Song Lee a,⇑
a Eco-Friendly Biomaterial Research Center and AI Control Material Research Center, Korea Research Institute of Bioscience and Biotechnology, Jeongeup 580-185, Republic of Korea
b Biotherapy Human Resources Center, College of Veterinary Medicine, Chonnam National University, Gwangju 500-757, Republic of Korea

a r t i c l e i n f o a b s t r a c t
Article history:
Received 5 May 2010
Accepted 23 November 2010

Keywords:
Alpinia katsumadai
Anti-rotavirus
Viral adsorption
Hemagglutination inhibition
0034-5288/$ - see front matter � 2010 Published by
doi:10.1016/j.rvsc.2010.11.012

⇑ Corresponding authors. Tel.: +82 63 570 5170; fax
Tel.: +82 63 570 5240; fax: +82 63 570 5239 (S.-J. Pa

E-mail addresses: sjpark@kribb.re.kr (S.-J. Park), w
In vitro anti-rotavirus activity of Alpinia katsumadai (AK) extracts were evaluated against bovine G8P[7]
and porcine G5P[7] rotaviruses in two different assay strategies, a mixed treatment assay and a post
treatment assay. In the mixed treatment assay, six AK extracts [AK-1 (EtOH extract), AK-3 (H2O layer),
AK-5 (40% methanol fraction), and AK-9–11 (H2O extract, polysaccharide fraction, supernatant fraction)]
exhibited inhibitory activities against G5P[7] rotavirus with the EC50 values ranging from 0.7 ± 0.4 to
33.7 ± 6.5 lg/mL. Extracts AK-1, AK-3, and AK-5 inhibited rotavirus infection against G8P[7] rotavirus,
the with EC50 values of 8.4 ± 2.2 lg/mL, 6.5 ± 0.8 lg/mL and 8.4 ± 5.0 lg/mL, respectively. By hemagglu-
tination inhibition (HI) assay, six AK extracts completely inhibited viral adsorption onto human RBCs in
both strains of rotaviruses at less than 11 lg/mL. However, in the post treatment assay, there was no anti
activity shown against both strains of rotaviruses. As a result, six AK extracts were attributed mainly to
having a strong interaction with hemagglutinin protein on the outer surface of rotavirus, resulting to
blockage of viral adsorption.

� 2010 Published by Elsevier Ltd.
1. Introduction

Rotaviruses, belonging to the Reoviridae family are large
non-enveloped viruses, consisting of triple layered particles which
surround the viral genome composed of 11 segments of double-
stranded RNA (Estes and Kapikian, 2007). The rotaviruses are
major pathogens that cause severe, acute dehydrating gastroenter-
itis in young children and in a wide variety of domestic animals
(Estes and Kapikian, 2007; Gentsch et al., 2005; Glass et al.,
1997). Specifically, rotaviruses cause severe diarrheal diseases in
neonatal and post-weaning piglets and calves (Estes and Kapikian,
2007).

The anti-rotavirus effects of some commercially available anti-
viral drugs such as ribavirin, interferon, dipyridamole, cimentidine,
and famodine have been examined in vitro and in animal experi-
ments (Gu et al., 2000) and have shown anti-rotavirus activities
(Lecce et al., 1990; Smee et al., 1982; Tonew et al., 1977). Dipyrid-
amole has also been reported to possess antiviral activity against
representatives of other virus families (e.g., Picornaviridae, Toga-
viridae, Orthomyxoviridae, Paramyxoviridae, Herpesviridae, and
Poxviridae) (Lecce et al., 1990; Smee et al., 1982; Tonew et al.,
1977). Cimentidine and famodine do not only have anti-HIV activ-
ity, but also exhibit therapeutic effects against herpes simplex
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virus infection (Bourinbaiar and Fruhstorfer, 1996; Kabuta et al.,
1989). Although these drugs act by inhibiting rotavirus replication
and adsorption, any side-effects have not been examined in clinical
studies. Immunoglobulins have also been used to treat diarrhea
caused by rotaviruses; however, these drugs are very costly and
the side-effects are unknown (Guarino et al., 1994; Madkour
et al., 1993; Yolken et al., 1985). Antiviral agents from natural
sources such as black tea, Citrus aurantium, marine sponges, soy,
and Stevia rebaudiana were considered as ideal drug candidates be-
cause they are less toxic, have fewer side-effects, and cheaper, but
may have more effective reaction than those commercially avail-
able anti-rotavirus agents (Andres et al., 2009; Bae et al., 2000;
Clark et al., 1998; Da Silva et al., 2006; Takahashi et al., 2001).
However, these drugs are not currently available for human or ani-
mal use. Nevertheless, the diarrhea caused by rotaviruses remains
uncontrolled, thus new drugs are urgently needed to control rota-
virus infection.

Alpinia katsumadai Hayata (Zingiberaceae) (AK) has been uti-
lized as a traditional Chinese herbal drug for its anti-emetic and
stomachic mechanism of action (Tang and Eisenbrand, 1992). It
has been reported to contain a variety of diarylheptanoids, mono-
terpenes, sesquiterpenoid, flavonoids, and chalcones as major con-
stituents (Kuroyanagi et al., 1983; Ngo and Brow, 1998; Yang et al.,
1999). The extracts and compounds isolated from this plant have
shown anti-emetic activity and a plasma cholesterol-lowering
effect by cholesterol esterase inhibitory activity, and anti-oxidant
activity (Kim et al., 2000; Lee et al., 2003; Yang et al., 1999).
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Recently, compounds isolated from this plant showed in vitro neur-
aminidase inhibitory activities against human influenza virus A/
PR/8/34 of subtype H1N1 and four H1N1 swine influenza viruses
with antiviral effects in plaque reduction assays (Grienke et al.,
2010). However, to date the anti-rotavirus activities of the extracts
and compounds isolated from this plant have not been previously
evaluated. Therefore, in this study, we have found the in vitro anti-
rotaviral activity of AK extracts and its mechanism of anti-rotaviral
activity.
2. Materials and methods

2.1. Preparation of A. katumadai extracts and fractions

The dried seeds (4.8 kg) of A. katsumadaii were ground and
macerated with ethanol (1.5 L � 20) for one week at room tem-
perature, and then filtered and the clarified solvent was evapo-
rated under reduced pressure to afford the ethanol extract
(289 g, AK-1). The combined ethanol extract was dissolved in
2.0 L of a mixture of water and ethanol (1:9) and successively
partitioned with EtOAc and water, yielding a layer of EtOAc
(192 g, AK-2) and a layer of water (70 g, AK-3). The water solu-
ble fraction AK-3 was subjected to dianion (HP-20) column chro-
matography, eluted with MeOH in water in a step-gradient
manner from 20% to 100% to make five fractions [20% methanol
(AK-4): 3.9 g, 40% methanol (AK-5): 11.9 g, 60% methanol (AK-6):
32.7 g, 80% methanol (AK-7): 3.8 g, and 100% methanol (AK-8):
1.1 g]. In order to obtain the polysaccharide fraction, we per-
formed another procedure. The dried and pulverized seeds of
A. katsumadaii (600 g) were mixed with 1.5 L of water and sha-
ken at 80 �C for 12 h. The water extract (98 g, AK-9) was filtered
through filter paper to remove debris, and the solution was pre-
cipitated by the addition of ethanol with a 1:4 ratio (v/v) at
room temperature. After overnight precipitation, the precipitate
was collected by centrifugation (12,000 rpm, 30 min at 4 �C)
and washed with acetone and freeze-dried. This fractionation
procedure was repeated three times. The corresponding fraction
(56 g, AK-10) was light a brown powder (polysaccharide frac-
tion), and the remaining supernatant was concentrated in a ro-
tary evaporator under reduced pressure, yielding a supernatant
fraction (28 g, AK-11).
2.2. Cells

African rhesus monkey kidney (MA-104) cells were obtained
from the American Type Culture Collection (ATCC CRL-2373.1;
Manassas, VA, USA) and grown in Eagle’s minimum essential
medium (EMEM) supplemented with 5% fetal bovine serum
(FBS), 100 U/mL penicillin, 100 lg/mL streptomycin, and 100 U/
mL amphotericin B (Park et al., 2006).
Fig. 1. Anti-rotaviral assay strategies with A. katumadai (AK) extracts. Virus
inoculation after virus incubation with AK extracts at 4 �C for 1 h for mixed
treatment assay (A), treatment of AK extracts after viral infection for post treatment
assay (B), and serial dose treatment of AK extracts for cytotoxicity assay (C).
2.3. Viruses

KJ56-1 (bovine rotavirus, G8P[7]) and KJ25-1 (porcine rotavirus,
G5P[7]) viruses isolated from fecal samples of Korean diarrheic
calves and piglets were used in this study. These viruses were
kindly provided by Dr. Kyoung-Oh Cho (Chonnam National Univer-
sity, South Korea). The rotaviruses were preactivated with 10 lg/
mL trypsin (1:250; GIBCO Invitrogen Corporation, California) for
30 min at 37 �C before being inoculated onto confluent MA-104
cells. The infected cells were maintained in the presence of 1 lg/
mL trypsin.
2.4. Cytotoxicity assay

MA-104 cells (1 � 105 cells/well) were grown in 96-well plates
for 48 h. The media were removed and replaced by new media con-
taining serial dilutions of extracts under test. After incubation for
72 h, the media were discarded, and 5 lL of MTT (3-[4,5-dimethyl-
thiozol-2-yl]-2,5-diphenyltetrazolium bromide; Sigma, St. Louis,
MO) solution was added to each well. Plates were then incubated
at 37 �C for 4 h. The solution was removed, and 100 lL of 0.04 M
HCl-isopropanol was added to each well to dissolve formazan crys-
tals (Fig. 1). Using a microplate reader, the absorbance of each well
was measured at 540 nm. After subtracting the background absor-
bance at 655 nm, the 50% cytotoxic concentration (CC50) of each
extract was estimated by regression analysis.
2.5. Antiviral assay

The antiviral assays used in this study have been previously de-
scribed (Barnard et al., 1997), and the visualization of these assays
was performed by neutral red method as briefly described.

In the mixed treatment assay: Each extract was mixed with a
0.01 multiplicity of infection (MOI) of the rotaviruses at various
concentrations (0.1–133.3 lg/mL) and incubated at 4 �C for 1 h.
The mixtures were inoculated in triplicates onto near confluent
MA-104 cell monolayers (1 � 105 cells/well) for 1 h with occa-
sional rocking. The solution was removed and the cells replaced
with EMEM containing 1 lg/mL trypsin. The cells were incubated
for 72 h at 37 �C under 5% CO2 atmosphere until the cells in the in-
fected, untreated control showed complete viral CPE by light
microscopy (Fig. 1). The 50% effective concentration (EC50) was
estimated by regression analysis.

In the post treatment assay: The rotaviruses at a 0.01 MOI were
inoculated onto near confluent MA-104 cell monolayers
(1 � 105 cells/well) for 1 h with occasional rocking. The solution
was removed and replaced by EMEM containing 1 lg/mL trypsin
and various concentrations (0.1–133.3 lg/mL) of each extract in
triplicates. The cells were cultured for 72 h at 37 �C until cells in
the infected, untreated control well showed complete viral CPE
by light microscopy. Neutral red solution was added to each well
at 0.034% (w/v), and plates were incubated for 2 h at 37 �C in the
absence of light. The neutral red solution was removed, cells were
washed with PBS (pH 7.4), and destaining solution (1% glacial ace-
tic acid, 49% H2O and 50% ethanol) was added. The plates were
incubated in the dark for 15 min at room temperature, and the
absorbance of each well at 540 nm was read using a microplate
reader (Fig. 1). EC50 of each extracts was estimated by regression
analysis.
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2.6. Hemagglutination inhibition (HI) assay

Standardized solutions of human red blood cells (hRBC, type O)
were prepared according to the WHO manual 2002 (WHO, 2002). A
25 lL aliquot of rotavirus solution containing 4 HAU was mixed
with 25 lL of serial dilutions in PBS (pH 7.4) of each extract and
incubated for 1 h at 4 �C. Fifty microliters of a 1% (v/v) hRBC sus-
pension was added, and the samples were incubated for 1 h at
room temperature.
Fig. 2. Hemagglutination inhibitory activity of A. katumadai (AK) extracts. Four HAU
of bovine (G8P[7]) and porcine (G5P[7]) rotavirus were incubated with two fold
dilutions of AK extracts or PBS (negative control), and human RBC (hRBC), for 1 h at
room temperature. The minimum concentration of AK extract inhibiting the viral
hemagglutination was determined. AK-1: EtOH extract; AK-3: H2O layer; AK-5: 40%
methanol fraction; AK-9: H2O extract; AK-10: polysaccharide fraction; and AK-11:
supernatant fraction.
3. Results

3.1. Cytotoxicity of A. katsumadai extracts in MA-104 cells

The cytotoxicity of AK extracts was evaluated by the MTT assay
at 50% cell toxicity (CC50). Confluent MA-104 cells were incubated
with EMEM media in the absence or presence of two fold diluted
AK extracts (0.1–133.3 lg/mL) for 72 h, and the MTT reagents were
treated onto the cells. Cytotoxicity among the six AK extracts
showed a different concentration. AK-1 extract had low CC50 at
30.7 lg/mL, while AK-3, AK-5, AK-9, AK-10, and AK-11 with high
CC50 at 70.1-over 133.3 lg/mL (Table 1). Hence, experiments to
evaluate the antiviral effect were carried out at AK extracts concen-
tration of more than 90% cell viability in this study.
3.2. Antiviral activity of A. katsumadai on rotavirus adsorption

In the mixed treatment assay, after various concentrations of AK
extracts and bovine rotavirus (G8P[7]) or porcine rotavirus
(G5P[7]) were mixed and incubated, the mixtures were then inoc-
ulated into the confluent MA-104 cells. Of the 11 AK extracts, six
extracts [AK-1 (EtOH extract), AK-3 (H2O layer), AK-5 (40% metha-
nol fraction), and AK-9-11 (H2O extract, polysaccharide fraction,
supernatant fraction)] exhibited inhibitory activities against
G5P[7] rotavirus with EC50 values ranging from 0.7 ± 0.4 to
33.7 ± 6.5 lg/mL (Table 1). Against G8P[7] rotavirus, the AK-1,
AK-3, and AK-5 extracts inhibited rotavirus infection with EC50 val-
ues of 8.4 ± 2.2 lg/mL, 6.5 ± 0.8 lg/mL, and 8.4 ± 5.0 lg/mL,
respectively (Table 1). The AK-1, AK-3, and AK-5 inhibited both
G8P[7] and G5P[7] rotavirus infection in MA-104 cells. Whereas
AK-9 (H2O extract), AK-10 (polysaccharide fraction), and AK-11
(supernatant fraction) only exhibited inhibitory effect against
G5P[7] rotavirus. Extracts AK-3 and AK-5 showed the highest SI
values of 10.8 and >15.9 in G8P[7] and 100.1 and >83.3 in G5P[7]
rotavirus, respectively. Therefore, among the six AK extracts, AK-
Table 1
In vitro anti-rotavirus activities of A. katumadai (AK) extracts against KJ56-1 (bovine
rotavirus, G8P[7]) and KJ25-1 (porcine rotavirus, G5P[7]) on MA-104 cells using the
mixed treatment assay.

Extract CC50 (lg/
mL)a

KJ56-1 (G8P[7]) KJ25-1 (G5P[7])

EC50 (lg/
mL)b

SIc EC50 (lg/
mL)b

SIc

EtOH extract (AK-1) 30.7 8.4 ± 2.2 3.7 8.9 ± 4.8 3.4
H2O layer (AK-3) 70.1 6.5 ± 0.8 10.8 0.7 ± 0.4 100.1
40% methanol fraction

(AK-5)
>133.3 8.4 ± 5.0 >15.9 1.6 ± 0.5 >83.3

H2O extract (AK-9) >133.3 – – 33.7 ± 6.5 >4.0
Polysaccharide

fraction (AK-10)
88.0 – – 14.9 ± 2.6 5.9

Supernatant fraction
(AK-11)

>133.3 – – 23.5 ± 1.8 >5.7

a CC50: mean (50%) value of cytotoxic concentration.
b EC50: mean (50%) value of effective concentration.
c SI: selective index, CC50/EC50.
3 had the most inhibitory effect in the both G8P[7] and G5P[7]
rotaviruses.

3.3. Antiviral activity of A. katsumadai on rotavirus replication

In order to test the ability of the six AK extracts in inhibiting the
replication of rotaviruses G8P[7] and G5P[7] in MA-104 cells, the
post treatment assay was used. However, in contrast to the mixed
treatment assay, no inhibitory effects against both rotaviruses
were shown in the post treatment assay. These results indicate that
AK extracts exert potent anti-rotaviral activity only before viral
adsorption.

3.4. Hemagglutination inhibition activity

To determine whether the AK extracts can block virus adsorp-
tion or cell entry, we evaluated whether AK extracts could inhibit
rotavirus-induced hemagglutination by binding to O-type hRBCs.
The six AK extracts completely inhibited viral adsorption onto
hRBCs in both G8P[7] and G5P[7] rotaviruses at less than 11 lg/
mL (Fig. 2). Among the six extracts, AK-1, AK-3, and AK-5 particu-
larly showed strong inhibition of hemagglutination with 0.7–
4.3 lg/mL in both rotaviruses. AK-9 had a stronger inhibitory activ-
ity of hemagglutination in G8P[7] rotavirus than G5P[7] rotavirus
contrary to the pretreatment assay result. AK-10 (7.0 and 7.4 lg/
mL) and AK-11 (6.7 and 5.5 lg/mL) showed similar inhibitory con-
centrations to hemagglutination of G8P[7] and G5P[7] rotaviruses.
As a result, six AK extracts were attributed mainly to having a
strong interaction with hemagglutinin protein on the outer surface
of rotavirus, resulting in blockage of viral adsorption.
4. Discussion and conclusion

Various steps of the viral replication cycle are the targets of
anti-rotavirus agents: adsorption, penetration into cells, uncoating,
transcription, translation, assembly and viral release from infected
cells (Estes and Kapikian, 2007). We hypothesized that antiviral ef-
fects of AK extracts would act at the first two steps: (1) blockage of
virus adsorption to cells and/or (2) inhibition of viral replication
after entry cell. Time-of-addition experiments were performed to
determine the stage at which AK extracts would exert inhibitory
activities. The six AK extracts were incubated with MA-104 cells
at two distinct time points: after incubation for 1 h at 4 �C with
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virus prior to virus infection (mixed treatment assay), and at 1 h
after virus inoculation (post treatment assay) (Fig. 1).

Specifically, rotavirus entry into cells is a multistep process in
which several interactions between its outer-layer proteins, VP4
and VP7, and the cell surface receptors including sialic acids (SA),
integrins, and heat Shock Protein hsc70 occur (Lopez and Arias,
2006). VP4 is responsible for the hemagglutination (HA) activity
and the binding SA which could be different according to rotavirus
strains (Isa et al., 2006; Lopez and Arias, 2006). The HA activity of
some rotavirus strains lead to the idea that SA is involved in the
cell binding and infectivity of some animal rotavirus as in the case
of influenza A virus, reovirus type 3, various coronaviruses, and
Sendai virus (Isa et al., 2006). Therefore, hemagglutination inhibi-
tion assay was employed to assess the inhibitory effects of AK ex-
tracts on viral adsorption to host cells. As a result, the six AK
extracts completely inhibited viral adsorption onto hRBCs in both
G8P[7] and G5P[7] rotaviruses below 11 lg/mL (Fig. 2). Particu-
larly, AK-1, AK-3, and AK-5 showed strong inhibition of hemagglu-
tination with EC50 values of 0.7–4.3 lg/mL in both rotaviruses. The
HI assay results are in agreement with the mixed treatment assay
results, indicating that the AK extracts could probably exert a po-
tential anti-rotaviral activity via blockage of viral attachment to
SA of host cell surfaces.

In conclusion, the present study has shown that AK extracts can
inhibit both G8P[7] bovine rotavirus and G5P[7] porcine rotavirus
infection probably by blocking viral adsorption leading to no virus
entry into the cell. In this study, the AK extracts were classified as
active compounds in the prevention of rotavirus infection; how-
ever, further studies about its specific mechanism of action in rota-
virus infection should be explored.
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