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Abstract

Background: Rotaviruses are the single most important cause of severe diarrhea in young children worldwide. The
developments of specific, potent and accessible antiviral treatments that restrain rotavirus infection remain
important to control rotavirus disease.

Methods: 150 plant extracts with nutritional applications were screened in vitro on MA-104 cells for their antiviral
activity against rhesus rotavirus (RRV). One extract (Aspalathus linearis (Burm.f.) R.Dahlgren) was also tested for its
effect on the loss of transepithelial resistance (TER) of Caco-2 cells caused by simian rotavirus (SA-11) infection.

Results: Aqueous extracts of Nelumbo nucifera Gaertn. fruit, Urtica dioica L. root, Aspalathus linearis (Burm.f.) R.
Dahlgren leaves, Glycyrrhiza glabra L. root and Olea europaea L. leaves were found to have strong significant
antiviral activity with a 50% inhibitory concentration (IC50)< 300 μg/ml. The pure compound 18ß-glycyrrhetinic
acid from Glycyrrhiza glabra was found to have the strongest antiviral activity (IC50 46 μM), followed by luteolin and
vitexin from Aspalathus linearis (IC50 respectively 116 μM and 129 μM) and apigenin-7-O-glucoside from Melissa
officinalis (IC50 150 μM). A combination of Glycyrrhiza glabra L. + Nelumbo nucifera Gaertn. and Urtica dioica L. +
Nelumbo nucifera Gaertn. showed synergy in their anti-viral activities. Aspalathus linearis (Burm.f.) R.Dahlgren showed
no positive effect on the maintenance of the TER.

Conclusions: These results indicate that nutritional intervention with extracts of Nelumbo nucifera Gaertn.,
Aspalathus linearis (Burm.f.) R.Dahlgren, Urtica dioica L., Glycyrrhiza glabra L. and Olea europaea L. might be useful in
the treatment of diarrhea caused by rotavirus infection.
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Background
Rotavirus is still one of the leading causes of severe de-
hydrating diarrhea in children under the age of five and
causes the deaths of 453,000 children younger than
5 years annually [1]. Rotaviruses, belonging to a genus of
double-stranded RNA viruses in the family Reoviridae,
infect the mature villous epithelial cells of the small in-
testine, often leading to fever, vomiting, and diarrhea in
children. For the treatment of rotavirus gastroenteritis,
intravenous fluid administration has been used success-
fully in treating only the direct consequences of the de-
hydration from diarrhea. Gastrogard-RW is a prophylactic
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reproduction in any medium, provided the or
treatment of ‘at risk’ children aged one month to three
years to prevent diarrhea due to rotavirus infection and
the efficacy of treatment was established in a clinical trial
in children aged 3 to 15 months [2]. Gastrogard-RW is pre-
pared from the colostrum of hyperimmunised cows and
contains immunoglobulins against serotypes G1 and G3
of the human rotavirus. We have demonstrated in an
in vivo rotavirus infection mouse model that Gastrogard-
RW is able to completely inhibit rotavirus-induced diarrhea
in suckling mice [3]. A first generation of licensed rota-
virus vaccine was withdrawn from the market a year after
introduction due to a possible correlation between vaccine
application and the occurrence of intussusceptions [4].
Two live-attenuated vaccines have been licensed recently
and have so far proven safe and highly efficacious in devel-
oped countries. In developing countries, clinical trials are
being undertaken and early results found that the vaccine
al Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
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significantly reduces severe diarrhea episodes due to rota-
virus (48.3% for Asia and 30.2% for Africa) [5]. However,
rotavirus vaccines are expensive and may not be affordable
for the developing world at present, compromising full
vaccine coverage. This has reinforced the need to develop
alternative approaches to control rotavirus disease. Nat-
ural compounds have been identified as ideal candidates
for antiviral drugs because they are cheaper and effective
[6]. To date, many natural compounds have known antiro-
tavirus effects in clinical studies [7-9], in animal experi-
ments [10] and in vitro [11-14]. In the current study we
investigated 150 edible plant extracts and some of their
natural compounds for in vitro anti-rotavirus infection
effects.
MA104 cells is an established cell line for rotavirus

infections studies on which rotavirus receptors have
been identified on the cells [15]. Trypsin usually is added
during infection of MA104 cells with rotavirus to in-
crease the infectivity [16-18]. Intestinal epithelial perme-
ability studies are often performed with human Caco-2
cells [19]. These cells develop polarization of distinct ap-
ical and basolateral surfaces separated by tight junctions
at areas of cell-to-cell contact closely resembling the
physiological situation in the intestine. The transepithe-
lial resistance (TER) is a measure for the tightness of the
tight junctions formed by Caco-2 cells. Rotaviruses are
known to infect epithelial cells of the small intestine and
in vitro rotavirus infection of Caco-2 cells caused disrup-
tion of tight junctions and loss of TER in the absence of
cell death [20]. To investigate whether the loss of TER
could be prevented, Caco-2 cells were infected with SA-
11 rotavirus in the presence of hyperimmune colostrum
(Gastrogard-RW), plant extracts or pure compounds.
From both models, the results of 150 aqueous plant
extracts on their antiviral action against rotavirus are
presented in a search for novel agents for the treatment
of human diarrhea caused by rotavirus infection.

Material and methods
Cells and viruses
MA104 cells (African green monkey kidney cells;
ECACC, Salisbury, UK 85102918) and Caco-2 cells
(Human Caucasian colon adenocarcinoma; ECACC)
were maintained in Eagle’s minimal essential medium
(MEM; Life Technologies, Breda, The Netherlands) sup-
plemented with 10% fetal calf serum (FCS; Greiner Bio-
one, Alphen a/d Rijn, The Netherlands), 2 mM Sodium
pyruvate (Life Technologies) and 1% non-essential
amino acids (Life Technologies). The viruses selected for
this study were the simian rotavirus SA-11 strain
(ATCC) and the rhesus rotavirus (RRV) strain, kindly
provided by Dr. Richard Ward, Cincinnati Children's
Hospital Medical Center, USA. The viruses were grown
in MA104 cells and concentrated by ultracentrifugation.
The titers were determined using a titration assay in
MA104 cells resulting in a 50% cell culture infective
dose (CCID50) of 1x108 of both SA-11 and RRV.
Hyperimmune colostrum (Gastrogard-RW), plant extracts
and pure compounds
Hyperimmune colostrum (HIC) (Gastrogard-RW, Nutricia,
Adelaide, Australia) was tested in the titration assay on
MA104 cells in the concentrations of 1-2-5-10-50-
100 μg/ml medium and in the transepithelial resistance
measurement in the concentrations of 50 and 100 μg/ml
medium. 150 Plant extracts with known nutritional applica-
tions were selected from an ‘in house’ herbal extract collec-
tion (purchased from PhytoMyco Research Pvt. Ltd.,
Mysore District, Karnataka State, India) consisting of
10,000 herbal extracts. In a set-up for high throughput
screening, all plant extracts were tested as a first screening
in an antiviral titration assay with MA104 cells in the con-
centrations of 400 and 500 μg/ml in medium. When an in-
hibition of infection was determined (<20% inhibition), a
50% inhibitory concentration (IC50) value was calculated.
Extracts that reduced the rotavirus infection were studied
further in two concentrations close to the calculated IC50.
Extracts unable to inhibit the infection were appointed an
arbitrary IC50 of 1000 μg/ml. A complete list of tested
herbal extracts is listed in Additional file 1. Synergy be-
tween two plant extracts was investigated in the titration
assay by assaying the separate compounds as well as
combinations hereof on the same plate. The separate com-
pounds were tested in the calculated IC50 concentration
whereas the combination a mixture was of the IC25
concentration of both extracts. 18ß-glycyrrhetinic acid
(Sigma-Aldrich, St. Louis, USA) was tested in the concen-
trations of 10-20-30-40-50-100 μM in medium. Luteolin,
vitexin and apigenin-7-O-glucoside (Indofine Chemical
Company, Hillsborough, USA) were tested in the con-
centrations of 50 and 100 μM in medium. A complete
list of tested compounds is listed in Additional file 2.
Antiviral titration assay
Confluent MA104 cells in a 96-wells plate were first
incubated with various concentrations of the plant ex-
tract and then a two-fold titration range of RRV, starting
at 1*106 CCID50, was added in the presence of 0.5 mg
trypsin/ml (Life Technologies). One well with MA104
cells was incubated with the highest concentration of
the extract as a control. Infection of MA104 cells with
rotavirus induces syncytium after 3-4 days, which is vis-
ible through microscopy. A titration of RRV on MA104
was used as a measure of maximum infection and the
sum of infected wells was considered 100% infection. In-
hibition of the plant extract was calculated against the
maximum infection. Maximum of infection and each
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concentration of the plant extract were tested in
duplicate.

Transepithelial resistance (TER) measurement
The TER is a measure for the tightness of the tight junc-
tions formed by Caco-2 cells. One electrode of the epi-
thelial volt-ohm meter (World Precision Instuments,
Sarasota, USA) was placed into the apical compartment
of a transwell system (Corning Life Sciences, New Jersey,
USA) and the other into the basolateral compartment.
The electrical resistance is then measured across the cell
monolayer after the passage of a defined current pulse.
Experiments were carried out at two weeks post con-
fluency with fully differentiated cells. One day before in-
fection, the Caco-2 cells were cultured in medium
without FCS. Prior to infection, the SA-11 rotavirus in-
oculum was activated for 20 min by treatment with
0.5 mg trypsin/ml (Invitrogen). The Caco-2 cells were
apically infected with an inoculum of activated rotavirus
(1*106 CCID50) in the presence of the extract and incu-
bated at 37°C and 5% CO2. The integrity of the conflu-
ent polarized monolayer was checked by measuring TER
with a volt-ohmmeter. TER (in units of ohm times centi-
meters squared) was calculated as the measured elec-
trical resistance times the surface area of a filter. The
background reading of a control filter was measured in
every experiment. Infections were carried out in tripli-
cates and all measurements were done at various time
points post infection. The permeability of Caco-2 cell
monolayer was also determined by measuring the para-
cellular passage of HRP or FITC-dextran from apical to
the basolateral compartments of the culture chamber.
The concentrations of FITC-dextran were determined by
measuring the fluorescence at λexcitation 485 nm and
λemission 520 nm. The concentration of HRP was deter-
mined by incubating 50 μl of the sample with 50 μl
TMB for 10 min at RT. The reaction was stopped with
50 μl H2SO4 and the absorbance measured at 450 nm.

Analysis
The 50% cell culture infective dose (CCID50) of SA-11
and RRV were calculated according the Reed and
Muench statistical method [21]. 50% inhibitory concen-
tration (IC50) values were determined by calculating a
statistically validated non-linear regression curve through
the plotted acquired values. X-values (i.e. dosage)
corresponding to the maximal y-value divided by 2, are
calculated from the mathematical regression curve
formula.

Results
Hyperimmune colostrum (Gastrogard-RW)
The hyperimmune colostrum (HIC) is used as a positive
control and therefore tested in the antiviral titration
assay with MA104 cells in several concentrations
(Figure 1A). The concentration of 1 μg/ml showed an
inhibition of infection with 50% compared to the max-
imum infection with RRV.
The effect of two rotavirus strains on the transepithelial

resistance (TER) with Caco-2 cells was first determined.
Only the SA-11 rotavirus strain, and not RRV, showed a de-
crease in TER. An infection of SA-11 resulted also in a pro-
gressive increase in the paracellular permeability to HRP
(a 40 kD molecule) and FITC-dextran (a 4 kD molecule) in
correlation to the time post infection (data not shown). The
decline in TER of Caco-2 cells by SA-11 and the effect of
the HIC (100 μg/ml) on the TER during SA-11 infection is
depicted in Figure 1B. Infection of Caco-2 cells with SA-11
results in a decline of the TER for more than 80%. Infection
in the presence of HIC showed a complete maintenance of
the TER, comparable to non-infected Caco-2 cells in the
presence of HIC.

Screening of plant extracts
A study of 150 edible plant extracts dissolved in medium
was performed to investigate their inhibitory effects on
rotavirus infection of MA104 cells (Figure 2). Eleven
extracts were able to inhibit the rotavirus infection with a
50% inhibitory concentration (IC50) <300 μg/ml. Among
these 11 extracts were 3 different Urtica dioica L., 2 differ-
ent Nelumbo nucifera Gaertn., 3 different Aspalathus line-
aris (Burm.f.) R.Dahlgren, 2 different Glycyrrhiza glabra L.
extracts and one Olea europeae L. extract. The most po-
tent extract of each plant together with eleven moderate
(IC50 between 300 and 550 μg/ml) inhibitors of rotavirus
infection are depicted in Figure 3. Aspalathus linearis
(Burm.f.) R.Dahlgren has also been tested for its effect on
the TER (100 and 200 μg/ml), but no positive effect on the
maintenance of the TER was measured.

Screening of pure compounds
Twenty-four pure compounds, known to be present in
the strong and moderate inhibitory plant extracts, have
been tested in the antiviral titration assay in the concen-
trations of 50 and 100 μM. Only four compounds
showed an inhibitory effect, 18ß-glycyrrhetinic acid from
Glycyrrhiza glabra was found to have the strongest anti-
viral activity (IC50 46 μM), followed by luteolin and
vitexin from Aspalathus linearis (IC50 respectively
116 μM and 129 μM) and apigenin-7-O-glucoside from
Melissa officinalis (IC50 150 μM). 18ß-glycyrrhetinic has
also been tested for its effect on the TER (25-30-40-
50 μg/ml), but no positive effect on the maintenance of
the TER was measured.

Synergy between plant extracts
Synergism is the phenomenon in which the combined
action of two or more extracts is greater than the sum of



Figure 1 A Inhibitory potential of hyperimmune colostrum (HIC) (Gastrogard-RW) on RRV infection of MA104 cells. Maximum infection
with RRV was set to 100% and the inhibition of HIC in the concentrations 1-2-5-10-50-100 μg/ml was calculated as a percentage against
maximum infection. Bars represent average of triplicate values + SD. B Maintenance of transepithelial resistance (TER) ± SD of Caco-2 cells by HIC
after infection with SA-11 rotavirus. The black line shows the decline in relative resistance in time caused by the SA-11 rotavirus infection. The
light grey line depicts the cell control with no infection but in the presence of HIC (100 μg/ml). The dark grey line depicts infection of Caco-2
cells with SA-11 in the presence of HIC (100 μg/ml).
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the individual effects of each extract. Two combinations
of plant extracts showed synergy and are depicted in Fig-
ure 4. Glycyrrhiza glabra L. (250 μg/ml) inhibited infec-
tion with 67% and Nelumbo nucifera Gaertn. (150 μg/
ml) with 52%, whereas a combination of the IC25 (Gly-
cyrrhiza 125 μg/ml and Nelumbo 75 μg/ml) showed an
inhibition of 89%. This is also seen with a combination
of Urtica dioica L. and Nelumbo nucifera Gaertn. Urtica
dioica L. (230 μg/ml) inhibited infection with 57% and
Nelumbo nucifera Gaertn. (150 μg/ml) with 52%. The
combination of Urtica 115 μg/ml and Nelumbo 75 μg/
ml showed an inhibition of 86% of the infection.

Discussion
Recently, there is a growing interest in the interaction
between pharmacology and nutrition science. Pharma-
ceuticals are generally developed to treat, cure or pre-
vent disease and the primary goal of nutrition is to
Figure 2 Of 150 plant extracts (black dots), 11 extracts strongly inhib
concentration (IC50) <300 μg/ml (below the black dashed line).
maintain or even improve health. This does not imply
that there is no role for nutrition in preventing or curing
disease [22]. The 150 plant extracts used in the screen-
ing here were selected because of their known nutri-
tional uses. The nutritional applications and antiviral
activities of the five strongest rotavirus inhibitors are dis-
cussed. Nelumbo nucifera (sacred water lotus) is not a
well known food ingredient in Europe, but in Asia the
roots are often eaten as a vegetable in soups, deep-fried,
stir-fried and braised dishes. Nelumbo nucifera is known
to have antiviral action against HIV [23] and Herpes
simplex virus (HSV) [24]. Aspalathus linearis leaves are
used to make redbush tea which has been popular in
Southern Africa for generations and is now consumed in
many countries. No antiviral activity has been reported
yet for Aspalathus linearis. Urtica dioica (stinging net-
tle) can be used in a variety of recipes and nettle soup is
a common use of the plant, particularly in Northern and
ited the rotavirus infection of MA104 cells with a 50% inhibitory



Figure 3 Five strong (IC50 <300 μg/ml) and eleven moderate (IC50 between 300 and 550 μg/ml) inhibitory plant extract. Bars represent
average of duplicate analysis + SD.
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Eastern Europe. In Nepal and Northern India it is a very
popular vegetable and cooked with Indian spices. Known
antiviral actions of Urtica dioica are inhibition of both
HIV and FIV, the feline variant of HIV [25,26].
Figure 4 Synergism in antiviral activity in the combinations Glycyrrhiz
Nelumbo nucifera Gaertn. B. The separate extracts were tested in their IC
of the extracts. Inhibition was calculated against the control viral infection
Glycyrrhiza glabra is also known as European licorice
and the root extract is used as flavoring in sweets, baked
goods, ice cream and soft drinks. Only one other mem-
ber of the Glycyrrhiza sp., Glycyrrhiza uralensis (Chinese
a glabra L. + Nelumbo nucifera Gaertn. A and Urtica dioica L. +
50 concentration, combinations were made of the IC25 concentration
(RRV; 100%). Bars represent average of triplicate values + SD.
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licorice) was already know from literature to have anti-
viral activity against rotavirus [27]. Glycyrrhiza glabra it-
self is known to have inhibitory activity against several
unrelated DNA and RNA viruses [28-30]. Olea europeae
fruit (olive) is of major agricultural importance in the
Mediterranean region as the source of olive oil. Olea
europeae exhibits antiviral activity against viral haemor-
rhagic septicaemia rhabdovirus (VHSV) [31]. For these
nutritional ingredients we have demonstrated antirota-
virus activity in vitro. This illustrates the potential for
the use of specific plant extracts for treatment or pre-
vention of rotavirus illness.
Twenty-four pure compounds, known to be present in

the strong and moderate rotavirus inhibitory plant
extracts, have been tested in the antiviral titration assay,
but only 4 compounds showed antiviral activity. 18ß-
glycyrrhetinic acid, a constituent of Glycyrrhiza glabra,
was the strongest inhibitor. Glycyrrhizic acid is one of
the bioactive compounds of licorice roots and is com-
posed of one molecule of 18ß-glycyrrhetinic acid, which
has a steroid-like structure, and two molecules of glu-
curonic acid. Lin et al. reported 18ß-glycyrrhetinic acid
to have a stronger action against Epstein-Barr virus than
its parental compound glycyrrhizic acid [32]. Two con-
stituents of Aspalathus linearis, luteolin and vitexin, also
showed antiviral activity against rotavirus in the antiviral
titration assay. Luteolin is a flavonoid most often found
in leaves and vitexin is an apigenin flavone glucoside.
Both compounds are found in many different plant spe-
cies other than Aspalathus. The weakest inhibitor was
apigenin 7-O-glucoside, also a flavonoid and can be
found in for example lemon balm (Melissa officinalis),
chamomile (Chamomilla recutita) and celery (Apium
graveolens). So far as we know this is the first study
showing that luteolin, vitexin and apigenin 7-O-
glucoside have antiviral activity in vitro. Although the
mechanism of action has yet to be defined, this is a first
step in a potential wider, more pharmacological use of
these nutritional ingredients. The possibility that there
are other active compounds present in the positive plant
extracts has to be further investigated. The positive con-
trol hyperimmune colostrum (HIC) showed inhibitory
action against rotavirus infection in both the antiviral ti-
tration assay with RRV in MA104 cells as well as in
maintaining the TER in Caco-2 cells infected with SA-11.
In synergism studies, where the extracts have been com-
bined in the IC25 concentration, synergism in antiviral
activity was found in the combinations Glycyrrhiza
glabra L. + Nelumbo nucifera Gaertn. and Urtica dioica
L. + Nelumbo nucifera Gaertn. The separate extracts with
IC50 concentration showed an inhibition of infection of
about 50%. Both combinations in the IC25 concentra-
tion of the extracts showed an inhibition of more than
50%, respectively 89% and 86%. This indicates that
the extracts in the combination have different antiviral
actions. This illustrates the importance for further re-
search into the mechanism of action of the individual
ingredients, as well as in vivo validation of the anti-
viral capacity.
The level of antiviral activity as tested in vitro can only

be used as an indication for the therapeutical benefit of
the component in vivo. Within this study, the aspects
related to toxicity, taste, stability, availability, duration of
supplementation, regulation, drug interactions and phar-
macokinetic profile were not taken into account. There-
fore, no statements can currently be made regarding the
in vivo applicability of any of these nutritional com-
pounds. However, since most herbs are currently used as
nutritional ingredients and rotavirus is an intestinal
pathogen, there is clear potential for the interventions as
described.
Within several studies, natural extracts were tested for

their antiviral capacity [11,33,34]. Although the isolated
active compounds have shown antiviral activities with
IC50 values ranging from 0.1 mg/ml – 250 mg/ml, the
crude extract most of the times only reached an antiviral
activity IC50 was not below 30 mg/ml. Therefore a
crude extract reaching the IC50 of <0.3 mg/ml was
regarded as a strong inhibitor. Moreover, it is specified
that each extract and active compound has its own bio-
availability and activity in vivo [35]. Therefore additional
research in this field is needed on the potential of use
for these natural compounds single or in combinations
of each other for the use in clinical setting. Comparisons
and screening are therefore a valuable start.
The titration assay using MA104-cells has proven to

be a useful assay to measure the inhibitory ability of
plant extracts on a rotaviral infection. In contrast, as-
sessment of TER did not reveal inhibitory compounds.
In this study only the SA-11 rotavirus strain, and not
RRV, showed a decrease in TER even though previous
published data has shown an effect of RRV on Caco-2
TER [20]. Cho et all. showed that absorption enhancers
like 18ß-glycyrrhetinic acid and taurine can decrease
TER of Caco-2 cells and increase the permeability in a
dose-dependent and time-dependent manner [36]. These
results indicate that absorption enhancers can widen the
tight junction even without rotavirus infection. In future
experiments using TER with extracts, this increase in
permeability without rotavirus infection should be
excluded for each extract.

Conclusions
These data demonstrate for the first time that generally
used nutritional extracts of Nelumbo nucifera Gaertn.,
Aspalathus linearis (Burm.f.) R.Dahlgren, Urtica dioica
L., Glycyrrhiza glabra L. and Olea europaea L. have
in vitro antiviral activity against rotavirus. None of these
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plants have been reported before as having antiviral ac-
tion against rotaviruses. The antiviral action can even be
enhanced by combining of Glycyrrhiza glabra L.,
Nelumbo nucifera Gaertn. and/or Urtica dioica L.
extracts, indicating different mechanisms of action.
Therefore, combinations of these plants are potentially
useful in the treatment of diarrhea caused by rotavirus.

Additional files

Additional file 1: Appendix 1. List of tested herbal extracts.

Additional file 2: Appendix 2. List of tested pure components.

Abbreviations
SA-11: simian rotavirus; RRV: rhesus rotavirus; IC50: 50% inhibitory
concentration; CCID50: 50% cell culture infective dose.

Competing interests
The authors are employees of Danone Research - Centre for Specialised
Nutrition, but declare that they have no competing interests.

Authors' contributions
KK participated in the design, execution and interpretation of the in vitro
experiments and drafted the manuscript. JG has been involved in drafting
the manuscript for important intellectual content. BvtL participated in the
design and interpretation of the experiments and helped to draft the
manuscript. All authors read and approved the final manuscript.

Acknowledgements
The authors would like to thank Annelies Crienen for her excellent technical
assistance in setting up and performance of the transepithelial resistance
measurements. This research was performed within the frame work of
TIpharma project D1-101.

Author details
1Danone Research, Centre for Specialised Nutrition, P.O. Box 7005, 6700CA,
Wageningen, The Netherlands. 2Utrecht Institute for Pharmaceutical Sciences,
P.O. Box 80082, 3508TB, Utrecht, The Netherlands. 3Department of Pediatrics,
Wilhelmina Children’s Hospital, University Medical Center, P.O. Box 85090,
3508AB, Utrecht, The Netherlands.

Received: 20 January 2012 Accepted: 4 July 2012
Published: 26 July 2012

References
1. Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, Parashar UD: 2008

estimate of worldwide rotavirus-associated mortality in children younger
than 5years before the introduction of universal rotavirus vaccination
programmes: a systematic review and meta-analysis. Lancet Infect Dis
2012, 12:136–141.

2. Davidson GP, Whyte PB, Daniels E, Franklin K, Nunan H, McCloud PI, Moore
AG, Moore DJ: Passive immunisation of children with bovine colostrum
containing antibodies to human rotavirus. Lancet 1989, 2:709–712.

3. Knipping K, McNeal MM, Crienen A, van Amerongen G, Garssen J, van 't
Land B: A gastrointestinal rotavirus infection mouse model for immune
modulation studies. Virol J 2011, 8:8–8.

4. Murphy TV, Gargiullo PM, Massoudi MS, Nelson DB, Jumaan AO, Okoro CA,
Zanardi LR, Setia S, Fair E, LeBaron CW, et al: Intussusception among
infants given an oral rotavirus vaccine. N Engl J Med 2001, 344:564–572.

5. Tu HA, Woerdenbag HJ, Kane S, Rozenbaum MH, Li SC, Postma MJ: Economic
evaluations of rotavirus immunization for developing countries: a review of
the literature. Expert Rev Vaccines 2011, 10:1037–1051.

6. Gu Y, Gu Q, Kodama H, Mueller WE, Ushijima H: Development of
antirotavirus agents in Asia. Pediatr Int 2000, 42:440–447.

7. Rabbani GH, Teka T, Zaman B, Majid N, Khatun M, Fuchs GJ: Clinical studies
in persistent diarrhea: dietary management with green banana or pectin
in Bangladeshi children. Gastroenterology 2001, 121:554–560.
8. Subbotina MD, Timchenko VN, Vorobyov MM, Konunova YS, Aleksandrovih
YS, Shushunov S: Effect of oral administration of tormentil root extract
(Potentilla tormentilla) on rotavirus diarrhea in children: a randomized,
double blind, controlled trial. Pediatr Infect Dis J 2003, 22:706–711.

9. Vanderhoof JA, Murray ND, Paule CL, Ostrom KM: Use of soy fiber in acute
diarrhea in infants and toddlers. Clin Pediatr (Phila) 1997, 36:135–139.

10. Tam KI, Roner MR: Characterization of in vivo anti-rotavirus activities of
saponin extracts from Quillaja saponaria Molina. Antiviral Res 2011,
90:231–241.

11. Clark KJ, Grant PG, Sarr AB, Belakere JR, Swaggerty CL, Phillips TD, Woode
GN: An in vitro study of theaflavins extracted from black tea to
neutralize bovine rotavirus and bovine coronavirus infections. Vet
Microbiol 1998, 63:147–157.

12. Andres A, Donovan SM, Kuhlenschmidt TB, Kuhlenschmidt MS: Isoflavones
at concentrations present in soy infant formula inhibit rotavirus infection
in vitro. J Nutr 2007, 137:2068–2073.

13. Takahashi K, Matsuda M, Ohashi K, Taniguchi K, Nakagomi O, Abe Y, Mori S,
Sato N, Okutani K, Shigeta S: Analysis of anti-rotavirus activity of extract
from Stevia rebaudiana. Antiviral Res 2001, 49:15–24.

14. Lipson SM, Sethi L, Cohen P, Gordon RE, Tan IP, Burdowski A, Stotzky G:
Antiviral effects on bacteriophages and rotavirus by cranberry juice.
Phytomedicine 2007, 14:23–30.

15. Guerrero CA, Zarate S, Corkidi G, Lopez S, Arias CF: Biochemical
characterization of rotavirus receptors in MA104 cells. J Virol 2000,
74:9362–9371.

16. Almeida JD, Hall T, Banatvala JE, Totterdell BM, Chrystie IL: The effect of
trypsin on the growth of rotavirus. J Gen Virol 1978, 40:213–218.

17. Arias CF, Romero P, Alvarez V, Lopez S: Trypsin activation pathway of
rotavirus infectivity. J Virol 1996, 70:5832–5839.

18. Crawford SE, Mukherjee SK, Estes MK, Lawton JA, Shaw AL, Ramig RF, Prasad
BV: Trypsin cleavage stabilizes the rotavirus VP4 spike. J Virol 2001,
75:6052–6061.

19. Hidalgo IJ, Raub TJ, Borchardt RT: Characterization of the human colon
carcinoma cell line (Caco-2) as a model system for intestinal epithelial
permeability. Gastroenterology 1989, 96:736–749.

20. Dickman KG, Hempson SJ, Anderson J, Lippe S, Zhao L, Burakoff R, Shaw
RD: Rotavirus alters paracellular permeability and energy metabolism in
Caco-2 cells. Am J Physiol Gastrointest Liver Physiol 2000, 279:G757–766.

21. Reed LJ, Muench H: A simple method of estimating fifty percent
endpoints. Am J Hyg 1938, 27:493–497.

22. Georgiou NA, Garssen J, Witkamp RF: Pharma-nutrition interface: the gap
is narrowing. Eur J Pharmacol 2011, 651:1–8.

23. Kashiwada Y, Aoshima A, Ikeshiro Y, Chen YP, Furukawa H, Itoigawa M,
Fujioka T, Mihashi K, Cosentino LM, Morris-Natschke SL, Lee KH: Anti-HIV
benzylisoquinoline alkaloids and flavonoids from the leaves of Nelumbo
nucifera, and structure-activity correlations with related alkaloids. Bioorg
Med Chem 2005, 13:443–448.

24. Kuo YC, Lin YL, Liu CP, Tsai WJ: Herpes simplex virus type 1 propagation
in HeLa cells interrupted by Nelumbo nucifera. J Biomed Sci 2005,
12:1021–1034.

25. Uncini Manganelli RE, Zaccaro L, Tomei PE: Antiviral activity in vitro of
Urtica dioica L., Parietaria diffusa M. et K. and Sambucus nigra L.
J Ethnopharmacol 2005, 98:323–327.

26. Balzarini J, Neyts J, Schols D, Hosoya M, Van Damme E, Peumans W, De
Clercq E: The mannose-specific plant lectins from Cymbidium hybrid and
Epipactis helleborine and the (N-acetylglucosamine)n-specific plant
lectin from Urtica dioica are potent and selective inhibitors of human
immunodeficiency virus and cytomegalovirus replication in vitro. Antiviral
Res 1992, 18:191–207.

27. Kwon HJ, Kim HH, Ryu YB, Kim JH, Jeong HJ, Lee SW, Chang JS, Cho KO,
Rho MC, Park SJ, Lee WS: In vitro anti-rotavirus activity of polyphenol
compounds isolated from the roots of Glycyrrhiza uralensis. Bioorg Med
Chem 2010, 18:7668–7674.

28. Fiore C, Eisenhut M, Krausse R, Ragazzi E, Pellati D, Armanini D, Bielenberg J:
Antiviral effects of Glycyrrhiza species. Phytother Res 2008, 22:141–148.

29. Pompei R, Flore O, Marccialis MA, Pani A, Loddo B: Glycyrrhizic acid
inhibits virus growth and inactivates virus particles. Nature 1979,
281:689–690.

30. Badam L: In vitro antiviral activity of indigenous glycyrrhizin, licorice and
glycyrrhizic acid (Sigma) on Japanese encephalitis virus. J Commun Dis
1997, 29:91–99.

http://www.biomedcentral.com/content/supplementary/1743-422X-9-137-S1.doc
http://www.biomedcentral.com/content/supplementary/1743-422X-9-137-S2.doc


Knipping et al. Virology Journal 2012, 9:137 Page 8 of 8
http://www.virologyj.com/content/9/1/137
31. Micol V, Caturla N, Perez-Fons L, Mas V, Perez L, Estepa A: The olive leaf
extract exhibits antiviral activity against viral haemorrhagic septicaemia
rhabdovirus (VHSV). Antiviral Res 2005, 66:129–136.

32. Lin JC, Cherng JM, Hung MS, Baltina LA, Baltina L, Kondratenko R: Inhibitory
effects of some derivatives of glycyrrhizic acid against Epstein-Barr virus
infection: structure-activity relationships. Antiviral Res 2008, 79:6–11.

33. Chingwaru W, Majinda RT, Yeboah SO, Jackson JC, Kapewangolo PT,
Kandawa-Schulz M, Cencic A: Tylosema esculentum (Marama) Tuber and
Bean Extracts Are Strong Antiviral Agents against Rotavirus Infection.
Evid Based Complement Alternat Med 2011, 2011:1–11. 2011.

34. Goncalves JL, Lopes RC, Oliveira DB, Costa SS, Miranda MM, Romanos MT,
Santos NS, Wigg MD: In vitro anti-rotavirus activity of some medicinal
plants used in Brazil against diarrhea. J Ethnopharmacol 2005, 99:403–407.

35. Manach C, Williamson G, Morand C, Scalbert A, Remesy C: Bioavailability
and bioefficacy of polyphenols in humans. I. Review of 97 bioavailability
studies. Am J Clin Nutr 2005, 81:230S–242S.

36. Cho SY, Kim JS, Li H, Shim C, Linhardt RJ, Kim YS: Enhancement of
paracellular transport of heparin disaccharide across Caco-2 cell
monolayers. Arch Pharm Res 2002, 25:86–92.

doi:10.1186/1743-422X-9-137
Cite this article as: Knipping et al.: An evaluation of the inhibitory
effects against rotavirus infection of edible plant extracts. Virology
Journal 2012 9:137.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Material and methods
	Cells and viruses
	Hyperimmune colostrum (Gastrogard-R&reg;), plant extracts and pure compounds
	Antiviral titration assay
	Transepithelial resistance (TER) measurement
	Analysis

	Results
	Hyperimmune colostrum (Gastrogard-R&reg;)
	Screening of plant extracts
	Screening of pure compounds
	Synergy between plant extracts

	Discussion
	link_Fig2
	link_Fig1
	link_Fig3
	link_Fig4
	Conclusions
	Additional files
	Competing interests
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


