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Abstract: The COVID-19 pandemic affects all parameters, especially healthcare professionals, drugs
and medical supplies. The KERRA is a mixed medicinal plant capsule that is used for the treatment
of patients with high fever, with food and drug administration approved by FDA Thailand. Recently,
KERRA showed induced quicker recovery for COVID-19 patients. Therefore, it is possible that some
ingredients in KERRA could inhibit SARS-CoV-2. In this study, two important replication-related
enzymes in SARS-CoV-2, a main protease and an RNA-dependent RNA polymerase (RdRp), were
used to study the effect of KERRA. The results showed that KERRA inhibited the SARS-CoV-2 main
protease and SARS-CoV-2 RdRp with IC50 values of 49.91� 1.75 ng/mL and 36.23 � 5.23� g/mL,
respectively. KERRA displayed no cytotoxic activity on macrophage cells at concentrations lower
than 1 mg/mL and exhibited anti-in�ammatory activity. Additionally, KERRA was used against a
feline coronavirus (feline infectious peritonitis (FIP)) infection with an EC 50 value of 134.3 � g/mL.
This study supports the potential use of KERRA as a candidate drug for COVID-19.

Keywords: COVID-19 pandemic; KERRA; SARS-CoV-2 main protease; SARS-CoV-2 RNA-dependent
RNA polymerase; anti-FIPV activity

1. Introduction
Coronavirus disease, or COVID-19, a new disease caused by severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2), was �rst identi�ed in Wuhan, China, in Decem-
ber 2019 [1]. COVID-19 is a global pandemic and has spread extremely quickly [ 2], with
symptoms such as fever, cough, sore throat, asthma, and lung in�ammation [ 3� 5]. In
severe cases, respiratory failure and even death can occur [5]. SARS-CoV-2 is easy to
infect by contact, droplets, and airborne transmission and all people should protect them-
selves with hand washing, social distancing 2�4.8 m, and wearing N95 masks [ 6]. Upon
SARS-CoV-2infection or vaccine induction, both humoral and cellular systems would
adapt the immunological protection. Afterward, upon second infection, the body has
antibodies and retains the immunological memory resulting in quicker and stronger re-
sponse [7]. SARS-CoV-2is a positive-sense single-stranded RNA virus belonging to the
Coronaviridae family, Betacoronavirusgenus, infecting cells of the upper and lower respira-
tory tract [ 8]. The enzyme target for COVID-19 treatment is interesting, with two enzymes.

COVID 2022, 2, 621�632. https://doi.org/10.3390/covid2050046 https://www.mdpi.com/journal/covid

https://doi.org/10.3390/covid2050046
https://doi.org/10.3390/covid2050046
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/covid
https://www.mdpi.com
https://orcid.org/0000-0001-8155-1602
https://orcid.org/0000-0003-1078-186X
https://orcid.org/0000-0003-4428-4140
https://orcid.org/0000-0003-0701-4205
https://orcid.org/0000-0002-2426-0961
https://orcid.org/0000-0002-2421-7859
https://doi.org/10.3390/covid2050046
https://www.mdpi.com/journal/covid
https://www.mdpi.com/article/10.3390/covid2050046?type=check_update&version=1


COVID 2022, 2 622

The main protease of SARS-CoV-2 is translated in human host cells to cleave several viral
proteins into their active forms [ 9,10], and RNA-dependent RNA polymerase (RdRp) is
used to replicate RNA as the genetic material for SARS-CoV-2 [11,12]. Therefore, further
attempts to establish new compounds will inhibit two important SAR-CoV-2 enzyme ac-
tivities. Several inhibitors in drug discovery have been derived from natural products or
medicinal plants, which have been recognized as important sources of new drug discovery.
For example, Fah Talai Jone (Andrographis paniculata) is one of the medicinal plants used to
treat COVID-19 patients in Thailand [13].

The asiatic cholera pandemic during 1826�1837 was occured from India across to Asia,
Europe, and the Americas. In Thailand itself, some epidemic crises have also appeared
in the past, which considerably damaged the lives and property of the people [ 14]. In
each epidemic, herbal medicines, as basic self-care remedies, became alternative tools to
manage the disease. An alternative for Thais to prevent COVID-19 is herbal medicine,
particularly from Encyclopaedia of Tak-Ka-Si-La, a volume of Thai wisdom from an-
cient times. KERRA is an herbal medicine from Tak-Ka-Si-La. KERRA is a mixed nine-
ingredient medicinal plant that includes Dracaena loureiriGagnep. [15], Tarenna hoaensis
Pit. [16], Schumannianthus dichotomus(Roxb.) Gagnep. [17], Momordica cochinchinensis(Lour.)
Spreng. [18], Citrus aurantifolia(Christm.) Swingle. [ 19], Combretum quadrangulareKurz. [ 20],
Dregea volubilisBenth. ex Hook.f. [21], Tiliacora triandraDiels. [22], and Tinospora cordifolia[23].
All nine-ingredient medicinal plants have various pharmacological bioactivities, which are
mainly antioxidant and anti-in�ammatory.

This study evaluated the inhibition of two important SAR-CoV-2 enzyme activities of
KERRA, which exhibited anti-inflammatory activity in RAW264.7 macrophage cells and
against feline coronavirus infection. The results demonstrated that KERRA has potent anti-
SARS-CoV-2 main protease and anti-SARS-CoV-2 RdRp with no toxicity in cell culture models.

2. Materials and Methods
2.1. Inhibition of the Main Protease of SARS-CoV-2

A sample was prepared of KERRA (Lot no. 048921, Mfg. 21 May 2021, Exp. 20 May 2024
and produce by Vetchakornosot, Bangkok, Thailand) and Fah Talai Jone (A. paniculata) at
100 mg/mL in 100% dimethyl sulfoxide as stock solution and stored at � 20 � C until used.
SARS-CoV-2’s main protease inhibition was performed with a �uorogenic assay [ 24� 26].
SARS-CoV-2’s main protease gene was synthesis from GenScript company, then expression
and puri�cation in our laboratory. The assay was a minor modi�cation of the following
steps. Brie�y, 200 nM SARS-CoV-2 main protease was preincubated with 10 � g/mL and
100 � g/mL of each inhibitor for 10 min at room temperature. Then, the relative inhibition
was started by adding 40 � M �uorogenic substrate (Genscript USA Inc., Piscataway, NJ,
USA) to each well. The reaction was monitored at intervals of 10 s for 10 min by �uorescence
with excitation at 340 nm and emission at 430 nm (In�nite 200 PRO Microplate Reader,
Tecan, Männedorf, Switzerland). The inhibitory effect of recombinant SARS-CoV-2’s main
protease was compared with lopinavir and ritonavir as commercial drugs for HIV-1 pro-
tease inhibition. The IC50 measurements of KERRA and A. paniculatewere determined with
2-fold serial dilutions. All assays were performed in triplicate. The percentage of relative
inhibition and IC 50 values were calculated from the initial velocity (V 0) as Equation (1)
using a dose�response curve in GraphPad Prism software, version 8, where V 0 Enzyme
is the �uorogenic substrate with the SARS-CoV-2 main protease; V 0 Blank is the �uoro-
genic substrate without the SARS-CoV-2 main protease; and V0 Sample is the �uorogenic
substrate with sample or commercial drugs.

[Relative Inhibition (%) =

��
Vo Enzyme � Vo Blank

�
�

�
Vo Sample � Vo Blank

��

Vo Enzyme � VoBlank
� 100] (1)
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2.2. SARS-CoV-2 RNA-Dependent RNA Polymerase Inhibition of KERRA
KERRA and A. paniculatawere screened for their ability to inhibit the SARS-CoV-2

RdRp enzyme using the RdRp (SAR-CoV-2) homogeneous assay kit (BPS Bioscience: #78109,
San Diego, CA, USA) [27]. The RdRp (SAR-CoV-2) gene was synthesized from GenScript
company (Genscript USA Inc., Piscataway, NJ, USA), whose expression and puri�cation
were conducted in our laboratory. First, 24 ng/ � L RdRp enzyme was added to each well for
the positive control and the test inhibitors. For the blank, complete RdRp buffer was added.
Then, 8-fold diluted RNase inhibitor was added to each well. Subsequently, 100 � g/mL
inhibitor was added to each well of the test inhibitors, while the positive control and blank
were added to the same solution without inhibitor. All reactions were preincubated for
30 min at room temperature. Then, 2 � L of RdRp reaction mixture, which consisted of
diluted digoxigenin-labeled RNA duplex and diluted biotinylated ATP, were mixed and
incubated for one hour at 37 � C. Afterward, 10 � L of diluted AlphaLISA anti-digoxigenin
acceptor beads (PerkinElmer: #AL113C, Waltham, MA, USA) were added and incubated
on a shaker for 30 min at room temperature. Next, 10 � L of diluted streptavidin-conjugated
donor beads (PerkinElmer: #6760002S) was added and incubated on a shaker for 30�60 min
at room temperature. Finally, the alpha counts were measured using a microplate reader
(SPARKfi multimode microplate reader, Tecan, Männedorf, Switzerland). All assays were
performed in triplicate. The percentage of relative inhibition and IC 50 values of each sample
were analyzed using GraphPad Prism program, version 8.

2.3.Anti-Inflammatory Effect of KERRA in Lipopolysaccharide-Stimulated RAW264.7 Macrophages
RAW264.7 macrophage cells were grown in DMEM supplemented with 10% fetal

bovine serum (FBS) and 1% Anti-Anti under a humidi�ed atmosphere of 5% CO 2 at 37 � C.
Cells were cultured in a 96-well plate at a density of 1 � 105 cells/well overnight. After
incubation, the cells were treated with various concentrations of the sample at 1, 0.5, 0.25
and 0.1 mg/mL and cotreated with 1 � g/mL lipopolysaccharide (LPS) incubated for 24 h
at 37 � C with 5% CO 2. Subsequently, 50 � L of media was mixed with 50 � L of Griess
reagent and measured by reading absorbance at a wavelength of 540 nm. Cell viability was
measured by PrestoBlue� Cell Viability Reagent (Thermo Fisher Scienti�c, Carlsbad, CA,
USA), and absorbance was read at a wavelength of 570 nm. Data analysis was performed
with Equation (2).

[anti � in�ammation activity (%) =
Acontrol � A test

Acontrol
] (2)

2.4. Anti-FIPV Activity Assay
KERRA was prepared in 100% dimethyl sulfoxide to make a stock solution at 100 mg/mL .

The stock solution was serially diluted twofold in DMEM and filtered using Whatman No. 1
filter paper to prepare a working solution before testing. The final concentrations of KERRA
ranged from 500 to 31.25� g/mL. The KERRA stock was kept at � 20 � C for further use.

Vero cells (CCL-81� ) were seeded in a 24-well plate overnight. For virus preparation,
the KERRA at the desired concentrations were incubated with FIPV DF2 strain (ATCC:
VR-2004� ) at 100 MOI MOI for 1 h at 37 � C in a 5% CO2 incubator. Subsequently, the
cell culture medium was removed and replaced with a KERRA-FIPV mixture. Vero cells
were incubated at 37 � C in 5% CO2 for 2 h. Afterward, the KERRA-FIPV mixture was
removed and replaced with 500 � L of maintenance medium. FIPV-infected cells were used
as a positive control, while cells treated with DMSO were used as a negative control. The
inoculated cells were continuously incubated at 37 � C in 5% CO2 for 72 h. The FIPV was
collected by freeze�thawing 3 times and centrifuged to separate the cells debris. The FIPV
RNA was extracted by Omega Bio-tek, Inc. (Norcross, GA, USA) kit. The viral copy number
of each sample was determined using quantitative real-time RT�PCR (qRT�PCR) (Bio-Rad,
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Shinagawa, Tokyo, Japan). The effective concentration that attained a 50% decrease in viral
replication was de�ned as the EC50 value.

2.5. Phytochemical Pro�le Analysis Using LC�MS/MS
Phytochemical profiling analysis was prepared using a previous protocol with minor

modifications [ 28]. Briefly, the extract powder (0.7 g) was mixed with 14 mL of ethanol. The
suspension was incubated for 72 h at 8 � C with a shaker at 100 rpm. Then, the solution was
centrifuged at 14,000� g for 30 min at 8 � C. SPE with the extraction manifold system was
used to clean the clear upper solution. SPE was preconditioned using 20 mL of acetonitrile
and equilibrated with 50 mL of water. The supernatants were loaded on the equilibrated
SPE and eluted with 99% acetonitrile/water. The eluted fractions were evaporated under a
vacuum using rotatory evaporation. To confirm the phytochemical content, the experiments
were conducted in 3 biological replications. The samples were reconstituted in 1000 � L of
methanol and diluted with 1000 � L of 0.2% formic acid/water before being subjected to LC�
MS/MS analysis. Quality control of the samples was conducted to confirm the reproducibility
data, and LC�MS/MS was used to determine the total ion intensity of all of the identified
compounds from three independent extraction batches and three technical injections.

The acquired raw MS �les were processed with Compound Discoverer software,
version 3.1 (Thermo Fisher Scienti�c, Waltham, MA, USA), to identify phytochemicals.
Peak identi�cation, peak alignment, and peak feature extraction were all conducted in
positive mode on the data. The retention time (RT) and mass-to-charge ratio ( m/ z) of
different injections were determined according to the retention time deviation of 0.5 min
and the mass deviation of 5 ppm. Then, peak extraction was performed according to
the set information and adduct information: mass deviation = 5 ppm, signal strength
deviation = 30%, signal-to-noise ratio = 2, and �ne isotopic pattern matching >90% of the
precursor and the characteristic product ions. Additionally, the peak area was quanti�ed.
The target m/ z ions were then integrated to predict the molecular formula, which was
compared to the mzCloud (https://www.mzcloud.org; accessed date 23 March 2022)
and ChemSpider (http://www.chemspider.com; accessed date 23 March 2022) online
databases for the identi�cation and con�rmation of the compounds. Furthermore, structural
elucidation and transformations were suggested for each chromatographic peak by the
Fragment Ion SearchTM (FISh) function. The FISh coverage score was calculated, and
fragments on the MS/MS spectrum were autoannotated with structure, molecular weight,
and elemental composition. Among candidate metabolites obtained from mzCloud and
ChemSpider with FISh, the highest MS/MS coverage scores were selected for annotation.
The candidate metabolites with annotation and with mzClound best match scores > 60 and
FISh coverage > 20 or area > 1� 109 AU were reported.

3. Results
3.1. Inhibition of the Main Protease of SARS-CoV-2 by KERRA

The main protease of SARS-CoV-2 is one of the main enzymes that plays a crucial
role in viral replication and is highly conserved; it is one of the most attractive therapeutic
targets for SARS-CoV-2 inhibition. This protein has been a target for the development
of drugs and for virtual screening in several projects [ 24,29� 31]. Lopinavir and ritonavir
were the �rst two drugs suggested for use in the treatment of COVID-19 patients [ 32� 34].
Furthermore, Fah Talai Jone (A. paniculata) was one herbal medicine recommended for use
by the FDA in Thailand as an alternative drug [ 13,35,36]. The effects of these compounds
were tested against the SARS-CoV-2 main protease. The �uorogenic assay was used to
measure the proteolytic activity of the recombinant SARS-CoV-2 main protease [ 24,37,38].
The relative inhibition of KERRA, A. paniculata, lopinavir and ritonavir was determined at
two concentrations: 10 � g/mL and 100 � g/mL. The results showed the dose-dependent in-
hibition of SARS-CoV-2 main protease by all tested compounds. At 10 � g/mL, each sample
showed enzyme proteolytic inhibition lower than 50%, except for KERRA, which showed
76.46% inhibition. The activity at 100 � g/mL of each sample represented inhibition of more

https://www.mzcloud.org
http://www.chemspider.com
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than 50%, except forA. paniculata,while KERRA resulted in complete inhibition (Figure 1).
The IC50 values of all compounds were determined for comparison. The IC 50 values of
lopinavir and ritonavir were 77.03 � 8.51 � g/mL (122.50 � M) and 23.39� 2.52� g/mL
(32.44� M), respectively (Figure 2a,b). These values are similar to those previously reported;
the IC50 values of lopinavir were more than 40 � g/mL (>60 � M), and those of ritonavir
were more than 15 � g/mL (>20 � M) [ 35,36], indicating the reliability of our assay method.
Furthermore, the IC 50 value of the A. paniculataextract was 29.94� 8.51� g/mL (Figure 2c).
This report is the �rst of the IC 50 of A. paniculataextract against the main protease since
it was previously proposed that andrographolide from A. paniculataextract targeted this
main protease by molecular docking [ 13]. Interestingly, KERRA showed an IC 50 value of
46.35� 4.89 ng/mL (Figure 2d), which was 650 times lower than that of the A. paniculata
extract. These data indicated that KERRA is a candidate inhibitor of the main protease
SARS-CoV-2.
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3.2. KERRA Inhibition of RdRp (SARS-CoV-2)
The other important enzyme for inhibiting virus replication is an RNA-dependent

RNA polymerase (RdRp). As previously reported, favipiravir effectively inhibited RdRp
(SARS-CoV-2) activity in viral cell culture [ 37,38]. However, favipiravir is a prodrug,
which is a molecule with little or no pharmacological activity, that is converted into the
active parent drug in vivo by enzymatic or chemical reactions. Therefore, the inhibitory
activity of the SARS-CoV-2 RdRp assay was used to determine the effect of KERRA. The
inhibitory activities of KERRA, A. paniculate, and favipiravir were tested at 100 � g/mL
using an RdRp (SARS-CoV-2) homogeneous assay kit [27]. Interestingly, the results showed
that KERRA was the most effective against SARS-CoV-2 RdRp among all compounds,
with 57.16% ef�cacy (Figure 3a). This enzymatic inhibition result for favipiravir is not
surprising since it is a prodrug form. It is not fully active until it is metabolized by
cells to activate favipiravir-ribofuranosyl-5 0-triphosphate (favipiravir-RTP). KERRA was
evaluated for IC 50 values and showed inhibitory activity against RdRp (SARS-CoV-2), with
an IC50 value of 36.23� 5.23� g/mL . The IC50 values of RdRp (SARS-CoV-2), such as
remdesivir ( 2.58� 0.27� M), lycorine (1.41 � 0.26� M), adefovir dipivoxil (3.78 � 0.87� M),
emtricitabine (15.38 � 3.60� M) and favipiravir (61.88 � M), have been mostly investigated
in cell base assays [39� 41]. Therefore, this study is the �rst report of the IC 50 of RdRp
(SARS-CoV-2) with an enzyme activity assay.
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Figure 3. (a) The percentage of relative inhibition compared among favipiravir, KERRA and
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(SARS-CoV-2) activity.

3.3. Effect of KERRA on Anti-In�ammation Activity
First, for the cytotoxicity assay, RAW 264.7 macrophage cells were treated for 24 h with

various concentrations of KERRA at 1, 0.5, 0.25 and 0.1 mg/mL. The results showed that
the RAW 264.7 macrophage cells treated with 1, 0.5, 0.25 and 0.1 mg/mL KERRA had cell
viability values of 95.51%, 96.94%, 92.65% and 91.16%, respectively. Cell viability greater
than 80% indicated that KERRA was not toxic to cells (Figure 4a).

The anti-in�ammatory activity of macrophage cells after treatment with KERRA for
24 h at concentrations of 1, 0.5, 0.25 and 0.1 mg/mL was investigated for the production of
nitric oxide (NO) using Griess reagent. In this experiment, 1 � g/mL LPS and 65 � g/mL
diclofenac were used as negative and positive controls, respectively. The results showed
that 1 mg/mL KERRA had the highest anti-in�ammatory activity at 79.66%, followed by
0.5, 0.25, and 0.1 mg/mL KERRA at 59.46%, 34.99% and 7.87%, respectively (Figure 4b).
This result indicated that KERRA could have anti-in�ammatory activity.
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ity after treatment with KERRA using PrestoBlue � Cell Viability Reagent. ( b) Anti-in�ammatory
activity of RAW264.7 macrophage cells after treatment for 24 h with various concentrations of KERRA.

3.4. Anti-FIPV Activity
To test whether KERRA can be effective at the cellular level, feline coronavirus was

used as a model for studying inhibition since it has homological structures of the main
protease and RdRp to SAR-COV-2, and it can be performed in the BSL2 laboratory. Anti-FIP
virus activity was assessed by qRT�PCR to quantify the effect of inhibition by determining
the number of FIPV copies in the cells. Infected Vero cells found FIP virus at 9 � 106 copy
numbers after 3 days of infection. The Vero cells treated with 1 mg/mL KERRA found
that the amount of FIP virus decreases to 6 � 105 copy numbers (Figure 5a). Preliminary
experiments of EC50 insinuate that coculture with KERRA decreased the amount of FIPV
in Vero cells, yielding an EC50 value of 134.3 � g/mL (Figure 5b). This result indicates that
KERRA could inhibit virus propagation in Vero cells.
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3.5. Phytochemical Pro�ling and Qualitative Metabolite Analysis
The accuracy of phytochemical pro�le data depends greatly on biological sampling

and LC�MS/MS instrument performance. To examine whether the instrument is in good
operating condition and whether the sample preparation and method applied were ap-
propriate, the TIC of all injections is shown in Figure 6. The TIC of independent batches
and technical replicates revealed consistency and reproducibility. The highest peak at
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approximately 6.6 min was shown in 9 LC�MS runs. Additionally, this peak exhibited
good symmetry and was consistent across the three batches of the experiments (compound
coef�cient of variance per sample batch as 4%). Additionally, the TIC of all the detected
metabolites in the 9 LC runs revealed that their pro�les were extremely comparable in
terms of elution times and intensity values, indicating consistency and reproducibility in
batches at the overall level. The identi�cation of metabolites by LC�MS/MS with HCD in
positive mode is well-established. A total of 414 annotated phytochemical species were
identi�ed (Supplementary Table S1). Table 1 lists the top ten phytochemicals.
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Table 1. List of high-abundance phytochemicals detected in KERRA.

List Name Formula Molecular Weight (Da) Area

1 2-Methoxy-9H-xanthen-9-one C14 H10 O3 226.0594 7.43� 109

2 Isorhapontigenin C 15 H14 O4 276.0960 7.36� 109

3 Betaine C5 H11 N O2 117.0776 6.84� 109

4 - C20 H28 O4 314.1837 6.81� 109

5 trans-Anethole C10 H12 O 148.0869 4.82� 109

6 Eicosatetraynoic acid C20 H24 O2 296.1734 4.05� 109

7 NP-020078 C17 H28 O3 302.1847 3.28� 109

8 NP-003294 C18 H16 O7 344.0850 3.09� 109

9 - C20 H30 O5 332.1946 2.88� 109

10 N1-(3-chlorophenyl)-2-[2-(tri�uoromethyl)-4-
quinolyl]hydrazine-1-carboxamide C17 H12 Cl F3 N4 O 380.0672 2.37� 109

KERERA identified three major components: 2-methoxy-9H-xanthen-9-one, isorhaponti-
genin, and betaine. The presence of these annotated compounds was confirmed and validated
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using their respective accurate mass, experimental and calculatedm/z, molecular formula,
precursor mass error, MS2 fragmentation pattern, and well-known database matching.

4. Discussion
In vitro studies of the inhibitory activity of the SARS-CoV-2 main protease of KERRA

found that the IC 50 of KERRA was 49.91� 1.75 ng/mL, which was lower than that of ritonavir
and lopinavir, which are used for COVID-19. The inhibitory activity of RdRp ( SARS-CoV-2)
and of KERRA compared with favipiravir (prodrug form) at 100 � g/mL showed that KERRA
showed relative inhibition against RdRp (SARS-CoV-2) activity better than favipiravir by
approximately five-fold, representing an IC 50 value of 36.23� 5.23� g/mL . However, this
study used favipiravir in a prodrug form, which is not fully active until it is metabolized by
cells to activate favipiravir-ribofuranosyl-5 0-triphosphate (favipiravir-RTP) [ 42]. Therefore,
the RdRp (SARS-CoV-2) inhibition of favipiravir assay showed low inhibitory activity.

The determination of cytotoxicity to RAW264.7 cells found that the cell viability was
higher than 80% at a high concentration of 1 mg/mL KERRA, indicating that KERRA
is not toxic to cells. However, 1 mg/mL KERRA was the best concentration, exhibiting
the highest anti-in�ammatory activity. The anti-in�ammatory activity of diclofenac is
lower than that of KERRA because this experiment used a concentration lower than the
sample based on the dose recommended [43]. Moreover, Vero cells treated with KERRA
showed a decrease in FIP virus copy number, con�rming that KERRA could reduce FIP
viral infection. Our results are related to a previous study of 9H-xanthen derivatives [ 44],
and isorhapontigenin [ 45] could have antiviral activity. Therefore, KERRA is a potent
mixed herb against SARS-CoV-2 virus infection.

With additional LC�MS/MS results, KERRA identi�ed 2-methoxy-9H-xanthen-9-one,
which is one of the major xanthones with a wide range of biological activities [ 46]. The
second major compound is isorhapontigenin, a bioavailable dietary polyphenol that plays
a role in epithelial cell anti-in�ammation through a corticosteroid-independent mecha-
nism and that inhibits the PI3K/Akt pathway, which is insensitive to corticosteroids [ 47].
Moreover, isorhapontigenin has exhibited activity on SARS-CoV-2 virus-infected Vero
cells [48]. Betaine is a stable and nontoxic trimethylglycine that is widely distributed in
animals, plants, and microorganisms. Betaine, as an osmoprotectant and a methyl group
donor, has displayed anti-in�ammatory effects in various diseases [ 49]. These effects were
associated with protecting SAA metabolism from oxidative stress, inhibiting NF- � B and
NLRP3 in�ammasome activity, regulating energy metabolism, and mitigating ER stress
and apoptosis [50]. Three major compounds in KERRA are available in natural products
and have been found to have anti-in�ammatory functions.

5. Conclusions
KERRA is a combination of nine medicinal plants that showed inhibitory activity

against the main protease of SARS-CoV-2 and RdRp (SARS-CoV-2) in assays with IC50
values of 49.91� 1.75 ng/mL and 36.23 � 5.23� g/mL, respectively. KERRA was nontoxic
to RAW264.7 cells at concentrations lower than 1 mg/mL and exhibited the highest anti-
in�ammatory activity at 79.66%. FIP virus infection showed an EC50 value of 134.3 � g/mL.
Furthermore, the major compounds in KERRA were found in medicinal plants, and they
have a bioactive role that could treat many diseases as their main anti-in�ammatory
function. Therefore, KERRA is a candidate for drug treatment of COVID-19, and further
study is recommended with animal models and clinical trials. However, Thai medicinal
plants could be most bene�cial to use and could be further developed as commercial drugs.

6. Patents
There are no intellectual patents issued on any of the investigational ingredients, as

these are already freely available and can be purchased over the counter.
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Abstract  
This research study aims to study the effects of a traditional herbal product ��Kerra capsule����on the 
clinical characteristics of patients infected with COVID��19 during home isolation����A retrospective study 
was conducted among 2,510 patients infected with COVID��19 tested for COVID��19 in Pathum Thani 
Province����The age of the patients was between ����months to ��������years. The patients received herbal 
product ��Kerra capsule���� before self��isolation at home under the supervision of Prachathipat Hospital 
between July to August 2021����After receiving the Kerra capsule, most of the patients could recover from 
COVID��19 within 5 days����51.91������ . During the treatment, there was no increased severity of symptoms, 
no ventilators were used, there were no major side effects, no patient referrals, and no patient deaths����
We found the Kerra capsule��effect on the patients and showed an improvement in treatment outcomes 
for 99��60 percent����We concluded that the Kerra capsule��is an alternative treatment for COVID��19 
patients due to it is safe and cost��effective during the COVID��19 situation�� 
 
Keywords �� Herbal Product; Herbs; Kerra; Covid��19 
 

INTRODUCTION  

Recently, the situation of Coronavirus 
Disease 2019 ��Covid��19� � � �pandemic is still 
severe� � � �There are 263,248,748 infected cases 
and 5,237,114 deaths globally �� Emergency 

Operations Center Department of Disease 
Control, 2021������In Thailand, there are a total of 
171,978 cases, which are 4,886 new cases, 
2,120,758 total confirmed cases and 20,812 
deaths� � � �Therefore, the Department of Disease 
Control in Thailand has implemented measures 

mailto:pussadee10@yahoo.com
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to prevent and control the spread of COVID ��
19� � � �The Ministry of Public Health has 
campaigned for all citizens to strictly follow 
Self�� Protection Measures �� DMHTTA�� , D����
Distancing with at least 1��2 meters distance, M����
Mask wearing H, Hand washing, T����
Temperature check, T����Testing for COVID��19, 
and A����Application Thaichana����Mor Chana����All 
citizens can assess themselves in the application 
����Thai Safe Thai����for risk of infection to reduce 
the spread �� Emergency Operations Center 
Department of Disease Control, 2021�� ����
However, the spread of COVID ��19 and death 
is continuing due to a mutation of the virus 
causing thousands of infections per day 
resulting in the government hospitals being 
overwhelmed by the number of patients����
Therefore, there are guidelines for caring for 
covid patients at home ��home isolation� � � �under 
the consideration of a doctor and the monitoring 
system����Most recoveries from COVID��19 occur 
within the first 10�� 3 ± 8�� 1 days after 
treatment��infection ��Ryan HW Cho, 2021�� ����
Guidelines for treating COVID����19 patients 
depend on the manifestation of symptoms and 
the severity of the disease������Ministry of Health, 
2021� � � �In some cases, doctors may consider 
favipiravir as a treatment� � � �However, it has 
several side effects such as the potential for a 
teratogenic effect and increased uric acid levels����
It also should be used with caution in pregnant 
women and patients with impaired liver 
function ��Ministry of Public Health, Medical 
Information Center, 2021���� 

In Thailand, medicinal herbs are 
another alternative treatment for treating 
COVID �� 19 in asymptomatic patients or 
patients with mild symptoms of the disease����For 
example, the study by Benjapolphithak U��, 
Wisitthanon K��, Sawangtham T, Thanirat D��, 
and Wanarat K� � � � � �2021� � � �reported the use of 
Andrographis paniculata for the treatment of 
Covid ��19� � � �They found that it can prevent 
symptoms of Covid �� 19� � � �The study was 
conducted on 526 patients who did not receive 
Andrographis paniculata and 309 patients who 
received Andrographis paniculata with 180 
mg��day of Andrographolide in comparison� � � �It 

was found that the patients who did not receive 
Andrographis had more severe progression, 
such as pneumonia or required intubation� � � �For 
the patients receiving Andrographis paniculata, 
only 3 patients �� 0��97percent� � � �had severe 
symptoms ��0��97percent��, so the number needed 
to treat is equal to 7��32, meaning that the 
administration of Andrographis paniculata in 
every 8 COVID��19 patients can reduce one 
incidence of pneumonia� � � �The use of 
Andrographis paniculata can prevent the risk of 
pneumonia by 94��3��percent� � � �Nevertheless, the 
consecutive use of Andrographis Paniculata for 
a long time can cause a myriad of side effects 
and there are also other limitations, such as 
prohibited use in pregnant women, 
breastfeeding women, patients with liver 
disease, patients with kidney disease, etc����
��Yongstar M��, 2018������ 

In this study, we proposed another 
traditional Thai herb that may have a potential 
effect on COVID��19� � � �Taksila formula is an 
herbal product recipe that Thai people have 
used since ancient times for the treatment of 
epidemic diseases which includes herbal 
formulas �� Kerra capsule�� �� ��Kerra capsule 
contains 9 main herbal ingredients, and has 
been registered in the traditional medicine 
formulas with the Food and Drug 
Administration �� FDA�� , Ministry of Public 
Health with the registration number G 40��57 
used to treat fevers� � � �The herbal recipe helps to 
reduce heat, cure fever, cure cough, reduce 
headache, eliminate phlegm, nourish the 
lymphatic system, boost the immune system, 
reduce restlessness, reduce inflammation, pain, 
and swelling, and improve heart and blood 
circulation ��Sun J, et al��, 2019, & Banskota AH, 
et al��, 2000 & Singthong J, et al��, 2014� � � �Using 
traditional herbal remedies as an alternative 
treatment can reduce the cost of treating 
COVID��19�� 

From the COVID��19� � � �situation report 
in Pathum Thani province on August 11, 2021, 
there were 25,759 confirmed cases, and 12,781 
cases were undergoing treatment� � � �At that time, 
there was a shortage of antipyretic drugs to 
alleviate the symptoms of COVID�� 19, 
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Therefore, Kerra capsules��were an alternative 
for treatment� � � �In his study, we are interested in 
conducting a retrospective study on the effects 
of a traditional herbal product����Kerra capsule����
on the clinical features of COVID��19 in those 
who are self��isolating at home����The results can 
be used to support the use of the traditional 
herbal product ��Kerra capsule����as an alternative 
for the treatment of COVID��19�� 

 
OBJECTIVES 

To conduct a retrospective study on the effect 
of a traditional herbal product ��Kerra capsule����
on the clinical features of COVID��19 and the 
side effects of patients who are infected with 
COVID��19 and self��isolating at home�� 
 

RESEARCH METHODOLOGY  

A retrospective cohort study based on data from 
patients who are infected with COVID��19 was 
conducted in this study� � � �This research is 
descriptive research by conducting a 
retrospective study �� Retrospective cohort 
study����based on data from infected patients who 
are infected with COVID��19 in home isolation 
under the supervision of Prachathipat Hospital 
and the Provincial Administrative 
Organization, Pathum Thani Province 
 

POPULATION AND SAMPLES  

The population in this study is 3,194 
COVID��19 patients who tested for COVID����19 
in Pathum Thani Province and received a 
traditional herbal product ��Kerra capsule����from 
July to August 2021� � � �We conducted a 
retrospective study by selecting complete data 
for 2,510 samples�� 

The inclusion criteria are��the following 
complete information as specified in the record 
form, ATK test results before and after 
quarantine, ability to communicate in the Thai 
language, and voluntarily provide information����
The exclusion criteria are unable to contact the 
patient�� 

 
RESEARCH TOOLS  

The research tool in this study is a data 
record form to collect information from a report 
from the Pathum Thani Provincial 
Administrative Organization that collects 
information about patients with COVID�� 19 
who take the traditional herbal product� � � �The 
data on ATK test reports and an interview form 
were applied to collect more information from 
the patients such as for monitoring symptoms 
and side effects for further benefits�� 

 
QUALITY INSPECTION OF TOOLS  

The quality of the form was tested by 
the IOC value using 3 experts' assessments, to 
improve the quality of the form according to the 
recommendations� � � �After that, the form was 
tested on patients with similar characteristics to 
our subjects����Before collecting the data, the IOC 
value was in the range of 0��66��1��00�� 

 
DATA COLLECTION  

The data was collected from the 
patients tested for COVID��19 in Pathum Thani 
Province, Thailand in August 2021 to study the 
effect of an herbal product ��Kerra capsule��, and 
the satisfaction of herbal product �� Kerra 
capsule�� on clinical characteristics of COVID��
19 in home�� isolated patients infected with 
COVID�� 19� � � �The data was collected from 
Pathum Thani Provincial Administrative 
Organization's database�� 

 
DATA COLLECTION METHOD  

Our method of data collection�� is 
divided into 2 parts� � � �The first part is gathering 
information from data sources and the second 
part is collecting information from interviews����
Data collection from the source is as follows�� 
1����Sending a letter requesting information from 
the Pathum Thani Provincial Administrative 
Organization 2� � � �Receiving the information 3����
Excluding incomplete data 4� � � �Recording 
information of patients using the traditional 
herbal product to the data record form, and 
finally encryption of the obtained data for 
further analysis���� 
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The data collected from interviews 
were conducted as follows����1����Request approval 
from the community leader to access the 
community area for interviewing 2� � � �Contact 
and coordinate with the information provider 3����
Training research assistants on the use of the 
interview form to record data by the head 
researcher 4� � � �Gather information 5� � � �Research 
assistants explained to the participants along 
with certifying consent form to the participants 
in study 6� � � �Analyze the collected data and 
summarize results� � � �This study was conducted 
from��December 2021 to January 2022�� 

 
RESEARCH PROCEDURES  
We conducted research by firstly 

requesting permission to access and use the 
information before using it in our research, and 
reviewing reports from July to August 2021 
using the COVID��19 screening criteria� � � �After 
the research has been approved by the ethics 
committee, the data was collected, analyzed, 
and concluded from the research study�� 

 

DATA ANALYSIS  
Descriptive statistics were used to 

describe patient data by finding the frequency, 
percentage, mean, and standard deviation of the 
qualitative data which is gender, age, and the 
number of days from symptoms to disappear���� 

 
RESEARCH ETHICS  

The research protocol was submitted 
for approval by the Human Research Ethics 
Committee, Boromarajonani College of 
Nursing Nopparat Vajira COA No� � � �11��2564 
ERB No� � � �16��2564� � � �After that, permission to 
access the data was requested from the Pathum 
Thani Provincial Administrative Organization, 
the consent form was collected from the 
participants in the research project according to 
the basis of research ethics�� 

 
RESULTS 

General characteristics were classified 
by sex, age range, the number of diseases of 
each patient, type of disease is as follows in 
Table 1���� 

 
Table 1 General characteristics classified by sex, age range, number of diseases of each patient, and 

type of disease��
 

  �1�X�P�E�H�U��
��patients�� ��  

S�H�[ 
 Male  1,128  44.94% 
 F�H�P�D�O�H  1,382  55.06% 
 Total  2,510  100.00% 
A�J�H��R�D�Q�J�H����4m����101y���� 
 0 ��17  252 10.04% 
 18��59 1,967 78.37% 
 60 and over 291 11.59% 
 Total  2,510  100.00% 
�7�K�H��N�X�P�E�H�U���R�I��D�L�V�H�D�V�H�V��of��E�D�F�K��Patient 
 None  2,152  85.74% 
 One  266  10.60% 
 Two  79  3.15% 
 Three and more  13  0.52% 
 Total  2,510  100.00% 
Type of D�L�V�H�D�V�H 
 Hypertension  153 33.12% 
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  �1�X�P�E�H�U��
��patients�� ��  

 D�L�D�E�H�W�H�V 98 21.21% 
 H�\�S�H�U�O�L�S�L�G�H�Pi�D 49 10.61% 
 A�O�O�H�U�Jies 43 9.31% 
 O�W�K�H�Us  119  25.76% 
 Total  462  100.00% 

Table 1 shows the general 
characteristics of 2,510 cases of patients 
infected with COVID��19, who were in isolation 
at home, and received the herbal product ��Kerra 
capsule������From the data classified by sex, most 
patients were female, with a total number of 
1,382 patients representing 55�� 06 percent, 
followed by males with a total number of 1,128 
patients, which were 44.94 percent�� 

The age of the patients��was between��4 
months to 101 years����There were 1,967 patients 
aged 18��59 years old, 252 patients aged 0 ��17 
years old, and 291 patients aged 60 and over, 
representing ��8.37, 10��04, and 11��59��percent of 
the cohort, respectively�� 

For the data classified by the number of 
underlying diseases, most of the patients had no 

underlying diseases �� 2,152 patients, 85��74 
percent��� � � �O�I those with medical conditions, 
most of them have 1 disease that is 266 patients, 
representing 10��60 percent� � � �There were 79 
patients with two diseases, which is 3��15 
percent, and 13 patients with over 3 diseases����
When the data was classified by the type of 
underlying diseases, there were 462 patients 
with underlying diseases� � � �There were 153 
patients with hypertension which was the 
majority of those with underlying diseases, 
accounting for 33��12 percent� � � �There were 98 
patients with Diabetes ��21��21 percent�� , 49 
patients with hyperlipidemia ��10��61percent��, 43 
patients with allergies, ��9��31��percent��, and 119 
patients with other diseases ��25��76 percent���� 

 
Table 2 Regular Intake of an herbal product����Kerra capsule����of Patients Infected with COVID��19 
 
 �1�X�P�E�H�U��

���S�H�U�V�R�Q�� ��  
�6�\�P�S�W�R�P�V���E�H�I�R�U�H���W�D�N�L�Q�J��the herbal product����Kerra capsule�� 

 F�H�Y�H�U��  1,540  61.35% 
 C�R�X�J�K  1,402  55.86% 
 S�R�U�H���W�K�U�R�D�W  977  38.92% 
 Rhinorrhea  693  27.61% 
 B�R�G�\���D�F�K�H  562  22.39% 
 Loss of���V�P�H�O�O  413  16.45% 
 Loss of taste  321  12.79% 
 H�H�D�G�D�F�K�H  206  8.21% 
 Fatigue  71  2.83% 
 D�L�D�U�U�K�H�D  35  1.39% 
 C�R�Q�M�X�Q�F�W�L�Y�L�W�L�V  6  0.24% 
 S�N�L�Q���U�D�V�Kes  2  0.08% 

�1�X�P�E�H�U���R�I���V�\�P�S�W�R�P�V���E�H�I�R�U�H���W�D�N�L�Q�J��the herbal product����Kerra capsule�� 
 A�V�\�P�S�W�R�P�D�W�L�F  2,152  85.74% 
 One  266  10.60% 
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 �1�X�P�E�H�U��
���S�H�U�V�R�Q�� P�H�U�F�H�Q�W�D�J�H 

R�H�I�H�U�U�D�O���I�R�U���I�X�U�W�K�H�U���W�U�H�D�W�P�H�Q�W���D�Q�G���G�H�D�W�Ks 
 Referral 0 0��00 
 Deaths 0 0��00 
 Total 0 0��00 

Table 2 depicts the general 
characteristics of 2,510 cases of patients 
infected with COVID��19, who were in home 
isolation and received herbal product ��Kerra 
capsule�� �� ��The patients were classified by 
symptoms before receiving the Kerra herbal 
capsule, most of the patients ��1,540 patients, 
61��35 percent�� had a f�H�Y�H�U, followed by 1,402 
patients����55��86 percent����experiencing a c�R�X�J�K����
Nine hundred seventy��seven patients��had a sore 

throat �� 38.92 percent�� , 693 patients had 
rhinorrhea, accounting for 27��61 percent, 562 
patients had body aches, ��22��39 percent��, 413 
patients ��16��45 percent����experienced the loss of 
smell, 321 patients ��12��79 percent����experienced 
the loss of taste, 206 patients ��8��21 percent����
experienced h�H�D�G�D�F�K�H, 71 patients had fatigue, 
accounting for 2��83 percent, 35 patients had 
d�L �D �U �U �K �H�D, that is equivalent to 1��39 percent, 6 

 �1�X�P�E�H�U��
���S�H�U�V�R�Q�� ��  

 Two  79  3.15% 

 Three  12  0.48% 
 M�R�U�H���W�K�D�Q three  1  0.04% 
 Total  2,510  100.00% 

Recovery time 
 1 day  1  0.04% 
 2 �G�D�\�V  15  0.60% 
 3 �G�D�\�V  54  2.15% 
 4 �G�D�\�V  50  1.99% 
 5 �G�D�\�V  1,183  47.13% 
 6 �G�D�\�V  185  7.37% 
 7 �G�D�\�V  362  14.42% 
 8 �G�D�\�V  135  5.38% 
 9 �G�D�\�V  110  4.38% 
 M�R�U�H���W�K�D�Q 9 �G�D�\�V  415  16.53% 

 Total  2,510  100.00% 

S�L�G�H���H�I�I�H�F�W�V  

 None  2,500  99.60% 
 D�L�D�U�U�K�H�D  5  0��20��  
 constipution  5  0��20��  
 Total  2,510  100% 
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patients ��0��24 percent����had conjunctivitis, and 2 
patients ��0��08 percent����had skin rashes�� 

For the data classified by the number of 
COVID�� 19 symptoms before receiving an 
herbal product ��Kerra capsule��, we found that 
most of them ��2,152 patients, 85��74 percent����
were asymptomatic� � � �There were 266 patients 
��10��60 percent� � � �had 1 symptom, 79 patients 
��3��15 percent�� had 2 symptoms, 12 patients 
��0��48 percent� � � �had 3 symptoms, and 1 patient��
��0��04 percent�� had more than��3 symptoms�� In 
terms of the time of recovery, we found that the 
majority of patients which is 1,183 patients or 
47��13 percent recovered at 5 days, followed by 
362 patients who recovered at 7 days, 
accounting for 14��42 percent, 185 patients 
recovered at 6 days, equivalent to 7��37 percent, 
135 patients recovered at 8 days, equivalent to 
5��38 percent���� 

When data was classified by side 
effects, a total of 2,500 patients or 99��60 percent 
did not experience side effects, 5 patients ��0��20��
����  had diarrhea, and 5��patients, or 0��20 percent 
had constipation����There were no referrals��or 
deaths out of 2,510 patients���� 
 

DISCUSSION  
In conclusion, in this study,��we aimed 

to investigate the effect of the herbal product 
��Kerra capsule�� on the clinical characteristics of 
COVID��19 patients who were isolated at home 
during July and August 2021� � � �A retrospective 
study was undertaken with 2,510 COVID��19 
infected individuals who tested positive for the 
virus in Pathum Thani Province and were 
treated with medicinal herbs ��Kerra capsule����
before self��isolating under the supervision of 
Prachathipat Hospital����Participants of the study 
were in all age groups ����4 months to 101 years 
old�� � � � �The age group of 18�� 59 years old��
represents����8.37��percent����Four hundred sixty��
two patients had underlying diseases� � � �There 
were 153 patients with hypertension which is 
the majority of those with underlying diseases, 
accounting for 33��12 percent� � � �Our results 
showed that the majority of��COVID��19 patients 
had �D��f�H�Y�H�U as a symptom before receiving the 
Kerra herbal capsules����61��35��percent� � � �and 

consumed the Kerra capsules��during home 
isolation����Most of them����2,152 patients, 85��74 
percent����were asymptomatic����It was interesting 
that the majority of patients �� 51.91�� �� ����
recovered within 5 days after receiving the 
herbal product� � � �There were no side effects��on 
99��60 percent of patients, and there was no 
referral or death report in this study���� 

Our study related to the studies in the 
treatment of COVID��19 respiratory symptoms 
with herbal herbs to improve the immune 
system or cure respiratory disorders����Medicinal 
herbs, natural materials, or preparations with 
antiviral and anti��inflammatory qualities have 
been used �� Villena�� Tejada et al�� , 2021�� ����
Traditional medicine is being used to combat 
COVID��19 in countries such as China, India, 
Bolivia, Morocco, Nepal, Peru, and Brazil 
��Villena��Tejada et al��, 2021�� �� ��There was 
widespread use of medicinal plants for both 
prevention and treatment, which was linked to 
the number of demographic factors and whether 
or not respondents had COVID��19�� 

In Thailand, natural product�� based 
therapies have a lot of interest����The use of Thai 
traditional herbs, particularly their 
phytochemicals, has been shown to have broad��
spectrum anti�� cancer, anti�� inflammatory, 
antioxidant, and antiviral properties� � � �This 
points to their suitability as anti��SARS��CoV��2 
candidates�� 

Andrographis paniculata 
��Andrographis� � � �is one of the most extensively 
utilized herbal products for a variety of 
indications ��Sa��Ngiamsuntorn et al��, 2021������The 
anti�� SARS�� CoV�� 2 effectiveness of 
Andrographis paniculata extract �� the main 
component is andrographolide� � � �as effective 
medication against SARS��CoV��2 infection was 
determined in vitro in a study of an herbal 
product�� �� Sa�� Ngiamsuntorn et al�� , 2021�� ����
However, patients receiving Andrographis 
paniculata have reported hypersensitive 
reactions����This is a potential risk that healthcare 
providers should be aware of� � � �The 
hypersensitivity reactions should be addressed 
when using andrographis products 
�� Suwankesawong, Saokaew, Permsuwan, & 
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Chaiyakunapruk, 2014������Furthermore, the anti��
SARS��CoV��2 activity of Boesenbergia rotunda 
extract and its phytochemical component, 
panduratin A, was reported to be inhibited 
��Kanjanasirirat et al��, 2020��� � � �However, there 
was no report on the patient study�� 

Interestingly, we proposed Kerra 
Capsule as a potential herbal product which is 
the Thai traditional herbal recipe that originated 
from the Taksila scriptures in the royal medical 
textbook in the reign of King Rama V ��P��S����
Sangkroh, 1907������The recipes consist of several 
kinds of herbs following Kaen Chan Daeng 
�� Dracaena loureiroi�� , Kaen Chan Khao 
�� Tarenna hoaensis�� , Catathea 
�� Schumannianthus dichotomus�� , Gac Root 
�� Momordica cochinchinensis�� , Lemon root 
��Citrus aurantifolia� � � �Sakae root ��Combretum 
quadrangulare�� , Kra Tung Root �� Dregea 
volubilis��, Bai��ya��nang����Tiliacora triandra��, 
and Tinospora cordifolia ��Tinospora crispa�� ����
These herbs help to reduce heat, cure fever, cure 
cough, reduce headache, eliminate phlegm, 
nourish lymph, boost the immune system, 
reduce restlessness, reduce inflammation, pain, 
and swelling, and improve heart and blood 
circulation ��Sun J, et al��, 2019, and Banskota 
AH, et al��, 2000 and Singthong J, et al��, 2014������ 

Our previous studies were conducted in 
vitro to test the efficacy of the Kerra extract to 
inhibit the enzyme Covid��19 main Protease of 
SARS��CoV��2 found that Kerra extract can 
inhibit SARS�� CoV�� 2 main protease 
��Choowongkomon, K��, 2021a��, and RdRp of 
SARS��CoV��2 ��Choowongkomon, K��, 2021 c������
Kerra extract can affect the anti��inflammatory 
activity of macrophages ��Choowongkomon, K��, 
2021 b�� �� ��Moreover, Kerra extract can inhibit 
intracellular virus activity in Crandell Rees 
Feline Kidney Cells �� CRFK����
�� Choowongkomon, K��, 2021 d�� �� ��For the 
cytotoxicity test, there were no serious side 
effects were reported such as diarrhea and 
dizziness due to a very low amount or no toxic 
substances according to the standards of the 
Thai Herbal Pharmacopoeia 2018, and the acute 
toxicity of Kerra capsules��tested in rats are at 
very low levels� � � �All of the above, the Kerra 

capsules��were considered safe and may be able 
to reduce the severity of COVID��19 infection 
and lower mortality rates�� 
 

CONCLUSION  
Most COVID��19 patients in home isolation 
who received Kerra capsules could recover 
from COVID��19 within 5 days� � � �The Kerra 
herbal capsules were effective to treat COVID��
19 in all age groups; children, adults, and also 
patients with underlying diseases such as 
diabetes���� All of the patients in this study were 
no referrals or deaths during the home isolation����
Kerra herbal capsules may serve as promising 
candidates for therapeutic purposes with 
economic advantage during the COVID�� 19 
situation�� 
�� 
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�ê���ø���Ü�ì�
���ð���ð���ÿ�é�Ü���ð���ø�d���à���î�ê�d�×���Ü�Ö���ø�ë���Ö�ì�������a�ê�	�é���ß�������ì�
���ú�é�ú�Ü���ö���������ì�
�÷�ï�Ö���ï�ê���ü�Ù�ü�ï�Ù�
�ö�ï�ü�Ö 

�Ö���ø�ì�é�ÿ���ï �Ý���î�ü�î���à�ú�ú�d 
�	cell/mL.�
 

�Ý���î�ü�î���à�ú�ú�d�ì�
���ê�	�é���ß������ 
�	cell/mL.) 

���ð���ø�d���à���î�ê�d���à�ú�ú�d�ì�
���ê�	�é���ß������
�	%�
 

Uninfected ���������ðx�ð������ �������� �� 
Infected ���������ðx 10�� ���������ðx�ð������ ���� 
Kerra 1.0 mg/mL. ���������ðx�ð������ �������� x 10�� �� 
Kerra 0.5 mg/mL. ���������ðx�ð106 1.61 x 10�� �� 
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�ÿ���ø�ÿ�Ö���é�ðKerra �Ù�ü���ö���×�a�ö�×�a�î�ð10 mg/mL 
Capsule �ð�ø���Ý���ü���î�ì�
���ð30/6/2565  
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Materials and method 

Cell culture 

CaSki ��HPV16��positive cervical cancer cell����and HeLa ��HPV18��positive cervical cancer 

cell����were cultured in Dulbecco's Modified Eagle Medium ��DMEM; Gibco, NY, USA����medium 

containing 10����fetal bovine serum ��FBS����and antibiotics ��40 µg��ml gentamicin, 2��5 µg��ml 

amphotericin B, 100 µg��ml streptomycin, and 100 unit��ml penicillin G������The cell culture was 

incubated in a humidified atmosphere containing 5����CO2 at 37ºC�� 

Cytotoxicity assay  

Either the CaSki or HeLa cell line at a density of 10,000 cells per well was set up in 96��

well plates and incubated for 24 hours����The extracts were treated into the cells at various 

concentrations and incubated for 24, 48, 72 and 96 hours����Ten microliters of MTT reagent ��5 

mg��ml����were added into the cells per well and continuously incubated for 4 hours����A formazan 

pellet was dissolved in dimethyl sulfoxide ��DMSO������The absorbance was measured at OD540 

using a spectrophotometer ��Multiskan GO, Thermo Fisher Scientific, Vantaa, Finland������The 

experiments were performed in triplicate��independent manner�� 

Result 

 The extract form Kerra highest effectively inhibited growth of CaSki and HeLa cells 

followed by KS and Minoza in dose����and time��dependent manner ��Table 1���� 

Table 1�� The inhibitory concentration of Kerra, Minoza and KS 

Extract Incubation 

time ��hours�� 

50����Inhibitory concentration����mg��ml�� 

CaSki HeLa 



Kerra 

24 0��33 ± 0��12 0��16 ± 0��08 

48 0��21 ± 0��02 0��14 ± 0��07 

72 0��11 ± 0��03 0��08 ± 0��03 

96 0��09��± 0��01 0��07 ± 0��02 

KS 

24 >��2 > 2 

48 1��82±0��05 0��62 ± 0��18 

72 0��72��±��0��14 0��58 ± 0��18 

96 0��71��± 0��32 0��31 ± 0��19 

Minoza 

24 > 2 > 2 

48 1��19 ± 0��15 1��17 ± 0��14 

72 0��96 ± 0��14 0��60 ± 0��07 

96 0��93±0��08 0��33 ± 0��11 

 

 

�Í�Ã�Ô�Ä�ß�Í�·�Ú 

�Ì�Ô�Å�ß�¦�Ã�× �½�Å�Ö�Ã�Ô�·�Å�¹�×�ç�â�¬�– 

DMEM 500 �Ã�Ö�Ç�Ç�Ö�Ç�Ö�·�Å 
Fetal bovine serum 50 �Ã�Ö�Ç�Ç�Ö�Ç�Ö�·�Å 
96��well plate  24 �¬�Ö�è�» 
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�ñ�ú�Ö���ø�ì�é�ÿ���ï�ù�ì�í�	���Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���é�Ü�Ö�
���ð(DENV) ���î���à�ú�ú�d�ðVero 

�ê���ü���÷�`���Ü�ì�
�����ß�a���î�Ö���ø�ì�é�ÿ���ï 

1. Kerra 
 

�ü�	�í�
�Ö���ø�ì�é�ú���Ü 

�ì���Ö���ø���ê�ø�
�÷�ö�ê���ü���÷�`���Ü Kerra ���é�÷�ú���ú���÷���î�ê���ü�ì���ú���ú���÷�ð���ð�ß�î�	�é�ð�Ù�����ð�î�����ð���ú�������í���î���ú���ó�����������a���é�a�Ù�ü���ö
���×�a�ö�×�a�î�ê�����Ü�ê�a�î���ð�h�î�ð�����ð�ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð���ó���������ß�a���î�Ö���ø�ì�é�ÿ���ï�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���é�Ü�Ö�
�� (DENV) ���î���à�ú�ú�d���ê
�ú�	�Ü�ð(Vero cells; ATCC CCL-81�E) �ì�
�����ú�
���÷�Ü���î���������ø�ðMinimum Essential Medium (MEM) (Gibco; Invitrogen, 
Carlsbad, CA, USA)�ð���é�÷���ê�	�ö�ð�����ð���ð���ø�d���à���î�ê�d�ðFBS (Gibco; Invitrogen, Carlsbad, CA, USA) ���ó�î�î�	�à�	�ú�ú�	�î�ð������ 
�÷���î�	�ê�ê�`���ö�	�ú�ú�	�ú�	�ê�ø ���ú���ÿ���ê�ø�ð���ê�ö���÷�à�	�î�ð�������ð���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð(Sigma, St. Louis, MO, USA)  

�ì���Ö���ø�ì�é�ÿ���ï���é�÷�ú�Ü���à�ú�ú�d�ðVero ���î���ó�ú�ì�ß�î�	�é�ð96 ���ú�
�ö�ð�����a���é�a�Ý���î�ü�î���à�ú�ú�d�ð0.02�u106 ���à�ú�ú�d�ê�`�����ú�
�ö 
�Ý���Ö�î�����î�ì���Ö���ø�ï�`�ö���à�ú�ú�d�Ö���ï�ÿ���ø�ú���ú���÷�ðKerra �ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð12.5 25 50 ���ú���ð100 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø���ð�h�î
���ü�ú���ð3 �ß�����ü���ö�Ü�ð�Ö�`���î�ðinfect �é�a�ü�÷���ü�ø���ÿ�ðDENV �ì�
���Ö���ø���Ý�����Ý���Ü���î���������ø�ðMEM �ì�
���ö�
�ð2 ���ð���ø�d���à���î�ê�d�ðFBS �î�����ß���������ü�ø���ÿ�ì�
��
���ê�ø�
�÷�ö�ö���ðinfect ���à�ú�ú�d�ðVero ���ú���ï�`�ö���î�ê���a�ðCO2 ���ð�h�î���ü�ú���ð2 �ß�����ü���ö�Ü�ð���ö�������Ù�ø�ï���ü�ú���ì���Ö���ø���ì�ì���ï�é�a�ü�÷�ðOverlay 
media �ì�
���ð�ø���Ö���ï�é�a�ü�÷���������ø�ðMEM �ì�
���ö�
�ðFBS 10 ���ð���ø�d���à���î�ê�d�ð���ú���ðcarboxy methyl cellulose�ð1.5 ���ð���ø�d���à���î�ê�d�ð
���ú�a�ü�î�����ð�ï�`�ö�ê�`�����î�ê���a�ðCO2 ���ð�h�î���ü�ú���ð72 �ß�����ü���ö�Ü�ð���ö�������Ù�ø�ï���ü�ú���ì���Ö���ø�ú�a���Ü���à�ú�ú�d�é�a�ü�÷�ð1X PBS ���ú���ðfix �é�a�ü�÷�ô���ø�d�ö���ú�	�î
�Ù�ü���ö���×�a�ö�×�a�î�ð3.8 ���ð���ø�d���à���î�ê�d�ð���ð�h�î���ü�ú���ð20 �î���ì�
�ð�Ý���Ö�î�����î���ê�	�ö�ðTriton-X 100 �ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð0.1 ���ð���ø�d���à���î�ê�d �ï�`�ö�ê�`��
���ð�h�î���ü�ú���ð20 �î���ì�
�ð���ö�������Ù�ø�ï���ü�ú���÷�a���ö���à�ú�ú�d�é�a�ü�÷�����î�ê�	�ï���é�
�ì�
���Ý�����ó�����ê�`�����ß���������ü�ø���ÿ�ð�Ù�����ð�ðmouse monoclonal anti-
DENV E antibody (��G���
�ð�ì�
���ð37 ���Ü�ý�����à�ú���à�
�÷�ÿ���ð�h�î���ü�ú���ð1 �ß�����ü���ö�Ü�ð�Ý���Ö�î�����î�÷�a���ö�é�a�ü�÷�ðhorseradish peroxidase 
(HRP)-conjugated rabbit anti-mouse secondary antibody�ð�ì�
�����Ý�����Ý���Ü���î�����ê�ø���ÿ�`�ü�î�ð1 �ê�`���ð1000 �ì�
���ð37 ���Ü�ý��
���à�ú���à�
�÷�ÿ���ð�h�î���ü�ú�� 30 �î���ì�
�ð���î�ÿ�`�ü�î�×���Ü�î�	�ü���Ù�ú�
�÷�ÿ�Ý���ì���Ö���ø�÷�a���ö�é�a�ü�÷�ÿ���ø�ú���ú���÷�ð��-���4�ðdiaminobenzidine (DAB)�ð
�ì�
���ö�
�î�	�Ö���Ö�	�ú�Ù�ú�����ø�é�d���ú���������é�ø���Ý�î���ð���ø�d�����Ö���à�é�d�ð�ð�ø�	�ö���è���ß���������ü�ø���ÿ�Ý���î���ö���Ù���î�ü�è�����Ù�`���ðFFU/mL 
 
�ñ�ú�Ö���ø�ì�é�ú���Ü���ú�����õ�	�ð�ø���÷�ñ�ú�Ö���ø�ì�é�ú���Ü 



 �Ý���Ö�ñ�ú�Ö���ø�ú���Ü�ð�ó�ï�ü�`���ð�ÿ���ø�ðKerra �ì�
���ú���ú���÷���î�����í���î���ú�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ê�����Ü���ê�`�ð12.5 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø
�ÿ���ö���ø�ë�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðDENV ���é�a�ÿ���Ü�ë���Ü�ð79 ���ð���ø�d���à���î�ê�d�ð���ö���������ì�
�÷�ï�Ö���ï���à�ú�ú�d�ì�
���ê�	�é���ß���������ü�ø���ÿ���ó�
�÷�Ü���÷�`���Ü���é�
�÷�ü�ð
���î�×�è���ì�
���ÿ���ø�ðKerra �ì�
���ú���ú���÷�é�a�ü�÷�î�����ê�a���Ü���ß�a�Ù�ü���ö���×�a�ö�×�a�î�ì�
���Ù�ü���ö���×�a�ö�×�a�î 100 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ë���Ü�Ý���ÿ���ö���ø�ë
�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���é�a�ð�é���Ü���ÿ�é�Ü���î�ø���ð�ì�
���ð1  

�ø���ð�ì�
���ð1 �ñ�ú�Ö���ø�ì�é�ÿ���ï�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðDENV ���î���à�ú�ú�d�ðVero a) �ñ�ú�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�é�a�ü�÷�ÿ���ø�ð
Kerra �ì�
���ú���ú���÷���î�����í���î���ú�ðb) �ñ�ú�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�é�a�ü�÷�ÿ���ø�ðKerra �ì�
���ú���ú���÷���î�î�����ð�Ö�ø���ô�ÿ�
���é�Ü�ð�Ù�����ð���à�ú�ú�d�ð
Vero �ì�
���ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ�ð�ÿ�
���×�
�÷�ü�ð�Ù�����ð���à�ú�ú�d�ì�
���ï�`�ö�Ö���ï�ÿ���ø�ðKerra �Ö�`���î�ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ 

�ÿ�ø�
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 �Ö���ø�ý���Ö�þ���Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðDENV ���î���à�ú�ú�d�ðVero �ó�ï�ü�`���ð�ÿ���ø�ðKerra �ì�
���ú���ú���÷
�é�a�ü�÷�����í���î���ú�ÿ���ö���ø�ë�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���é�a�é�
�Ö�ü�`���ÿ���ø�ì�
���ú���ú���÷���î�î�����ð���é�÷�ÿ���ö���ø�ë�÷���ï�÷�����Ü���é�a�ê�����Ü���ê�`�Ù�ü���ö���×�a�ö�×�a�î�ð
12.5 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð���î�×�è���ì�
���ÿ���ø�ì�
���ú���ú���÷�î�����Ý���÷���ï�÷�����Ü���é�a�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð100 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø 



Cytotoxicity of cancer cells

Samples
�‡ Kerra
�‡ KS
�‡ MINOZA EXTRACT 7:1

Concentrations(ug/mL)
�‡ 1000
�‡ 500
�‡ 250
�‡ 125
�‡ 62.50
�‡ 31.25
�‡ 15.63
�‡ 7.81
�‡ 3.91
�‡ 1.95

Cancer cells line
- A431 (epidermoid carcinoma cells)
- HCT-116 (human colorectal carcinoma)
- HepG2 (liver cancer cells)
- Hela (cervical cancer cells) ***NO Result of Hela cell yet
- MCF-7 (breast cancer cells line)
- A549 (adenocarcinoma human alveolar basal epithelial cells)
- SW480 (colorectal adenocarcinoma cells, caused Dukes' type B)
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A431: Minoza extract7:1
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R2= 0.9772
 IC50= 592.5 ��g/mL
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A549 : Minoza extract7:1

Log[Minoza extract7:1]��g/mL
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R2= 0.9772
 IC50= 414.8 ��g/mL
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HepG2 : Minoza extract7:1

Log[Minoza extract7:1]��g/mL
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R2= 0.9569
 IC50= 140.2 ��g/mL
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SW480 : Minoza extract7:1

Log[Minoza extract 7:1] (��g/mL)
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R2= 0.9830
 IC50= 194.0 ��g/mL
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HCT116 : Minoza extract 7:1

Log[Minoza extract7:1] ug/mL
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R2= 0.9418
 IC50= 614.2 ��g/mL
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MCF-7: Minoza extract 7:1
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R2= 0.9354
 IC50= 553.0 ��g/mL
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A431: KS
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R2= 0.9877
 IC50= 357.0 ��g/mL
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MCF-7: KS

Log[KS]��g/mL
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R2= 0.7582
 IC50= 510.4��g/mL
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A431: Kerra

Log[Kerra]��g/mL
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R2= 0.9922
 IC50= 96.10 ��g/mL

IC50= 579.2 ug/mL

***Concentrations= 5, 3, 2.5, 2, 1, 0.5 and 0.1 mg/mL 
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R2= 0.9903
 IC50= 0.5792 mg/mL
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R2= 0.9873
 IC50=72.96 ��g/mL



Items Test result

Cytotoxicity
Cancer cells line

- A431 (epidermoid carcinoma cells)
- HCT-116 (human colorectal carcinoma)
- HepG2 (liver cancer cells)
- MCF-7 (breast cancer cells line)
- A549 (adenocarcinomichuman alveolar basal     epithelial cells)
- SW480 (colorectal adenocarcinoma cells, caused Dukes' type B)
- Hela (cervical cancer cells)

IC50 (µg/mL)

KERRA KS MINOZA 
EXTRACT7:1

96.10
72.96
579.2

-
-
-
-

357.0
unstable

-
510.4

-
-
-

592.5
614.2
140.2
553.0
414.8
194.0

-



Materials and method 

Cell culture 

CaSki ��HPV16��positive cervical cancer cell����and HeLa ��HPV18��positive cervical cancer 

cell����were cultured in Dulbecco's Modified Eagle Medium ��DMEM; Gibco, NY, USA����medium 

containing 10����fetal bovine serum ��FBS����and antibiotics ��40 µg��ml gentamicin, 2��5 µg��ml 

amphotericin B, 100 µg��ml streptomycin, and 100 unit��ml penicillin G������The cell culture was 

incubated in a humidified atmosphere containing 5����CO2 at 37ºC�� 

Cytotoxicity assay  

Either the CaSki or HeLa cell line at a density of 10,000 cells per well was set up in 96��

well plates and incubated for 24 hours����The extracts were treated into the cells at various 

concentrations and incubated for 24, 48, 72 and 96 hours����Ten microliters of MTT reagent ��5 

mg��ml����were added into the cells per well and continuously incubated for 4 hours����A formazan 

pellet was dissolved in dimethyl sulfoxide ��DMSO������The absorbance was measured at OD540 

using a spectrophotometer ��Multiskan GO, Thermo Fisher Scientific, Vantaa, Finland������The 

experiments were performed in triplicate��independent manner�� 

Result 

 The extract form Kerra highest effectively inhibited growth of CaSki and HeLa cells 

followed by KS and Minoza in dose����and time��dependent manner ��Table 1���� 

Table 1�� The inhibitory concentration of Kerra, Minoza and KS 

 

 



Extract Incubation 

time ��hours�� 

50����Inhibitory concentration����mg��ml�� 

CaSki HeLa 

Kerra 

24 0��33 ± 0��12 0��16 ± 0��08 

48 0��21 ± 0��02 0��14 ± 0��07 

72 0��11 ± 0��03 0��08 ± 0��03 

96 0��09��± 0��01 0��07 ± 0��02 

KS 

24 >��2 > 2 

48 1��82±0��05 0��62 ± 0��18 

72 0��72��±��0��14 0��58 ± 0��18 

96 0��71��± 0��32 0��31 ± 0��19 

Minoza 

24 > 2 > 2 

48 1��19 ± 0��15 1��17 ± 0��14 

72 0��96 ± 0��14 0��60 ± 0��07 

96 0��93±0��08 0��33 ± 0��11 

 

 

�Í�Ã�Ô�Ä�ß�Í�·�Ú 

�Ì�Ô�Å�ß�¦�Ã�× �½�Å�Ö�Ã�Ô�·�Å�¹�×�ç�â�¬�– 

DMEM 500 �Ã�Ö�Ç�Ç�Ö�Ç�Ö�·�Å 
Fetal bovine serum 50 �Ã�Ö�Ç�Ç�Ö�Ç�Ö�·�Å 
96��well plate  24 �¬�Ö�è�» 
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�ø���÷�Ü���î�Þ�ï���ï�ÿ�ö�ï���ø�è�d 
�Ö���ø�Ù�a�î�����ÿ���ø�����Ö�ù�ì�í�	���÷���ï�÷�����Ü�����î���à�ö�d COVID-���� protease �Ý���Ö�ê���ø���ï�ÿ�ö�
�î���ó�ø 

KERRA ���î�Ö���ø�÷���ï�÷�����Ü���Ù���ø�î�����ü�ø���ÿ�ð�	Identification of active compounds from 
KERRA Recipe for Inhibiting COVID-���� protease) 
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�ð�Ö���ø�Ù�a�î�����ÿ���ø�����Ö�ù�ì�í�	���÷���ï�÷�����Ü�����î���à�ö�d COVID-19 protease �Ý���Ö�ê���ø���ï�ÿ�ö�
�î���ó�ø�ð
KERRA ���î�ð�Ö���ø�÷���ï�÷�����Ü���Ù���ø�î�����ü�ø���ÿ  
(�õ���þ�������Ü�Ö�ù�þ�
�ðIdentification of active compounds from KERRA Recipe for Inhibiting 
COVID-19 protease 
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���ö���×���Ü�ÿ���ê�ø �÷�����Ù���ø�`���î�����î���ð�h�î�÷���×�î���î�ì�
���ð7 �ì�
�����é�	�ö�ì�
�î�����î�ð�ø���Ö���ï�é�a�ü�÷�ÿ�ö�
�î���ó�ø�ö���Ö�ë���Ü�ð14 �ß�î�	�é�ð���é�a���Ö�`�ð
�Ý���î�ì�î�d���é�Ü�ð�Ü�a�ü�î���ö�� ���ï�ñ���Ö���ü���î�ï�a���î�ð�Ö�ø���ú���ó���Ö�ð�����ü�Ù�ú�a���ð�ø���Ö�ô�f�Ö�×�a���ü�ð�Ö�ù�þ�è���ð���ï�ÿ�ü���é�ð�ø���Ö�Ý�	�Ü�Ý�a���ð���ï�ö���î���ü�ð�Ý���î�ì�î�d
�×���ü�ð�ø���Ö�ÿ�����Ö ���ë���÷�`���î���Ü�ð���ú���×���î�é���Ö�ð�î���ö���ï�é���ì�ø�Ö�ó�	�ö���ÿ�î�ð���ú�����ß�a�î�����à���ü�×�a���ü���ð�h�î�Ö�ø���ÿ���÷�ð���ß�a�ø���ï�ð�ø���ì���î���ó������
�ø���Ö�þ�����×�a �ì���Ü�ñ���a�ñ�ú�	�ê�ð�Ù�����ð���ü�ß�Ö�ø�����ÿ�ë�ð�	�ï�ø�	�þ���ì���î���Ù�ø�����
�ð���é�a�ó���ç�î���ÿ���ê�ø�÷�����Ù���ø�`�����é�÷���a���Ü���	�Ü�Ý���Ö�÷���Ù�ø���ï���×�a�ê���Ö�ý�	�ú�� 
�é���Ü�Ö�ú�`���ü�ð���ú���ö�
�Ö���ø�ð�ø���ï�ð�ø�
�Ü�ê���ø���ï�÷�����ó�����������a�ö�
�ù�ì�í�	���Ù�ø���ï�Ù�ú�
�ö���ú���ÿ���é�Ù�ú�a���Ü�Ö���ï���ú���Ö�Ö���ø���ó�ì�÷�d���ñ�î�ð�f�Ý�Ý�
�ï���î�ö���Ö �×�����î�ð
���é�÷���ß�a�ÿ�ö�
�î���ó�ø���÷�`���Ü�î�a���÷�ð9 �ß�î�	�é�ð���é�a���Ö�`�ð���Ö�`�î�Ý���î�ì�î�d���é�Ü�ð���Ö�`�î�Ý���î�ì�î�d�×���ü�ð�����ü�Ù�ú�a���ð�ø���Ö�ô�f�Ö�×�a���ü�ð�ø���Ö�ö���î���ü �ø���Ö�ÿ�����Ö�ð
�ø���Ö�Ö�ø���ì�
�Ü���ö���ï�a���ð�ø���Ö�÷�`���î���Ü�ð���ú���ï���ø�����ó���é�ð�ö���ñ�`���î�Ö�ø���ï�ü�î�Ö���ø�ñ�ú�	�ê���ú���ÿ�Ö���é�é�a�ü�÷���ì�Ù�î�	�Ù�ð���ú�����ì�Ù���î���ú�÷�
���Þ�ó�����ð
���ó���������ó�	���ö�ð�ø���ÿ�	�ì�í�	�õ���ó�×���Ü�ê���ü�÷�����ê�`�ú���ß�î�	�é�ð���é�÷���ß�a���ì�Ù���î���ú�÷�
���ï���������Ù�ì�
�ô�Ù�ø�	�ÿ�ê���ú���ú���à�ß�����î (Bioactive 
crystallization) ���ð�h�î���ì�Ù���î���ú�÷�
�ì�
�����é�a�ø���ï�Ö���ø�Ý�é�ÿ�	�ì�í�	�ï���ê�ø�Ö�ø���ï�ü�î�Ö���ø�ñ�ú�	�ê�ð�ÿ�`�Ü�ñ�ú�����a�ß�`�ü�÷���ó�	���ö �ð�ø���ÿ�	�ì�í�	�õ���ó�×���Ü�ê���ü�÷���ð
�ì�������a�ÿ���ø�ÿ���Ù���â���÷���`���î�ø���ð�×���Ü���ö���ú�Ö�
�ú���ú���Ö�ú�Ü���ú���ü�`���Ü���ü�ê�`���Ö���ø�é���é�à���ö���ú�������Ö�ù�ì�í�	�����î �ø�`���Ü�Ö���÷�ð�à�����Ü���ð�h�î�Ù�
�è�ÿ�ö�ï���ê�	�ì�
������������
�ê�`���Ö���ø�����Ö�ù�ì�í�	���×���Ü�ê���ü�÷�����î�ø�`���Ü�Ö���÷�ð���é�÷�ÿ�ø�ø�ó�Ù�
�è�×���Ü�÷�����Ù���ø�`���ð���î�a�î���ð�ì�
���Ö���ø �ú�é�ó�	�þ���×�a�Ù�ú���÷�ó�	�þ�ø�a���î�ð���ß�`�î���é�
�÷�ü�Ö���ï
�÷���Ù�ø���ï���×�a�ê���Ö�ý�	�ú���ê���ö�ê���ø�����ó�ì�÷�d���ï�ø���è�ð�ø�ü�ö�ë���Ü�÷���Ü�ö�
�ù�ì�í�	�����î�Ö���ø�÷���ï�÷�����Ü �Ö���ø�×�÷���÷�ê���ü�×���Ü���ü�ø���ÿ���î�ø�`���Ü�Ö���÷�ð���ÿ�ø�	�ö�ÿ�ø�a���Ü
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�õ���ö�	�Ù�
�a�ö�Ö���î���ú���÷���ï�÷�����Ü�Ö���ø�����Ö���ÿ�ï�ð�à�����Ü�ö�
�ÿ�`�ü�î�ß�`�ü�÷�ð�\���Ü�Ö���î���ú���ï�ø�ø���ì�� �����Ö���ø�ì�
�����Ö�	�é�Ý���Ö���ø�Ù�ê�	�é���ß���������ü�ø���ÿ�ê�`���Ü�ð���ð���ß�`�î�ð
�����Ö���ø���×�a�ê���ü�ø�a���î�ð�����ð�ö�
�î�����ö���Ö�ð���`���î���ó�ú�
�÷�ð�ð�ü�é���ö�������÷�ê���ö�ê���ü�ð���ú�� �ñ�	�ü���î���Ü�����Ö���ÿ�ï���é�a���
�Ö�é�a�ü�÷�ð�Ö�`���î���î�a���î�
�����é�a�ö�
�ð�ø���ü���ê�	�Ö���ø
���ß�a�÷�����Ù���ø�`�����î�Ö���ø�ø���Ö�þ���ñ���a�ð�[�ü�÷���ø�Ù���×�a���ü���é�����â�`�ö�����ú�a�ü���ú���÷ �ð�X�à�����Ü�ó�ï�ü�`���ð�÷�����Ù���ø�`�����é�a�ñ�ú�é�
���î�Ö���ø�ï�ø�ø���ì�������Ö���ø�×���Ü
���ø�Ù���×�a���ü���é�����â�`�ð���é�a���Ö�`�ð�����Ö���ø���×�a�����ð�ð�ü�é�ý�
�ø�þ���ð���Ý���ï�Ù�� �ö�
�î�����ö���Ö�ð�ð�ü�é���ö�������÷�ð���ú�����`���î���ó�ú�
�÷�ð���é�÷�Ù�î���×�a�ÿ�`�ü�î�����â�`�Ý���ö�

�����Ö���ø�é�
�×�����î�õ���÷���î�ð24 �ß�����ü���ö�Ü���ú���Ü���é�a�ø���ï�÷���ð�ø�ü�ö�ë���Ü�÷���Ü �ö�
�Ö���ø���ß�a�÷�����Ù���ø�`���ø���Ö�þ�����ø�Ù���ø�	�ö���ú���Ü���ÿ�ü���é���î�Ù�î���×�a�ö���Ö�Ö�ü�`���ð100 
�ø���÷�ð�à�����Ü�ó�ï�ü�`���ð�Ù�î���×�a���ú���÷�ø���÷�ö�
�����Ö���ø�é�
�×�����î �õ���÷���î�ð24 �ß�����ü���ö�Ü�ð���ú�����ñ�ú�����÷�ÿ�î�	�ì�õ���÷���î�ð3 �ü���î�ð�é���Ü�î�����î�ð�÷�����Ù���ø�`���Ý���Ü
�î�`���Ý���ö�
�ÿ�ø�ø�ó�Ù�
�è�ì�
���ß�`�ü�÷�ï�ø�ø���ì�������Ö���ø �×���Ü���ø�Ù���Ù�ü�	�é�ð19 �à�����Ü�ö�
�ÿ�������ê�
�ö���Ý���Ö���ß���������Ù���ø�î�`�����ü�ø���ÿ�ð�	SARS-CoV-2) ���ú���ö�

�����Ö���ø�Ù�ú�a���÷�Ù�ú���Ü�Ö���ï���ø�Ù���×�a���ü���é�����â�`���é�a  

���÷�`���Ü���ø�Ö���ê���ö�ð���ð�ø�ê�
�î���ð�ø�ê�	�����ÿ�ð�	protease) �×���Ü���ß���������Ù���ø�î�`�����ü�ø���ÿ�ð�	SARS-CoV-2) ���ð�h�î���ð�ø�ê�
�î�ì�
���ÿ���Ù���â���î 
�Ö���ø���ó�	���ö�Ý���î�ü�î���ü�ø���ÿ���î���à�ú�ú�d�ö�î�
�þ�÷�d�é���Ü�î�����î�ð���ð�ø�ê�	�����ÿ�Ý���Ü���ð�h�î���ð�\�����ö���÷�ì�
���ÿ���Ù���â���ð�\�����ö���÷�î���Ü���î�Ö���ø�÷���ï�÷�����Ü �Ö���ø�ì���Ü���î�ð
�à�����Ü�ó�ï�ü�`���ð�÷���ì�
���÷���ï�÷�����Ü���ð�ø�ê�	�����ÿ�ð���ß�`�î�ð�÷�����ú�ó�	�î�����ü�
�÷�ø�d���ú���÷���ø�	���ì�î�����ü�
�÷�ø�d�ö�
�ð�ø���ÿ�	�ì�í�	�õ���ó���î�Ö���ø�÷���ï�÷�����Ü �Ö���ø���ó�	���ö�Ý���î�ü�î
���ü�ø���ÿ���é�a�é�
���î�ðHIV �î���Ö�Ý���Ö�î�
���÷���Ü�ó�ï�ü�`���ÿ���ø�����Ö�ù�ì�í�	���Ý���Ö�ÿ�ö�
�î���ó�ø�ô�\���ì���ú���÷���Ý�ø�ð���ú���Ö�ø���ß���÷�×���ü �î�����î�ð�ö�
�Ù�ü���ö�ÿ���ö���ø�ë
���î�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�î�
�� ���÷�`���Ü���ø�Ö���é�
���ó���������ð�h�î���
�Ö���î�����Ü�ß�`���Ü�ì���Ü�Ö���ø�ø���Ö�þ���ì�
���ê���ï���Ý�ì�÷�d�Ö���ï
�ÿ�ë���î�Ö���ø�è�d COVID-19 �ì���Ü�ï�ø�	�þ���ì�ð���
�ÿ���ì�	�ø�d�î �����	�ø�d�ï�ð�Ý���Ö���é�ð�Ý���Ü���é�a���ú���Ü�������î�ë���Ü�Ù�ü���ö���ð�h�î���ð���é�a���î�Ö���ø�ó���ç�î�������ÿ���ø�����Ö
�ù�ì�í�	���÷���ï�÷�����Ü���ü�ø���ÿ�Ý���Ö�÷���ðKERRA ���ê�`���î�������Ü �é�a�ü�÷�×�a���Ý���Ö���é���ú���Ö�å���î�ì���Ü�ü�	�ß���Ö���ø�ì�
�����Ö�
���÷�ü�Ö���ï�ñ�ú�Ö���ø�ì�é�ÿ���ï�ê���ø���ï�÷��
�ÿ�ö�
�î���ó�ø�÷���Ü���ö�`���ð�h�î�ì�
���ð�ø���Ý���Ö�þ�d���ú���÷���Ü���ö�`�ö�
�Ü���î�ü�	�Ý���÷�ø���Ü�ø���ï�ñ�ú�Ö���ø�ì�é�ÿ���ï�ð�ø���ÿ�	�ì�í�	�õ���ó�ê���ø���ï�÷���ÿ�ö�
�î���ó�ø���ì�÷�ê���ø���ï�î�
�����î
�Ö���ø�ð�\���Ü�Ö���î���ú���ø���Ö�þ���ðCOVID-19 ���÷�`���Ü�Ý�ø�	�Ü�Ý���Ü�ð�Ý���Ü�÷���Ü���ö�`�ÿ���ö���ø�ë�×�÷���÷�ñ�ú�Ö���ø�����a�ï�ø�	�Ö���ø���é�a�Ù�ø���ï�Ù�ú�
�ö�ì�����ü�ð�ø�����ì�ý�ð���é�÷
���î���ï�������Ü�ê�a�î�ð�Ý���Ö�Ü���î�ü�	�Ý���÷���î���a���Ü�ð�ä�	�ï���ê�	�Ö���ø�×���Ü�ð�ø�ý���ð�é�ø�����Ö�
�÷�ø�ê�	�ì�ü�
�ß���ü�Ü�ý�d���Ö�ö�ú�ð���é�a�ì���Ö���ø���ð�ø�
�÷�ï���ì�
�÷�ï�ù�ì�í�	���Ö���ø�÷���ï�÷�����Ü�ð
COVID-19 protease �ø�����ü�`���Ü�÷�����ú�ó�	�î�����ü�
�÷�ø�d���ú���÷���ø�	���ì�î�����ü�
�÷�ø�d�é���Ü�ê���ø���Ü�ì�
���ð1 ���ú���ø���ð�ì�
���ð�� - 3 �ó�ï�ü�`���ð�÷���ðKERRA  
�ö�
�ù�ì�í�	���Ö���ø�÷���ï�÷�����Ü �ê�`���ðCOVID-19 protease ���÷�`���Ü�ö�
�ð�ø���ÿ�	�ì�í�	�õ���ó�ð���
�Ö�ì�����Ü�Ö���ø�é�����î�	�î�Ü���î�ü�	�Ý���÷���ó���������×�a���ë���Ü���ü�ø���ÿ�ðCOVID-
19 ���ð�h�î���ø�������Ü�ì�
���÷���Ö���ú���ö�
�Ù�`�����ß�a�Ý�`���÷�ÿ���Ü�ð�ì�������a�Ö���ø�ì�é�ú���Ü���î���a���Ü�ð�ä�	�ï���ê�	�Ö���ø�Ö���ï���ü�ø���ÿ�ß�î�	�é�î�
���Ý���Ü���ð�h�î���ð���é�a�÷���Ö�ð���ú���ê�a���Ü�ì��
���î���a���Ü�ð�ä�	�ï���ê�	�Ö���ø�ì�
���ö�
�Ù�ü���ö�ð�ú���é�õ���÷�ÿ���Ü�ø���é���ï�ð3 �à�����Ü�ö�
���ó�
�÷�Ü���ö�`�Ö�
�������`�Ü���î�ð�ø�����ì�ý���ì�÷�ð�é���Ü�î�����î�ð�ì���Ü�ï�ø�	�þ���ì�ð���ð�Ý���Ü�ö�
�Ù�ü���ö 
�Ý�����ð�h�î�ì�
���Ý���×���ø���ï�Ö���ø�ÿ�î���ï�ÿ�î�
�î�Ý���Ö���ð�ø���Ö�ø�ö�ÿ�î���ï�ÿ�î�
�î�Ö���ø�ó���ç�î�����ì�Ù���î���ú�÷�
���ú���î�ü���ê�Ö�ø�ø�ö�ð�	ITAP) ���ó�������é�����î�	�î 
���Ù�ø�Ü�Ö���ø�ø�`�ü�ö�Ö���ï�ñ���a���ß�
���÷�ü�ß���â�Ý���Ö�õ���Ù�ü�	�ß���ß�
�ü���Ù�ö�
�Ù�è���ü�	�ì�÷���ý���ÿ�ê�ø�d�ö�����ü�	�ì�÷���ú���÷���Ö�þ�ê�ø�ý���ÿ�ê�ø�d���î�Ö���ø�Ù�a�î���� �ÿ���ø�����Ö
�ù�ì�í�	���÷���ï�÷�����Ü�����î���à�ö�d�ðCOVID-19 protease �Ý���Ö�ê���ø���ï�ÿ�ö�
�î���ó�ø�ðKERRA �����î�Ý�����ð�h�î�Ö���ø�Ö���ø�î���ñ�ú�Ü���î�ü�	�Ý���÷  
�ö���Ö�`�������a���Ö�	�é�ñ�ú�	�ê�����ö�`���î�ê�ú���é�ê�`�����ð 
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�ü���ê�ë�
�ð�ø���ÿ�Ü�Ù�d�×���Ü���Ù�ø�Ü�Ö���ø 

���ó�������Ù�a�î���������ÿ���ø�����Ö�ù�ì�í�	���÷���ï�÷�����Ü�����î���à�ö�d COVID-���� protease �Ý���Ö�ê���ø���ï�ÿ�ö�
�î���ó�ø�ðKERRA 
���÷�`���Ü�î�a���÷�ð���ð�ß�î�	�é�ð���î�Ö���ø�÷���ï�÷�����Ü���Ù���ø�î�����ü�ø���ÿ�ð���é�÷���ß�a���ï�ï�Ý���ú���Ü�Ý���Ö���ü�ø���ÿ���Ù���ø�î�����î���ö�ü�ð�ì�
���ö�
�Ù�`���ðIC�����ð 
���ö�`�ê�����Ö�ü�`���ð�������ðmg/ml 

 

�ü�	�í�
�Ö���ø�é�����î�	�î�Ü���î�ü�	�Ý���÷ 

1. �Ö���ø���ê�ø�
�÷�ö�ÿ�ö�
�î���ó�ø 

�ß�����Ü�ÿ�ö�
�î���ó�ø�ðKERRA �î�������î���Ö�ð�������ð�Ö�ø���ö�ð�ì���Ö���ø�ÿ�Ö���é�é�a�ü�÷�Ö���ø���ß�`���î�ê���ü�ì���ú���ú���÷�����ì���î���ú (solvent 
extraction) �ð�ø�	�ö���ê�ø�ð�������ð�ö�	�ú�ú�	�ú�	�ê�ø�ð���î�ý���î�÷�d�ï�`�ö���ó���� (incubator) �ì�
�����
�è���õ���ö�	�ð�����ð���Ü�ý�����à�ú���à�
�÷�ÿ�ð���ð�h�î���ü�ú���ð24 
�ß�����ü���ö�Ü�ð���ú���Ö�ø���Ü�é�a�ü�÷�Ö�ø���é���þ�Ö�ø���Ü���ó���������÷�Ö�ÿ�`�ü�î�ì�
���ú���ú���÷�ö���ì���Ö���ø�ø�������÷�����a�Ü���ó�������Ö���Ý���é�����ì���î���ú�é�a�ü�÷���Ù�ø�������Ü
�ß�
�ï�ÿ�
�â�â���Ö���ý�ð�	Vacuum Evaporation System)�ð���ú���ß�����Ü�î�������î���Ö�����a�Ü�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï�ðKERRA�ð���ó�������î���ö��
�ì�é�ú���Ü�Ö���ø�÷���ï�÷�����Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ð���ú�����ü�ø���ÿ�ê�`�����ð 

2. �Ö���ø���ê�ø�
�÷�ö�ÿ���ø�ú���ú���÷�ê���ü���÷�`���Ü�ðKERRA�ð�ÿ�����ø���ï�Ù���é���÷�Ö�ð���ú���ü�	���Ù�ø�������d�ÿ���ø�����Ö�ù�ì�í�	���ì���Ü�ß�
�ü�õ���ó 
2.1 �Ö���ø���÷�Ö�ÿ���ø���î�ÿ���ø�ÿ�Ö���é���÷���ï�ðKERRA�ð�é�a�ü�÷���Ù�ø�������Ü���÷�Ö�ÿ���ø�Ù�ü���ö�é���î�ð���î�Ö�ú���Ü�ð(flash chromatography) 

�ÿ���ø�ÿ�Ö���é���÷���ï�ðKERRA�ð���î�ê���ü�ì���ú���ú���÷�����ì���î���ú ���é�a�ø���ï�Ö���ø���÷�Ö�ÿ���ø�é�a�ü�÷���Ù�ø�������Ü���÷�Ö�ÿ���ø�Ù�ü���ö�é���î�ð���î�Ö�ú���Ü
PuriFiash PF_5_250_UV800_iELSD ���é�÷���ß�a�Ù���ú���ö�ö�d�ðPF-15C18AQ-F0025 ���ú�����ô�ÿ���Ù�ú�������î�ì�
���ÿ�����ø���ï�Ö���ø
���÷�Ö�ÿ���ø�ÿ�Ö���é���÷���ï�ðKERRA �ð�ø���Ö���ï�é�a�ü�÷ �î���� (solvent A) ���ú�� �����ì���î���ú�ð (solvent�ðB) �õ���÷���ê�a�ÿ�õ���ü���é���Ü�î�
�� 
���ß�a�ø���ï�ï�ðgradient �Ý���Ö�ð0%A - 80.5%B ���î���ü�ú���ð������7�ð�î���ì�
�ð80.5%B -100%B ���î���ü�ú���ð17-19 �î���ì�
 �����ê�ø��
�Ö���ø�����ú���ð�h�î�ð��5 �ö�	�ú�ú�	�ú�	�ê�ø�ê�`���î���ì�
 �ê�ø�ü�Ý�ü���é�Ù�`���Ö���ø�é���é�Ö�ú���î���ÿ�Ü�ì�
���Ù�ü���ö�÷���ü�Ù�ú�����î ������ �î�����î���ö�ê�ø �Þ�
�é�ÿ���ø�ÿ���ø�ÿ�Ö���é
���÷���ï�ðKERRA ���ð�ö�	�ú�ú�	�ú�	�ê�ø�ð�Ý���Ö�î�����î�ì���Ö���ø���Ö���ï�ðfraction ���î���ê�`�ú���ó�
�Ù�ð�ì���Ö���ø�ü�	���Ù�ø�������d�Ù�ü���ö�ï�ø�	�ÿ�
�ì�í�	���é�a�ü�÷���Ù�ø�������Ü�ð
High Performance Liquid Chromatography (HPLC)�ð���ú���ø���ï�
�ß�î�	�é�ÿ���ø�����Ö�ù�ì�í�	���ì���Ü�ß�
�ü�õ���ó�é�a�ü�÷�ðMass 
Spectrometry�ð�ê�`�����ð 
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2.2 �Ö���ø�ü�	���Ù�ø�������d�ÿ���ø�ÿ���ø�����Ö�ù�ì�í�	���ì�
�����ð�h�î���Ü�Ù�d�ð�ø���Ö���ï���î�ÿ���ø�ÿ�Ö���é���÷���ï�ðKERRA�ð�é�a�ü�÷���ì�Ù�î�	�Ù���Ù�ø�ö�����ì 
�Ö�ø���ô�X�×���Ü�����ú�ü�ð���ð���ö�ÿ�ÿ���ð�Ö���ê�ø���ö�ê�ø�
�ð�	Liquid-chromatography mass spectrometry, LCMS) 

�ÿ���ø�ÿ�Ö���é���÷���ï�ðKERRA�ð�ú���ú���÷���î�ð����% ���ö�ì���î���ú�ð���é�÷�ö�
�Ù�ü���ö���×�a�ö�×�a�î�×���Ü�ÿ���ø�ê���ü���÷�`���Ü���ð�h�î�ð�������ðppm  
�Þ�
�é�ÿ���ø�ê���ü���÷�` �� �Ü�ð�ø�	 �ö���ê�ø�ð ���ð���ö�� �Ù�ø�ú�	�ê�ø�ð���ú�a�ü�ü�	�� �Ù�ø���� �� �d�é�a�ü�÷�ðQ-Exactive HF-X Orbitrap mass 
spectrophotometer system�ð�ì���Ö���ø���÷�Ö���é�÷���ß�a�Ù���ú���ö�ú�d�ß�î�	�é�ðHypersil gold TM Vanquish C18 column 

(2.1 x 100mm, 1.9 �Pm, Thermo Scientific)�ð�ø�`�ü�ö�Ö���ï�ðguard�ð�Ù���ú���ö�ú�d�ð�ì�
�����
�è���õ���ö�	�ð�����ð���Ü�ý�����à�ú���à�
�÷�ÿ�ð���é�÷
�����ý���÷���ô�ÿ���Ù�ú�������î�ì�
���ð�ð�ø���Ö���ï�é�a�ü�÷�ø�a���÷�ú���ð�������ð���é�÷�ð�ø�	�ö���ê�ø�ê�`���ð�ø�	�ö���ê�ø�×���Ü�Ö�ø�é�ô���ø�d�ö�	�Ö���î�î�����ð(A),  �������ð���é�÷
�ð�ø�	�ö���ê�ø�ê�`���ð�ø�	�ö���ê�ø�×���Ü�Ö�ø�é�ô���ø�d�ö�	�Ö���î�����à�	���ê���î���ê�ø�ú�d�ð�	B) ���ú���ð�������ð���ß�a�ø���ï�ï�ðgradient�ð�ø���÷�����ü�ú���ð�����ð�î���ì�
�ð
���ø�	���ö�Ý���Ö�ð����A ���ð�h�î���ü�ú���ð���ð�î���ì�
�ð�ë���Ü��������B ���ð�h�î���ü�ú���ö���Ö�Ö�ü�`���ð�����ð�î���ì�
�ð�ú�a���Ü�Ù���ú���ö�ú�d�é�a�ü�÷�ð��������B ���ð�h�î���ü�ú���ð���ð
�î���ì�
�ð���ú���ð��%B �ö���Ö�Ö�ü�`���ð1 �î���ì�
�ð���Ù�ø�������Ü���ö�ÿ�ÿ���ð�Ö���ê�ø���ö�ê�ø�
�����ý���÷�Ö���ø�ü�	���Ù�ø�������d�ðHESI ion source, negative 
���ú�� positive ions�ð�����ö�é�ðMS1/data-dependent MS2 (dd-MS2) ���ú���ó���ø���ö�	���ê���ø�d�ð�é���Ü�î�
���ðspray voltage 
3.5kV (positive) and 2.5kV (negative), sheath gas 45 AU, auxiliary gas 10 AU, sweep gas 2 AU, 

capillary temperature 320�qC, probe heater temperature 400�qC, full scan MS1 resolution 
120,000, data-dependent MS2 resolution 30,000, scan range 100 �1 1500 m/z, AGC target 3e6, 
max IT 100 ms, stepped N(CE) 20, 30, 40 eV. �Ý���Ö�î�����î�ì���Ö���ø�ð�ø���ö�ü�ú�ñ�ú�×�a���ö���ú���é�÷���ß�a�à���ô���ü�ø�d�ð
compound discoverer ���ú���ø���ï�
�ß�î�	�é�ÿ���ø�Ý���Ö�Ö���ø���ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ø���ê�Ö�ê���ü�×���Ü�ÿ���ø�ê���ü���÷�`���Ü�Ö���ï�å���î�×�a���ö���ú�ð
Mzcloud, Mzvault�ð���ú���ðChemspider 

 
3. �Ö���ø���ê�ø�
�÷�ö�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð���î�ø���ï�ï���ï�Ù�ì�
���ø�
�÷�ðE��coli �ÿ���÷�ó���î�í�
�d�ðBL�����ð�	DE���
 

3.1 �Ö���ø�î���ø�
�Ù���ö�ï�	���î�î�ì�d�ó�ú���ÿ�ö�	�é�é�
�������î�������×�a���ÿ���`���à�ú�ú�d�ðE. coli�ð�	Cell Transformation) ���é�÷�ü�	�í�
�ðheat shock 
Transformation 
 �î���ø�
�Ù���ö�ï�	���î�î�ì�d�ó�ú���ÿ�ö�	�é�é�
�������î�����ì�
���ê���é�ê�`���÷�
�î Covid-�����ðprotease�ð���î���ü�Ö���ê���ø�d�ß�î�	�é�ð�ðPGEX4T3�ð���×�a���ÿ���`�ð
competent cell �Ù�����ð���à�ú�ú�d���ï�Ù�ì�
���ø�
�÷�ðE��coli BL21�	DE3�
�ð���é�÷�î���ø�
�Ù���ö�ï�	���î�î�ì�d�ó�ú���ÿ�ö�	�é�é�
�������î�����ð�ø�	�ö���ê�ø�ð2�ð
���ö���Ù�ø�ú�	�ê�ø�ð�ñ�ÿ�ö�Ö���ï���à�ú�ú�d���ï�Ù�ì�
���ø�
�÷�ðE��coli�ð�ï�`�ö���î�î�������×���Ü���ð�h�î���ü�ú���ð30�ð�î���ì�
�ð�÷�a���÷���ð�ì�
�����
�è���õ���ö�	�ð�����ð���Ü�ý�����à�ú���à�
�÷�ÿ�ð
���ð�h�î���ü�ú���ð90�ð�ü�	�î���ì�
�ð���ú�a�ü�ï�`�ö���î�î�������×���Ü�ì���î�ì�
�ð���ð�h�î���ü�ú���ð���ð�î���ì�
���ê�	�ö���������ø���ú�
���÷�Ü���ß�������ß�î�	�é�����ú�ü�ðLB �ð�ø�	�ö���ê�ø�ð5�����ð
���ö���Ù�ø�ú�	�ê�ø�ð���ú�
���÷�Ü���ß�������ê�`�����é�÷�ï�`�ö�ì�
�����
�è���õ���ö�	�ð37�ð���Ü�ý�����à�ú���à�
�÷�ÿ�ð���ð�h�î���ü�ú���ð1�ð�ß�����ü���ö�Ü�ð�ì���Ö���ø�Ù���é���ú�����Ö���ß�������ì�
�����é�a�ø���ï�ø�

�Ù���ö�ï�	���î�î�ì�d�ó�ú���ÿ�ö�	�é�é�
�������î�������é�÷�Ö���ø�ì�������a���ß�������Ö�ø���Ý���÷���î�Ý���î���ó�������ß�������ð�	spread plate) �ï�î���������ø���ú�
���÷�Ü���ß������
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�ß�î�	�é���×���Ü�ðLB �à�����Ü�ö�
�÷���ð�ä�	�ß�
�ü�î�������ö�ó�	�à�	�ú�ú�	�î�ð�Ù�ü���ö���×�a�ö�×�a�î�ð100 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø ���ú���ï�`�ö�ì�
�����
�è���õ���ö�	�ð37�ð
���Ü�ý�����à�ú���à�
�÷�ÿ�ð���ð�h�î���ü�ú���ð1 �Ù���î 
 
3.2 �Ö���ø�Ö�ø���ê�
�a�î�Ö���ø���ÿ�é�Ü�����Ö�×���Ü���ð�ø�ê�
�î�ð�	Protein Expression) 
 �ì���Ö���ø�ñ�ú�	�ê�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð�õ���÷���î���à���ì�ó�ú���ÿ�à���ö�×���Ü���ï�Ù�ì�
���ø�
�÷�ðE.coli �ÿ���÷�ó���î�í�
�d�ðBL�����ð�	DE���
�ð
���é�÷�Ö���ø���ú�
���÷�Ü���ï�Ù�ì�
���ø�
�÷�ðE.coli �ÿ���÷�ó���î�í�
�d�ðBL�����	DE���
�ð�ì�
���ö�
���ü�Ù���ê���ø�d�ðPGEX��T�����ðCovid-�����ðprotease-��xHis ���î
���������ø���ú�
���÷�Ü���ß�������ß�î�	�é�����ú�ü�ðLB �ð�ø�	�ö���ê�ø�ì�����Ü���ö�é�ð2 �ú�	�ê�ø�ð�ì�
���ö�
�÷���ð�ä�	�ß�
�ü�î�������ö�ó�	�à�	�ú�ú�	�î�ð�Ù�ü���ö���×�a�ö�×�a�î�ð�������ð
���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�ï�`�ö�ì�
�����
�è���õ���ö�	�ð�����ð���Ü�ý�����à�ú���à�
�÷�ÿ�ð���ð�h�î���ü�ú���ð2 �ß�����ü���ö�Ü �Ö�ø���ì�����Ü�ÿ���ö���ø�ë�ü���é�Ù�ü���ö�×�
�`�î�×���Ü
���à�ú�ú�d�ì�
���Ù�`���Ö���ø�é���é�Ö�ú���î���ÿ�Ü�ð�������ð�î�����î���ö�ê�ø ���é�a�ð�ø���ö���è�ð����7���������ð�Ý���Ö�î�����î�Ö�ø���ê�
�a�î�Ö���ø�ÿ�ø�a���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ð

Covid-�����ð���é�÷���ê�	�ö isopropyl �t-d-1-thiogalactopyranoside (IPTG)  �Ù�ü���ö���×�a�ö�×�a�î�ð0.4 �ö�	�ú�ú�	���ö�ú���ø�d�ð 
�ì�
�����
�è���õ���ö�	�ð16 ���Ü�ý�����à�ú���à�
�÷�ÿ�ð���ð�h�î���ü�ú���ð18-20 �ß�����ü���ö�Ü�ð�Ý���Ö�î�����î���Ö���ï���à�ú�ú�d���ï�Ù�ì�
���ø�
�÷�ì�����Ü���ö�é�ö���ð�f�i�î�����ü�
���÷�Ü�ì�
��
�Ù�ü���ö���ø���ü�ø���ï�ð9,000 �ø���ï�ê�`���î���ì�
�ð���
�è���õ���ö�	�ð4 ���Ü�ý�����à�ú���à�
�÷�ÿ ���Ö���ï�ø���Ö�þ�����à�ú�ú�d�ì�
�����
�è���õ���ö�	�ð-20 ���Ü�ý�����à�ú���à�
�÷�ÿ�ð
���ó�������ø���Ö���ø�ì���ï�ø�	�ÿ�
�ì�í�	�����ð�ø�ê�
�î�ê�`�����ð 
 
3.3 �Ö���ø�ÿ�Ö���é���ð�ø�ê�
�î�ð�	Protein Extraction)�ð���ú���Ö���ø�ì���ï�ø�	�ÿ�
�ì�í�	�����ð�ø�ê�
�î�ð(Protein Purification) 
 �î�����à�ú�ú�d���ï�Ù�ì�
���ø�
�÷�ì�����Ü���ö�é���ê�Ö���à�ú�ú�d�ð(cell lysate)�ð���ó�������ÿ�Ö���é�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð�ú���ú���÷���à�ú�ú�d�é�a�ü�÷
�ÿ�� �ø�ú�� �ú�� �÷ Lysis buffer�ð�ð�ø�	 �ö�� �ê�ø�ð80 �ö�	 �ú�ú�	 �ú�	 �ê�ø�ð�ì �
 �� �ð�ø�� �Ö�� �ï �é�a�ü�÷�ð50 �ö�	 �ú�ú�	 �� �ö�ú�� �ø�d Tris �1 HCI  
(pH  8.0), 300 �ö�	�ú�ú�	���ö�ú���ø�d Nacl, 0.5% Triton-X�ð�ñ�ÿ�ö�����a���×�a���Ö���î�ð�	vortex) �ì���Ö���ø���ê�Ö���à�ú�ú�d���é�÷���ß�a���Ù�ø�������Ü
�Ö�����î�	�é�Ù�ú�����î���ÿ�
�÷�Ü�Ù�ü���ö�ë�
���ÿ���Ü�ð�	Ultrasonic processor) �ì�
�����
�è���õ���ö�	�ð4 ���Ü�ý�����à�ú���à�
�÷�ÿ�ð���ð�h�î���ü�ú���ð���ð�ß�����ü���ö�Ü�ð 
�ð�f�i�î���÷�Ö�ê���Ö���î���à�ú�ú�d�ð(pellets)�ð�����Ö�Ý���Ö�ÿ���ø�ú���ú���÷���ð�ø�ê�
�î�ÿ�`�ü�î���ÿ�ð(supernatant)�ð�ì�
���Ù�ü���ö���ø���ü�ø���ï�ð14,000 
�ø���ï�ê�`���î���ì�
�ð���ð�h�î���ü�ú���ð45 �î���ì�
�ð���
�è���õ���ö�	�ð4 ���Ü�ý�����à�ú���à�
�÷�ÿ �î���ÿ���ø�ú���ú���÷���ð�ø�ê�
�î���ø�����ÿ�`�ü�î���ÿ�ð(supernatant)�ð
�ì���Ö���ø���÷�Ö���ð�ø�ê�
�î�����a�ï�ø�	�ÿ�
�ì�í�	�����é�÷�����ý���÷���ì�Ù�î�	�Ù�ð�ðAffinity Chromatography �à�����Ü�ö�
�ú�	���Ö�î�é�d�ì�
���Ý�����ó�����Ö���ï�Ö���ø�Ý���ï
�Ö���ï���ð�ø�ê�
�î�ì�
���ö�
�ð��xHis�ð�é�a�ü�÷�Ù���ú���ö�î�d�ß�î�	�é�ðNi-NTA column�ð���ú���ÿ���ø�ú���ú���÷�ï���ô���ô���ø�d�ð�ð�ø���Ö���ï�é�a�ü�÷�ð50 �ö�	�ú�ú�	���ö
�ú���ø�d Tris �1 HCI (pH  8.0), 300 �ö�	�ú�ú�	���ö�ú���ø�d Nacl (buffer A) ���ú���ÿ���ø�ú���ú���÷�ï���ô���ô���ø�d�ð50 �ö�	�ú�ú�	���ö�ú���ø�d Tris �1 
HCI (pH  8.0), 300 �ö�	�ú�ú�	���ö�ú���ø�d Nacl, 250 �ö�	�ú�ú�	���ö�ú���ø�d imidazole�ð(buffer B) ���ø�	���ö�Ý���Ö�Ö���ø�ì�������a���Ö�	�é�Ù�ü���ö
�ÿ�ö�é�
�ú�×���Ü�Ù���ú���ö�î�d�ð�	Equilibration) �é�a�ü�÷�ðbuffer B�ð20 �ö�	�ú�ú�	�ú�	�ê�ø�ð���ú���ðbuffer A�ð20 �ö�	�ú�ú�	�ú�	�ê�ø�ð�î���ÿ�`�ü�î���ÿ�Ý���Ö
�Ö���ø���ê�Ö���à�ú�ú�d�ð�	Supernatant) �ú�Ü���î�Ù���ú���ö�î�d�ð���Ö���ï�ÿ���ø�ú���ú���÷�ÿ�`�ü�î�ì�
���ñ�`���î�Ù���ú���ö�î�d�ð�	Flow through) �ê���ö�é�a�ü�÷�Ö���ø
�ß���ú�a���Ü���ð�ø�ê�
�î�������î���ð�ì�
�����ö�`�Ý���ï�Ù���ú���ö�î�d�é�a�ü�÷ buffer A�ð���Ö���ï�ÿ���ø�ú���ú���÷�ÿ�`�ü�î�ì�
���ñ�`���î�Ù���ú���ö�î�d�ð�	Wash A) ���ú�����ó�	���ö�Ù�ü���ö
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���×�a�ö�×�a�î�×���Ü buffer B�ð�ì�
���ö�
�ðimidazole �Ù�ü���ö���×�a�ö�×�a�î�ÿ�
�é�ì�a���÷���ì�`���Ö���ï�ð����,�ð������,�ð������,�ð�������ð���ú���ð250 �ö�	�ú�ú�	���ö�ú���ø�d�ð
�ê���ö�ú���é���ï�ð���ú�a�ü�ê�ø�ü�Ý�ÿ���ï�Ù�ü���ö�ï�ø�	�ÿ�
�ì�í�	�����é�÷�ü�	�í�
�ðSDS-PAGE ���é�÷�÷�a���ö�ðCoomassie brilliant blue protein 
staining �Ý���Ö�î�����î���ó�	���ö�Ù�ü���ö���×�a�ö�×�a�î�×���Ü���ð�ø�ê�
�î���é�÷���ß�a�ðCentricon (�����ðkDa, Millipore) ���ú���ü���é�Ù�ü���ö���×�a�ö�×�a�î
�×���Ü���ð�ø�ê�
�î���é�÷���ß�a���Ù�ø�������Ü�ÿ���ð�Ö���ê�ø���ô���ê�ø�ö�	���ê���ø�d�ì�
���Ù�ü���ö�÷���ü�Ù�ú�����î�ð�������ð�î�����î���ö�ê�ø�ð���ó�����������ð�ø�	�ö���è�Ù�ü���ö���×�a�ö�×�a�î
�ÿ�
�é�ì�a���÷�×���Ü���ð�ø�ê�
�î �ÿ�����ø���ï�î�����ð�ì�é�ÿ���ï�ð�ø���ÿ�	�ì�í�	�õ���ó�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð�ð 

 

4. �Ö���ø�ì�é�ÿ���ï�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ Covid-����  
4.1 �Ö���ø���ê�ø�
�÷�ö�ï���ô���ô���ø�d�ÿ�����ø���ï�ì�é�ÿ���ï�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d�ð�	Assay buffer) 

�ÿ���ø�ú���ú���÷�ï���ô���ô���ø�d�ð�ð�ð�ø���Ö���ï�é�a�ü�÷�ð20�ð�ö�	�ú�ú�	���ö�ú���ø�d�ðTris-HCl (PH. 7.5), 100�ð�ö�	�ú�ú�	���ö�ú���ø�d�ðNaCl,  
2�ð�ö�	�ú�ú�	���ö�ú���ø�d�ðDTT, 0.05�ð�ö�	�ú�ú�	���ö�ú���ø�d�ðEDTA �ð�ø�	�ö���ê�ø�ð100�ð�ö�	�ú�ú�	�ú�	�ê�ø 

4.2 �Ö���ø���ê�ø�
�÷�ö�ÿ���ø�ú���ú���÷�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-19 
���ê�ø�
�÷�ö�ÿ���ø�ú���ú���÷�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-19�ð�Ý���Ö�Ö���ø�ì���ï�ø�	�ÿ�
�ì�í�	���ð�Ù�ü���ö���×�a�ö�×�a�î�ð1�ð���ö���Ù�ø���ö�ú���ø�d�ð 

     ���î�ÿ���ø�ú���ú���÷�ï���ô���ô���ø�d�ð�	Assay buffer) 

4.3 ���ê�ø�
�÷�ö�ÿ���ø�ê�����Ü�ê�a�î���ø�����Ü���ÿ�Ü�ð(Fluorescence substrate)  
�ú���ú���÷�ÿ���ø�ê�����Ü�ê�a�î�ß�î�	�é�ðDabcyl-KTSAVLQSGFRKM-E(Edans) ���î�ê���ü�ì���ú���ú���÷�ð100% (v/v) DMSO �ì��

�Ö���ø���Ý�����Ý���Ü�ÿ���ø�ê�����Ü�ê�a�î�é�a�ü�÷�ÿ���ø�ú���ú���÷�ðassay buffer �ì�
���ð�ø���Ö���ï�é�a�ü�÷�ð20�ð�ö�	�ú�ú�	���ö�ú���ø�d�ðTris �1 HCI  
(pH 7.5), 100 mM Nacl, 1 mM EDTA, 2mM DTT �ì �
 �� �ö �
 �Ù�ü �� �ö �� �× �a �ö�× �a�î �ÿ �
 �é �ì �a �� �÷ �� �î �ð �ä �	 �Ö�	 �ø �	 �÷ �� �� �ð�h �î�ð 
40 ���ö���Ù�ø���ö�ú���ø�d 

4.4 �Ö���ø���ê�ø�
�÷�ö�ÿ���ø�÷���ï�÷�����Ü�ð�	Inhibitor) ���ú���ÿ���ø�ÿ�Ö���é���÷���ï�ðkerra 
���ê�ø�
�÷�ö�ÿ���ø�÷���ï�÷�����Ü�ð�Ù�����ð���ú�ó�	�î�����ü�
�÷�ø�d �	Lopinavir)�ð���ú���ø�	���ì�î�����ü�
�÷�ø�d�ð�	ritonavir) ���ú���ÿ���ø�ÿ�Ö���é���÷���ï�ðkerra�ð�ì�
��

�Ù�ü���ö���×�a�ö�×�a�î�ð100 �ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð���î�ê���ü�ì���ú���ú���÷�ð100% (v/v) DMSO ���Ý�����Ý���Ü�ÿ���ø�÷���ï�÷�����Ü�é�a�ü�÷�ÿ���ø�ú���ú���÷�ð
assay buffer �ì�
���ð�ø���Ö���ï�é�a�ü�÷�ì�
���ð�ø���Ö���ï�é�a�ü�÷�ð�����ð�ö�	�ú�ú�	���ö�ú���ø�d�ðTris �1 HCI �	pH �������
, ������ mM Nacl, �� mM 
EDTA, ��mM DTT �ì�
���ö�
�Ù�ü���ö���×�a�ö�×�a�î�ÿ�
�é�ì�a���÷���î�ð�ä�	�Ö�	�ø�	�÷�����ð�h�î�ð10, 100 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�ê���ö�ú���é���ï ���ó���������ß�a
�ÿ�����ø���ï�Ö���ø�ì�é�ÿ���ï�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-���� 

4.5 �Ö���ø�ì�é�ÿ���ï�Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð 
 �Ö���ø�ê�ø�ü�Ý�ÿ���ï�Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð���é�÷�Ö���ø�ü���é�����ê�ø���Ö���ø�ð�ä�	�Ö�	�ø�	�÷���×���Ü
�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð���î�ÿ�õ���ü���ì�
���ö�
�ÿ���ø�÷���ï�÷�����Ü�ð�Ù�����ð���ú�ó�	�î�����ü�
�÷�ø�d �	Lopinavir)�ð���ú���ø�	���ì�î�����ü�
�÷�ø�d�ð�	ritonavir)�ð
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�ð�ä�	�Ö�	�ø�	�÷���ð�ø���Ö���ï�é�a�ü�÷�ð�ñ�ÿ�ö�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð���î�ÿ���ø�ú���ú���÷�ï���ô���ô���ø�d�ð�ì�
���ö�
�Ù�ü���ö���×�a�ö�×�a�î�ÿ�
�é�ì�a���÷�×���Ü
�����î���à�ö�d���ð�h�î 200�ð�î�����î���ö�ú���ø�d�ð(nM) ���ú���ÿ���ø�÷���ï�÷�����Ü���ê�`�ú���ß�î�	�é�ñ�ÿ�ö�����a���×�a���Ö���î�ð���é�÷�ï�`�ö�ì�
�����
�è���õ���ö�	���a���Ü�ð���ð�h�î���ü�ú���ð
10 �î���ì�
 �Ý���Ö�î�����î���ø�	���ö�ê�a�î�ì�é�ÿ���ï�ð�ä�	�Ö�	�ø�	�÷�����é�÷���ê�	�ö�ÿ���ø�ê�����Ü�ê�a�î���ø�����Ü���ÿ�Ü�ð(Dabcyl)-Lys-Thr-Ser-Ala-Val-Leu-
Gln-Ser-Gly-Phe-Arg-Lys-Met-Glu (Edans)-NH2�ð�ì�
���ö�
�Ù�ü���ö���×�a�ö�×�a�î�ÿ�
�é�ì�a���÷�ð40 ���ö���Ù�ø���ö�ú���ø�d�ð���é�÷�ö�
�ð�ø�	�ö���ê�ø
�ø�ü�ö 25�ð���ö���Ù�ø�ú�	�ê�ø�ð�ì�é�ÿ���ð�ä�	�Ö�	�ø�	�÷���ì�����Ü���î�ÿ�õ���ü���ì�
�����ö�`�ö�
�ÿ���ø�÷���ï�÷�����Ü ���ú���ö�
�ÿ���ø�÷���ï�÷�����Ü���ú�ó�	�î�����ü�
�÷�ø�d�ð�	Lopinavir) ���ú��
�ø�	���ì�î�����ü�
�÷�ø�d�ð�	ritonavir) �ö�
�Ù�ü���ö���×�a�ö�×�a�î�ÿ�
�é�ì�a���÷���î�ð�ä�	�Ö�	�ø�	�÷�����ð�h�î�ð10 ���ú���ð100 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�ê���ö�ú���é���ï�ð
���é�÷�Ö�����î�é�����a�ø�a���÷�ú���×���Ü�ê���ü�ì���ú���ú���÷�ðDMSO ���î�ð�ä�	�Ö�	�ø�	�÷���ö�
���÷���`���ö�`���Ö�	�î�ð�ð�����ð�	v/v)�ð�Ý���Ö�î�����î�ê�	�é�ê���ö�Ý�ú�î�ý���ÿ�ê�ø�d
�×���Ü�Ö���ø���Ö�	�é�ð�ä�	�Ö�	�ø�	�÷���ì�
���Ù�ü���ö�÷���ü�Ù�ú�����î�×���Ü�ø���Ü�ÿ�
�ì�
�����Ö�	�é�Ö���ø�é���é�Ö�ú���î�ð�	excitation wavelength) ��4���ð�î�����î���ö�ê�ø�ð
���ú���Ù�ü���ö�÷���ü�Ù�ú�����î�×���Ü�ø���Ü�ÿ�
�ì�
�����ð�ú�`�Ü�����Ö�ö���ð�	emission wavelength) 430�ð�î�����î���ö�ê�ø���ö�ê�ø�ð���ð�h�î���ü�ú���ð3���ð�î���ì�
�ð
�é�a�ü�÷���Ù�ø�������Ü�ü���é�Ö���ø�é���é�Ö�ú���î���ÿ�Ü�ß�î�	�é�ðFluorescence Microplate reader �ü���é�Ù�`���Ù�ü���ö���×�a�ö���ÿ�Ü�×���Ü�ð
Fluorescence substrate �ê�`�����î�`�ü�÷�ü�	�î���ì�
�ð�Ý���Ö�î�����î�î�����ÿ�a�î�Ý�ú�î�ý���ÿ�ê�ø�d�ì�
�����é�a�ö�������Ù�`�������ê�ø�����ø���ü���ø�	���ö�ê�a�î�×���Ü
�ð�ä�	�Ö�	�ø�	�÷���ð�	Initial reaction rate ; V���
�ð���ú�a�ü�î���Ù�`���ðV���ð�ö���Ù���î�ü�è�����Ù�`���ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�ð
�	���ðRelative inhibition) ���ð�ø�
�÷�ï���ì�
�÷�ï�ÿ�õ���ü���ì�
�����ö�`�ö�
�ÿ���ø�÷���ï�÷�����Ü�Ö���ï�ö�
�ÿ���ø�÷���ï�÷�����Ü�ð���é�÷�����ý���÷�Ö���ø�Ù���î�ü�è�Ý���Ö�ÿ���ê�ø 
 

[Relative Inhibition (%) = 
�>�:�Z�e���I�l�x�w�k�c�������Z�e���F�j�_�l�i�;�������:�Z�e���W�_�k�n�j�c�����Z�e���F�j�_�l�i�;�?

�Z�e���I�l�x�w�k�c�������Z�e�F�j�_�l�i��
�u���s�r�r] 

 
�î���Ù�`���ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�ð�	���ðRelative inhibition) �ì�
�����é�a�ö���ÿ�ø�a���Ü�Ö�ø���ô�Ù�ü���ö�ÿ���ö�ó���î�í�d�ø�����ü�`���Ü
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�Ö���ï�Ù�ü���ö���×�a�ö�×�a�î�ê�`���Ü���ð�×���Ü�ÿ���ø�÷���ï�÷�����Ü�ð���ú���Ö���ø�����Ù�ü���ö���×�a�ö�×�a�î�ì�
���ÿ���ö���ø�ë
�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð���é�a�ð�����ð���ð���ø�d���à���î�ê�d�ð�	IC�����
�ð�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø��
���ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ï�ÿ���ø�÷���ï�÷�����Ü���ú�ó�	�î�����ü�
�÷�ø�d�ð�	Lopinavir) ���ú���ø�	���ì�î�����ü�
�÷�ø�d�ð�	ritonavir)�ð���é�÷���ß�a���ð�ø���Ö�ø�ö�ð�ðGraphPad 
version 8.���ð 
 

5. �Ö���ø�ý���Ö�þ���Ù�ü���ö�ÿ���ö���ø�ë�×���Ü�ÿ�ö�
�î���ó�ø kerra ���î���à�ú�ú�d ���ú���ðviruses 
�������ð�Ö���ø���ê�ø�
�÷�ö���à�ú�ú�d���Ý�a���ï�a���î�ð�	Host�
�ð�ì�
�����ß�a�ÿ�����ø���ï�Ö���ø�ðInfect 

����������.�ð���ú�
���÷�Ü���à�ú�ú�d�ðVero E6 �	ATCC CRL-1586�E�
 ���î���������ø���ú�
���÷�Ü���à�ú�ú�d�ß�î�	�é�ðEagle's Minimum Essential�ð
Medium (EMEM; ATCC 30-2003�E)�ð�ì�
���ö�
�ð10% FBS ���ú���ð1% anti-anti ���é�÷�ì���Ö���ø�ðsubculture �ì�
�Ö���ð 
3 �ü���î 
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�����������ð���î�Ö���ø�ì�é�ÿ���ï�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�Ý�����ø�	���ö�ì�é�ÿ���ï���é�÷�ü���î�ì�
���ð���ð�ì���Ö���ø�ú�Ü���à�ú�ú�d
���î���ó�ú�ì�ß�î�	�é�ð���ð���ú�
�ö�ð�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð���ðx�ð10���ð���à�ú�ú�d�ê�`�����ú�
�ö�ð�ð�ø�	�ö���ê�ø�ð���ð�ö�	�ú�ú�	�ú�	�ê�ø���ð�h�î���ü�ú���ð�������ð�����ð�ß�����ü���ö�Ü 

�������ð�Ö���ø���ê�ø�
�÷�ö���ü�ø���ÿ�ð 
���ß���������ü�ø���ÿ���Ù���ø�î���Ý���ú���Ü�Ý���ì�����é�÷���ß�a�ø���ï�ï�ðLentivirus �é���Ü���ÿ�é�Ü���î�ø���ð�ì�
���ð���ð���î�Ö���ø�Ý���ú���Ü���ü�ø���ÿ�ì�����é�a���é�÷�Ö���ø

���ê�ø�
�÷�ö�ó�ú���ÿ�ö�	�é�ð���ð�ß�î�	�é�ð�Ù�����ð���
�ðLentiviral plasmid �à�����Ü���ß�a�ÿ�����ø���ï�ÿ�ø�a���Ü���ü�ø���ÿ�Ý���ú���Ü���é�÷�����ý���÷�ðHIV Genome�ð
���î�Ö���ø���ó�	���ö�Ý���î�ü�î�ð���ú���ó�ú���ÿ�ö�	�é�î�
���Ý���ö�
�Ö���ø���ÿ�é�Ü�����Ö�×���Ü�ðRFP�ð�	Red Fluorescent Protein�
�ð�ì�
�������a�ÿ�
���é�Ü���ó���������ß�a
���î�Ö���ø�ê�ø�ü�Ý�ê�	�é�ê���ö�ð���ú���ð���
�ðSARS-CoV Spike plasmid �ì�
���ö�
�Ö���ø���ÿ�é�Ü�����Ö�×���Ü���î���ö�×���Ü���ß���������ü�ø���ÿ���Ù���ø�î�����ó������
���ß�a���î�Ö���ø�ì�é�ÿ���ï�ð�î���ó�ú���ÿ�ö�	�é�ì�����Ü�ð���ð�ß�î�	�é���×�a�����ð���î���à�ú�ú�d���Ý�a���ï�a���î�ð�Ù�����ðHEK293T�ð�é�a�ü�÷�ü�	�í�
�ðTransfection�ð�Ý���Ö�î�����î
�î�����ü�ø���ÿ���Ù���ø�î���Ý���ú���Ü�ì�
�����é�a�ö�����Ý�����Ý���Ü���î���������ø�ðEMEM�ð�ì�
���ö�
�ðFBS ���ú���ðanti-anti�ð�	Complete medium�
�ð���î
�����ê�ø���ÿ�`�ü�î�ð��:100 ���ó���������ß�a���î�Ö���ø�ðtransduct ���×�a���ÿ���`���à�ú�ú�d�ðVero E6 �ì�
�����ß�a���ð�h�î���à�ú�ú�d���Ý�a���ï�a���î���î�Ö���ø�ì�é�ÿ���ï�Ö���ø
�÷���ï�÷�����Ü�Ö���ø�ø�
�Ö�ø���î�×���Ü���ß���������ü�ø���ÿ���Ù���ø�î���Ý���ú���Ü 

 

�ø���ð�ì�
���ð���ð�ü�	�í�
�Ö���ø�ÿ�ø�a���Ü���ü�ø���ÿ���Ù���ø�î���Ý���ú���Ü���é�÷�Ö���ø�ðTransfect ���×�a���ÿ���`���à�ú�ú�d�ðHEK239T 

�ð�ð�ð�ð�ð�ð�������ð�Ö���ø���ê�ø�
�÷�ö�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð(kerra) 
���Ù���ø�ø�d�ø���ì�
�����ú�����Ö���ß�a�Ý���ë���Ö�î���ö�����Ý�����Ý���Ü���î���������ø�ðEMEM�ð�ì�
���ö�
�ðFBS ���ú���ðanti-anti�ð�	Complete medium�
�ð

�ì�
���Ù�ü���ö���×�a�ö�×�a�î���ì�`���Ö���ï�ð���ð�ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø ���ú���ð�������ð�ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø 
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5.4 �Ö���ø�ì�é�ÿ���ï�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î�����î���à�ú�ú�d���Ý�a���ï�a���î�ð�	Host) �×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð(kerra) 
�î�����Ù���ø�d�ø���ì�
�����Ý�����Ý���Ü���ú�a�ü�ì�
���Ù�ü���ö���×�a�ö�×�a�î���ì�`���Ö���ï�ð���ð�ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø ���ú���ð�������ð�ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð

�ð�ø�	�ö���ê�ø�ð���ð�ö�	�ú�ú�	�ú�	�ê�ø�ð�ì���Ö���ø�ï�`�ö�Ö���ï���à�ú�ú�d�ðVero E6�ð�ì�
�����ê�ø�
�÷�ö���ü�a���ð�h�î���ü�ú���ð���ð�ß�����ü���ö�Ü�ð���ö�������Ù�ø�ï���ü�ú���ì�� 
Transduction ���î���à�ú�ú�d�ðVero E6 �é�a�ü�÷���ü�ø���ÿ�ì�
�����ê�ø�
�÷�ö���ü�a���î�×�����î�ê���î�ì�
���ð���ð�ð�ø�	�ö���ê�ø�ð�������ð���ö���Ù�ø�ú�	�ê�ø���ú���ì���Ö���ø�ï�`�ö
���ü�ø���ÿ�Ö���ï���à�ú�ú�d���ð�h�î���ü�ú���ð���ð�ß�����ü���ö�Ü�ð���ú���Ü�Ù�ø�ï���ü�ú���ì���Ö���ø�é���é���ü�ø���ÿ�����Ö���ú�����ê�	�ö���������ø���ú�
���÷�Ü���à�ú�ú�d�ð�ø�	�ö���ê�ø�ð���ð
�ö�	�ú�ú�	�ú�	�ê�ø�ð���ú���ì���Ö���ø���ú�
���÷�Ü�ê�`�����î�ê���a�ï�`�ö�ß�î�	�é�ì�
���ö�
�Ù���ø�d�ï���î���é�����Ö���à�é�d���ð�h�î���ü�ú���ð�����ð�ß�����ü���ö�Ü�ð�Ý���Ö�î�����î�ì���Ö���ø�ê�ø�ü�Ý����
���ú�����ð�ø�
�÷�ï���ì�
�÷�ï�ð�ø�	�ö���è�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î���ì�
�����à�ú�ú�d���Ý�a���ï�a���î�ð�	Host�
�ð���é�÷���ß�a COUNTESS II FL 
AUTOMATED CELL COUNTER 

�ñ�ú�Ö���ø�é�����î�	�î�Ü���î�ü�	�Ý���÷ 

1. �ñ�ú�Ö���ø�ì�é�ÿ���ï�����Ù�ü���ö���×�a�ö�×�a�î�ì�
�������ö�����ÿ�ö���î�Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-19�ð�×���Ü�ÿ���ø
�ÿ�Ö���é���÷���ï���Ù���ø�d�ø�� 

�ñ�ú�Ö���ø�ì�é�ÿ���ï�ð�ø���ÿ�	�ì�í�	�õ���ó�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï
���Ù���ø�d�ø���ð�ó�ï�ü�`���ð�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð1 ���ú���ð10 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø �ö�
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü
�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�ð�	���ðRelative inhibition)�ð���ó�	���ö�×�����î���ö���������ó�	���ö�Ù�ü���ö���×�a�ö�×�a�î�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø��
�ê���ö�ú���é���ï�ð���é�÷�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð1 ���ú���ð10 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð�ö�
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü
�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ì�`���Ö���ï�ð�����������ð���ú�� ����0 ���ð���ø�d���à���î�ê�d�ð�ê���ö�ú���é���ï�ð���ö���������ì�
�÷�ï�Ö���ï�÷�����ú�ó�	�î�����ü�
�÷�ø�d�ð���ú���÷���ø�	���ì
�î�����ü�
�÷�ø�d�ì�
���Ù�ü���ö���×�a�ö�×�a�î���é�
�÷�ü�Ö���î�ð�ó�ï�ü�`���ð�÷�����ú�ó�	�î�����ü�
�÷�ø�d�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð1 ���ú���ð10 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�ö�
�ø�a���÷
�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�ð���ì�`���Ö���ï�ð�����������ð���ú�� �����������ð�ð���ú���÷���ø�	���ì�î�����ü�
�÷�ø�d�Ù�ü���ö���×�a�ö�×�a�î�ð1 ���ú���ð10 
���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�ö�
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�ð���ì�`���Ö���ï�ð�����������ð���ú�� �����������ð���ð���ø�d���à���î�ê�d�ð
�ê���ö�ú���é���ï�ð�é���Ü�ø���ð�ì�
���ð���ð�î���Ö�Ý���Ö�î�����î�ñ���a�ü�	�Ý���÷�÷���Ü�ó�ï�ü�`���ð�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð1 ���ú���ð10 ���ö���Ù�ø�Ö�ø���ö
�ê�`���ö�	�ú�ú�	�ú�	�ê�ø �ö�
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð�ÿ���Ü�Ö�ü�`���ÿ���ø�ÿ�Ö���é���÷���ï�ô�\���ì���ú���÷���Ý�ø 
(A. paniculate) 
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�ø���ð�ì�
���ð���ð�Ö�ø���ô���ÿ�é�Ü�Ù�ü���ö�ÿ���ö�ó���î�í�d�ø�����ü�`���Ü�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð
(%Relative inhibition) �Ö���ï�Ù�ü���ö���×�a�ö�×�a�î�×���Ü���ú�ó�	�î�����ü�
�÷�ø�d, �ø�	���ì�î�����ü�
�÷�ø�d, �ÿ���ø�ÿ�Ö���é���÷���ï�ô�\���ì���ú���÷���Ý�ø  
(A. paniculate) ���ú���ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð1 ���ú���ð10 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�	�wg/mL) 

2. �ñ�ú�Ö���ø�ì�é�ÿ���ï�����Ù�ü���ö���×�a�ö�×�a�î�ì�
���ÿ���ö���ø�ë�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð���é�a�ð�����ð
���ð���ø�d���à���î�ê�d�ð�	IC�����
�ð�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø�� 

�ñ�ú�Ö���ø�ì�é�ÿ���ï�����Ù�ü���ö���×�a�ö�×�a�î�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ì�
���ÿ���ö���ø�ë�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ð
Covid-19�ð���é�a�ð50�ð���ð���ø�d���à���î�ê�d�ð�	IC50) �ó�ï�ü�`���ð�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ö�
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d 
���ð�ø�ê�	�����ÿ�ðCovid-19�ð���ó�	���ö�×�����î�ê���ö�Ù�ü���ö���×�a�ö�×�a�î�×���Ü�ÿ���ø ���ú���ö�
�Ù�`���ðIC50�ð���ð�h�î�ð�����������ð�s�ð���������ð�î�����î�Ö�ø���ö�ê�`��
�ö�	�ú�ú�	�ú�	�ê�ø�ð�	ng/mL�
 �é���Ü�ø���ð�ì�
���ð3d�ð�ÿ�`�ü�î�÷�����ú�ó�	�î�����ü�
�÷�ø�d �÷���ø�	���ì�î�����ü�
�÷�ø�d ���ú���ÿ���ø�ÿ�Ö���é���÷���ï�ô�\���ì���ú���÷���Ý�ø�ð 
(A. paniculate)�ð�ö�
�Ù�`���ðIC50�ð���ì�`���Ö���ï�ð�����������ð�s�ð�������� �é���Ü�ø���ð�ì�
���ð3a, �����������ð�s�ð���������ð�é���Ü�ø���ð�ì�
���ð3b�ð���ú���ð�����������ð 
�s�ð���������ð���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�	�w�H���N�-�
 �é���Ü�ø���ð�ì�
���ð3c �ê���ö�ú���é���ï�ð�é���Ü�ê���ø���Ü�ì�
���ð�� 

�ê���ø���Ü�ì�
���ð�� ���ÿ�é�Ü�Ù�ü���ö���×�a�ö�×�a�î�×���Ü�ÿ���ø�÷���ï�÷�����Ü���ê�`�ú���ß�î�	�é�ì�
���ÿ���ö���ø�ë�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-
19 ���é�a�ð50 ���ð���ø�d���à���î�ê�d�ð�	IC50) 

 
 
 
 
 
 

�ÿ���ø�ì�é�ÿ���ï IC50 �	�w�H���N�-�
 

Lopinavir �����������ð�s�ð�������� 

Ritonavir �����������ð�s�ð�������� 

�ÿ���ø�ÿ�Ö���é���÷���ï�ô�\���ì���ú���÷���Ý�ø �����������ð�s�ð�������� 

�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø�� �����������ð�s�ð���������ðng/mL 
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   (a)       (b) 

 
(c)        (d) 

�ø���ð�ì�
���ð���ð���ÿ�é�Ü�Ù�ü���ö���×�a�ö�×�a�î�ì�
���ÿ���ö���ø�ë�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð���é�a�ð�����ð���ð���ø�d���à���î�ê�d�ð�	IC�����
�ð
�×���Ü���ú�ó�	�î�����ü�
�÷�ø�d (a), �ø�	���ì�î�����ü�
�÷�ø�d (b), �ÿ���ø�ÿ�Ö���é���÷���ï�ô�\���ì���ú���÷���Ý�ø (A. paniculate) (c) ���ú���ÿ���ø�ÿ�Ö���é���÷���ï
���Ù���ø�d�ø�� (d) 
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3. �ñ�ú�Ö���ø�ì�é�ÿ���ï�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�ú�é�ð�ø�	�ö���è�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î���ð(pseudo�ðSARS-CoV) ���î���à�ú�ú�d
���Ý�a���ï�a���î�ðVero E6 �×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø�� 

�Ö���ø�ê�ø�ü�Ý�������ú�����ð�ø�
�÷�ï���ì�
�÷�ï�ð�ø�	�ö���è�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î���ì�
�����à�ú�ú�d���Ý�a���ï�a���î���é�÷���ß�a�ðCOUNTESS II FL 
AUTOMATED CELL COUNTER�ð���é�÷���ß�a���à�ú�ú�d�ì�
���ë���Ö�ì�������a�ê�	�é���ß���������ð�h�î�ê���ü�Ù�ü�ï�Ù�
�ö�ï�ü�Ö�ð���ú�����à�ú�ú�d�ì�
�����ö�`�ë���Ö�ì�������a�ê�	�é
���ß���������ð�h�î�ê���ü�Ù�ü�ï�Ù�
�ö�ú�ï�ð�ó�ï�ü�`�����à�ú�ú�d�ì�
���ë���Ö�ï�`�ö�é�a�ü�÷���Ù���ø�d�ø���ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð�������ð�ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð���ú���ð�������ð
�ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ö�
���ð���ø�d���à���î�ê�d�Ö���ø�ê�	�é���ß�������ú�é�ú�Ü���ö���������ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ï�ê���ü�Ù�ü�ï�Ù�
�ö�ï�ü�Ö�ð�é���Ü���î�ø���ð�ì�
���ð��-5 ���ú��
�ê���ø���Ü�ì�
���ð�� 

�ø���ð�ì�
���ð���ð�ð�ñ�ú�Ö���ø�ì�é�ÿ���ï�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�ð�\���Ü�Ö���î�Ö���ø�ø�
�Ö�ø���î�×���Ü���ß���������ü�ø���ÿ���Ù���ø�î���é�a�ü�÷���Ù���ø�d�ø���ð�	Kerra)�ð 
���é�÷���ß�a���à�ú�ú�d�ì�
���ë���Ö�ì�������a�ê�	�é���ß���������ð�h�î�ê���ü�Ù�ü�ï�Ù�
�ö�ï�ü�Ö�ð���ú�����à�ú�ú�d�ì�
�����ö�`�ë���Ö�ì�������a�ê�	�é���ß���������ð�h�î�ê���ü�Ù�ü�ï�Ù�
�ö�ú�ï 

�ê���ø���Ü�ì�
���ð���ð���ÿ�é�Ü���ð���ø�d���à���î�ê�d�×���Ü�Ö���ø�ë���Ö�ì�������a�ê�	�é���ß�������ì�
���ú�é�ú�Ü���ö���������ì�
�÷�ï�Ö���ï�ê���ü�Ù�ü�ï�Ù�
�ö�ï�ü�Ö 

�Ö���ø�ì�é�ÿ���ï �Ý���î�ü�î���à�ú�ú�d 
�	cell/mL.�
 

�Ý���î�ü�î���à�ú�ú�d�ì�
���ê�	�é���ß������ 
�	cell/mL.) 

���ð���ø�d���à���î�ê�d���à�ú�ú�d�ì�
���ê�	�é���ß������
�	%�
 

Uninfected ���������ðx�ð������ �������� �� 
Infected ���������ðx 10�� ���������ðx�ð������ ���� 
Kerra 1.0 mg/mL. ���������ðx�ð������ �������� x 10�� �� 
Kerra 0.5 mg/mL. ���������ðx�ð106 1.61 x 10�� �� 
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�ø���ð�ì�
���ð5�ð�õ���ó���ð�ø�
�÷�ï���ì�
�÷�ï�×���Ü���à�ú�ú�d�ðHost Vero E6�ð�ì�
���ë���Ö�ì���ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î���ì�
���ö�
�ð���ú�����ö�`�ö�
���Ù���ø�d�ø���ð���é�÷���ì�
�÷�ï
�Ö���ï�ð���à�ú�ú�d�ðHost �ì�
�����ö�`���é�a�ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î���ð(A), ���à�ú�ú�d�ðHost �ì�
���ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î�����ð�h�î���ü�ú���ð
�����ð�ß�����ü���ö�Ü(B), ���à�ú�ú�d�ðHost �ì�
���ë���Ö�ï�`�ö�é�a�ü�÷�÷���ðKerra 1.0 �ö�	�ú�ú�	�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø ���ð�ß�����ü���ö�Ü�ð���ú���ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ
���Ù���ø�î�����ð�h�î���ü�ú���ð���ð�ß�����ü���ö�Ü�ð�����ê�ø���Ö���ø�ê�	�é���ß�������ú�é�ú�Ü���÷�`���Ü�ö���Ö (C), ���à�ú�ú�d�ðHost �ì�
���ë���Ö�ï�`�ö�é�a�ü�÷�÷���ðKerra �ö�	�ú�ú�	�Ö�ø���ö
�ê�`���ö�	�ú�ú�	�ú�	�ê�ø ���ð�ß�����ü���ö�Ü�ð���ú���ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î�����ð�h�î���ü�ú���ð���ð�ß�����ü���ö�Ü�ð�����ê�ø���Ö���ø�ê�	�é���ß�������ú�é�ú�Ü���÷�`���Ü�ö���Ö (D) 

 

4. �ñ�ú�Ö���ø�ì�é�ÿ���ï�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�÷���ï�÷�����Ü���ü�ø���ÿ�ðFIP ���×�a���ÿ���`���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6 �×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï 
���Ù���ø�d�ø���é�a�ü�÷���ì�Ù�î�	�Ù�ðqRT-PCR 

�ÿ���ø�ì�é�ÿ���ï�ì�
���ÿ���ö���ø�ë�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß�������ðFIP ���î���à�ú�ú�d���ó�������ú�
���÷�Ü���é�a�Ù�����ð�ÿ���ø�ì�é�ÿ���ï�ì�
���ì�������a�ð�ø�	�ö���è�×���Ü���ü�ø���ÿ�ð
(Viral copy number) �î�a���÷�Ö�ü�`�����à�ú�ú�d�ì�
�����ö�`���é�a���ê�	�ö�ÿ���ø�ì�é�ÿ���ï�ð�Ý���Ö�Ö���ø�ì�é�ú���Ü�ð�ó�ï�ü�`���ð���à�ú�ú�d���Ý�a���ï�a���î Vero E6�ð
�ì�
���ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ�ð(Infected Vero cells)�ð���ð�h�î���ü�ú���ð���ð�ü���î�ð���é�÷���ö�`���é�a�ø���ï�Ö���ø�ï�`�ö�é�a�ü�÷�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð 

Uninfected Infected 

Kerra 1.0 mg/mL. Kerra 0.5 mg/mL�� 

A B 

C D 
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�ö�
�ð�ø�	�ö���è�×���Ü���ü�ø���ÿ�ðFIP�ð(Viral copy number) ���ì�`���Ö���ï�ð���ð�™�ð����6 copy numbers�ð���ê�`�ÿ�����ø���ï���à�ú�ú�d���Ý�a���ï�a���î 
Vero E6�ð�ì�
���ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ�ðFIP�ð���ú�����é�a�ø���ï�Ö���ø�ï�`�ö�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð1 �ö�	�ú�ú�	�Ö�ø���ö�ê�`��
���ö���Ù�ø�ú�	�ê�ø�ð(mg/mL) �ö�
�ð�ø�	�ö���è�×���Ü���ü�ø���ÿ�ðFIP�ð(Viral copy number) ���ì�`���Ö���ï�ð���ð�™�ð����5 copy numbers �é���Ü
�ø���ð�ì�
���ð��a ���ÿ�é�Ü�����a�������î�ü�`���ð�Ö���ø�ï�`�ö�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð1 �ö�	�ú�ú�	�Ö�ø���ö�ê�`�����ö���Ù�ø�ú�	�ê�ø�ð(mg/mL)�ð
�ÿ�`�Ü�ñ�ú�����a���à�ú�ú�d�ö�
�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðFIP �ú�é�ú�Ü�ð���ö���������ì�
�÷�ï�Ö���ï���à�ú�ú�d�ì�
�����ö�`���é�a�ø���ï�Ö���ø�ï�`�ö�é�a�ü�÷�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð
�Ý���Ö�î�����î�ñ���a�ü�	�Ý���÷���é�a�ì���Ö���ø�ì�é�ÿ���ï�����Ù�ü���ö���×�a�ö�×�a�î�ì�
���ÿ���ö���ø�ë�ú�é�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðFIP ���î���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6  
���é�a�ð50 ���ð���ø�d���à���î�ê�d�ð(Half Maximum Effective Concentration; EC50) �ó�ï�ü�`���ð�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ö�
�Ù�`���ð

EC50�ð���ì�`���Ö���ï�ð134.3 �…g/mL�ð�é���Ü�ø���ð�ì�
���ð��b �Ý���Ö�ñ�ú�Ö���ø�ì�é�ú���Ü���ÿ�é�Ü�����a�������î�ü�`���ð�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ö�

�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðFIP ���î���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6�ð���é�a 

 

 

�ø���ð�ì�
���ð���ð�ð�ø�	�ö���è�×���Ü���ü�ø���ÿ�ðFIP�ð(Viral copy number)�ð���î���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6�ð�ì�
���ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ�ðFIP�ð
���é�÷���ð�ø�
�÷�ï���ì�
�÷�ï�ø�����ü�`���Ü���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6�ð�ì�
���ë���Ö�ì�������a�ê�	�é���ß���������ü�ø���ÿ�ðFIP�ð�ì�
�����ö�`���é�a�ø���ï�ð���ú�����é�a�ø���ï�Ö���ø�ï�`�ö�é�a�ü�÷
�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð1 �ö�	�ú�ú�	�Ö�ø���ö�ê�`�����ö���Ù�ø�ú�	�ê�ø�ð(mg/mL)�ð(a) ���ú���Ö�ø���ô���ÿ�é�Ü�Ù�ü���ö���×�a�ö�×�a�î�ì�
��
�ÿ���ö���ø�ë�ú�é�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðFIP ���î���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6 ���é�a�ð50 ���ð���ø�d���à���î�ê�d�ð(Half Maximum Effective 
Concentration; EC50)�ð�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð(b) 
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5. �ñ�ú�Ö���ø�Ù���é���÷�Ö�ÿ���ø�����Ö�ù�ì�í�	�����î�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���é�a�ü�÷���Ù�ø�������Ü���÷�Ö�ÿ���ø�Ù�ü���ö�é���î�ð���î�Ö�ú���Ü�ð(flash 
chromatography)�ð���ú���ñ�ú�Ö���ø�ü�	���Ù�ø�������d�Ù�ü���ö�ï�ø�	�ÿ�
�ì�í�	���é�a�ü�÷���Ù�ø�������Ü�ðHigh Performance Liquid 
Chromatography (HPLC) 

�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ë���Ö���÷�Ö�ê���ö�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�ú���ú���÷���î�ê���ü�ì���ú���ú���÷�ð(mobile phase) �ì�
��
���Ù�ú�������î�ì�
�����î�Ù���ú���ö�î�d PF-15C18AQ-F0025 �ß�î�	�é�ðreverse phase ���ß�a���ü�ú���ð���� �î���ì�
 �����ê�ø���Ö���ø�����ú���ð�h�î�ð��5 
�ö�	�ú�ú�	�ú�	�ê�ø�ê�`���î���ì�
 �ì���Ö���ø���Ö���ï�ê���ü���÷�`���Ü�Ý���Ö���Ù�ø�������Ü���÷�Ö�ÿ���ø�Ù�ü���ö�é���î�ð���î�Ö�ú���Ü�ð���é�÷���÷�Ö�Ö�ú�
�`�ö�ÿ���ø�����Ö���ð�h�î�ð�� �ÿ�`�ü�î�ð
�	Fraction)�ð�ì���Ö���ø�ü�	���Ù�ø�������d�ñ�ú�Ö���ø���÷�Ö�ÿ���ø�ê�`���é�a�ü�÷���Ù�ø�������Ü�ðHPLC ���é�÷���ÿ�é�Ü�ñ�ú�Ö���ø���÷�Ö�ð�é���Ü�î�
���ð�ñ�ú�Ö���ø���÷�Ö�ÿ���ø
�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð�é���Ü�ø���ð�ì�
�� 7�ð�Ö�ú�
�`�ö�ÿ���ø�ì�
�����é�a�ø���ï�Ö���ø���÷�Ö�����Ö���ð�h�î�ð���ð�ÿ�`�ü�î�ð���é�a���Ö�`�ð�ÿ�`�ü�î�ì�
���ð1�ð�	Fraction�ð��), �ÿ�`�ü�î�ì�
���ð
2�ð�	Fraction�ð2), �ÿ�`�ü�î�ì�
���ð3�ð�	Fraction�ð3), �ÿ�`�ü�î�ì�
���ð4�ð�	Fraction�ð4) ���ú���ÿ�`�ü�î�ì�
���ð���ð�	Fraction�ð��)�ð�é���Ü�ø���ð�ì�
���ð8 ���ú��
���ö�������ø�������÷�����a�Ü�ê���ü���÷�`���Ü�ì�
�����÷�Ö�ÿ���ö���ø�ë���÷�Ö�ÿ���ø�ö�
�î�������î���Ö�����a�Ü���ð�h�î�ð��������, ��������, 1.12, 1.08 ���ú���ð�������� �Ö�ø���ö�ð
�ê���ö�ú���é���ï�ð�Ý���Ö�î�����î�ÿ���ø�ì�����Ü�ð���ð�ÿ�`�ü�î���é�a�ø���ï�Ö���ø�ì�é�ÿ���ï�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ð
���ú���Ö���ø�ü�	���Ù�ø�������d�ÿ���ø�����Ö�ù�ì�í�	���ì���Ü�ß�
�ü�õ���ó�é�a�ü�÷���ì�Ù�î�	�Ù�ðmass spectrometry�ð�ê�`�����ð 

 

�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð���ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð���ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð���ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð���ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�ð�� 

�ø���ð�ì�
���ð7 ���Ù�ø�ö�����ì���Ö�ø�ö���ÿ�é�Ü�ñ�ú�Ö���ø���÷�Ö�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð���é�÷�ðHPLC �ü���é�Ù�`���Ö���ø�é���é�Ö�ú���î���ÿ�Ü�×���Ü�ÿ���ø�ì�
��
�Ù�ü���ö�÷���ü�Ù�ú�����î�ð2��0�ð�î�����î���ö�ê�ø 
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�ø���ð�ì�
���ð8�ð���Ù�ø�ö�����ì���Ö�ø�ö���ÿ�é�Ü�ñ�ú�Ö���ø���÷�Ö�ÿ�`�ü�î�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ð(kerra fractionation)�ð�ñ�`���î���Ù�ø�������Ü
���÷�Ö�ÿ���ø�Ù�ü���ö�é���î�ð���î�Ö�ú���Ü�ð�	flash chromatography)�ð���é�÷�ðHPLC �ü���é�Ù�`���Ö���ø�é���é�Ö�ú���î���ÿ�Ü�×���Ü�ÿ���ø�ì�
���Ù�ü���ö�÷���ü
�Ù�ú�����î�ð2��0�ð�î�����î���ö�ê�ø 
 

6. �ñ�ú�Ö���ø�Ù���é���ú�����Ö�Ö�ú�
�`�ö�ÿ���ø�ì�
�����é�a�ø���ï�Ö���ø���÷�Ö�ÿ�`�ü�î���ó�������Ö���ø�ì�é�ÿ���ï�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ì���Ü���î�×���Ü
�����î���à�ö�d���ð�ø�ê�	�����ÿ�×���Ü�ðCovid-���� 

�ñ�ú�Ö���ø�ì�é�ÿ���ï�ð�ø���ÿ�	�ì�í�	�õ���ó�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�ðCovid-�����ð�×���Ü�Ö�ú�
�`�ö�ÿ���ø�ÿ�Ö���é 
���Ù���ø�d�ø���ì�
�����é�a�ø���ï�Ö���ø���÷�Ö�ÿ�`�ü�î�ð���ð�ÿ�`�ü�î�ð�ó�ï�ü�`���ð�ÿ�`�ü�î�ì�
���ð1�ð�	Fraction�ð��), �ÿ�`�ü�î�ì�
���ð���ð�	Fraction�ð��), �ÿ�`�ü�î�ì�
���ð���ð�	Fraction�ð
��)�ð�ÿ�`�ü�î�ì�
���ð4�ð�	Fraction�ð4) ���ú���ÿ�`�ü�î�ì�
���ð���ð�	Fraction�ð��)�ð�ð�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð10 �î�����î�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø (ng/mL)  
�ö�
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ì�`���Ö���ï�ð����������, ����������, ����������, 100.00 ���ú���ð�������������ð���ð���ø�d���à���î�ê�d�ð
�ê���ö�ú���é���ï�ð�ê���ø���Ü�ì�
�� ���ð���ö���������ì�
�÷�ï�Ö���ï�÷�����ú�ó�	�î�����ü�
�÷�ø�d�ð���ú���÷���ø�	���ì�î�����ü�
�÷�ø�d�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð10 ���ö���Ù�ø�Ö�ø���ö�ê�`��
�ö�	�ú�ú�	�ú�	�ê�ø (�wg/mL) �ð�ó�ï�ü�`���ð�ö�
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�ð���ì�`���Ö���ï�ð�����������ð���ú���ð�����������ð���ð���ø�d���à���î�ê�d�ð
�ê���ö�ú���é���ï�ð�é���Ü�ø���ð�ì�
���ð���ð�Ý���Ö�ñ�ú�Ö���ø�ì�é�ú���Ü���ÿ�é�Ü�����a�������î�ü�`���ð�Ö�ú�
�`�ö�ÿ���ø�ÿ�Ö���é���Ù���ø�d�ø���ÿ�`�ü�î�ì�
���ð���ð���ú���ÿ�`�ü�î�ì�
���ð���ð�ö�
�ø�a���÷�ú��

A
bs

or
ba

nc
e 

at
 2

20
 n

m
 (

A
U

)
 

min 

min 

Fraction 1 

Fraction 2 

Fraction 3 

Fraction 4 

Fraction 5 
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�Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�ÿ���Ü�ì�
���ÿ�
�é���ö���������ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ï�ÿ�`�ü�î�������î�ð���ð�ñ���a�ü�	�Ý���÷�Ý���Ü���é�a�ì���Ö���ø�Ö���ø�ü�	���Ù�ø�������d�ð���ú���ø���ï�

�ÿ���ø�����Ö�ù�ì�í�	���ì���Ü�ß�
�ü�õ���ó���î�ÿ�`�ü�î���ø���� fraction�ð�é���Ü�Ö�ú�`���ü�é�a�ü�÷���ì�Ù�î�	�Ù�ðmass spectrometry�ð�ê�`�����ð 
 
�ê���ø���Ü�ì�
���ð���ð���ÿ�é�Ü�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�×���Ü�ðCovid-�����ð(%Relative inhibition) 
�×���Ü���ú�ó�	�î�����ü�
�÷�ø�d�ð���ú���ø�	���ì�î�����ü�
�÷�ø�d �ì�
���ð10 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�	�wg/mL) ���ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ï�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d
�ø���Ý���Ö�Ö�ø���ï�ü�î���÷�Ö�ÿ���ø�ð���é�a���Ö�`�ðfraction ��, fraction ��, fraction ��, fraction �� ���ú���ðfraction ���ð�ì�
���Ù�ü���ö
���×�a�ö�×�a�î�ð10 �î�����î�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð(ng/mL) 

�ÿ���ø�ì�é�ÿ���ï 
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d 

�	���ðRelative inhibition)  
�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð�����ð�î�����î�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�	ng/mL�
 

Fraction 1 73.50 

Fraction 2 71.64 

Fraction 3 87.07 

Fraction 4 100.00 
Fraction 5 100.00 

Lopinavir 10 �wg/mL 77.01 
Ritonavir 10 �wg/mL 83.41 
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�ø���ð�ì�
���ð���ð�Ö�ø���ô���ÿ�é�Ü�Ù�ü���ö�ÿ���ö�ó���î�í�d�ø�����ü�`���Ü�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�×���Ü�ðCovid-�����ð
(%Relative inhibition) �Ö���ï�Ù�ü���ö���×�a�ö�×�a�î�×���Ü���ú�ó�	�î�����ü�
�÷�ø�d�ð���ú���ø�	���ì�î�����ü�
�÷�ø�d �ì�
���ð10 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð
�	�wg/mL) ���ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ï�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���Ý���Ö�Ö�ø���ï�ü�î���÷�Ö�ÿ���ø�ð���é�a���Ö�`�ðfraction ��, fraction ��, 
fraction ��, fraction �� ���ú���ðfraction ���ð�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð10 �î�����î�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð(ng/mL) 

7. �ñ�ú�Ö���ø�Ö���ø�ü�	���Ù�ø�������d�ÿ���ø�����Ö�ù�ì�í�	���ì���Ü�ß�
�ü�õ���ó�Ý���Ö�Ö���ø���÷�Ö�ÿ�`�ü�î�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���é�a�ü�÷���ì�Ù�î�	�Ù�ð
Liquid-chromatography mass spectrometry�ð���ú���ø���ï�
�ß�î�	�é�ÿ���ø���Ü�Ù�d�ð�ø���Ö���ï�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï
���Ù���ø�d�ø���é�a�ü�÷�Ö���ø�÷���î�÷���î�é�a�ü�÷�Ö���ø���ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ï�×�a���ö���ú�Ý���Ö�ø���÷�Ü���î���î�ü���ø�ÿ���ø�î���î���ß���ê�	 

�Ö���ø�ü�	���Ù�ø�������d�ö�ü�ú���ú�����ì�
�÷�ï�Ö���ø���ê�Ö�ê���ü�×���Ü���ö�ê���ï�����ú�ê�d���î�ê���ü���÷�`���Ü�Ö���ï�å���î�×�a���ö���ú�é�a�ü�÷�ðMzcloud�ð�ÿ���ö���ø�ë
�ï�`�Ü�ß�
���ÿ���ø���ï�������Ü�ê�a�î���é�a�ö���Ö�Ö�ü�`���ð2���� �ß�î�	�é���î�����ö�é�ðpositive �Ý���Ö�î�����î�ì���Ö���ø�Ù���é�Ö�ø���Ü�é�a�ü�÷�×�a���ö���ú�Ö���ø���ê�Ö�ê���ü�Ý���Ö�ð
mzCloud �ì�
���ÿ���Ü�Ö�ü�`���ð����% �ì�������a�Ý���î�ü�î���ö�ê���ï�����ú�ê�d���ï�������Ü�ê�a�î���î�ê���ü���÷�`���Ü�ì�
���ÿ���é�Ù�ú�a���Ü�Ö���ï�å���î�×�a���ö���ú�ú�é�ú�Ü�ð���é�÷
�����ö�é�ðpositive�ð�ö�
�ð���� �ß�î�	�é�ð���ö���������ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ï�×�a���ö���ú�Ý���Ö�ø���÷�Ü���î���î�ü���ø�ÿ���ø�î���î���ß���ê�	�ð���Ö�
���÷�ü�Ö���ï�Ö���ø�ý���Ö�þ���ÿ���ø
�����Ö�ù�ì�í�	���ì�
���ö�
�ù�ì�í�	���ê�a���î�Ö���ø�ì���Ü���î�×���Ü�����î���à�ö�d�ð���ø�����ê�a���î�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðCovid-�����ð�ó�ï�ü�`���ð�ÿ���ø�����Ö�ù�ì�í�	�����é�a�ø���ï
�Ö���ø�÷���î�÷���î�ð�� �ß�î�	�é�ð�ì�
���ö�
�×�a���ö���ú�ê�ø�Ü�Ö���ï�ø���÷�Ü���î���î�ü���ø�ÿ���ø�î���î���ß���ê�	�ì�
���ö�
�ö���Ö�`���î���î�a���î�
���ð�é���Ü�ê���ø���Ü�ì�
���ð���ð 
 
�ê���ø���Ü�ì�
���ð���ð�ß�î�	�é�×���Ü�ÿ���ø�����Ö�ù�ì�í�	���Ý���Ö�Ö���ø���÷�Ö�ÿ�`�ü�î�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ÿ�`�ü�î�ì�
���ð���ð�ì�
���÷���î�÷���î�é�a�ü�÷�Ö���ø
���ð�ø�
�÷�ï���ì�
�÷�ï�Ö���ï�×�a���ö���ú�Ý���Ö�ø���÷�Ü���î���î�ü���ø�ÿ���ø�î���î���ß���ê�	 

List Name Formula 
Molecular 

Weight (Da) 
Area 

1 4-Hydroxybenzaldehyde C7 H6 O2 123.0437 0.55�ð�u 109 
2 1,5,9-Trimethyl-11,14,15,16-

tetraoxatetracyclo[10.3.1.0~4,13~.
0~8,13~]hexadecan-10-ol 

C15 H24 O5 267.1584 0.36 �u 107 

3 liquiritigenin C15 H12 O4 257.0801 9.85 �u 105 
4 trans-resveratrol C14 H12 O3 229.085 4.87 �u 105 
5 Taxifolin C15 H12 O7 305.0647 1.79 �u 104 

 

 



20 
 

�ü�	�Ý���ø�è�d���ú���ÿ�ø�
�ð�ñ�ú�Ö���ø�é�����î�	�î�Ü���î�ü�	�Ý���÷ 

�Ý���Ö�ñ�ú�Ö���ø�ì�é�ÿ���ï�ù�ì�í�	���Ö���ø�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�×���Ü���ü�ø���ÿ���Ù���ø�î���ß�î�	�é�ì�
���ð���ð(SARS-CoV 
main protease)�ð���é�÷�Ö���ø�ø���ï�
�Ù�`���Ù�ü���ö���×�a�ö�×�a�î�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ì�
���ÿ���ö���ø�ë�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d
���ð�ø�ê�	�����ÿ���é�a�ð50�ð���ð���ø�d���à���î�ê�d�ð�	IC50) �ÿ�ø�
�ð���é�a�ü�`���ð�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø�� �ö�
�Ù�`���ðIC50�ð���ì�`���Ö���ï�ð�����������ð�s�ð���������ð�î�����î�Ö�ø���ö
�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�	ng/mL�
 �à�����Ü�ê�����Ö�ü�`���Ù�`���ðIC50�ð�×���Ü�÷�����ú�ó�	�î�����ü�
�÷�ø�d (IC50=�����������ð�s�ð�������� ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø), 
�ÿ���ø�ÿ�Ö���é���÷���ï�ô�\���ì���ú���÷���Ý�ø�ð(IC50 = 29.94 �s�ð�������� ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø) ���ú���÷���ø�	���ì�î�����ü�
�÷�ø�d (IC50=23.39 
�s�ð�������� ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø) ���ÿ�é�Ü�����a�������î�ü�`���ð�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ö�
�ù�ì�í�	���÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	
�����ÿ�×���Ü���ü�ø���ÿ���Ù���ø�î���ß�î�	�é�ì�
���ð�� ���é�a 

�ÿ�����ø���ï�ñ�ú�Ö���ø�ì�é�ÿ���ï�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�ú�é�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î���ð�	pseudo SARS-CoV) ���î���à�ú�ú�d���Ý�a��
�ï�a���î�ðVero E6�ð���ú���Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðFIP ���î���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6�ð�ÿ�ø�
�ð���é�a�ü�`���ð�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð�������ð�ö�	�ú�ú�	�Ö�ø���ö�ê�`��
�ö�	�ú�ú�	�ú�	�ê�ø�×���Ü�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ÿ���ö���ø�ë�ú�é�Ö���ø�ê�	�é���ß���������ü�ø���ÿ���Ù���ø�î���Ý���ú���Ü���î���à�ú�ú�d�ðVero E6 ���é�a�ð���î�������Ü�Ý���Ö 
�ö�
���ð���ø�d���à���î�ê�d�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ú�é�ú�Ü�ë���Ü�ð���ð���ð���ø�d���à���î�ê�d�ð���ö���������ì�
�÷�ï�Ö���ï���à�ú�ú�d�ì�
���ë���Ö�ì�������a�ê�	�é���ß�������ì�
�����ö�`�ö�
�Ö���ø�ï�`�ö�ÿ���ø�ÿ�Ö���é
���÷���ï���Ù���ø�d�ø���ì�
�����ð���ø�d���à���î�ê�d�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ð�����ð���ð���ø�d���à���î�ê�d ���ß�`�î���é�
�÷�ü�Ö���î�Ö���ï�ñ�ú�Ö���ø�ì�é�ÿ���ï�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø
�ú�é�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðFIP ���î���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6�ð�ó�ï�ü�`���ð�ÿ���ø�ÿ�Ö���é���÷���ï���Ù���ø�d�ø���ÿ���ö���ø�ë�ú�é�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ð
FIP ���î���à�ú�ú�d���Ý�a���ï�a���î�ðVero E6 ���é�a�ð���é�÷�ö�
�Ù�`���ðEC50�ð���ì�`���Ö���ï�ð134.3 ���ö���Ù�ø�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�é�a�ü�÷�Ù�
�è�ÿ�ö�ï���ê�	���î�Ö���ø
�÷���ï�÷�����Ü�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ�×���Ü���ü�ø���ÿ���Ù���ø�î���ß�î�	�é�ì�
���ð���ð���ú���ù�ì�í�	�����î�Ö���ø�÷���ï�÷�����Ü�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ì�
���î�`���ÿ�î���Ý
�×���Ü���Ù���ø�d�ø���ð�ñ���a�ü�	�Ý���÷�Ý���Ü���é�a�ì���Ö���ø���÷�Ö�ÿ���ø�ì�
�����ð�h�î���Ü�Ù�d�ð�ø���Ö���ï���î�ÿ�Ö���é���÷���ï���Ù���ø�d�ð���ó�������Ù�a�î�������ú���ø���ï�
�ß�î�	�é�ÿ���ø�ì�
���ì��
���î�a���ì�
�������Ö�ù�ì�í�	���ì���Ü�ß�
�ü�õ���ó�é���Ü�Ö�ú�`���ü�ð���é�÷�Ö���ø���÷�Ö�ÿ���ø�ê���ö�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�ú���ú���÷���î�ê���ü�ì���ú���ú���÷�ð 
�é�a�ü�÷���Ù�ø�������Ü���÷�Ö�ÿ���ø�Ù�ü���ö�é���î�ð���î�Ö�ú���Ü�ð�	flash chromatography) ���ú���ì���Ö���ø�ü�	���Ù�ø�������d�ñ�ú�é�a�ü�÷���Ù�ø�������Ü�ðHigh 
Performance Liquid Chromatography (HPLC)�ð�� �ú ���� �ì �Ù �î �	 �Ù �ðLiquid-chromatography mass 
spectrometry�ð�Ý���Ö�ñ�ú�Ö���ø���÷�Ö�ÿ���ø�ð���ú���ì�é�ÿ���ï�ù�ì�í�	�����î�Ö���ø�ê�a���î�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d���ð�ø�ê�	�����ÿ���
�Ö�Ù�ø�����Ü�ð�ó�ï�ü�`��
�Ö�ú�
�`�ö�ÿ���ø�ÿ�Ö���é���Ù���ø�d�ø���ÿ�`�ü�î�ì�
���ð���ð�	fraction ���
�ð�ì�
���Ù�ü���ö���×�a�ö�×�a�î�ð�����ð�î�����î�Ö�ø���ö�ê�`���ö�	�ú�ú�	�ú�	�ê�ø�ð�ö�
�ø�a���÷�ú���Ö���ø�÷���ï�÷�����Ü
�Ö�	�Ý�Ö�ø�ø�ö�×���Ü�����î���à�ö�d�ë���Ü�ð�������ð���ð���ø�d���à���î�ê�d ���ú���ÿ���ö���ø�ë�ø���ï�
�ÿ���ø�����Ö�ù�ì�í�	���ì�
�����é�a�ø���ï�Ö���ø�÷���î�÷���î���é�a�Ý���î�ü�î�ð5 �ß�î�	�é�ð�ì�
���ö�

�×�a���ö���ú�ê�ø�Ü�Ö���ï�ø���÷�Ü���î���î�ü���ø�ÿ���ø�î���î���ß���ê�	�Ö�`���î���î�a���î�
���ð���é�a���Ö�`�ð����Hydroxybenzaldehyde,�ð���
���
����Trimethyl-
�����
�����
�����
������tetraoxatetracyclo[����������������~���
����~.��~���
����~]hexadecan-������ol, liquiritigenin, trans-
resveratrol�ð���ú���ðtaxifolin ���ð�h�î�ì�
���î�`���ÿ�î���Ý�ü�`���ð����Hydroxybenzaldehyde�ð�Ý���Ö�Ö���ø�Ù�a�î�ó�ï�×���Ü���ø���ð�ö�
�Ù�ü���ö
�ÿ���é�Ù�ú�a���Ü�Ö���ï�Ö���ø�ý���Ö�þ���×���Ü Kang, N et al. (���������
�ð�ì�
�����é�a�ì���Ö���ø�Ù���é�Ö�ø���Ü�ÿ���ø���î�
�ó���î�í�d�×���Ü�����ú�é�
�����é�d���î�ÿ�����ø�`���÷
�ì�����ú���é�÷�Ö�ø���ï�ü�î�Ö���ø Molecular Docking�ð���ÿ�é�Ü�����a�������î�Ù�ü���ö�ÿ���ö���ø�ë���î�Ö���ø�Ý���ï�Ö���î�ø�����ü�`���Ü���Ù�ø�Ü�ÿ�ø�a���Ü�×���Ü
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�ÿ���ø���î�
�ó���î�í�d�����ú�é�
�����é�d���ê�`�ú���ß�î�	�é�ð�Ý���î�ü�î�ð�����ð�ß�î�	�é�Ö���ï���Ù�ø�Ü�ÿ�ø�a���Ü�ð���ð�ö�	�ê�	�×���Ü���ð�ø�ê�	�����ÿ�×���Ü���ü�ø���ÿ���Ù���ø�î���ß�î�	�é�ì�
���ð���ð
(SARS-CoV main protease)�ð���ø���� ��C-like protease�ð���é�÷�ð����Hydroxybenzaldehyde�ð���ÿ�é�Ü�Ù�`���ó�ú���Ü�Ü���î
�Ö���ø�Ý���ï�Ö���î �	binding energies�
 ���ì�`���Ö���ï�L���������������ðkcal/mol�ð�à�����Ü���ÿ�é�Ü�Ù�`���ó�ú���Ü�Ü���î�Ö���ø�Ý���ï�Ö���î�ì�
���é�
���ð�h�î�ú���é���ï�ì�
���ð��
���ÿ�é�Ü�����a�������î�ü�`���ð����Hydroxybenzaldehyde�ð�ö�
�Ù�ü���ö�î�`���ÿ�î���Ý�ÿ�����ø���ï�Ö���ø�ý���Ö�þ�����ó�	���ö���ê�	�ö�ð���ú���ó���ç�î�����ð�h�î�ÿ���ø
�÷���ï�÷�����Ü���ð�ø�ê�	�����ÿ�×���Ü�ðSARS-CoV-���ð�ì�
���ö�
�ý���Ö�÷�õ���ó�ê�`�����ð�ð���ß�`�î���é�
�÷�ü�Ö���ï�ð��,��,����Trimethyl-����,����,����,������
tetraoxatetracyclo[����������������~��,����~.��~��,����~]hexadecan-������ol�ð���ø�����ðdihydroartemisinin �ö�
�Ö���ø
�ø���÷�Ü���î�Ö���ø�Ù�a�î�ó�ï�ÿ���ø�é���Ü�Ö�ú�`���ü���î�ÿ���ø�ÿ�Ö���é�ï���ø�����ó���é���ü���î (Nair, M et al., (2021)�ð�à�����Ü�Ý���Ö�Ö���ø�ø���÷�Ü���î�×���Ü�ð
Cao et al., (���������
 �ó�ï�ü�`���ðdihydroartemisinin �ö�
�ù�ì�í�	�����î�Ö���ø�ê�a���î�Ö���ø�ê�	�é���ß���������ü�ø���ÿ�ðSARS-CoV-���ð���î���à�ú�ú�d���Ý�a��
�ï�a���î�ðVero E6�ð���é�÷�ö�
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Cytotoxicity of cancer cells

Samples
�‡ Kerra
�‡ KS
�‡ MINOZA EXTRACT 7:1
�‡ Merdana

Concentrations(ug/mL)
�‡ 1000
�‡ 500
�‡ 250
�‡ 125
�‡ 62.50
�‡ 31.25
�‡ 15.63
�‡ 7.81
�‡ 3.91
�‡ 1.95

Cancer cells line
- A431 (epidermoid carcinoma cells)
- HCT-116 (human colorectal carcinoma)
- HepG2 (liver cancer cells)
- Hela (cervical cancer cells)
- MCF-7 (breast cancer cells line)
- A549 (adenocarcinoma human alveolar basal epithelial cells)
- SW480 (colorectal adenocarcinoma cells, caused Dukes' type B)
- NCI-H1975 (Adenocarcinoma; Non-small cell lung cancer)

** Some of sample start conc. 500ug/mL (0.5mg/mL)



Cancer cells line
�¤�¸�Ÿ�¨�„�µ�¦�š�—�­�°�•�Â�¨�o�ª
- A431 (epidermoid carcinoma cells)
- HCT-116 (human colorectal carcinoma)
- HepG2 (liver cancer cells)
- A549 (adenocarcinoma human alveolar basal epithelial cells)
- MCF-7 (breast cancer cells line)
- SW480 (colorectal adenocarcinoma cells, caused Dukes' type B)
- Hela (cervical cancer cells) 
- NCI-H1975 (Adenocarcinoma; Non-small cell lung cancer)

�˜�´�ª�°�¥�n�µ�Š��MinozaExtract7:1

�š�—�­�°�•�§�š�›�·�Í�¥�´�•�¥�´�Ê�Š�¤�³�Á�¦�È�Š







�˜�´�ª�°�¥�n�µ�Š��KS

Cancer cells line
�¤�¸�Ÿ�¨�„�µ�¦�š�—�­�°�•�Â�¨�o�ª
- A431 (epidermoid carcinoma cells)
- HCT-116 (human colorectal carcinoma)
- A549 (adenocarcinoma human alveolar basal epithelial cells)
- MCF-7 (breast cancer cells line)
- Hela (cervical cancer cells)
- NCI-H1975 (Adenocarcinoma; Non-small cell lung cancer)

�¥�´�Š�Å�¤�n�¤�¸�Ÿ�¨�„�µ�¦�š�—�­�°�•
- HepG2 (liver cancer cells)
- SW480 (colorectal adenocarcinoma cells, caused Dukes' type B)

�š�—�­�°�•�§�š�›�·�Í�¥�´�•�¥�´�Ê�Š�¤�³�Á�¦�È�Š







�˜�´�ª�°�¥�n�µ�Š��KERRA

�š�—�­�°�•�§�š�›�·�Í�¥�´�•�¥�´�Ê�Š�¤�³�Á�¦�È�Š

Cancer cells line
�¤�¸�Ÿ�¨�„�µ�¦�š�—�­�°�•�Â�¨�o�ª
- A431 (epidermoid carcinoma cells)
- HCT-116 (human colorectal carcinoma)
- HepG2 (liver cancer cells)
- A549 (adenocarcinoma human alveolar basal epithelial cells)
- Hela (cervical cancer cells) 
- MCF-7 (breast cancer cells line)
- NCI-H1975 (Adenocarcinoma; Non-small cell lung cancer)

�¥�´�Š�Å�¤�n�¤�¸�Ÿ�¨�„�µ�¦�š�—�­�°�•
- SW480 (colorectal adenocarcinoma cells, caused Dukes' type B)



IC50= 579.2 ug/mL

***Concentrations= 5, 3, 2.5, 2, 1, 0.5 and 0.1 mg/mL 

Concentration start from 1000 ug/mL





Cancer cells line
�¤�¸�Ÿ�¨�„�µ�¦�š�—�­�°�•�Â�¨�o�ª
- A549 (adenocarcinoma human alveolar basal epithelial cells)
- MCF-7 (breast cancer cells line)
- A431 (epidermoid carcinoma cells)
- Hela (cervical cancer cells) 
- HCT-116 (human colorectal carcinoma)
- NCI-H1975 (Adenocarcinoma; Non-small cell lung cancer)

�¥�´�Š�Å�¤�n�¤�¸�Ÿ�¨�„�µ�¦�š�—�­�°�•
- HepG2 (liver cancer cells)
- SW480 (colorectal adenocarcinoma cells, caused Dukes' type B)

�š�—�­�°�•�§�š�›�·�Í�¥�´�•�¥�´�Ê�Š�¤�³�Á�¦�È�Š





Anti-inflammation



Items Test result

Cytotoxicity
Cancer cells line
- A431 
- HCT-116 
- HepG2
- MCF-7 
- A549 
- SW480 
- Hela 
- NCI-H1975
-Vero

Anti-inflammation 

IC50 (µg/mL)

KERRA KS MINOZA 
EXTRACT7:1

Merdana

96.10

72.96

579.2/106.1

127.8
124.9

-
109.3
101.6
127.5

357.0

unstable

1034.0

510.4
279.5

-
602.9
980.4
971.7

592.5

614.2

140.2
553.0
414.8
194.0
645.3
932.9
780.9

>500

>500
-

303.7
36.97

-
94.5
777.0
>500

189.6 



Materials and method 

Cell culture 

CaSki ��HPV16��positive cervical cancer cell��, HeLa ��HPV18��positive cervical cancer cell����

and human embryonic kidney 293FT cell lines were cultured in Dulbecco's Modified Eagle 

Medium ��DMEM; Gibco, NY, USA����medium containing 10����fetal bovine serum ��FBS����and 

antibiotics ��40 µg��ml gentamicin, 2��5 µg��ml amphotericin B, 100 µg��ml streptomycin, and 100 

unit��ml penicillin G������The cell culture was incubated in a humidified atmosphere containing 5����

CO2 at 37ºC�� 

Cytotoxicity  assay  

Either the CaSki or HeLa cell line at a density of 10,000 cells per well was set up in 96��

well plates and incubated for 24 hours����The extracts were treated into the cells at various 

concentrations and incubated for 24, 48, 72 and 96 hours����Ten microliters of MTT reagent ��5 

mg��ml����were added into the cells per well and continuously incubated for 4 hours����A formazan 

pellet was dissolved in dimethyl sulfoxide ��DMSO������The absorbance was measured at OD540 

using a spectrophotometer ��Multiskan GO, Thermo Fisher Scientific, Vantaa, Finland������The 

experiments were performed in triplicate��independent manner�� 

Anti ��HPV16 pseudovirus infection assay 

Pre��attachment step 

HPV16 pseudovirus at the multiplicity of infection ��MOI����0��05 was pre��incubated with 

each extract of kerra, KS and minoza��for 1 hour at 37��ºC����The mixture then was added to 293FT 

cells and incubated for 4 hours at 37ºC����After removal the mixture, the cells were maintained in 



complete medium for 48 hours����The total and green fluorescent cells were observed and taken a 

photo����The percentage of inhibition was calculated by 100 subtracting the percentage of infected 

cells of treated group relative to control ��DMSO����group������ 

Adsorption step 

HPV16 pseudovirus at the multiplicity of infection ��MOI����0��05 was incubated with��293FT 

cells for 2 hours at 20��ºC����After removal the pseudovirus, each extract of kerra, KS and minoza 

was transferred to 293FT and incubated for 48 hours at 37ºC����The total and green fluorescent 

cells were observed and taken a photo����The percentage of inhibition was calculated by 100 

subtracting the percentage of infected cells of treated group relative to control ��DMSO����group������ 

 

Result 

The effect of Kerra, KS and Minoza extracts on cytotoxicity in 293FT, CaSki and HeLa 

 The extract form Kerra highest effectively inhibited growth of CaSki and HeLa cells 

followed by KS and Minoza in dose����and time��dependent manner ��Table 1���� Similar to cancerous 

cell lines, Kerra highest caused cytotoxicity in 293FT ��Table 1���� 

Table 1�� The inhibitory concentration of Kerra, KS and Minoza 

Extract Incubation 

time ��hours�� 

Cytotoxic concentration����mg��ml����of 293FT 

CC20 CC50 

Kerra 48 0��15 ± 0��01 0��26 ± 0��04 

KS 48 0��41 ± 0��18 1��91 ± 0��68 

Minoza 48 1��97 ± 0��16 5��20 ± 0��04 

Extract   50����Inhibitory concentration����mg��ml�� 



Incubation 

time ��hours�� 

CaSki HeLa 

Kerra 

24 0��33 ± 0��12 0��16 ± 0��08 

48 0��21 ± 0��02 0��14 ± 0��07 

72 0��11 ± 0��03 0��08 ± 0��03 

96 0��09��± 0��01 0��07 ± 0��02 

KS 

24 >��2 > 2 

48 1��82±0��05 0��62 ± 0��18 

72 0��72��±��0��14 0��58 ± 0��18 

96 0��71��± 0��32 0��31 ± 0��19 

Minoza 

24 > 2 > 2 

48 1��19 ± 0��15 1��17 ± 0��14 

72 0��96 ± 0��14 0��60 ± 0��07 

96 0��93±0��08 0��33 ± 0��11 

Note����The data are expressed in mean ± standard deviation����The inhibitory concentration ��IC����was 

used in cancerous cell lines whereas the cytotoxic concentration ��CC����was used in non��cancerous 

cell line������ 

The effect of kerra, KS and minoza extracts on anti��HPV16 pseudovirus infection 

From Table 1 Kerra extract most effectively suppressed cell viability of CaSki and HeLa����

Therefore, the CC20��������������g��ml�� and CC50 ������������g��ml����of Kerra extract were used to assessed in 

anti��HPV16 pseudovirus infection in 293FT cells����The result showed that Kerra significantly 

increased ����inhibition of HPV16 pseudovirus infection in pre��attachment step in dose��dependent 

manner����80��15 ± 5��56 in CC20 and 100����± 0��00 in CC50������Figure 1A������Simultaneously, Kerra��

showed the trend of elevating ����inhibition in adsorption step����Figure 1B������To compare the effect of 



Kerra, KS and Minoza on anti��HPV16 pseudovirus infection, the concentration of KS and 

Minoza were used as 261 ���J��ml��similar to Kerra at CC50����Interestingly, KS highest effectively 

increased the inhibition of viral infection in both pre��attachment step and adsorption steps ��100����

± 0��00 and 82��94����± 3��28, respectively���� 

 

 

Figure 1 Effect of kerra, KS and minoza on anti��HPV16 pseudovirus infection assay����The 

extract of kerra, KS and minoza were assessed on anti��HPV16��pseudovirus infection in pre��

attachment ��A����and adsorption step ��B������The symbols �
�
��and �
�
�
��were denoted as the significant 

difference ��P���d 0��01 and 0��001 respectively���� 
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�Ä�•�¦�´�•�¦�°�Š�Ÿ�¨�„�µ�¦�ª�·�Á�‡�¦�µ�³�®�r 

�„�µ�¦�š�—�­�°�•�§�š�›�·�Í�„�µ�¦�¥�´�•�¥�´�Ê�Š�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦�¸�¥�…�°�Š��Kerra Capsule 

�­�µ�¦�š�—�­�°�• 
�� Kerra Capsule  
 
 
 
 
�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦�¸�¥�š�¸�É�Ä�•�o�Ä�œ�„�µ�¦�š�—�­�°�• 

�Â�•�‡�š�¸�Á�¦�¸�¥�Â�„�¦�¤�•�ª�„�¨�•����Gram��negative bacteria����; Escherichia coli���Â�¨�³��Salmonella enterica 
�Â�•�‡�š�¸�Á�¦�¸�¥�Â�„�¦�¤�•�ª�„����Gram positive bacteria����; Staphylococcus aureus�� 

�ª�´� �̃™�»�ž�¦�³�­�Š�‡�r�…�°�Š�„�µ�¦�ª�·�‹�´�¥�� 
�Á�¡�º�É�°�«�¹�„�¬�µ�§�š�›�·�Í�…�°�Š�­�µ�¦�­�„�´�—�‹�µ�„��Kerra � �̃n�°�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�Â�•�‡�š�¸�Á�¦�¸�¥��E����coli, S����aureus�� 
�Â�¨�³��S����enterica 

�ª�·�›�¸�—�Î�µ�Á�œ�·�œ�Š�µ�œ�ª�·�‹�´�¥ 
1. �„�µ�¦�š�—�­�°�•�§�š�›�·�Í�Ä�œ�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦�¸�¥�—�o�ª�¥�ª�·�›�¸��Agar disc diffusion 

1.1 �ª�·�›�¸�„�µ�¦�Á�˜�¦�¸�¥�¤�Á�•�º�Ê�°�š�¸�É�Ä�•�o�š�—�­�°�•�� 
�Á�¡�µ�³�Á� �̈¸�Ê�¥�Š�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦��̧¥�Ä�œ�°�µ�®�µ�¦�Á� �̈¸�Ê�¥�Š�Á�•�º�Ê�° LB ��Luria��Bertani broth�����Á�…�¥�n�µ�—�o�ª�¥�Á�‡�¦�º�É�°�Š�Á�…�¥�n�µ�‡�ª�•�‡�»�¤

�°�»�–�®�£�¼�¤�· �š�¸�É�°�»�–�®�£�¼�¤�· ��37 �°�Š�«�µ�Á�Ž�¨ �Á�Ž�¸ �¥�­���Á�ž�È �œ�Á�ª�¨ �µ��24 �•�´�É�ª�Ã�¤�Š���œ�Î�µ�­�µ�¦� �̈³� �̈µ�¥�Á�•�º�Ê�°�Â�•�‡�š��̧Á�¦��̧¥ 
�¤�µ�Á�‹�º�°�‹�µ�Š�Ä�®�o�Å�—�o�‡�ª�µ�¤�…�»�n�œ�Á�š�n�µ�„�´�•��McFarland No����0��5 �Ž�¹�É�Š�‹�Î�µ�œ�ª�œ�Á�•�º�Ê�°�Á�š�n�µ�„�´�•��1��5x108 CFU��mL 



 
 
 

1.2 �„�µ�¦�Á�˜�¦�¸�¥�¤�­�µ�¦�š�¸�É�Ä�•�o�Ä�œ�„�µ�¦�š�—�­�°�• 
�Á�˜�¦�¸�¥�¤�­�µ�¦� �̃´�ª�°�¥�n�µ�Š��Kerra �š�¸�É�¤�¸�‡�ª�µ�¤�Á�…�o�¤�…�o�œ��250��100 �Â�¨�³��50 �¤�·� �̈ �̈·�„�¦�´�¤� �̃n�°�¤�·� �̈ �̈·� �̈·� �̃¦��� �̃µ�¤� �̈Î�µ�—�´�•��

�Ã�—�¥�Ä�•�o��Dimethyl Sulfoxide ��DMSO�����Á�ž�È�œ�˜� �́ª�š�Î�µ�¨�³�¨�µ�¥ 

1.3 �„�µ�¦�š�—�­�°�•�§�š�›�·�Í�¥�´�•�¥�´�Ê�Š�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦�¸�¥�—�o�ª�¥�ª�·�›�¸��Agar disc diffusion 
�����������������������œ�Î�µ�Å�¤�o�¡�´�œ�­�Î�µ� �̈¸�š�¸�É�ž�¦�µ�«�‹�µ�„�Á�•�º�Ê�°�•�»�•�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦��̧¥�Â� �̃n� �̈³�•�œ�·�—�š�¸�É�ž�¦�´�•�‡�ª�µ�¤�…�»�n�œ�Å�ª�o�Â�¨�o�ª���Ã�—�¥�¤�¸�ž�¦�·�¤�µ�– 
�Á�•�º�Ê�°�ž�¦�³�¤�µ�–��105���y��107���Á�Ž� �̈ �̈r� �̃n�°�¤�·� �̈ �̈·� �̈·� �̃¦���Á�„� �̈¸�É�¥�Ä�®�o�š�´�É�ª�•�œ�Ÿ�·�ª�°�µ�®�µ�¦�Á� �̈¸�Ê�¥�Š�Á�•�º�Ê�°���‹�µ�„�œ�´�Ê�œ�ª�µ�Š�Â�Ÿ�n�œ��paper disc 
���…�œ�µ�—�Á�­�o�œ�Ÿ�n�µ�œ�«�¼�œ�¥�r�„� �̈µ�Š��6 �¤�·� �̈ �̈·� �̈·� �̃¦����� �̈Š�•�œ�‹�µ�œ�°�µ�®�µ�¦�Á� �̈¸�Ê�¥�Š�Á�•�º�Ê�°���®�¥�—�­�µ�¦�š�—�­�°�•�ž�¦�· �¤�µ�–��10 
�Å�¤�Ã�‡�¦�¨�·�˜�¦���š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ��250��100 �Â�¨�³��50 �¤�·� �̈ �̈·�„�¦�´�¤� �̃n�°�¤�·� �̈ �̈·� �̈·� �̃¦��� �̈Š�•�œ�Â�Ÿ�n�œ��Paper disc �¦�°�Ä�®�o�Â�®�o�Š 
�ž�¦�³�¤�µ�–��15 �œ�µ�š�¸���Ã�—�¥�Ä�•�o��Dimethyl Sulfoxide ��DMSO�����Á�ž�È �œ�˜�´�ª�‡�ª�•�‡�»�¤�Á�•�·�Š�¨�•�� ��Negative control���� 
�Ä�•�o�¥�µ�ž�’�·�•�¸�ª�œ�³��Ampicillin �‡�ª�µ�¤�Á�…�o�¤�…�o�œ��30 �Å�¤�Ã�‡�¦�„�¦��́¤� �̃n�°�—�·�­�„�r���Á�ž�È�œ� �̃´�ª�‡�ª�•�‡�»�¤�Á�•�·�Š�•�ª�„����Positive 
control�����­�Î�µ�®�¦�´�•�„�µ�¦�š�—�­�°�•�Â�•�‡�š�¸�Á�¦�¸ �¥��S����aureus���Â�¨�³��E����coli���Â�¨�³�Ä�•�o�¥�µ�ž�’�·�•�¸�ª�œ�³��Ciprofloxacin�� 
�‡�ª�µ�¤�Á�…�o�¤�…�o�œ��30 �Å�¤�Ã�‡�¦�„�¦��́¤� �̃n�°�—�·�­�„�r���­�Î�µ�®�¦�´�•�„�µ�¦�š�—�­�°�•�Â�•�‡�š�¸�Á�¦�¸ �¥��S����enterica���š�Î�µ�„�µ�¦�š�—�¨�°�Š 
�Â� �̃n� �̈³� �̃´�ª�°�¥�n�µ�Š�š�´�Ê�Š�®�¤�—��3 �Ž�Î�Ê�µ���‹�µ�„�œ�´�Ê�œ�Å�ž�•�n�¤�š�¸�É�°�»�–�®�£�¼�¤�·��37 �°�Š�«�µ�Á�Ž�¨�Á�Ž�¸�¥�­���Á�ž�È �œ�Á�ª�¨�µ��16��18 �•�´�É�ª�Ã�¤�Š�� 
�•�´�œ�š�¹�„�Ÿ�¨�Ã�—�¥�„�µ�¦�ª�´�—�…�œ�µ�—�Á�­�o�œ�Ÿ�n�µ�«�¼�œ�¥�r�„� �̈µ�Š�…�°�Š�•�¦�·�Á�ª�–�š�¸�É�Å�¤�n�¤��̧„�µ�¦�Á�‹�¦�·�•�…�°�Š�Á�•�º�Ê�°�Â�•�‡�š��̧Á�¦��̧¥�� 
��Inhibition zone�����Ã�—�¥�ª�´�—�Á�ž�È�œ�®�œ�n�ª�¥�¤�·� �̈ �̈·�Á�¤� �̃¦ 

�Ÿ�¨�„�µ�¦�š�—�­�°�• 
1. �Ÿ�¨�„�µ�¦�š�—�­�°�•�§�š�›�·�Í�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á�˜�·�•�Ã�˜�…�°�Š�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦�¸�¥�—�o�ª�¥�ª�·�›�¸��Agar disc diffusion 

�‹�µ�„�Ÿ� �̈„�µ�¦�š�—�­�°�•�§�š�›�·�Í�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á� �̃·�•�Ã� �̃…�°�Š�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦��̧¥�Á�•�º�Ê�°�Š� �̃o�œ�—�o�ª�¥�ª�·�›��̧�Agar disc 
diffusion���Ã�—�¥�Ä�•�o�­�µ�¦�š�—�­�°�•��Kerra �š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ��250��100 �Â�¨�³��50 �¤�·� �̈ �̈·�„�¦��́¤� �̃n�°�¤�·� �̈ �̈·� �̈·� �̃¦���ž�¦�·�¤�µ� �̃¦�� 
10 �Å�¤�Ã�‡�¦� �̈·� �̃¦� �̃n�°�—�·�­�„�r���¡�•�ª�n�µ���Å�¤�n�¤�¸�­�µ�¦�š�—�­�°�•��Kerra �‡�ª�µ�¤�Á�…�o�¤�…�o�œ�Ä�—�š�¸�É�­�µ�¤�µ�¦�™�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�· �•�…�°�Š 
�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦��̧¥�š�´�Ê�Š��3 �•�œ�·�—�Å�—�o�����˜�µ�¦�µ�Š�š�¸�É��1�� 

 
 
 
 

 



�˜�µ�¦�µ�Š�š�¸�É��1���Ÿ� �̈„�µ�¦�š�—�­�°�•�§�š�›�·�Í�…�°�Š�­�µ�¦�š�—�­�°�•��Kerra Capsule �Ä�œ�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á� �̃·�•�Ã� �̃…�°�Š�Á�•�º�Ê�°�� 
������ ��������������������������S����aureus, S����enterica �Â�¨�³��E����coli 

Kerra and antibiotic Inhibition zone ��mm����± SD 
S����aureus S����enterica E����coli 

Kerra 250 mg��ml  2��00±0��00 1��33±0��01 2��00±0��02 
Kerra 100 mg��ml  0��00±0��00 0��00±0��00 0��00±0��00 
Ciprofloxacin  �� 23��33±0��52 �� 
Ampicillin 30��00±0��00 �� 21��83±0��26 
DMSO 0��00±0��00 0��00±0��00 0��00±0��00 

�®�¤�µ�¥�Á�®� �̃»����������Negative control����Dimethyl sulfoxide ��DMSO�� 
�������������������������������������������������¥�µ�ž�’�·�•�¸�ª�œ�³��Ampicillin 30 ug��disc ����Positive control �­�Î�µ�®�¦�´�•�Â�•�‡�š�¸�Á�¦�¸�¥��S����aureus���Â�¨�³��E����coli 

�������������������������¥�µ�ž�’�·�•�¸�ª�œ�³��Ciprofloxacin 30 ug��disc ����Positive control �­�Î�µ�®�¦�´�•�Â�•�‡�š�¸�Á�¦�¸�¥��S����enterica 
 

�‹�µ�„�„�µ�¦�š�—�­�°�•�œ�¸�Ê�‹�³�Á�®�È�œ�Å�—�o�ª�n�µ�­�µ�¦�š�—�­�°�•��Kerra �Å�¤�n�¤�¸�§�š�›�·�Í�Ä�œ�„�µ�¦�¥�´�•�¥�´�Ê�Š�Á�•�º�Ê�°�Â�•�‡�š��̧Á�¦��̧¥�� 
�‹�¹�Š�Å�¤�n�­�µ�¤�µ�¦�™�œ�Î�µ�Å�ž�š�—�­�°�•�®�µ�‡�n�µ�‡�ª�µ�¤�Á�…�o�¤�…�o�œ� �̃Î�É�µ�­�»�—����Minimum Inhibitory Concentration, MIC�����Â�¨�³
�‡�n�µ�‡�ª�µ�¤�Á�…�o�¤�…�o�œ� �̃Î�É�µ�­�»�—�…�°�Š�­�µ�¦�š�¸�É�­�µ�¤�µ�¦�™�‰�n�µ�Á�•�º�Ê�°�Â�•�‡�š��̧Á�¦��̧¥�Å�—�o����Minimum bactericidal concentration, 
MBC���� 

�­�¦�»�ž�Ÿ� �̈„�µ�¦�š�—� �̈°�Š 
�‹�µ�„�„�µ�¦�«�¹�„�¬�µ�§�š�›�·�Í�…�°�Š�­�µ�¦� �̃´�ª�°�¥�n�µ�Š��Kerra capsule � �̃n�°�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�Á�‹�¦�·�•�Á� �̃·�•�Ã� �̃…�°�Š 

�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦��̧¥��S����aureus, S����enterica���Â�¨�³��E����coli �š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ��250��100 �Â�¨�³��50 �¤�·� �̈ �̈·�„�¦�´�¤� �̃n�°�¤�·� �̈ �̈·� �̈·� �̃¦��
� �̃µ�¤� �̈Î�µ�—��́•���Ÿ� �̈‹�µ�„�„�µ�¦�š�—� �̈°�Š�­�µ�¤�µ�¦�™�­�¦�»�ž�Å�—�o�ª�n�µ�­�µ�¦�š�—�­�°�•�‹�µ�„��Kerra �Å�¤�n�¤��̧§�š�›�·�Í�¥�´�•�¥�´�Ê�Š 
�Á�•�º�Ê�°�Â�•�‡�š�¸�Á�¦��̧¥�š�´�Ê�Š��3 �•�œ�·�—�� 
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�Ÿ�¨�„�µ�¦�š�—�­�°�•�‡�ª�µ�¤�­�µ�¤�µ�¦�™�Ä�œ�„�µ�¦�¥�´�•�¥�´�Ê�Š�„�µ�¦�˜�·�—�Á�•�º�Ê�°�Å�ª�¦�´�­�Å�…�o�®�ª�´�—�Ä�®�•�n�…�°�Š���<���Œ�Œ�� 

�ª�´�­�—�»���°�»�ž�„�¦�–�r�š�¸�É�Ä�•�o�Ä�œ�„�µ�¦�š�—�­�°�• 

�í�X �Á�Ž�¨�¨�r���D�����<���Á�ž�È�œ�Á�Ž�¨�¨�r�Á�‹�o�µ�•�o�µ�œ 

�î�X �Å�ª�¦�´�­�Å�…�o�®�ª�´�—�Ä�®�•�n���, �í�E�í 

�ï�X �<���Œ�Œ�� 

�ª�·�›�¸�„�µ�¦�š�—�­�°�• 

 �š�Î�µ�„�µ�¦�¨�Š�Á�Ž�¨�¨�r���D�����<���Ä�œ�Á�¡�¨�š�•�œ�·�—���a�^���®�¨�»�¤���š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ���Z�X���X�X�X���Á�Ž�¨�¨�r�˜�n�°�®�¨�»�¤�Á�ž�È�œ�Á�ª�¨�µ���Y���‡�º�œ���‹�µ�„�œ�´�Ê�œ�š�Î�µ�„�µ�¦�•�n�¤

�Á�Ž�¨�¨�r�„�´�•�­�µ�¦���<���Œ�Œ�����š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ�˜�´�Ê�Š�Â�˜�n���Y���X�X�X���Y���]�^���Å�¤�Ã�‡�¦�„�¦� �́¤�˜�n�°�¤�·�¨�¨�·�¨�·�˜�¦���Á�ž�È�œ�Á�ª�¨�µ���Y���•� �́É�ª�Ã�¤�Š���Á�¤�º�É�°�‡�¦�•�Á�ª�¨�µ�š�Î�µ�„�µ�¦�Á�˜�·�¤�Á�•�º�Ê�°

�Å�ª�¦�´�­���,�í�E�í���š�¸�É���D�K�/���í�ì�ì���•�n�¤�˜�n�°�Á�ž�È�œ�Á�ª�¨�µ���Y���•� �́É�ª�Ã�¤�Š���Á�¤�º�É�°�‡�¦�•�Á�ª�¨�µ�¨�o�µ�Š�Å�ª�¦�´�­�°�°�„���Á�˜�·�¤�°�µ�®�µ�¦�Á�¨�¸�Ê�¥�Š�Á�Ž�¨�¨�r���Z�X�X���Å�¤�Ã�‡�¦�¨�·�˜�¦���Á�¨�¸�Ê�¥�Š�˜�n�°

�Á�ž�È�œ�Á�ª�¨�µ���[���ª�´�œ���Á�¤�º�É�°�‡�¦�•�Á�ª�¨�µ�š�Î�µ�„�µ�¦�˜�¦�¹�Š�Á�Ž�¨�¨�r�—�o�ª�¥�¢�°�¦�r�¤�µ�¨�·�œ���‹�µ�„�œ�´�Ê�œ�¥�o�°�¤�Á�Ž�¨�¨�r�—�o�ª�¥�­�¸�����Œ�Ç�•�š���o���À�]�}�o���š���š�Î�µ�„�µ�¦�•�´�œ�š�¹�„�£�µ�¡ 

�Ÿ�¨�„�µ�¦�š�—�­�°�• 

 �‹�µ�„�„�µ�¦�š�—�­�°�•���¡�•�ª�n�µ���­�µ�¦���<���Œ�Œ�����­�µ�¤�µ�¦�™�¥�´�•�¥�´�Ê�Š�„�µ�¦�˜�·�—�Á�•�º�Ê�°�Å�ª�¦� �́­�Å�…�o�®�ª�´�—�Ä�®�•�n���,�í�E�í���Å�—�o���Ã�—�¥�š�¸�É�‡�ª�µ�¤�Á�…�o�¤�…�o�œ���Y���X�X�X��

�Å�¤�Ã�‡�¦�„�¦�´�¤�˜�n�°�¤�·�¨�¨�·�¨�·�˜�¦�­�µ�¤�µ�¦�™�¥�´�•�¥�´�Ê�Š�„�µ�¦�˜�·�—�Á�•�º�Ê�°�Ä�œ�Á�Ž�¨�¨�r���D�����<���Å�—�o���Y�X�X���Á�ž�°�¦�r�Á�Ž�È�œ�˜�r���Á�¤�º�É�°�Á�š�¸�¥�•�„�´�•�Á�Ž�¨�¨�r�š�¸�É�Å�¤�n�Å�—�o�Á�˜�·�¤�­�µ�¦���<���Œ�Œ����
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