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Development of a screeningmethod for potential anti-SARS
canpounds based on Vero-EG6 cells
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Abstract: Object

To develop aV ero-E6 cell line based assay for screening potential anti-SARS

compounds M ethods Conditions of theV ero-E6 cell line basedM TS assay were optimized V irus titer
curve had been generated To screen anti-SARS virus compounds, V ero-E6 cellsw ere plated in 96-w ell
plates, test compoundsw ere added and mmediately follow ed with BJ-01 SARS virus Cell morphology
w as observed by microscope after 48 h of incubation M TS and PM S mixture was added in 96 h and
absorbance valuesw eremeasured at 490 nm. Results M ore than 4 000 compounds had been screened and
ten potential anti-SARS compounds had been found Conclusion TheV ero-E6 cell based M TS assay
offersa rgpid, safe, and convenient method for screening potential anti-SA RS compounds
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Introduction Now a rapid, safe, and convenient method—

SARS (severe acute regiratory syndrome) is
a very ocontagious disease w ith high mortality. A
nev coronavirus (SARS-asciated coronavirus,
SARS-CoV ) was identified as itspathogen'. L ast
year the global outbreak of SARS caused w ide-
ranging disruption and increased the damand to
search for effective therapies for this disease

* : 2004-02-06
: (863 )
(1973—),
E-mail: w anglin@genom ics org cn

theV ero-E6 cell based 3-(4, 5-dimethylthiazol-2-
yl) -5- (3-carboxym ethoxypheny|) -2- (4-sulfophen-
yl)-2H -tetrazolium (M TS) assay for screening
potential anti-SARS compounds has been
developed U sing this assay, more than 4 000
compounds have been screened, and ten potential
anti-SA RS compounds have been found
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1 M ater ialsand methods

1 1 Virusand cells BJ-01, a strain of SARS-
CoV iwlated from the lung of a dead SA RS patient
inBeijingwas used The cell lineV ero-E6 derived
from the African green monkey kidney was
purchased from American Type Culture Collection
(ATCC). Cells were plated in 96well tissue
culture plates using Dulbecco’s M odified Eagle
M edia (DM BM, Giboo, USA ) with 10% heat-
inactivated fetal bovine serun (FBS, Hyclone,
USA), 200 mmolA L -glutanine (Gibco, U A ),
1% Penicillin  ( Signa, USA ) and 1%
Streptomycin (Gibco, U SA).

1 2 Other materials M TSwas purchased from
Promega (U SA). Phenazine methosulfate (AVI S)
w as the product of Signa (U SA). Other reagents
and lvents used in the experiment are of analytic
grade

13 Compounds preparation: The test
compoundsw ere from both natural compounds and
chamical systhesis The natural compounds w ere
extracted and islated from traditional Chinese
herbs including single and complex compounds
A Il compoundsw ere disolved in DM SO or w ater
according to their different polarity.

14 TmeoourseofM TSassay onV ero-E6 cells
In metabolically active cells, M TS is reduced by
dehydrogenase enzymes into an aqueous luble
formazan product The absrbance can be
measured directly at 490 nm from 96-well assay
plates and the quantity of formazan product was

consi-dered to be directly proportional to the

number of viable cells in culture’®®.

In order to detem ine the optmalM TS/M S
incubation time (sufficient color development of
form azan dependentson cell lines), the absorbance
of fomazan at differentM TS/PM S incubation time
was measured V ero-E6 cells were plated into a
Corning® 96well tissue culture plate in final
volume of 100 (L (4 000 cellsAvell). After 24
hours of incubation (37 , 5% CO:2), cellswere
treated with Q@ 001% and Q 1% triton X-100 (to
kill cells). Then 20 (L Avell of combined M TS/

in a humidified, 5% CO-:
atmosphere, 50 (L of 10% sdium dodecyl sulfate
(D S) was added to eachw ell to stop the reaction
The optical density was analyzed on a M ultiscan
A scent reader (L ybsystams, Helsinki) at 490 nm.

hours at 37

A boorbance values were the mean * standard
deviation (S ) of three replicates for
treatment and Z' factor w as calculated

1 5 Cell nunber course of M TS assay on V ero-
E6 cells To detemine the effect of V ero-E6 cell

number on the absorbance at 490 nm measured in

each

this assay, different numbers of V ero-E6 cells
(from 1 000 to 35 000 cellsAvell) were plated in a
96-well plate A fter 24 hoursof incubation, M TS/
AM S mixture was added in each well After
incubating 3 hours at 37 in a humidified, 5%
CO: atmogphere, abwrbance at 490 nm was
recorded

1 6 Virus titer assay: Serial volumes (10 °—10
i) of BJ-01 SARS viral stockswere added, 24
seeding V ero-E6 cells in 96well
plates Cell morphology was observed after 48-
hour post infected, and 96 hours later, cytopathic
effects (CPE) were measured with M TS assay.

Cell controls and medium controlsw ere included

1 7 Visual andM TS inhibition of viral cytopathic
anti-SARS virus
compounds, V ero-E6 cellswere plated in 96-w ell
plates After 24 hours of incubation, test
compounds were added at 10 wmolA and
mmediately followed with 2 uL of BJ-01 SARS
viral stocks Cell morphology was observed after
48-hour post-infection CPE was measured w ith
M TS assay after 96 hours of compound addition

hours after

effect assay: To screen for

Controls included cellsonly and cellsw ith viruses
2 Realts
21 TmeoourseofM TS assay onV ero-EG6 cells
Time oourse curve after MTS/M'S olution
incubation of 1 -
absrbance at 490 nrm. T he absorbance valuesw ere
the meant D of three replicates for
treatment A s shown in Fig 1,
values increased w ith the incubation tme A linear
me oourse of

4 hours was detemined by

each
the absrbance
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M TS assay and the correlation coefficient of line
wasover Q 993 Z'-factor w as calculated to assess
the assay reliability.
factor values greater than Q 5 are considered good

In general, assayswith Z'-
assays In our assay Z'-factor value w as produced
greater than @ 6 at 1 hour incubation and more
than Q 8 after 2 hours incubation It indicated this

assay worked very well
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Fig 1 Time cour s curve of M TSassay
2 2 Cell number course of M TS assay: Effect
of V ero-E6 cell number on absorbance at 490 nm
wasmeasured (Fig 2). Each point represents the
meant D of four replicates The absrbance
increased w ith the cell number. A nd in the range
from 1 000 to 15 000 cellsAvell (10 000 to 150 000
cells/mL) therewas a linear response betw een cell
number and absrbance at 490 nm (r= Q 997).
The background absorbance shown at zero cell/
well w as subtracted from these data
2 3 Virustiter assay: Effect of dilutionsof BJ-01
SARS viral stocksonV ero-E6 cellswasmeasured
(Fig 3). Abwrbance values are themean + D of
duplicate The CCD (50% cell culture infectious
dose) was generated (Q 007 ().
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Fig 2 Cell nunber cour s of M TSassay
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Fig 3 BJ-01 SARSvirustiter curve
2 4 Primary screening of compounds by visual
and M TS inhibition of viral cytopathic effect
assay: The plate layout for primary testing of
antiviral compounds was shown in Fig 4 Cell
ocontrols detemined the absorbance of uninfected
cells and gave values equal to 100% viability.
V irus controls detemm ined the absorbance of cells
killed by BJ-01 virus treated and equal to 0%
viability. M edium oontrols detemined the
background absorbance due toM TS/PM S lution
in DM BM with 10% FBS and these values were

subtracted from corre-gonding efficacy values

Some results were shown in Fig & The
absrbance values of compoundsw ithout potential
anti-SARS function were smilar to the virus
ocontrols and percents of CPE reduction w ere about

0%. Some compounds show ed weak inhibition of
1 2 3 4 5 6 7 8 9 10 11 12
sanple | sample | sample | sample | sample | sample | sample | sample | sample | sample | sanple
g sanple | sanple [ sample | sample | sample | sample | sample | sample | sample | sample | sample |virus controls
sanple | sample | sample | sample | sample | sample | sample | sample | sample | sample | sanple
c sanple | sample | sample | sample | sample | sample | sample | sample | sample | sample | sanple
[; sanple | sample | sample | sample | sample | sample | sample | sample | sample | sample | sample | cell controls
F sanple | sample | sample | sample | sample | sample | sample | sample | sample | sample | sanple
G sample | sample | sanple | sanple | sanple | sample | sample | sample | sanple | sanple | sanple medium
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Fig 4 Plate layout for primary screening of anti-SARS canpounds
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BJ-01 SARSCovV with 20%- 50% CPE
reduction In the test, dilutions of viral stocks
with 200 CCD were added to the cells A few
compoundsw ith over 60% of CPE reduction (i e
A3, B4, G3 in the sheet below, Fig 5) were
oconsidered as strong inhibitors of SARS-CoV and
as hits Examplesof morphology observation w ere
shown in Fig @
10— 14

CPE redution / %

Tt

'a'llgw“‘

Fig 5 Realt of one typical 96-well plate shown as

values of percent of CPE reduction

3 Discussion and conclusion

During replication, many viruses (i e HV -1,
SARS-CoV ) destroy not only the host cells that
they infect but al neighboring uninfected cells by
CPE S0 theCPE inhibitory assays arew idely used
in the field of identifying potential antiviral agents
by evaluating the inhibition of this virus induced
cell death™. T raditional CPE assaysprovide visual
cell morphology and credible evidence of antivirus
of compounds However, they could not offer
quantitative results and high efficiency w hen great
num ber of samples need to be tested

Neural red (NR) vital stain andM TT assay
used inmany laboratories including the Centersfor
Disease Control and Prevention (CDC) in U SA.

resultst®.

and China offer more quantitative
But during these testsfree neutral red dyesmust be
w ashed or volatile organic nlvent is required to

olubilize the formazan product It increases not

A -compound TY-AD-97 (positionB4 in Fig 4 and 5) with 99 2% of CPE reduction B-compound TY-AD-90
(position G3 in Fig 4 and 5) with 62 9% of CPE reduction C-uninfected V ero-E6 cells (cell control)

D-infected V ero-E6 cellsw ithout treatment (virus control)

Fig 6 Effectsof two positive canpounds on morphology of BJ-01 infected Vero-E6 cells

only the stepsof the screening but al the danger
of the test SARS-Cov in the
supernatants of wells Besides that these assays
are not suitable for every cell line'.

In the test aV ero-E6 cell based M TS CPE
assay was developed for screening potential anti-

because of

SARS compounds It provides a faster, safer, and
more convenient screening method as compared to
the traditional visual CPE assays, NR vital stain
andM TT assay. UnlikeM TT formazan, theM TS
fomazan product is wluble in tissue culture
medium. So the step of decanting supernatants and
adding volatile organic lvent was not needed
The absorbance gectrum generated by culture

medium containing M TS is 382 nim and the

bioreduction is 490 nm. So there was no washing
or cell harvesting required in the test Besides
that, D Swas added to eachwell afterM TS/ S
lution incubation The step was not just to stop
reaction, but more mportantly to kill the virus in
supernatants in order to reduce the greading of
viruses

In thew hole, aV ero-EG6 cell basedM TS CPE
potential anti-SARS
compounds w as developed This aqueous luble
formazan assay eliminates the need to remove
media or perfom sample
It results in high efficiency and

assay for  screening

culture other
manipulations
throughput
variation So this assay can be considered as a

ARS efficacy

as well as decreased well-to-well
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Effect of tannin fram Cornus of f icinalis on mmune function of adjuvant ar thr itis rats

LU Xiao-dong, YAN G Sheng, Q | Chun-hui, ZHAN G Yong-xiang, RU Xiang-bin,
ZHOU W en-xia, WU He, ZHAO Yimin
(Institute of Phamacwlogy and Toximlogy, A cadamy of M ilitary M edical Science, Beijing 100850, China)

Abstract: Object To study the thergpeutic effect and the possible mechanisn of F-1C, a tannin
fraction w ith mmunosuppressive effect isolated from Cornus of f icinalis Sieh et Zucc , in the treatment of
adjuvant arthritis (AA) rats M ethods AA rat model was reproduced to observe the effect on immune
function both in vivo and in vitro and compare w ith Cyclogporine (CsA ) and Tripterygium w ilf ordii
(TW ). The effect of F-1C on joint svelling and the mmune regpones of AA ratswere evaluated by
lymphocytotic reaction, flow cytometry, and EL ISA. Results F-1C by ig administration to AA rats
decreased the primary joint svelling of AA rats, stronger than TW and w eaker than CA, promoted the
decreased 9lenocyte proliferation induced by Con A, and inhibited the augmented thymocyte proliferation
induced by ConA inAA rats The evaluation in vitro show ed the F-1C inhibited the augmented thymocyte
proliferation from AA rats and promoted the deficient IgG produced by lenocyte from AA rats
Conclusion F-1C has therapeutic effect on AA rats and the modulating mmune function is one possible
underlying mechanisn.

Key words Cornus df icinalis Sieh et Zucc ; mmunosuppressive; adjuvant arthritis (AA); F-1C
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