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ABSTRACT

Coumarins from radix Saposhnikovia divaricata inhibit

porcine epidemic diarrhea (PED) virus

Sharma Govinda

Advisor: Prof. Choi Hong Seok, Ph.D.
Co-Advisor: Prof. Oh Won Keun, Ph.D.
Department of Pharmacy,

Graduate School of Chosun University

The epidemic of PED is grave threat to the swine based agro-economy world-wide and
the prophylactic defenses against it are not dependable while there are no agents to treat the
infection. This scenario demands for the research to find the solution to this problem. To find
the safe, effective and efficient treatment for this virus infection, a plant, Saposhnikovia
divaricata (Apiaceae) was chosen, after screening many plant samples. This plant is also a very
popular constituent of formulations in Traditional Chinese Medicine. The EtOAc extract from
radix of this plant was subjected to bioactivity guided successive chromatographic
fractionation, using CPE inhibition based antiviral assay. This led to the isolation of ten
coumarin type compounds (1 — 10). Among these, 2 and 6 were found to have significant
inhibitory activity (ECs : 5.91 and 15.26 pM respectively) with good safety index (>3.2)
against PEDV induced cytopathic effect in Vero cells. Compound 1, 3, 4 and 5 however
showed activity at remarkably small concentration of but they also showed increased degree of

cytotoxicity, while remaining coumarins didn’t have significant CPE inhibitory activity.

Xii



1. Introduction

1.1. Porcine Epidemic Diarrhea (PED)

PED is an infectious disease of pigs, characterized by acute diarrhea, resulting in high
mortality in neonatal piglets.™ ? The virus causing this disease is PED Virus (PEDV), which
was first isolated in 1978 and found to highly resemble the previously known transmissible
gastroenteritis (TGE) virus, both of which are Coronaviruses but serologically different.®
TGEV was more virulent and lethal at that time but now, due to the cross immunity gained
against TGE by the emergence of less harmful PRRS virus, the PED virus surpassed TGE as a
cause of loss in swine economy.*

Since Pensaert and de-Bouck reported PEDV for the first time in 1978, millions of pig
deaths have been ascribed to this highly pathogenic virus. From that time, it had remained
prominent until 1986, as 69 % of the fattening pigs sampled in Belgium, were found to be
infected with PEDV. This percentage decreased to 41 % in 1991-1992 and in 1997 no positive
results were found. With these data Pensaert had reached a conclusion that the virus circulated
less intensively in those years in Europe, while in Asia the prevalence rates were as high as 50
-95%."*

In 2000 the Department of Veterinary Pathology in Seoul National University, Korea reported
634 cases of PEDV infection among the 1258 cases studied, i.e. almost 50 %. Moreover, their
findings show a trend in seasonal pattern in PEDV occurrence with winter (mainly January)
showing the highest occurrence.’> This epizootic pattern of PEDV prevalence has also been
confirmed with another report from Italy. There, the epidemic was reported from 2005 to 2006
in 63 herds, where the mortality in piglets was reported to be just 34 %, but in growers and

fatteners the morbidity was found to range from 20 to 80 %.°



Another outbreak was reported from Thailand in 2009, which spread throughout the
country’s farrowing barns in 2007, here the piglets mortality was reported to be 100 %.” And
the most recent PEDV outbreak that has been reported is from China in 2010, which affected
more than 10 provinces in southern China Kkilling more than 1,000,000 piglets. And here also
100 % of the piglets had the disease; further most of them acquired it within 7 days and some
even within a few hours.?

Thus, it can be inferred that the pathogenicity of the PED virus has been continuously
increasing over time. And the risk of this infection is now posing substantial risk to the swine

industries.

1.2. Thevirus

A new coronavirus like agent was demonstrated in the feces of piglets from a farm
suffering diarrhea outbreak in 1978, which was later confirmed to be the Porcine Epidemic
Diarrhea virus (PEDV).? It is a positive-sense, single stranded RNA virus of Coronaviridae
family in Nidovirales group.*™* All of the viruses in Coronavirus family, during their
replication procedure, allow changes in their genome by different mechanisms, due to which
they continually evolve into new and at times more virulent strains with higher pathogenicity.
Despite their diversity, all Coronaviruses share same replication procedure and morphological
features, thus, rather than considering just PEDV, the whole family ‘Coronavirus’ should be

considered for developing defenses against them.



1.2.1. Coronavirus

Coronavirions are generally spherically shaped pleomorphic particles ranging in
diameter from 60 to 220 nm and bear club shaped surface projections spaced widely, giving
them the appearance like that of “Crown” from which its name was derived. It contains in its
family the viruses as deadly as SARS-CoV in addition to PEDV, TGEV, FCoV, CCoV, BCoV,
IBV etc. and have diverse host range like human, pigs, cats, dogs, cattle and chicken
respectively. Different Coronaviruses have intermittently being associated with huge human

(SARS) or economic loss (TGEV, PEDV).
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Figure 1. Microscope photograph and schematic diagram of Coronavirus. The surface
projections of spike proteins give the Coronavirus the “crown” like appearance, which they are
named after.

The first Coronavirus, Infectious Bronchitis Virus (IBV), was discovered from chicken
embryos in 19372 after which mouse hepatitis virus (MHV) and other mammalian
Coronaviruses, including Transmissible gastroenteritis virus (TGEV) in pigs, were isolated in
1940s."* **  Coronaviruses are enveloped viruses, with single-stranded positive sense RNA
genome about 30 kb in length that has a 5° cap structure and 3’ polyadenylation tract. In the

host cell, at first the 5 most open reading frame (ORF) of the viral genome is translated into a



large polyprotein which is then cleaved by viral encoded proteases releasing different
nonstructural proteins, including an RNA-dependent RNA polymerase, Adenosine
Triphosphatase (ATPase) and helicase. These proteins now replicate the viral genome and also
generate nested transcripts used in the synthesis of the viral proteins. Transcription-regulating
sequences (TRSs) located at the 5° end of each gene represent signals which are used to

regulate the discontinuous transcription of sub-genomic mRNAs.
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Figure 2. Replication machinery of Coronavirus

Although coronaviridae family was previously believed to be monogeneric comprising
11 viruses,*® now this number has already reached 26, and the family of coronaviridae has been
classified phylogenetically to three groups : group 1(or alpha-coronaviruses), 2 (or beta-
coronaviruses) and 3(or gamma-coronaviruses) and subsequent subgroups (Table 1).* The first
two groups contain nine mammalian Coronaviruses, while the third group contains avian

Coronaviruses.'” 18



Table 1. Classification of Coronavirus

Group

Viruses

Group la
Group 1

(Alpha—Coronavirus)  Group 1b

PEDV, TGEV, FCoV
HCoV-229E, HCoV-NL63, Bat-CoV 512/2005, Bat-

CoV HKU2, Bat-CoV HKUS, Bat-CoV 1A

HCoV-0C43, BCoV , PHEV, ECoV, MHV, HCoV-

Group 2a
HKU1

Group 2

Group 2b  SARS-CoV, Bat-SARS-CoV, HKU3
(Beta—Coronavirus)

Group 2¢ Bat-CoV HKU5
Group 2d Bat-CoV HKU9
Group 3a IBV, TCoV

Group 3
Group3b SW1

(Gamma—Coronavirus)

Group 3¢ BuCoV HKU11, ThCoV HKU12, MuCoV HKU13

Such tremendous rise in diversity of Coronavirus is ascribed to three main reasons.

First is the infidelity of RNA-dependent RNA polymerase, which leads to one mutation in

every 1000 to 10,000 nucleotides, replicated.’® The second is random template switching

during replication, which is probably mediated by a “copy choice” mechanism as

Coronaviruses have a large number of homologous RNA recombination,”® and third is its

ability to accommodate and modify genes as it possesses the largest known genome among all

known RNA viruses. Such high potential for further increase in diversity due to mutation may

lead to zoonotic outbreak of Coronavirus with disastrous results.



1.2.2. Evolution

After finding the bat-SARS-CoV in 2005, the further studies on bats confirmed 103
different Coronaviruses until 2009.'* 2" Along with bats, the bird species are also speculated to
be reservoirs of Coronaviruses, allowing for wide range of cell types owing to the huge
diversity in species of bats and birds. Their extensive migration potential allows for possible
exchange of genetic materials with various viruses in wide range of hosts, thus leading to
homologous and heterologous recombination along with interspecies jumping, resulting in
continuous evolution into a range of different viruses.

Recently, a new Coronavirus named ‘human beta-Coronavirus’ has been reported from
Middle east, which causes severe pneumonia and often kidney failure.” 2 Consequently the
mortality rate after this virus infection has been 50 %, however it is not found to spread easily
between human.?* But, the mutation capabilities of this Coronavirus into swiftly transmissible
one like SARS or PEDV should be taken into consideration before underestimating its potential
to evolve into a pandemic with tremendous fatalities leading to human and/or economic loss

from domesticated animals.

Coronavwrus

/ ancestor
7
- of3 "JHL
~ » . Al Al
k./f"gkfi(;/' ’:k‘: / l \
LV BN w
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Figure 3. Evolution of Coronaviruses. Bats and birds are believed to be the reservoirs, from
which the different viruses evolve as a result of homologous and heterologous recombination

along with interspecies jumping.



1.2.3. Porcine epidemic diarrhea virus (PEDV)

PEDV falls in alpha-coronavirus genus of Coronaviridae family in Nidovirales group.
It contains single stranded positive sense RNA of about 28 kb. Previously it was believed that
there is only one strain of PEDV. But according to recent reports there are many strains of PED
viruses, varying in their infectivity and genetic constitution, for example the strain found in
Korea as well as China are genetically different and more pathogenic from those found in
Europe. This probably explains the difference in severity of this disease between Asia and
Europe, with higher incidence and severity in the former and indeed a continued evolution
leading to new and possibly more virulent strains.> > %® Genetic sequence of these viruses has
already been worked out including the ORFs encoding the spike proteins, which are believed to
be responsible for the pathogenic symptoms.?” Further, the functional receptor on the cell for
this virus has been found to be Porcine aminopeptidase N.*®

This virus is transmitted predominantly via fecal-oral route, however transmission
from sows to piglets via milk has also been reported recently.? After the infection, symptoms
like watery diarrhea, vomiting/regurgitation and anorexia can be seen in mild cases, while in

more severe cases pyrexia, dehydration and signs of abdominal pain can be seen.

1.3. Vaccines

There had been many efforts to formulate a safe and efficient vaccine against PEDV.?

The live attenuated virus and the gene containing Spike protein sequences are being tested as
vaccines.”” ¥ The DR13 strain of live PED virus attenuated by serial passage in Vero cells

have been licensed in Korea for prophylaxis against PEDV in pigs.



Spike protein (or S protein), the club shaped projections on the surface of the virus
(figure 1) is a type | glycoprotein and contains 1,383 amino acids.*" Similar to the other
members of Coronavirus family, the S protein in PEDV is a glycoprotein peplomer- a surface
antigen,* and elicits a strong antibody response.®* In addition, it is also responsible for
mediating viral entry by interaction with the host cell’s receptors.*® Thus, it is used as a
primary target for the development of vaccines against PEDV.

Although the vaccines have been continually developed but their efficacy has not been
found to be satisfactory. The efficiency of such vaccines were reported to be just 50 % even at
a very high dose.? In Korea DR13 strain attenuated PEDV, licensed as vaccine against PEDV,
is in use but the results are not satisfactory.® Further, just vaccine or another preventive
measure is not sufficient to have a total control over a disease with consequences of disastrous
magnitude; in addition to vaccines and preventive measures the solutions to post infection

condition need to be researched.

1.4. Saposhnikovia divaricata (Apiaceae)

Saposnikovia divaricata (Fig 3) traditionally known as Fang-feng, is one of the
important constituent of many formulations popular in Traditional Chinese Medicine (TCM). It
is mainly grown in Heilongjian, Jilin and Liaoning provinces of China, and also in some parts
of Korea, Mongolia, Russia and USA. The root is generally collected in spring and autumn
then they are sliced and dried in sunlight and consumed alone or in combination with other
plants as per the traditional formulae. According to the traditional Chinese system of medicine,
it is believed to dispel the “wind” related syndromes, the indications and formulations of which

have been compiled in Chinese Material Medica.®



In TCM pernicious influence of wind is believed to be one of the major causes of
illness due to disharmony among the elements in human body. It can combine with other
pathogens and results in the range of syndromes like, ‘wind cold’, ‘wind heat’ and ‘wind
dampness’. These syndromes often attack the upper part of the body, head, throat, eyes etc.
Like the moving nature of wind the symptoms associated also have moving nature like
twitching, spasms or shaking. The ‘external wind’ often affects mind whereas the ‘internal
wind’ is related to imbalances in the liver. For treating such and other syndromes it is often
used in combination with Henthae, Folium mori, Herba schizonepetae, Fructus arctii, Fructus
tribuli etc.

Classification:

Kingdom : Plantae
Division  :  Magnoliophyta
Class . Magnoliopsida
Order . Apiales
Family . Apiaceae
Genus . Saposhnikovia
Species . divaricata

Various uses of this plant documented in Chinese Materia Medica are measles,
pruritus, tetanus, opisthotonos, convulsions, spasms and cold among others.*® Coumarins,
pyrano coumarins and chromones, which have a wide range of biological activities, are
reported to be constituents of this plant. Previously the chromones like prim-O-

I* etc.

glucosylcimifugin, 5-O-methylvisammioside, cimifugin,®® and sec-O-glucosylhamaudo

were reported as major and bioactive constituents of this plant, and subsequently various



methods for optimizing their isolation yield has been studied.“” ** Various compounds of this
plant have been studied for their bioactivity in different areas.

Chromones like divaricatol, ledebouriellol and hamaudol were confirmed to be the
analgesic components, while radix S. divaricata’s ethanol extract was found to have anti-
proliferative activity against human tumor cell lines. Further, these constituents were found to
have potent anti-oxidant and anti-inflammatory activities in the nontoxic concentrations.** > A
formula consisting of S. divaricata which is popular in Asia as traditional solutions for
treatment of neuropathic and inflammatory disease, has also been found to exert protective
effect against peripheral nerve injury in rats*. In addition to aforementioned traditional
indications, it has also been reported to potentiate reticuloendothelial system, which functions
as a defense against infections in human body.*’

In addition to chromones, coumarins are also found in S. divaricata. Coumarins
constitute a group of polyphenolic secondary metabolites from plants, chemically belonging to
benzoypyrones family, and possessing wide range of bioactivity. First member of this group
was isolated from Coumarouna odorata Aube (Tonka beans), from which the group got its
name. Until now, more than 1300 coumarins have been identified*®; most of them are
secondary metabolites in plants, fungi and bacteria while many are synthesized. Earlier studies

have established that coumarin derivatives have various activities like anti-inflammatory*” 2

52,53

antibacterial,** *® antifungal®, anti-cancer™* > etc.

Combinations containing crude S. divaricata have been found to inhibit different type

of viruses.>*°®

The compounds isolated in this study- the khellactones, previously found from
the sources other than this plant, are reported to have antiviral activity against different viruses
3759 put no reports of activity of neither this plant nor the Khellactones against PEDV have

been reported yet. Thus, in the course of finding anti-viral compounds against PEDV from

10



natural sources, this plant was considered for study of its constituent’s and their anti-viral
activity. On the initial screening the EtOAc soluble fraction of methanol extract from this
plant’s radix showed CPE inhibitory activity against PED virus. Then the extract was
fractionated on the basis of bio-activity results leading to the isolation of ten coumarin
derivatives (1-10). This thesis describes the isolation, structure elucidation and results of anti-
viral activity assessment of these isolates against PEDV along with the evaluation of associated

cytotoxicity and related structure activity relationship.
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Figure 4. Saposhnikovia divarikata - 1. Root with branch; 2. Branch with flowers; 3. Sliced

dry herb.
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2. Materials and Methods

1.1. Materials

1.2.1. Plant material

Dried radix of S. divaricata was purchased in September 2011 from a local market and
was identified botanically by Prof. Oh Won Keun and Dr. Trong Tuan Dao. A voucher
specimen (CU2011-12) has been deposited at the Herbarium of the Chosun University,

Gwangju, Korea.

1.2.2. Chemicals reagents and chromatography

Silicagel (Merck, 63-200 uM particle size), RP-18 (Merck, 40-63 uM particle size)
and Sephadex LH-20 were used for column chromatography. TLC was carried out with silica
gel 60 F254 and RP-18 F254 plates. HPLC was carried out using a Gibson system with a UV
detector and an Optima Pak C18 column (10 x 250 mM, 10 uM particle size, RS Tech, Korea).
NMR spectra were obtained on a Varian Inova 500 MHz and 300 MHz spectrometer with TMS
as the internal standard at the Korea Basic Science Institute (KBSI, Gwangju Center, Korea).
All solvents used for extraction and isolation were analytical grade. The EIMS data was
measured on a Micromass QTOF2 (Micromass, Wythenshawe, UK) mass spectrometer.

Ribavirin and Glycirrhizin were purchased from Sigma Chemical Company (St Louis,
MO, USA). Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS), and
trypsin were purchased from GIBCO-BRL (Grand Island, NY, USA). MTT [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] was purchased from Sigma, Korea.
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1.2. Methods

1.2.1. Extraction and Isolation

Ten compounds (1-10) were isolated using Bioassay-guided fractionation. The dried
radix of Saposhnikovia divaricata (10kg) was extracted with MeOH using sonication (500 mL
x 3 times x 2hrs). Then the obtained methanol extract was filtered and concentrated (2kg),
thereafter it was suspended in water and partitioned with Hexane, EtOAc and Butanol (each 2
L X 5 times) yielding 4 fractions. The EtOAc soluble fraction (72g) was found to be most
active among all fractions, so it was further fractionated using NP silica gel open column
chromatography (10 X 30 cm; 63 — 200 um particle size) using a gradient of hexane:acetone
(from 20:1 to 0:1), to yield seven combined fractions according to their TLC profiles (F1 to
F7). Fraction 1 (7.8gm) was subjected to reversed phase C18 (RP-18) open column
chromatography (3 X 30 c¢cm; 40-63 pg/mL) and eluted with MeOH:H20 (1:1 to 1:0, 1L for
each step) to yield 8 sub-fractions (F1.1 to F1.8). Further purification of F1.5 (200mg) by semi-
preparative Gilson HPLC systems [using RS Tech Optima Pak C18 column (10 X 250 mm,
10um particle size); mobile phase MeOH:H20 (82:18); flow rate 2mL/min; UV-detection at
205 and 254 nm] resulted in the isolation of Compound 1(13mg; tR = 24 min ). Similarly,
fraction 2 (9g) was also subjected to reverse phase open column chromatography (RP-18) with
mobile phase MeOH:H,0 (1:1 to 1:0) and fractionated to seven sub-fractions (F2.1 to F2.7).
Then the sub-fraction F2.3(1.4g) was further purified using Gilson HPLC system [RS Tech
Optimapak C18 column (10 x 250 mm, 10 um particle size); eluted with 75% methanol in
water with flow rate 2 mL/min; UV-detection at 205 and 254 nm] leading to the isolation of
Compound 2 (12mg; tR = 27 min) and compound 3 (91mg; tR = 42.5 min) respectively. Also,

the sub-fraction F2.5 (550mg) was purified using Gilson HPLC system [RS tech
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OptimapakC18 column (10 % 250 mm, 10 um particle size); eluted with MeOH:H20 (7:3) and
flow rate 2mL/min; UV-detection at 205 and 254 nm] leading to the isolation of Compound 4
(25mg; tR : 35 min) and compound 5 (65 mg; tR :48 min). Fraction 3 yielded three
compounds 6, 7 and 8 (36, 20 and 19 mg with tR 34, 33, and 35.5 min respectively) upon
chromatographic fractionation using RP18 (MeOH:H,0- 1:2 to 1:0) subsequently applying the
sub-fraction 3.1 to the RP18 open column (MeOH:H,0O- 1:4 to 1:0) and finally purifying the
sub-fraction 3.1.4 using HPLC [RS Tech Optimapak C18 column (10 x 250 mm, 10 pm
particle size; flow rate of 2mL/min; UV-detection at 205 and 254 nm)] with 50% MeOH. The
fraction 4 yielded 7 sub-fractions(4.1 to 4.7) after applying to RP 18 open column with solvent
system of MeOH:H,0O(1:3 to1:0). The compound 9 (200 mg)was isolated by crystallization
from the first sub-fractionF4.1(1.5 g), and compound 10 (23mg),was isolated from sub-
fraction F4.2(650 mg) by using HPLC system with 40 % MeOH as mobile phase[RS Tech
Optimapak C18 column (10 x 250 mm, 10 um particle size;flow rate of 2mL/min; UV-

detection at 205 and 254 nm)].
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Scheme 1. Isolation scheme of compounds from radix of S. divaricata
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1.2.2. Viruses and cell

The Porcine Epidemic Diarrhea Virus (PEDV) (CV777) kindly provided by Choong
Ang Vaccine Laboratory, was used in this study. Vero (African green monkey) cells (ATCC
CCR-81) were maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco)
supplemented with 10% fetal bovine serum at 37°C and 5 % CO,. The virus stock was stored
in -80°C, for infection it was thawed in room temperature and suspended in 37°C DMEM

before infecting the cells.

1.2.3. Cytopathic effect (CPE) inhibition

2.2.3.1 Cytopathic effect

After infecting the susceptible cell, the virus induces some morphological changes,
like enlarged vacuoles, syncytium formation usually leading to death in the host and
surrounding cells, this visible effect is called cytopathic effect.® It is used to evaluate the
pathogenicity of the virus during in-vitro cell based experiments. Conventionally, the CPE
assay procedures are read by staining the cells after the CPE is induced by the virus. This
procedure requires the manual counting of the no. of plaques under microscope, which can be
seen as unstained patches in the monolayer of cells. A number of replicates need to be
performed, and visual counting of the plaques is a labor intensive task, further the results are
bound contain a degree of error due subjective microscopic interpretation. Automated methods
of counting plaques in such experiment have also been described.®* But such methods are
expensive due to obvious reasons. Another type of assay which utilizes tetrazolium salt (MTT),

for evaluating the gross percentage of live cells after the virus infection is more appropriate, as
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the results are free of subjective error. This assay was used as previously described with slight

modifications for evaluation of CPE inhibition effect of the compounds in this study.®

2.2.3.2 CPE inhibition assay

5000 Vero cells per well were seeded in 96 well plate, then they were infected with
PEDV virus diluted to 4.4 TCIDsy concentration for 1lhr in 37°C with humidified 5% CO,
atmosphere. After that, the compounds were treated at different concentrations and further
incubated for 4 days. The virus and medium control also were maintained and experiment for
each dilution was performed in triplicate. After 4 day of incubation, 4 mg/mL MTT ((3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) was added and further incubated for 4
hrs in same conditions. During this time, the cells unaffected from CPE will uptake the MTT
and convert it into deep blue formazan crystal by the action of their mitochondrial enzyme. To
measure the formazan formed, the medium is aspirated and 100 uL DMSO is added and
allowed to dissolve the formazan by shaking for 2 min. Then the absorbance is measured at 550
nM. The experimental values are compared with medium control, where instead of virus just
media was added; value of this experiment is considered as 100 % CPE inhibition, and with
respect to this value the experimental values are calculated as mentioned in MTT assay
described later.

In the CPE assay procedure, the results are interpreted as the % CPE inhibition, which
is correlated from the % of viable cells at the end of the experiment. Since, the cells were
infected with virus, they would die due to CPE but if the treated compounds have antiviral
effect then cells should not die. Thus, higher percentage cell survival is recognized as higher
antiviral activity. However, if the treated compounds themselves are cytotoxic, then cell death

due to virus induced CPE and the cytotoxicity of compounds cannot be differentiated. Thus,
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those compounds which have antiviral activity at lower concentration but exert cytotoxicity at
higher concentration tend to show a peak activity at a certain concentration. This is considered
as the optimum concentration. In the case of compound 1, 3, 4 and 5 the optimum

concentration and resulting % inhibition is shown. (Fig. 42)

2.2.3.3 TCID50 (50 % Tissue culture infectious dose)

To estimate the virulence of the stock virus suspension, and to maintain the uniformity
of virus challenge in the subsequent experiments TCIDs, was determined by using the CPE
based assay previously described with slight modifications.®? In a 96 well plate, 5000 vero
cells/well were infected with different dilutions of the stock virus suspension, ranging from 1:
50 to 1: 3200 with two fold serial dilution. After 4 days of incubation in 37°C with 5 % CO2
atmosphere, percentage of cells surviving the viral cytopathic effect was measured with MTT
based assay. The mean values of three experiments with + standard deviation percentage was
calculated. Finally, regression analysis was performed to calculate the 50 % tissue culture

infectious dose.

1.2.4. MTT assay

This assay was used to estimate the cytotoxicity of the compounds in the Vero cells. It
is based on the conversion of yellow water soluble substrate 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) into a dark blue formazan by the mitochondrial
dehydrogenase enzyme in living cells. In dead cells this enzyme being not functional, only

living cells can form the formazan crystals from the MTT. These formazan crystals can be

18



dissolved in DMSO and shows absorbance at 250 nm wavelength. Thus allowing us to estimate
the alive cells in an experiment.

5000 Vero cells were seeded in each well of the flat bottom 96 well plate, and
incubated for 1 hr. Then, the compounds in different concentrations were treated to the cells,
and just vehicle was treated for control. Each experiment was performed in triplicate.

After, 4 days of incubation in 37°C with 5 % CO, atmosphere, 2mg/mL MTT reagent
was treated and further incubated for 4 hrs and then all the media was aspirated, after which
100 uL DMSO was added. After shaking for about two minutes absorbance of the individual
well was measured using VersaMax™ Absorbance Microplate Reader at 540 nM.The vehicle
treated well absorbance values were considered as 100 % cell viability (i.e. 0% cytotoxicity),

and other experiment values calculated as follows:

experiment absorbance

X 100

% Cell viability =

Control absorbance

1.2.5. Statistical analysis

Results are interpreted as mean + SD of the experiments performed in triplicate. The
IC50, TCID50 and CC50 were calculated by regression analysis using Sigmaplot 11.0

software.
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1.1.

3. Results and Discussions

Isolation of compounds from radix of S. divaricata

Total 10 compounds (1 to 10) were isolated from the dried radix of Saposhnikovia

divaricata, by bioactivity guided fractionation using various successive chromatographic and

other techniques like crystallization.

1.2.

1
2
3
4
5
]

Figure 5. Structure of compounds (1 to 10) isolated from radix of S. divaricata
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1.3. Structure determination of isolated compounds

1.2.1. Structure determination of compound 1

Compound 1 (Hyuganin A) was obtained as white powder. Its molecular formula
Ca4H2507 was confirmed from the molecular ion peak at m/z 428 (M+) in the EI-MS and by
high resolution MS measurement. The *H-NMR and *C-NMR in CDCl; spectra of compound
1(fig. 2 and 3) showed signals assignable to a coumarin moiety [5 6.22 (d, J=9.5 Hz, 3-H), 7.59
(d, J=9.5 Hz, 4-H), 7.36 (d, J=8.7 Hz, 5-H), 6.81 (d, J=8.7 Hz, 6-H)], two tertiary methyls [
1.45, 1.48(both s, 2’-gem-CHz3)], two methines bearing an ester function [d 5.40 (d, J=4.8 Hz,
3°-H), 6.61 (d, J=4.8 Hz, 4’-H)], an angeloyl group [8 6.12 (m, 3>>-H), 1.97 (d, J=7.2 Hz, 4’
H), 1.88 (s, 5’-H)], and a 2-methyl-butyroyl group [6 2.38 (ddq, J=7.0, 7.0, 7.0 Hz, 2°*’-H),
1.43 (m, 3°”’-H), 1.72 (m, 3°’’-H), 0.9 (t, J=7.5 Hz, 4>”’-H3), 1.19 (d, J=7.0 Hz, 5°*’-H3)]. The
EI-MS data of 1 showed the fragment ion peaks at m/z 328, 313, 244, 229, 85 and 83, which

were derived by eliminations of the angeroyl and 2-methylbutyroyl groups.

— U U e

\ : J d‘al ’

Figure 6. '"H-NMR spectrurh of compound 1 (500 MHz, CDCly)
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Figure 7. ®C-NMR spectrum of compound 1 (125 MHz, CDCls)

The position of angeloyl and 2-methylbutyroyl groups in 1 was clarified by HMBC
experiment, which showed a long-range correlation between the 3’-proton and the 1-carbonyl
carbon of the angeloyl group and between the 4’-proton and the 1-carbonyl carbon of the 2-
methylbutyroyl group as shown in the Figure 10. The configurations of the 3’ and 4’-positions
in compound 1 were deduced to be cis-orientation on the basis of the coupling constant (J=4.8
Hz) between the 3’ and 4°-proton in the *H-NMR spectrum of 1. On the basis of this evidence,

the structure of 1 was elucidated as Hyuganin A.%
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1.2.2. Structure determination of compound 2

Compound 2 was purified as a white powder, with the molecular formula C,;H,40-.
The 'H-NMR and **C-NMR (Acetone-ds) spectra of compound showed the presence of a cis-
khellactone moiety [6 6.22 (d, J=9.5 Hz, 3-H), 7.91 (d, J=9.5 Hz, 4-H), 7.59 (d, J=8.6 Hz, 5-H),
6.84 (d, J=8.6 Hz, 6-H), 1.43, 1.44 (both s, 2’-gem-CHj3), 5.26 (d, J=4.8 Hz, 3’-H), 6.49 (d,
J=4.8 Hz, 4’-H)], an acetyl group [ 2.03 (s, 2”’-H3)] and a 2-methylbutyroyl group [6 2.3 (m,
2°-H), 1.42 (m, 3°’-H), 1.71 (m, 3°*’-H), 0.92 (m, 4°*’-H3), 1.14 (d, J=7.0 Hz, 5°>’-H3). The
carbon signals in the **C-NMR spectrum of compound 2 were shown to be superimposable on
those of compound 1, except for some signals assignable to an acyl group at the 3’-position.

Thus, compound 2 was determined to be Hyuganin C.%

n ” I

Figure 12. 'H-NMR spectrum of compound 2 (300 MHz, Acetone-ds)
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Figure 13. *C-NMR spectrum of compound 2 (75 MHz, Acetone-ds)

1.2.3. Structure determination of compound 3

Compound 3 was purified as a white powder, with the molecular formula C,4H,0-.
The *H-NMR and *C-NMR (Acetone-dg) spectra of compound showed the presence of a cis-
khellactone moiety [ 6.17 (d, J=9.5 Hz, 3-H), 7.82 (d, J=9.5 Hz, 4-H), 7.54 (d, J=8.6 Hz, 5-H),
6.81 (d, J=8.6 Hz, 6-H), 1.45, 1.48 (both s, 2°-gem-CHj3), 5.27 (d, J=4.8 Hz, 3’-H), 6.52 (d,
J=4.8 Hz, 4’-H)] and 3’/4’ diangeloyl substitution [5 5.6 (q, 3>’/3’>’-H), 1.88 (d, J=7.2 Hz,
4°[4>°-H), 1.97 (s, 5°/5°’-H)]. Therefore, compound 3 was determined as Praeruptorin B

(cis-3’, 4'-diangeloxylkhellactone).*
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Figure 15. *C-NMR spectrum of compound 3 (75 MHz, Acetone-ds)
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Table 2. *H and *C NMR data for compound 1, 2 and 3.

1 2 3

Pos. Oy mult.(J in Hz) dc Oy mult.(JinHz)  dc¢ Oy mult.JinHz)  dc
2 159.7 160.1 160.0
3 6.22 d (9.5) 113.2 6.22d(9.5) 1123 6.17d(9.5) 1135
4 7.59d (9.5) 143.1 7.91d (9.5 14438 7.82d (9.5 1435
5 7.36 d (8.7) 129.1 7.59d(8.6) 128.7 7.54d(8.6) 1295
6 6.81d (8.7) 114.3 6.84d(8.6) 115.1 6.81d(8.6) 1146
7 156.6 157.4 156.9
8 107.5 107.7 107.7
9 154.0 155.0 154.3
10 112.4 112.1 112.7
2’ 77.4 79.7 77.4
3’ 5.40d (4.8) 70.1 526d(4.8) 723 5.27 d (4.8) 70.4
4’ 6.61 d (4.8) 60.5 6.49d(48) 614 6.52 d (4.8) 60.7
2’gem 145s 25.4 144s 25.4 145s 25.4
1.48s 22.7 143s 21.6 148s 22.7
1 166.3 170.1 166.7
2 126.9 2.03s 20.22 127.2
3 6.12m 139.6 5.60 q 139.9
4 1.97d(7.2) 15.70 1.88d (7.2) 15.7
5” 1.88s 20.4 1.97s 20.4
1’ 175.6 175.8 166.7
20 2.38 dd;] go 7.0, 412 2.30 m 423 1972

yss 1.72m 142 m

3 143 m 26.4 171m 27.5 5.60 q 139.9
4> 0.90t(7.5) 11.6 0.92m 12.1 1.88 d(7.2) 15.7
5 1.19d (7.0) 16.3 1.14d(6.9) 17.2 1.97s 20.4

1.2.4. Structure determination of compound 4

Compound 4 was purified as white needles, with the molecular formula C»;H»07. The
'H-NMR and *C-NMR (Acetone-dg) spectra of compound showed the presence of a cis-
khellactone moiety [3 6.22 (d, J=9.5 Hz, 3-H), 7.91 (d, J=9.5 Hz, 4-H), 7.59 (d, J=8.6 Hz, 5-H),
6.84 (d, J=8.6 Hz, 6-H), 1.43, 1.44 (both s, 2°-gem-CHs), 5.26 (d, J=4.8 Hz, 3’-H), 6.49 (d,
J=4.8 Hz, 4’-H)] and 3°/4’ disenecioyl substitution [6 5.61 (br s, 2°°/2°"’-H), 2.15 (s, 4>’/4>*’-H),

1.89 (s, 57/5°-H)]. Therefore, compound 4 was determined as cis-3’,4’-
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disenecioylkhellactone.®
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Figure 17. *C-NMR spectrum of compound 4 (75 MHz, Acetone-ds)
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1.2.5. Structure determination of compound 5

Compound 5 was purified as white powder, with the molecular formula
CasH2507. The *H-NMR and **C-NMR (Acetone-ds) spectra of compound showed
the presence of a cis-khellactone moiety [6 6.22 (d, J=9.5 Hz, 3-H), 7.91 (d, J=9.5
Hz, 4-H), 7.59 (d, J=8.6 Hz, 5-H), 6.84 (d, J=8.6 Hz, 6-H), 1.43, 1.44 (both s, 2’-
gem-CHz), 5.26 (d, J=4.8 Hz, 3°’-H), 6.49 (d, J=4.8 Hz, 4’-H)], isovaleryl group [
2.23 (m, 2’-H), 2.15 (m, 3°’-H), 0.9-0.94 (m, 4°’/5°’-6H)] and senecioyl group [
5.61 (br s, 2°-H), 2.15 (s, 4’’-H), 1.89 (s, 5’’’-H)]. Thus, compound 5 was

determined as cis-3’-isovaleryl-4’-senecioylkhellactone.®

soass T o

Figure 18. "H-NMR spectrum of compound 5 (300 MHz, Acetone-dg)
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Figure 19. *C-NMR spectrum of compound 5 (75 MHz, Acetone-dg)

1.2.6. Structure determination of compound 6

Compound 6 was purified as white powder, with the molecular formula C14H40s. The
'H-NMR and ®*C-NMR (Acetone-dg) spectra of compound showed the presence of a cis-
khellactone moiety [8 6.20 (d, J=9.4 Hz, 3-H), 7.80 (d, J=9.4 Hz, 4-H), 7.48 (d, J=8.5 Hz, 5-H),
6.75 (d, J=8.5 Hz, 6-H), 1.43 (s, 6H), 3.8 (br s, 3°-H), 5.12 (br s, 4’-H)] with 3°/4’ position
hydroxyl substitution. The structure of the compound 6 was determined to be cis-

khellactone.®® ¢’
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Figure 20. 'H-NMR spectrum of compound 6 (500 MHz, Acetone-ds)
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Figure 21. *C-NMR spectrum of compound 6 (125 MHz, Acetone-ds)
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Table 3. *H and *C NMR data for compounds 4, 5 and 6.

4 5 6
Oy mult.(Jin Hz) oc Oy mult.(Jin Hz) 6¢ Oy mult.(JinHz)  &¢
2 6.22d (9.5) 160.1 6.22d (9.5) 160.1 6.20d(9.4) 161.7
3 7.91d (9.5 1123 7.91d (9.5 1123 7.8d(9.4) 112.3
4 7.59d(8.6) 144.8 7.59d(8.6) 144.8 7.48d(8.5) 1446
5 6.84d (8.6) 128.7 6.84 d (8.6) 128.7 6.75d (8.5) 128.7
6
7
8

Pos.

115.1 115.1 115.1
157.4 157.4 156.7
108.28 111.2 111.2
9 155.0 155.0 154.6
10 112.1 112.1 112.1
2’ 79.7 79.7 79.7
3’ 526d(48) 723 6.49d (4.8) 61.4 3.8 brs 72.3
4 649d(48) 614 5.36d (4.8) 723 5.12 brs 61.4
ygem L4 25.4 1445 254 1.43s 25.4
1.43s 21.6 143s 216 1.43s 21.6
1’ 165.5 172.4
2”  56lbrs  116.2 223m 432
3” 157.8 215m 263
4 2155 20.2 090 223
5 1.89s 27.2 094 223
1> 165.6 165.6
2’ 56lbrs 1162 561brs 1162
3 157.8 157.6
4> 2155 20.2 2155  20.2
5 1.89's 27.2 189s 272

1.2.7. Structure determination of compound 7

Compound 7 was purified as white crystals with the molecular formula
C10HgO4. The *H-NMR and *C-NMR (Acetone-ds) spectra of compound showed
the presence of coumarin skeleton [ 6.17 (d, J=9.5 Hz, 3-H), 7.85 (d, J=9.5 Hz, 4-
H), 7.18 (s, 5-H), 6.74 (s, 8-H)] with 6-position methoxy [6 3.94 (s, 6-OCHj3)] and
7-position hydroxyl group attachment. The structure of the compound 7 was

determined to be scopoletin.®
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Figure 23. ®*C-NMR spectrum of compound 7 (75 MHz, Acetone-dg)

1.2.8. Structure determination of compound 8

Compound 8 was purified as light yellow needles with the molecular formula
C16H1606. The *H-NMR and **C-NMR (Acetone-ds) spectra of compound showed the presence

of a linear furanocoumarin nucleus substituted in position 5 and signals for two methyl group
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attached to quaternary carbon atoms with hydroxyl group [6 1.25 &1.29 (s, 3H each)] and a Ar-
O-CH,CH grouping [6 4.44 & 4.86 (2H ), 3.89 (1H)]. Thus, the structure of compound 8 was

determined to be oxypeucedanin hydrate.*®

L L J' |

L

Figure 24. 'H-NMR spectrum of compound 8 (500 MHz, Acetone-ds)

H ’ | i d (W L I LA L L

Figure 25. *C-NMR spectrum of compound 8 (125 MHz, Acetone-ds)
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Table 4 : *H and **C NMR data for compounds 7 and 8

7 8
Pos. Sy mult.(J in Hz) dc Sy mult.(J in Hz) dc
2 161.4 160.9
3 6.17d (9.5) 110.0 6.23d (9.7) 113.2
4 7.85d (9.5) 144.7 8.37d (9.7) 140.5
5 7.18s 103.8 150.4
6 146.0 1145
7 151.1 159.1
8 6.74 s 113.4 7.16s 94.2
9 151.8 153.7
10 112.1 107.8
6-OCH3 3.945s 56.7
I 7.29d (2.5) 1033
2 7.86d (2.5) 146
3
3’Gem
4.441(9.0)
: 4.86d (9.0) 759
2 3.89d (9.0) 77.8
3 71.9
4 1.25s 27.2
5 1.29s 25.4

1.2.9. Structure determination of compound 9

Compound 9 was purified as white powder with the molecular formula C14H1404. The
'H-NMR and *C-NMR (Acetone-ds) spectra of compound showed the presence of a linear
pyranocoumarin nucleus [ 6.13 (d, J=9.5 Hz, 3-H), 7.87 (d, J=9.5 Hz, 4-H), 7.42 (s, 5-H), 6.73
(s, 8-H), 1.24, 1.25 (both s, 2°-CHj3), 3.67 (dd, J=10.5, 2.0 Hz, 3’-H), 3.07 (dd, J=14.0, 2.0 Hz,

4’-H), 2.53 (dd, J=14.0, 10.5 Hz, 4’-H)] with 3’ position hydroxyl substitution. The structure of

compound 9 was determined to be decurcinol.”
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Figure 27. ®*C-NMR spectrum of compound 9 (75 MHz, Acetone-dg)
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1.2.10.Structure determination of compound 10

Compound 10 was purified as white powder with the molecular formula CqHgO3.
The 'H-NMR and *C-NMR (Acetone-ds) spectra of compound showed the
presence of a coumarin skeleton [6 6.17 (d, J=9.5 Hz, 3-H), 7.85 (d, J=9.5 Hz, 4-H),
6.74 (d, J=2.0 Hz, 5-H), 6.85 (dd, J=8.4, 2.0 Hz, 6-H), 7.50 (d, J=8.4 Hz, 8-H)]
with hydroxyl group substitution at 7-position. The structure of compound 10 was

determined to be umbelliferone.”™

Figure 28. 'H-NMR spectrum of compound 10 (300 MHz, Acetone-dg)
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Figure 29. *C-NMR spectrum of compound 10 (75 MHz, Acetone-dg)

Table 5 : *H and *C NMR data for compounds 9 and 10.

Pos d 10
' Oy mult.(J in Hz) d¢ Oy mult.(J in Hz) dc
2 160.1 161.1
3 6.13d (9.5) 113.1 6.17 d (9.5) 110.0
4 7.87d(9.5) 145.0 7.85d (9.5) 144.7
5 7.42's 1316 6.74 d (2.0) 103.8
6 113.0 6.85 dd (8.4, 2.0) 130.5
7 161.0 162.0
8 6.73s 103.9 7.50 d (8.4) 113.4
9 155.8 157.0
10 126.0 112.1
6-OCH;
, 3.07 dd (14.0, 2.0
1 2,53 dd ((14.0,10.5)) 33.9
2’ 3.67 dd (10.5,2.0) 73.0
3’ 80.3
s 1.25s 25.6
3°Gem 1.24s 255
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1.4. Anti-viral activity of isolated compounds against PED virus

1.2.1. Determination of TCIDs, of stock PED virus suspension

Estimation of the lethality of virus is essential to ensure the uniform viral challenge
throughout the experiments, for which various methods are used to indicate the active viral
concentration in a suspension like plaque forming unit per mL (PFU/mL), multiplicity of
Infection (MOI), 50% tissue culture infectious dose (TCIDs) etc. This study being cell culture
based, TCIDsy was chosen for measuring the strength of stock viral suspension.

TCIDs (50 % Tissue culture infectious dose) is concentration of virus which induces
cytopathic effect in 50 % of the cells in a tissue culture. The TCIDsy was determined to be
880.4 x dilution of the stock virus suspension. Thus, in the experiments 200 x dilution was

used which is (880.4/200=) 4.4TCIDxy,.

100 -

80 A

TCID5((1880.48 + 81.63 times dilution

% Cell survival

100 1000
times dilution of the stock (in log scale)

Figure 30. PED virus titration curve for TCIDsg, determination.

880.48 times dilution of the virus stock was found to inhibit 50 % of the cultured vero cells.
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1.2.2. Assessment of PEDV induced CPE inhibitory activities of isolated

compounds:

Bioactivity guided successive fractionation of radix S. divaricata led to isolation of 6
angular pyrano coumarins (Khellactones) (1 to 6), two simple coumarins derivatives (7 and
10), a furano coumarin derivative and a linear pyrano coumarin (9). All isolates were tested for
inhibitory activity against PEDV induced CPE. Angular pyrano-coumarin (Khellactone) (fig.

43A) derivatives have previously been found to have antiviral activity.>’™

Indeed, among the
isolates, those with khellactone moiety (1 to 6) were found to inhibit PEDV induced CPE in
vero cells, in contrast 7 — 10, which don’t have that skeleton, did not show any significant CPE
inhibition. Although 3°C substituted khellactones are also reported to be cytotoxic,” ™
observations in this study shows that, in addition to toxicity such substitution also leads to
increased potency. As we can see, 2 and 6, with small or no substitution in 3’C position,

showed good activity with low toxicity, while 1, 3-5, which have bulky substitutions at 3’C had

higher antiviral potency as well as toxicity. (Table 2)

Figure 31. A. Khellactone (angular pyrano coumarin) skeleton; B. Compoundl; C.

Compound 2; D. Compound 6
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Table 6. Inhibitory effects of compounds 1 — 10 on PEDV induced CPE

Activity Cytotoxicity
Compound Safety Index
ECso(UM)* CCso(HM)*
2 5.91 > 50 >8.4
6 15.26 > 50 >3.27
Ribavirin” 13.98 > 50 >3.57
Optimum o Cytotoxicity
Compound ) % CPE Inhibition®
Concentration(uM)? CCso(HM)?
1 6.12 68.7 1.67+0.16
3 3.07 40.5 1.93+0.22
4 6.15 49.0 193+ 0.45
5 0.73 325 0.54 + 0.08
7 NA° - NT®
8 NA® - NT®
9 NA° - NT®
10 NA® - NT®

ECsg : 50 % Effective concentration; CCsq : 50 % Cytotoxic concentration; Sl : Safety Index
® Tests were carried out in triplicate
® The compound was used as the positive control
¢ No significant activity
? Not tested

Compound 2 and 6 showed excellent CPE inhibitory activity with safety indices more
than 8 and 3.2 respectively. While 2 has an acetyl substitution at 3°C which leads to its higher
potency inhibiting almost 98 % CPE at the concentration of 27.1 UM but 6 doesn’t have
3’substitution and thus inhibits about 93 % CPE at the concentration of 76.2 tM, almost three
times higher than that of 2. The regression analysis showed the ECsy 0f 2 and 6 to be 5.91 +

0.38 UM and 15.26 + 0.82 uM respectively, which is comparable to the positive control
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Ribavirin (ECs,13.98 = 1.71 uM). Also the toxicity of these two compounds were very little

even at high concentrations of 50 pM of the former and 76 pM of latter. Compound 2 didn’t

show any toxicity up to the concentration of

27.14 uM but when the concentration was

doubled to 54.28 uM, slight toxicity was shown, with cell survival dropping to 76.78 %, while

6 didn’t have noticeable toxicity upto 76 uM. (Fig. 41) This difference in toxicity can also be

related to the presence (2) or absence (6) of substituent at 3°C position.
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Figure 32. CPE inhibitory activity (black dots) and cell survival data (white dots) of

compound 2 (A) and 6 (B). ECsp0f 2 and 6 is 5.91 and 15.26 uM respectively.
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Due to the cytotoxicity, it was not possible to determine the ECsy of compounds with
bulky 3’C substituents (1, 3-5), however at their optimum safe concentration they were highly
potent. Compound 1 and 4 inhibited a maximum CPE of about 70 % and 40 % respectively at
the concentration of 6.12 uM on the other hand compounds 3 and 5 inhibited 40.5 % and 34.3
% CPE at the concentration as small as 3.07 and 1.45 uM respectively.(Fig. 43) Above these

concentrations all four compounds were found to exert cytotoxicity.

100 - A 100 - B
§80 - 580
S, 5
LU L

40 - 1
S &40
=20 - =20 -

0 - T T 0 -
6.12 1.53 0.765 3.07 0.76 0.19
Concentration (uUM) Concentration (LM)

100 - c 100 7 D
=80 - =80 -
S S
260 - 560 -
< e
£ £
W40 - W40 -
O O

0 - 0 - i
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Concentration (UM) Concentratlon (uM)

Figure 33. Dose dependent activity of Compound 1 (A), 3 (B), 4 (C), 5 (D) against PEDV

induced CPE in vero cells
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Comparison of the morphology of PEDV infected cells after treatment with
khellactones with small and bulky 3’C substituent also showed convincing results. Two
representative compounds, 1 having bulky and 6 with small substituent were chosen for study.
The CPE inhibition in infected cells treated with 6.12 uM or 3.6 uM of compound 1 was
significantly higher than the inhibition shown by 2 at 25.7 uM and 12.8uM. The protection
offered by 1 or 2 was comparable or even better than positive controls Ribavirin (41uM) and
glycyrrhizin (12uM).(Fig. 45)

3 2 U
ATONG v S

L

\M Compound 2

poundi2

Figure 34. Morphologies of Vero cells show the effects of compound 1, 2 and compounds
used as positive controls, Rivabirin and Glycirrhizin on PEDV-induced CPE. (A) Non-
infected cells; (B) Mock (C) 41 uM Ribavirin (D) 12 uM of Glycirrhizin (E) 6.12 pM
Compound 1 (F) 25.7 uM Compound 2 (G) 6 uM Glycirrhizin (H) 3.6 pM Compound 1

(1) 12.8 uM Compound 2 treated PEDV-infected vero cells on fourth day of infection.
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4. Conclusions

PED is a serious illness in pigs with disastrous consequences in swine based agro-
economy. No drugs are being effectively used to treat this ailment hitherto. Some vaccines
however have been licensed in few countries, but their efficiency being not dependable, the
swine industry is still in grave threat. Further, viruses, like SARS, from coronaviridae family
have been culprit to human epidemics and still pose a threat with recently new Coronavirus
being found killing few people in Arab regions. Being the members of same family of viruses
they share some similar replication mechanism, hence the molecules against PED virus could
be of significance for protection of humans too from the other Coronaviruses. Thus, with an
objective of finding a safe and efficient compound against this virus, the plant Saposhnikovia
divaricata, a popular ingredient of traditional Chinese medicine, was studied by bioactivity
guided fractionation leading to isolation of 10 coumarin, among which six compounds
inhibited the PED virus induced CPE.

Among the isolates, two compounds were found to have good antiviral property with
little toxicity, hence leading to high safety index. The other four compounds were also able to
inhibit the virus noticeably; however at higher concentrations they were found to exert
cytotoxicity. The remaining four compounds, on the contrary didn’t show significant antiviral
activity. Further, this study also shows that angular pyrano coumarin structure or khellactone,
have inhibitory activity against PED virus, and the substitution at the carbon 3’ position leads
to increase in anti-viral activity as well as cytotoxicity.

Thus, these compounds could be developed into new class of safe and efficient drugs against
PED virus. Further studies on the mechanism of action would help to make these molecules

more efficient drug against not only against PEDV but other Coronaviruses too.
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