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Abstract

Background: The preliminary experiments indicated that a 30% aqueous extract of seeds of the Terminalia chebula has a
significant neutralizing activity against tick-borne encephalitis virus (TBEV). In this study, we developed the most gentle approach
to purify the antiviral substance.

Methods and Results: The extract of T chebula seeds was fractionated using gel filtration in Sephadex G-200 and G-50. The
fractions were tested in vitro for the presence of a direct antiviral action against TBEV and profiled using liquid chromatography-
mass spectrometry (LC-MS). Antiviral activity was detected in eight fractions from Sephadex G-200 and in three fractions from
Sephadex G-50 gel filtration. The chromatogram of the most active Sephadex G-50 fraction exhibited three base peaks with a
retention time of 3, 5 and 25.5 minutes. The MS of individual peaks revealed seven compounds with mass-to-charge ratios 114.03;
279.16; 290.91; 301.15; 579.3; 354.03, and 414.09 that were present at relatively high concentrations.

Conclusion: In spite of a small sample, it was possible to detect antiviral activity in the fractionated plant extract using
convenient virological methods, as well as to separate the components of the single virus-neutralizing fraction using the LC-MS
approach. The purity of resulting preparation needs to be improved. (International Journal of Biomedicine. 2019;9(1):57-60.)
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Introduction

Tick-borne encephalitis virus (TBEV) is one of the
dangerous zoonotic pathogens transmitted to humans through
the bite of hard ticks. The virus belongs to the Flaviviridae
family. The disease causes damage to the nerve cells and
their membranes, which leads to paralysis or even death of
the patient."» Currently, the only specific drug with antiviral
activity against TBEV is a human immunoglobulin. This
drug has several major drawbacks, including potential risk of
contamination with human pathogens (e.g., hepatitis C virus or
HIV), the demanding conditions of storage and transportation
(“cold chain”), and limited availability of competent donors—
all of which contribute to the high price and limited amount of
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product. The efficacy of this drug is also disputable. Thus, the
development of new antivirals is a very important scientific
task.® Plants are believed to be very promising sources of
new medical substances. Having a big diversity of plants, it
can be assumed that they can serve as a source of medicines
for the treatment of most currently known infections. One of
the brightest examples of plant-derived drugs is aspirin, also
known as acetylsalicylic acid, which was originally isolated
from willow (Salicaceae). The effectiveness of aspirin
has been repeatedly demonstrated, as a pain medication
(analgesic), an antipyretic, and an anti-inflammatory, as well
as an inhibitor of platelet aggregation.® In recent years, many
other drugs possessing the antiviral,5® anti-inflammatory,”
antioxidant,® antimicrobial,” antifungal,'® anti-cancer,!V
and other activities '» have been derived from plants.
Previously,"® we described a pronounced neutralizing
activity against TBEV of aqueous extract of 7. chebula seeds.
To identify and characterize this neutralizing compound of
the extract, it is necessary to purify it. However, the absence
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of any data on the physical and chemical properties of the
substance (i.e. its molecular weight, chemical formula, or at
least its concentration in the initial preparation) significantly
complicates this task. In modern biochemical studies, one of
the first steps in identifying biologically active molecules in
multicomponent mixtures is molecular weight separation using
column gel filtration."® In this case, various versions of the
Sephadex polymer are successfully used as the solid phase, and
distilled water as the mobile carrier.

In this study, we attempted to fractionate the extract
of T chebula under the gentlest conditions. Besides this, the
starting amount of the sample was minimized to reduce the
background as much as possible.

Thus, the purpose of this study was to develop a
purification technique and the concentration of an unknown
component of 7. chebula extract, which has a neutralizing
activity on TBEV, using minimal amounts of the original
preparation.

Materials and Methods

The plant materials and preparation of the extract

Dried and crushed to a fine powder state seeds of
T. chebula were kindly provided by Dr. N. Oyuntsetseg
(Department of Traditional Medicine, Mongolian State
Medical University, Ulaanbaatar, Mongolia). To prepare the
extract, 30 g T chebula seed powder were dissolved in 200
ml of sterile, double-distilled water and boiled at low heat for
15-30 minutes until the total volume of the mixture reached
approximately 100 ml. The volume of the mixture was
measured and brought to 100 ml sterile, bidistilled water. Then
the mixture was sequentially filtered through a sterile cloth
filter, a sterile paper filter with a pore diameter of 0.45 pm and
sterilized by filtration through a vacuum 0.22 um filter. The
resulting solution was considered as a 30% aqueous extract of
seeds of 7. chebula.
Tick-borne encephalitis virus and cell culture

We used an isolate 92M of TBEV of the Siberian
subtype.!'® Passaging of TBEV and determination of the
concentration of infectious virus was carried out in the pig
embryo kidney cell line (SPEV) purchased from the “Collection
of human and animal cell lines for research in the field of
virology” (FSI Influenza Research Institute, St. Petersburg,
the Russian Federation). Cell culture was maintained on an
RPMI1640 medium, supplemented with antibiotics and 5%
fetal calf serum (ThermoScientific, UK). The concentration
of the infectious virus in the stock suspension and in the
experiments on the neutralization of TBEV were determined
by titration of plaque-forming units (PFU) in the cell culture
of SPEV and expressed as a decimal logarithm of PFU per
milliliter of suspension (Ig PFU/ml).(19
Neutralization assay

The neutralization reaction was performed according
to E. Gould."9 In particular, 100 pl of the virus suspension
containing 1x10° PFU of TBEV was mixed with 100 pl of the
test or control sample. Human donor immunoglobulin against
TBEV (FSUS «SIC Microgeny, Tomsk) at a concentration of 1
mg/ml was used as a neutralization control. Sterile, bidistilled

water was used as a reference control. The mixture of TBEV
and the sample was incubated for 30 min at 37°C and then
the concentration of the infectious virus was determined. The
neutralization index was determined as the difference in titers
(in logarithmic terms) of the test and reference samples. Each
experiment was performed in three independent replications.
Column Gel Filtration

Gel filtration was performed under gravity force in
a column of 1.2x10 cm with water as a mobile phase. The
column was packed with a 5% aqueous suspension of Sephadex
G-50 or G-200 (Sigma-Aldrich, Sweden). Before loading the
sample, the column was additionally equilibrated with 10ml
of sterile bidistilled water. Afterwards 0.05 ml of 30% T
chebula seed extract were loaded onto the gel, and after the
extract entered the column, 10 ml of sterile bidistilled water
was applied on top of the gel. Fractionation was performed at
a flow rate of 0.5 ml/min. The void volume of the column was
considered equal to 6ml, and eight fractions were collected
with a volume of 4ml each. After that, the final fraction of 6
ml was collected.
Liquid chromatography and mass spectrometry

LC was performed using a Zorbax 300 SB-C18 reverse
phase column with dimensions of 21x150 mm and 5 pm
particle size and Agilent 1200 Series HPLC System. The
separation was carried out in an acetonitrile gradient from
10% to 100% during 30 minutes, with the addition of a 0.1%
heptafluorobutyric acid and a flow rate of 0.2 ml/min. The
readings were taken in the ultraviolet spectrum at wavelengths
0f200 nm, 230 nm, 270 nm, 300 nm, and 360 nm. Electrospray
ionization was performed using the Agilent 6210 TOF MS
instrument in a positive mode, the ratio of mass and charge
was estimated in the range of 70-3200 m\z.
Presentation of results

The results were presented as the mean values of three
independent replications. The standard deviation was used to
evaluate the variability of data. The significance of differences was
assessed using Student’s t-test. Statistical analysis was performed
using Microsoft EXCEL 2003. The LC-MS data were processed
by the Agilent MassHunter Workstation software package (version
B.01.03;Agilent Technologies Inc., USA).

Results and Discussion

Fractionation of the extract

The output of the colored part of the extract in
Sephadex G-200 started with Fraction 4 and ended with the
release of Fraction 8. In Sephadex G-50, the mobility of the
colored part of the extract was one and a half times faster. The
total volume of the eluate was 32 ml, which corresponded
to a dilution of the initial sample by 640 times. Thus, the
concentration of the extracted substances in each fraction
approximately corresponded to a 0.05% T. chebula extract.
We have previously described that a 2% 7. chebula extract
completely neutralizes infectious TBEV at a concentration of
1x10° PFU,"® and the antiviral activity of the same extract
against the influenza A virus is detectable up to a concentration
of 0.01%.17 Thus, the concentration of the active substance
in any of the fractions, even if it is evenly distributed over
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the entire volume of the column, should be sufficient for
detectable neutralization of TBEV.
Neutralizing activity of fractions

After separation using the Sephadex G-200, the ability to
neutralize TBEV was firstly detected in Fraction 2, just ahead
of the colored fraction, reached a maximal values in Fractions
3 and 4, and then minor virus inhibition activity was detected
in each fraction until the final one (Fig.1A). To increase the
resolution ability of the column, the Sephadex G-50 was used
as well. The release of the neutralizing agent in this sorbent
started with Fraction 4, reached the maximal concentrations
in Fractions 5 and 6, and some virus neutralizing activity was
also detected up to the final fraction (Fig.1B).
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Fig. 1. Virus neutralizing activity of eight fractions (4 ml each) of T.
chebula extract purification on A) Sephadex G-200 and B) Sephadex
G-50; * VV - void volume of the column, FF - the final fraction (6

ml), reference — sterile, double-distilled water:

Fig. 2. Chromato-mass-spectrometry profile of Fraction 5 of T.
chebula extract after separation on a Sephadex G-50 column. A)
Chromatogram of total ion current (TIC) of Fraction 5, the time
of collection is 30 minutes, the total concentration of the substance
is indicated on the abscissa axis, the elution time of the peak from
the column is indicated on the ordinate axis; 1, 2, 3 — peaks of
components of Fraction 5; B) The mass spectrum of peak 1; C) The
mass spectrum of peak 2; D) The mass spectrum of peak 3. The
arrows indicate the compounds with increased concentration.

The method of column gel filtration used in this study
is based on the ability of substances with a higher molecular
weight to pass between the Sephadex particles easily and
migrate faster, whereas the substances with a lower molecular
weight are able to penetrate into the particles of Sephadex
and, as a result, migrate more slowly. The substances with
a molecular weight exceeding the separation limit of the
corresponding Sephadex polymer migrate in the void volume
of the column. Therefore, upon completion of the gel filtration,
the components of the extract with a high molecular weight
accumulate in the earlier fractions, while the concentration
of substances with low molecular weight is increased in the
later fractions. According to the manufacturer’s data, the
exclusion limit is approximately 600 kDa for Sephadex G-200
and 30 kDa for Sephadex G-50. Since the entire diapason of
the neutralizing activity was detected both in G-200 and in
G-50, it can be assumed that the molecular weight of the target
substance is less than 30 kDa.

LC/MS spectrum of the fraction with a neutralizing effect

Sephadex G-50 Fraction 5 possessing the highest
neutralizing activity was used for LC followed by MS
separation of the components of the extract of 7. chebula. On
the chromatographic profile, three peaks are visually identified
with a retention time of 3, 5 and 25.5 minutes (Fig. 2A). The
mass spectra of each of these peaks indicated that neutralizing
fraction includes about 30 individual components. Seven of
these (values of m\z 114.03; 279.16; 290.91; 301.15; 579.3;
354.03, and 414.09) are present in elevated concentrations
(Fig. 2B-D). It is likely that a substance with a neutralizing
activity against TBEV is either one of these seven components,
or some of these components are derivatives (for example,
fragments) of the analyzed substance.

In this study, a relatively small sample was used (initially
only 30 g dry samples were extracted with 100 ml of water,
and only 50 pl were used in the experiment). Nevertheless, it
was possible to detect virus-neutralizing activity in separate
fractions using convenient virological methods, as well as
to separate the components of the single fraction, possessing
antiviral activity, using the LC-MS approach. However, the
purity of the resulting preparation seems to be insufficient for
further analysis. Probably, additional purification methods are
necessary besides the Sephadex-based gel filtration.
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