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Abstract—In the course of our search for anti-Herpes simplex virus type 1 (HSV-1) substances from
natural sources, we screened crude drugs for their antiviral activity using SRB assay. The methanol ex-
tract from herb of Brassica rapa (Cruciferae) was found to inhibit HSV-1. Through bicassay-directed frac-
tionation of the extract, anti-HSV-1 agent was isolated by chromatographic separation using Amberlite
XAD~4 and Sephadex LH-20. The structure of compound I was elucidated by spectral means including
'H-'H COSY, HMQC and HMBC to be isorhamnetin 3-O-p-D-glucopyranoside (compound I). Com-
pound I was active against HSV-1 with the 50% effective concentration of 0.42 mg/m! and the 50% cy-

totoxicity of 5.0 mg/ml.

Keywords [ ] Anti-Herpes simplex virus type 1 (HSV-1). Cruciferae, SRB assay, Brassica rapa, Isorham-

netin 3-0-B-D-glucopyranoside.
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Fig. 1— Structure of Compound 1.
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vonoid Hl2A?) isorhamnetin 3-O-8-D-glucopy-
ranoside(compound DE 2|, 5437l B3t
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AEIKIE - 2 3ol AMS-S 73 (FH)2 1996
129 7A3tsoA Tdstd A8 2AgE AR F A
A el APAEE AMESIH L of Aol BE
2 FAZFTATA AFHo) mEH Utk Co-
tumn chromatography$ B4 Amberlite XAD-
4(Sigma), Lipophilic Sephadex LH-20(Pharma-
cia)E AM23t9ar, TLC platet= Kieselgel 60 Fay
(Merck)E AHEatt}. wlolglas FHRAY FH
A W Fgg oA Bohike Herpes simplex virus
type 1 strain F(American type culture collection,
ATCC VR-733, Rockville, MD)& AHE3IR T &5
AEE 3 XS L3 o 2 RE B Vero AE
Z (African green monkey kidney cell, ATCC
CCL8DE A&ttt A2l @4 ol ARSE AlokE

& Sigma¢] EFAI4E A en, WiAE Gib-
coBRLAFS] AE& AHE-3HHch.

7|71 - M.P. apparatusi Electrothermal En-
gineering® Melting point 9100(Canada), Polari-
‘Tneter= Jasco DIP-370 Digital Polarimeter(Ja-
pan), IR Spectrophotometers> Bruker IFS 48
(Ger- many), FAB-Mass Spectrometers= VG70-
VSEQ(England), 'H-NMR Spectrometer Bruk-
er AM-500, 500MHz(Germany), “C-NMR Spec-
trometer= Bruker AM-500, 125MHz(Germany)&
AR5 T Microplate reader(molecular devices)
Spectra MAX 340(USA) & AH&-3191 0t

AR Ba| - FalrolA T T (HEH) S
A B 72L& AR F A Aol AAAER
AFEHGITE B4 4.3 kg2 JADE FEIEE AEY
ol e} 60°C ovenoll A MeOH 15 IZ 2447t 33
HHE 223 § A 20 AYFEde] 2 184.6 g
< & gAe A% g JHSV-1 a%E e
o] MEhE FEES o @8N § A3 oo
2 Hexaneo & HISAEAE £8(0.1 g8 & =
24589 ofef 135.2 g& nlo] 2 LFFAA Am-
berlite XAD-4 columnd| A7 T 49) MeOHS
Z3ANA 2L ASAIIHEA column chromato-
graphyZ AAlse H0(121 g), 20% MeOH(4.8
2), 40% MeOH(0.9 g). 60% MeOH(3.9 g) %
100% MeOH 2(4.5 g)o.2 H-8stgtH(Scheme ).
o1& FollA] 100% MeOHE-Zol EAE& Vehd vhd U
w2 BYE2 B4 BolA) YYrt. BAo] = 100%
MeOHZ 8¢ Sephadex LH-203} 70% MeOHS A}
23 column chromatographyg 2IA13Hd compo-
und 1(229 mg)& ©eld F JHSV-1 84L& A2 A%
a3 5371 A

38H& I - yellow amorphous power, mp: 215~
218°, () F=-21.7(c. 0.06 in MeOH), IR V& em ' :
3304(0OH), 2926(C-H), 1658(C=0), 1606, 1457 (C
=), 1507(C-C), 1178, 1124(C-0). 1066(glyco- sid-
ic 0), 991, 814{aromatic ring). FAB-Mass(m/z):
4770M-H) ", 315(M-glc-H} ., 'H-NMR(500 MHz,
CD,0D) &: 3.93(3H. s, -OCHy), 542(1H, 4, J=76
Hz, glc anomeric H), 6.17(1H, d, J=2.1Hz, H-6),
6.36(1H. d, J=2.1Hz, H-8). 6.89(1H., d. /=84Hz, H-
57, 7.56(1H, dd, J=2.1. 84Hz, H-6"). 792(1H. d. J=
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Brassica rapa (fresh aerial part, 4.3 kg)

extracted with MeOH
concentrated in vacuum

MeOH Extract (184.6 g)

suspended in hot water
partitioned with Hexane

Hexane layer Hz0 layer
0.1 g) (1815 g)
I l
Solution PPT
(1352 g) (443 g)
Amberlite XAD-4 C.C.
(H0—+MeOH)
I f [ [ |
H0 20% MeOE  40% MeOH 60% MeOH 100% MeOH
(121.0 g) 48 g) 09 g) (39 g) 45 g)
Sephadex LH-20
C.C. (70% MeOH)
Compound 1 '
(229 wg)

Scheme I— Extraction and Isolation of Compound from the Herbs of Brassica rapa.

2.1Hz, H-2). “C-NMR(125MHz, CDOD) &: 1585
(C-2), 135.3(C-3), 179.3(C4), 163.0(C-5), 99.8(C-6),
165.9(C-7), 94.7(C-8), 158.4(C-9), 105.7(C-10), 123.0
(C-1), 114.3(C-2), 148.3(C-3). 150.8(C4"), 1159
(C-5), 123.7(C6"), 103.6(C-1"), 75.9(C2"), 185 (C-
37). 714 (C4"), 180(CH"), 625(C6"), 56.7(-

MIEHIRF - A3el] AHEE VeroM X9 ujgde
Dulbecco’s modified Eagle’s medium(DMEM,
GibcoBRL)°l992H, Fetal bovine serum(FBS,
GibcoBRL), Gentamicin(100 units/ml) 5& &7}
9t VeroN X iy 3¢ 71402 wigAE ¥W
& phosphate buffered saline(PBS) o2 o]
& ¥ 50 ml flask® 1 ml®} 0.25% trypsin-EDTA
|g 931 A2 18 A2 obg trypsin-
EDTAE9E vigl 3 37°Coll M 587 R@dle] AEE
g3AA Al g2tg MY 5% FBS7H
719 DMEM¥A] 10 miell 25217 o3 22 ol
F27)(25 cm® culture flask, Nunc)ol €74 1:209)
split ratio® CO, ¥1%¥71(37°C, 5% COy)°llA] viek3t
At

SRBE{0f| 2|8t MIEFAlS &3 - SRBY &3 Al
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EZA5 4L Alley 5% Skehan 57279 Wi e
$-g35te] ARR3Tt. 5% FBS7F 3719 DMEMuiA]
oA 3Y7F wiFsta wigEAlE A AT ¥, PBSE Al
ERHEE A3k 0.25% trypsin-EDTA 1 mIE 3
718k 183 ¥-AIZ] ¥, 0.25% trypsin-EDTAE
A|Ast1, 5% FBS7t 37td DMEM ®i%¥<) 5 mlg
H7lsled BH="Ek . MERF(cell suspension) W
trypan blue(1%)=1:12 &%3l9 haemacytome-
ter2 M¥EFE At 5x10* cells/miz F-FAIR
o} HEE-FY 100 pAE 96 well plated] 2} wellol
2 F38le] welld Vero AXE 2.0x10° cells2 24 g
o8 5% CO, incubator(5% CO,, 37°C)olA] 2443+
vjesle] MEE H&AZ F, 0.1 MOI(multiplicity
of infection)9] HSV-1& 7911711 Z} welloll 2} 5
T 3AEl HAARE H7IEA. o)} ol
22§k &, CO, incubatorol| A} 47} wikale] wjeFo|
g Ml ¥ trichloroacetic acid(TCA, Sigma)E& 3
F 5571 10% = SAA A7keka 4°Coll A 1A1E vgst
o AEE uANZ F, FHFE 53] jHEslo] AXE
AXstget. AZE plated] 4 welldl 1% acetic
acid2 €322 0.1% SRB49 100 Wy 75t 4
2ol A 3021t T3] AR F 1% acetic acid



610 157 ARF RF A Bew

2 53] A3t Fr)FolA ARAH . s Az
59 10 mM unbuffered Tris(pH 10.5) &g z}
welldll H7lste] MEgdulzed Hig SRB dyeE
1087 & g3A)171 LAl THE ¥ microplate
readerolA] 564 nm& R o2 FHEE Z3 sl A
o) FAARE FAHsH)

- Uity

HOIHA @Y - FHEH Y vaE FEES
0.8 mg/miEEol FHSV-1 A4S vehict of )
Bg FE2ES 2o @9zl F A JAE hex-
anel® H|FAEZ L €% g +E8A4EY o4
£ v]o] A 8% Amberlite XAD4 columnol
E371 & 4] MeOHE FHAA S48 B3y
A column chromatography 2 2418k H,0, 20%
MeOH, 40% MeOH, 60% MeOH ¥ 100% MeOH
Fog B3t ol FolA 100% MeOHEHo]
0.045~0.13 mg/miExoA Aol vebd vbd ve
A BEEE 4S8 2olA g4ttt 4ol e 100%
MeOH #3-2 Sephadex LH-20% 70% MeOHS A}
4% column chromatographyE 218t compo-
und [(229 mg)& Tt 84S HA% 27 0.13
~0.41 mg/mlz=A4 84S el (Table D).

HSV-19] A% compound 19 ECs= 0.42 mg/miol
3L CCs= 5.0 mg/mi] 2™ CCe/ECs2 YERA ¥
2|4 (selectivity index)+= 11.92A4 compound 1< &
uto]Z 2 § 77} JATHTable ID).

Compound I — 34 24 A3 02 FeCly ¥
Mg+HC] 38l 4o, IR spectrumoiA] 3304
(OH), 2926(C-H), 1658(C=0), 1606, 1457(C=
C), 1507(C-C), 1178, 1124(C-0), 1066(glycosidic
0) € 991, 814(aromatic ring) cm ' 59 F5d7t
Ueh}= Ao 2 Kol flavonoidd WiRA2 FAHEA
t}. 3 FAB(-)MS spectrumoll e mfz 477914
M-H¢] molecular ion peakE. m/z 315944 glu-
cose’t 229 fragment ion peakE BT 4 9ISl
t}. 'H-NMR spectrumel 4] §3.93 ppm®ll A metho-
xylell 71218 3H9) signale] singlet 2.2 vleh}
85.42 ppmol A glugose-@] anomeric proton signal
o] doublet(J=7.6Hz) 22 Jeh}x L& & 5 9l
Atk o] 99l aromatic fieldol M= 86.17 ppmoilA
H-6 signal®] doublet(J=2.1 Hz) 2.2 H-8%} meta
couplingdl= A& BT F U3 86.89 ppmoilAM
H-5" signal®] doublet(J=8.4 Hz)2 2 H-6'} or-
tho couplingdl® Y& ¢ 5 UK 87.56 ppm
oA H-62 double doublet(J=2.1, 8.4 Hz)22
H-2'9} meta couplingdliz, H-5'9= ortho coup-

Table I— Inhibitory effects of Brassica rapa against HSV Type I by SRB method

Concentration (mg/ml)

Medicinal Herb  Fractions 0.010 0.045 0.130 0.410 0.800 1.230
fr. 1 - - - - ++ -
Brassica rapa fr. 2 - ++ + 4 _ _ _
compound I - - ++ 4+ _ _

+++: 80% Cell Survival of HSV-1 infection in vitro, + +: 50% Cell Survival of HSV-1 infection in vitro, +: 30%

Cell Survival of HSV-1 infection in vitro

* fractions: fr. 1 MeOH extracts, fr. 2 Amberlite 100% MeOH layer.

Table I1— Anti-HSV type I activity of compound I

Medicinal Herb Family Chemical name ECx (mg/ml)® CCs (mg/mD® srY
Brassica rapa Cruciferae Isorhamnetin 3-O-B- 0.42 5.0 11.9
D-glucopyranoside
(compound I)

Mallotus japonicus Euphorbiaceae Butyrylmallotochromanol®  0.23x107° 2.5%107° 10.9
Mallotus japonicus Euphorbiaceae Isomallotochroman'® 0.97x107° 8.8x10°° 9.1

9 50% Effective concentration means dose required to achieve 50% protection of the cells against the cytotoxic ef-

fect of HSV-1.

¥ 50% Cytotoxic concentration means dose required to reduce the number of viable uninfected cells by 50%.

© Selective index means the ratio of CCs to ECs.
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Fig. 2— HMBC Spectrum of Compound L.

lingstn &S FAF & AU EF, §7.92 ppm
oA H-2'= doublet(J=2.1 Hz)22 H-6'% meta
coupling3t™ $152& &% 4 1o isorhamnetin
glycosideE F33Hdtt.

BC-NMR spectrumol A& isorhamnetin® Hji
e w C-2, C4 carbon®| 22t A% shift=of &
A= 3 C-30] A shift Hoj AFHEZ C-39 7
o] x&=o] glycosylation shift7} Yot #-& &<l
& & Q3 8179.3 ppmolA C-49] carbonyl”|&
23 4 Ak E=8, §150.8, 148.3 ppmollAl
C-3', 4’ signalol #2350} C-3', 4 $1X9] protone©]
&5l 9L & & e §56.7 ppmellA me-
thoxyl carbon, 6103.6 ppm®l4] glucose anomeric
carbon signal& 1% & AUk “C-'H COSY
spectrum®2 C% HE M2 AENN ¥ 'H'H
COSY spectrum® Z4% A3} compound I°] iso-
rhamnetindl glucose 18271 A%H0] gl =

Qe 2H% 5 itk W, B ARAXNE A3}

7] $13te] HMBCSl NMR71¥& ol &3t #4342
3} 85.42 ppm glucose anomer protone] 8135.3
ppm¢] carbon signals} long range coupling3}3l 31
o] -3¢l glucose’t A= UL ¢ & UJyTH
Aromatic field®] HMBC spectrum® 2% 83.93
ppm¢l methoxyl proton°] 8148.3 ppm®| carbon
signal®@ couplingdti 3191 methoxyle] C-3"9 A%
o] S A 5 ANTHFig. 2).
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Fig. 3 — Quantitation of cell viability in the herbs of
Brassica rapa treated culture of Vero cells.

olde] 7)7)184 Asje} B ™7e) a2 com-
pound [ B4 CupHuOp0li mp 215~218°%)
isorhamnetin 3-O-p-D-glucopyranoside® ¥4I,
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9 HMBCY spectral datag ©]83t isorham-
netin 3-O-B-D-glucopyranoside2 ¥4l &4
& AME A 0.13~0.4]1 mg/miF=A &4
Jerycl, HSV-19 tid compound 18] ECsie
0.42 mg/mlo}i CCse 5.0 mg/miB o™ CCs/
EC,2 Ve Aez) 4= (selectivity index)= 11.9
24 compound & Eutolg 2 &7} YAHFig.
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