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In interviews on the traditional herbal medicines of Tupi-Guarany Indians at the herbal market of Asuncion and
questionnaire from their users, it was clarified that various useful medicinal plants are available in Paraguay and most of
them are generally used without drying. In the search for bioactive substances from those plants, a f-glucuronidase-in-
hibitory diterpene called scoparic acid A (SA) was isolated from Scoparia dulcis L. together with scoparic acid B, sco-
paric acid C, and the aphidicolin-like tetracyclic diterpenes scopadulcic acid A (SDA) and scopadulcic acid B (SDB).
HPLC analysis of diterpenes in the individual plants of Paraguayan and Asian S. dulcis revealed the presence of three
chemotypes based on major component, i.e., SA type, SDB type, and SDX type containing mainly scopadiol and
scopadulciol (SDC). SA and SDB were elucidated to be mainly biosynthesized in the leaves via 2-C-methyl-D-erythritol-
4-phosphate pathway, and a leaf organ culture system containing methyl jasmonate 10 um was found to enhance the
production of diterpenes by activation of Ca-signal transduction systems such as calmodulin and protein kinase C. On
the other hand, SDB and SDC were found to show multifaceted pharmacological effects such as inhibitory effects on gas-
tric acid excretion, bone resorption, replication of herpes simplex virus type 1 (HSV-1), efc. In addition, SDC was sug-
gested to be applicable to cancer gene therapy using ganciclovir or acyclovir and the HSV-1 thymidine kinase gene called
the suicide gene.

Key words——Scoparia dulcis L.; bioactive diterpene; cancer gene therapy; leaf organ culture; traditional herbal medi-
cines of Guarany Indio
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Stevia rebaudiana L.] ORFEMTH U, & HAE
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Fig. 2. Herbal Market in Asuncion

2. N7 AEEOTHIZTORERY FHELHF
RRRICETZ 75— bRAE

TATFH HANOE 4HH T, TOHOD R
WERENIC L - THRIESN - HEE (AN P LE
RFEIN TS, Yz FEERGHEERASEMEEL
TIRESNAEHESIE, T THRTEIN TSI
IZDWT, 7R IF PRI YR D
Basualdo #(#% 5 & R TH AT HITH T DR &
moiEEzE{T> % (Fig. 2).Y
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L, HiEER74FE (26.4%), £E 465 (16.4%),
TE43fE (15.4%), ft - fEFE28 F (10.0%), #R 28
i (10.0%), F227% (7.9%), #T 11 (3.9%),
RELNFE 3.9%), HBEI4HE (14%), TOfh13
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Table 1 IZFIH HWR] OEE QR 2R L 2
HiE, Wik, HEE, RUOFIREZHHWELEZDD
R, & OEGE R SIE BB & R R & 5 3
HNENho Tz

B, DREICBWTEERN L WITFEE, R
W, mIE, VURFREHREEZNRELEDOD
MELS BN ZERBEFEHIRERTHS. £z,
B2 HE L-3REN 28 FEH RO 65N DI
RINREZETHD. UL, NTT71DANLD
AVEKIEDMER W |, FEED BN E N &N DRI
MEMINTNVDOMhd LN, X512, <D
EY, MINVEN 1 EEOAEND 2 EdR, »
TNHEBOBEBRICHEISIND ZENHHLEZ., 2
DRI, RAEEICHBELZHMTHD. —F, Fl
FEEL T, TN TH SN, KEIR
FELTIRASNSHDHLEDH LN,

INS ORERFL, N7 71 DEEN AL D
EFEMEFFCEBOREICAH TH S ZEERLTSH

Table 1. Summary of the Questionnaire on the Objective of
Usage of Medicinal Plants in Paraguay

GIEIETO s SR U ST OB 701
ERL 61(22.8) B & 9( 3.4
HAk 51(19.1) FHE 9( 3.4
HRA 45(16.9) aLZx5Fo—)b  8( 3.0)
FR 34(12.7) ik 8( 3.0)
FE G 28(10.5) fE B 8( 3.0
DR R 26( 9.7) HH# 8( 3.0)
P 26( 9.7) PRIE 7( 2.6)
A 23( 8.6) K[EZH 6(2.2)
T 23( 8.6) B 6(2.2)
ik 5 £ 22( 8.2) T 5(1.9
2 22( 8.2) b33 5(1.9
U F 18( 6.7) T BRRR 2% 5(1.9)
B e 17( 6.4) E S 5(1.9)
W 5 £ 17( 6.4) JIE 5(1.9)
15 16( 6.0) SHYE - (W SR 5(1.9
W PR 5% 14( 5.2) AR 4( 1.5)
St 13( 4.9) A 3( 1.1)
& I 13( 4.9) HI7EE 3( 1.1
e if. 13( 4.9 e g 3( 1.1
515 13( 4.9) ZUW - [ 3( 1.1)
Hi ifi 11( 4.1) 9% 3(1.1)
A g 11( 4.1) R 3(1.1)
B i 1B 10( 3.7)

0, GG D728 O EFEFAYRFTE D 2 B 7V Ik
Nz

3. p-glucuronidase HEEFMRX 7 ) — =57 &
Scoparia dulcis L. & DHE

ING T 7 A TR LU7Z 60 OIEFEITDONT, £
NENTO%XEOH i T+ 2 2B L, p-glu-
curonidase [IE{EMHEZA 7 U —Z > 7 #FEfEL 7=, B-
glucuronidase 13, IO EE/EED 1 DTHD
YRI5 58 ET, V7o Biasko
MK RS 5 2 &Enn, TOEEMEIR, 7
Voo r A EEROERN R 2 R T 2 Z &I
5. LEh>T, TOXDBEEEENED SN
EEICII R EEN T EN TS 2 EN T
SN 35, p-glucuronidase VAT Mg, MN&, WALE,
MR 7R EARNITIE < 34 L TV D390 R ER
# @ B-glucuronidase B3 M & FHEFEH & FEIT LT
HETZ2LOHE®LH .Y FHHBEDO XD
&, SAEBSOGINEREO R EWME NI TV 7 0
AR ERD, FEMSBENICHEIN TS
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Fig. 3. Scoparia dulcis L.

&I NHE O B-glucuronidase 12 & - THE UM
KpfREEN, BEWEBEENS BRI E NS A
Mo TWwasEBbnsd. X7 —=27ilbk
DFER, 7 5 = —3iE T Typychd kuratd & IEEN
% EE (Scoparia dulcis L.) @ 70% EtOH i —
F AN R WEEEEZ/R L2 (10 ug/ml 12
BIFBMHEER:79.5%) (Fig. 3).9

AREEITY ) NTHRDOLEFRT, B &
BRI < i L, WThOHIBICBWTHR
MEEAKELEL TS THBHHAINTVS, BRPRE
TPV EOEEDMHFEITIL, AEEITMRE, A
IR, ®ER%, fRE EALEEAHMNEL THEHINS
Ehy, EINVEE LT, BHEE, BERWE, SIE,
M RERR 2, FRBR ENRH I N T NS, 7Y

ARIEED T0% EtOH il TF R 1TDWT, g-
glucuronidase P 215 P 2 F5EEIC U 728 516 P Bk 43
Do BEE ATz E A, CHCL \IREN e 774
SRIDEHL T T )X scoparic acid A (SA) & FE#
D 25D T )X (scoparic acid B, scoparic acid
C) &, 2EOMEERMEY T IR [scopadul-
cic acid A (SDA) & UF scopadulcic acid B (SDB) ]
MEEEE N7z, %10 SDA 5> SDB Db EfEiE, &
AR BIVEITICRD, fied TRRRRF B Z
FITHZENHBALE (Fig. 4. 2B, ZhH0
CFINRUED DB SA O BMNFEE T f-glucuroni-
dase fHEEEZ /R L /2. 1D

4. Scopadulcic acid B & V'R EME D EWE M

S. dulcis 1%, Tk, #E, HEE] BT
T HIICB N THEOEIE & U TR SN TWY
%, £Z7T, v hEMAWTSDB QBB UWITK
ESERZEMGLzE 2 A, HEREEERZRT

ZENRER SN, £, TOEAETFITON >
R>7 (Nat, K*-ATPase) fHEEMATH D Z &N
HBAL. 2 32511, v hZEHAWTSDB DN
BREZF /&5, SDBIIRKOZKGLEBE,
HILENSTINENDD, Kz d5 &<k
XN, %0 bioavailability I3 FLEH & Wl (53%)
ERTZENDNo Y

—7, SDB ORFHHIX, HEDORB#MENTH
- T DNA polymerase o [HE/ERHIZ L D HEHiliAJL R
ATAIVA 1AL (HSV-1) 12kt U CHGEE/ER 2
7~9 aphidicolin ®Z# EFELIL TW/= (Fig. 4).
Z T, SDBIZDWT, ZN5DEMDHEEZH
X758, SDB X invitro T®H invivo TH i
HSV-1 fEHZ /RS T EDNHER SN W TN D3k
BRAERIT, AMEREOENEE LT [FKZ) D
INTVDZEEHEEND S EBDONDD, #IGIE
EINTVLEEDIIEDRENRHATH> TH,
ANADPEFIZO > TREFICHEEL TE b0 T
HY, AEREDOHMAEZEMTDRENRLE 25
HHITH 5.

X512, SDBIIPIEEEM, Y ENATOE—
& —HIER, 1© R IENHEERTY 12 EO LRI E
YWiEEEET A Enbhroz, BRI T O k>
ROTOERTTEESEENH D, JO R TH
EXITdH S omeprazole |2 B RINHIHEHA N D S =
ENEINTND, 1819 21D 2, SDB OF I
WHIERIZ T O R >R THEERICK 2 SRS
N7z, 723, SDB K UZDILEBEMARIZDNT,
in vitro TOHL HSV-1 £, 20 YO k>R > T HE
TER, 20 T OVE WP I 22 12 B9 2 M i v P A
Bafirizsl s, CAMDIIVRFIIVE, C-6
DN A IV EE C-13 2D HIV AR ZIVEDMEM
FENCEERREHZELE TS I EHEHE N/,

5. Scoparia dulcis (C&(TD 2T IR FHOER
DT LT EYA TORR

INS 7 A BES. dulcis 105 BLEEX 7= SA ®
SDB 72 EDAEMIEMLE D TIVAR L, WIndH A
IANFEENNRFUNEEEGLTBD, A4
BCRVICH EICREEN S D EBbNn . £k, #E1h
533 - AR I VML OEBIAICONT, YT
R DOEALRNZ EZE S - i L7zE A, i
DENEFEGENELL, BIIBRHBEALLTTH>
e, —H, INTT 7 A THREL /= % Ok DBE
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Fig. 4.

ZOWT, Y TINRCGHEO HPLC ICK 5 E&E
ST EIT o TSR, MR SA ZEEEEML T
W55 EYALT (SA¥17) LSDBa2&mE RS
BMLTWA5EYA~7 (SDBY A1) NEFEHETS
ZEMHBL. D ZZT, BB, Y1, THE, 1
KRR TERWMEINTS. dulcis In 5T %2 &
D, TNENEEL, EREBEOECETENS DTV
RHEESMLTHILET A, SA Y175 SDB
AT DEFMN, WS PREEINT, DI

ZTNENOBICKICHLE T Z RO TR &2E
DEIDTEYAT (SDXFAT) NELETSZ
EMRWHEINZ, Thbt, SDXZA T OEY
RKDIEEIZIX, SA & SDBOHILARF I I ENZEFN
FNe ROFIINAFIIHICER L -HiEE2HDY
T )X > [scopadiol } T} scopadulciol (SDC) &1
£ MEEnTWsZEnbho/z (Fig. 4).2 /s
B, SDCII, SDBic#E® N7 ORI
FAEF, 20 & IR F1E 2 51 HSV-1 fE > 7z
EDLRRISEMENE 2R T 2R FTHD T &
MBS M2 =,

6. Scoparia dulcis BRFHRMRMES TILRFE
DEEK

S. dulcis 7» 5 BBt X 117 SDA, SDB, KU} SDC
I, 25 OIS ORI & LSRR EDIEEN S
BRALFEEDOREHZED, 2EROKITFOY —7
reIhk, Thbb, HUTHINZTRKRFED

O HooC ocoO Hood

scoparic acid B

CHO

%

bo ()

scoparic acid C

COOH
= CH,OH

SDB: R = COOH
SDC: R = CH,OH

Structures of Diterpenes from S. dulcis and Aphidicolin

Overman 53, Pd fiilff Z W2 % Heck reaction %
IS L7251 K D SDA & SDB @ 4 & ik 2 Ak
L7222 F 7= T —)LK%¥D Ziegler & Wallace
1%, SDA, SDB, &USDC OL&&MIZHRIIL 7z, 2
LLBDS, WTENOBES, #5603 HR~ENIZ
DRI I7EIHRTHD, Lrd, ZOLTRIIBT
BHEIIBENHDTH o /=,

7. Scoparia dulcis B2 T )L R FHDOBEBIEE
(&K DEE & LB RHRIR DAERA

GH, EOXDMbEHEE D RAGHEIED
TH->TH, MmAaTEOEHLEWIHELT, &
EAEDHDIIMEEERA TR TH D, —F, &F
YA, Mo TEMMbt G AT 2%
FRIsAb B W % JEFITRER7R 540 N TR A S R
LT3,

EFSIE, S dulcis ITEENTWAHERTTILAR
HIZDOWT, MMEIEEIEIC K A RIVERELIED
WLz His L ThRA R 2k A7, Iabb, 7
VA FER BT WA 28, <~V F 7 )V a— b
#, BIRBEEEREICKD TN OHEDOERE LT
%ﬁﬂbtt’% Wﬁkbtﬁ»XTi CTIV

CHDEREITHEE ISR E N, BRETIIMRHR
ﬁuFT%ot.#ﬁ,vw%7w/:—%®%%
RCREBEEDERZEDOLXN)VDEENED LN
7" 230 Z NS OEEBAERNS, S. dulcis DT T )l

HEOEGHKIZ, BEOSMEEEEL TWD Z &
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IRBEINZ. £IT, EOWRERERZMWILT S
D, fEY OISR ERE R E 2 R LT
W5HY A1 Ml =% [2-isopentenyladenine, kine-
tin, ®N-benzyladenine, N-phenyl-N’- (4-pyridyl) urea
(4PU)] 7% #1F 1 Murashige-Skoog & A 1% #h 12
WU TRAMBOIE E DT I R D EEIC K
FTITHBERN-. TOMRER, S. dulcis DEDIE
BEAIZTB N TIZ 0.1 um 4PU IRINEFHLAY B B 2 2R HY
THHIENDNS .V B, KINT 5 4PU D
BEZ 0.5uM Ll RITT % & EEEME O3
BMIXNDEEHITTTINRDEFERENEL KT
U7z, LEDRST, S dulcsiZTEEND T IV
FOAEGIZIE, EREKRICEEL TWAEEREFEOM
BinHeanz.

TR, RABERILEYOEGEIIZEE, HiEimn
s VHEREL, Z2< OAGRBEEELE TN O—
ZraIn, s 0%AEICX S “unnatural
natural products” OAEESH HREICRDDDH 5.
fh, TINXIARHDZNIAV TV A REMET
NHEMOEGHIL, £S5 < ANDVEREKIZX
BHEINTERED, FWI0EFIZANIATIVI K
4 ® Rohmer 512X 0, &SEHEYDOE /) TILX2
RITFINARDELIE, ANOCEEREHLBRWIE
AN O > BRI [2-C-methyl-D-erythritol-4-phos-
phate (MEP) #%&] ICXDAGRIND Z LM%
Fo- s S sk, 239

S. dulcis WEEET 2 27 )V R DA R 2
R 5 HMT, [1-BClglucose & Er &MLk M
U, —EMMEEL %, PTIVREZHM - 2
BEL, PC-NMR A7 MLt Liz. 728, S.
dulcis D %45 & L T, B-sitosterol & phytol 235 £
NTWBA, BIEZAND D EBRE (MVA 1)
THEARINDDITHL, #%#FIT MEP &RKIZXD
AEBRINDITITTHSD. £IT, E#bamoy
TV (SA, SDB) NOHDAHRINY — > %
F X, p-sitosterol & phytol NDELDIAHAD)NE —
CEEE U/, Table2 IZ/RL7ZLDIT, SA &
SDB 3 phytol &ELIOE D ABINGY — > ZR_RLTZ
Z &S, S dulcis DY 5 )V HEIZ MEP #2512
KDAEGHRIND Z ENHRINZ.

Z DFEFIE MVA 2R O ZEH| (pravastatin) &
MEP #& % DO EH (fosmidomycin) % AW THEHE
L7 EBIZBWTHEMNT 5N 3D

Table 2. Average !3C-isotopic Abundances Measured in
Isoprenic Units of Isoprenoids Produced by S. dulcis after
Feeding with [13C] Glucose

13C-abundances in C-atoms of Cs unit

Terpenoid
C-1 C-2 C-3 C-4 C-5
SDB-Me 1.98 0.80 1.00 0.89 2.60
SA-Me 1.59  0.78 1.00 1.03 1.88
phytol-Ac 2.09 0.93 1.00 1.21 2.21

[-sitosterol-Ac 1.27 3.08 1.00 2.85 3.54

—75, AREYO RHEDDOAEEICT v XA E
CEE%E, 41T methyl jasmonate (MeJA) D ERINMN
RN TH D ENHESI N 2T, ML
DYLED MeJA ZREHICIRINL, S. dulcis DFE%
—EHIFEEROMMERE DT IR OAERIC
MIETRNREFAN., £z, LEEORD, BEEHG
/1 @ phytol, p-sitosterol F Y& L a4 (chlo-
rophylls, carotenoids) DEMEEHF /. —KIT
MeJA [3AHA% S ML D H5E 2 I 35 & Ehed &
NTHO, AERITBNTH, MeJA OEEICKTE
UL CHMEENE DL, £z, XERABES
phytol [ TN B-sitosterol D& & H MeJA DK 15
BN LDz L, PTINREOE R, 10
uM MeJA IRINFED BRI LA RITZ W E
WO FER NS5 47/~ (Table 3 and Fig. 5) .38

MeJA 73 S. dulcis DR¢k k7 Td % SDB DL
PRI KIET ZOX S IRMEIE, @SR ERIC
B ENTV DA MEAFES phytol DAEFRRITH T
HNRERIBDBDTHD, MeJA O RKHPEY)
DEGRICKETERICET 2HBMATH S
7, TOERAEFIEIAHTD .

KIZ MeJA @ SDB REAEHEEH DA N =X L%
SN 272012, RICHED O 4G RICBE 5
LTWB T FIMRERICKIT T MeJA O H %
ALz, X9, S dulcis DEDRERERIC
Ca?*-channel f[EZ#| (verapamil) ZEMLEEZ
%, MeJA @ SDB EAfE#EMER2IH S N7z (Ta-
ble 4). F /-, Ca’t-ionophore (A23187) DUMIC
XD SDB DREAENMEHE S Nz,

X 512, calmodulin (CaM) O 7Y > dJ=Z k
(trifluoperazine) X3 protein kinase C [HZEH| [sta-
urosporine, 2,6-diamino-N- ([1- (1-oxotridecyl) -2-pi-
perdinyl] methyl) hexanamide (NPC-15437)], Zik
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MU ZZ5E121%, MeJA OIERABHE X 172 DIkt
L, proteine kinase C OJEMEALFITdH % 1-oleoyl-2-
acetyl-sn-glycerol (OAG) 1%, MeJA ERMDEBE
TH SDB DFEAZRE L /2.3 TN 5 OFEERKE R
N5, MeJA IZX 5 SDB pEAERHEIER IC Cazt ©
CaM 12 &k % 27 F )V 153 % % protein kinase C 12
KB NI EDY CEALDBE GRS N,
Z T, MeJA OERFEBIND CaM DB 5 %
EET D012, S. dulcis 12 BT % calmodulin & %
T (sd-cam) 7 0—Z=> 7 L TEDHRERER
TORBZEMFNLZEZ A, MeJA LT K D AH
BT ORBNEE KT S I ENERI N O
PUEDEXDIT, MARSEEIECKDEMEED TV
RCBEONRWEREHEEBRF LR, Thos
KEBIZED2DIT1E, S. dulcis DIED R BEREERMN
B RN TH o7z, LnLianis, AEIZ L
EEETL, HESTIE, Ththorey1 7
DOREWR 5 SDB X3 SDC & 4 pEfk 2 %4k L,
TS OFETEHE I UARIC K 2 BHEMNBL LN T
FnhEBbN BB, EACHIZEIONT
1%, L ORESCERZET SDONHEY THTE
EINDT—ANEL< > TWADT, EAWHMO

Table 3. Effects of MeJA on Tissue Growth and Content of
Photosynthetic Pigments in Cultured Tissues of S. dulcis

MeJA Growth Chlorophylls Carotenoids
(um) (mg F.W.) (ug/g F.W.) (ug/g F.W.)
0 845.0£95.6 562.5+49.4 97.9+11.4
10 815.0+108.5 394.5+20.2* 73.0+6.5*
25 802.5+98.8 387.4+£20.2* 69.1+2.7*
50 785.0+131.8 299.2+£11.9** 50.8+3.6™*
100 677.5+86.5* 252.54+23.1°** 49.6+8.3%*

The tissues were treated for 4 d with different concentrations of MeJA 6
d after inoculation. F.W. means fresh weight. Data represent the mean=+
S.D., n=4, * p<0.05, ** p<0.01.

AFEITRAT 2 2 I3 EMICHIEETH 5 L EHbN
2, EEMLELTOME - WEREOKEEN % v 71T
o TW5,

— T, WM Z DX D mEMI L EEE D
EEEE E Tt £z TE0XDiT) EET
LZONENDHRFRICBITD8MITDONT, %MK
IZBRT D 2 LIdik L THEER TR W E B2,
SDB %> SDC O AEWiE D F B 2 9T L X)L T
fREAL, =N o &EMBEROMASERICHT S M
R RIRT H72DITEHT 5 2 &b TEERME

1200

SDB (ng/g D.W.)

0 10 25 50 10
MeJA (uM)

Fig. 5. Effect of MeJA on SDB Production

The tissues were treated for 4 d with different concentrations of MeJA 6
d after inoculation. After 4 d of MeJA addition, SDB was quantified. Data
represent the mean=+S.D. n=4, *p<0.001.

Table 4. Effect of Verapamil on Tissue Growth and Content of SDB in Cultured Tissues and Culture Media

Culture conditions

MeJA (10 um) verapamil (mM)

Growth
(mg dry weight)

SDB content (ug)

+ —
+ 50
+ 100

200.0£30.0
146.7+15.3
146.7xt11.5
143.3+15.3

tissues medium
3138.4+110.6 59.9+8.6
3926.4+171.4 50.3+2.5
2980.2+268.0* 54.4+12.7
2260.6 £61.5%* 55.2+11.3

Leaf organ cultures of S. dulcis were treated for 4 d with different concentrations of verapamil in the presence of 10 mm MeJA 6 d
after inoculation. SDB content was calculated as total amount per falsk and medium (50 ml) . Data are expressed as mean+S.D.,
n=3. Significant difference was calculated from MeJA-treated tissues. * p<<0.05, ** p<{0.001.
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8. SDC DHWADBLFAEANDISHDHH»
SDC D#i HSV-1 {fEFH ZFAREBEIT, FINILRK
LU THEKBHENTWS acyclovir (ACV) &
SDC ZHtH T3 &, ACV OERNE®maEND Z &
MRWH XN/ (Table 5).29

FZT, ZOXDH7SDCITLD ACV D HSV-
1 1E PR IE O BB 7 2 f# A9 % 729, HSV-1
EYHIZ SDC & ACV Z Pt #% 5L 72385 & O
FINIC BT 2B D 3 U D EALIRDREZE AT L,
SDC By 5.0 H& &bk Uz, #5HR % Table 6
2R U 7zd, SDC Bt 5 @ 8 &1%, dCTP,
dATP KT dGTP OREIZZ LI > 7278 dTTP
DBRENFEEICEDS Lz, 2L, &SI

Table 5. Synergistic Interaction between SDC and ACV

SDC ACV Virustitre Fold CI* 2%SEb Combined

(um) (um) (PFU/ml) decrease effect

— —  2.88X107 1.0 — — —
0.05 — 3.73X10° 8.0 — — —

0.1 — 1.01X10¢ 31 — — —

— 0.4 1.83X107 1.7 — —

— 2 2.35X10° 13 — —

— 10 4.78X10° 63 — —
0.05 0.4 3.91X10° 74 1.74 0.08 synergistic
0.05 2 3.93 X10* 767 2.04 0.41 synergistic
0.05 10 5.58 X103 5824 2.43 0.60 synergistic

0.1 0.4 1.51X10° 268 1.52 0.27 synergistic
0.1 2 9.12X10% 3323 2.17 0.43 synergistic
0.1 10 1.30X10®> 24160 2.53 0.52 synergistic

a CI: Combination Index [When S, A, SA and C are the mean virus
yield in the presence of SDC, ACV, both SDC and ACV, and in the
absence of drugs (control), respectively, the CI is defined as follows: CI=
In(S) +In(A) —In(SA) —In(C)]. ® SE: Standard Error.

KD, dCTP ORENAEICER TS L EBIT,
dTTP, dATP KON dGTP O EE LA EIC LR L
. 51T, ACV OIEHAREKTH 2 3 U Vbl
(ACV-TP) DIBEEMN ACV BB 5 OHEITIL 4
EHWMKT D ENHHL .

L7=M> T, SDCIZ ACV OV S ELICBE 5T
% HSV-1 1% thymidine kinase (HSV-TK) Z &M
LU, #ERITHIIEAN D ACV-TP DN H K
U, U1V OGS BHE T S Nz D TIdRn
MEHERINS. 72B, HSV-TK 21— K3 538
fz¥ (HSV-tk) &, HZEMLET LT, gan-
ciclovir (GCV) IZXK 2N ADEETIHEICHNWS
N=Z ENH 20,44 GCV O H NN 8T &
LHZEMRy T ERSTWZ, —F, ACV I3kt
FHBENTTNZ EMDS GCV KD R ETHhDHEIN
TV, BETHEORENTTNE WD MEN D
oz, EH& 51X, SDC OIEMKMICIERL T, B
FE NS ML HSV-tk 238 A L, ACV X GCV
& SDC {59 41U, SDC Dflifia a1k 2 &
IH, ACV ORI RZHEIE S &ITR5DT,
ERIBH LOMERZMRETELDTIERWNES
Alz.

T 2 O fid i A Hh SR BRAL R A IS HSV-1-tk 238 A
%, iUV AEREMBERE SDC EOHFHEED
MlaEtOREZELELZEZS, WT RO EEH
fizt UCh, PEABRISHEMER GRS LT, M
fa w2 A BICHERT 5 Z AV L /2. 4

T IT, ZOPHZNREZ in vivo THRAET 57280,
HSV-1-tk 28 A U /= FE S A kil (HeLa
M) 22X — R XKML /2%, ACV & SDC
X 1% ganciclovir (GCV) & SDC Z#fH L /=8 %

Table 6. Effect of SDC and ACV on Intracellular Deoxyribonucleoside Triphosphate Pools

pmol per 10° cells

SDC  ACV

(um) (um) dCTP dTTP dATP dGTP ACV-TP
0 0 10.0+0.6 551+46 9.6+2.5 9.441.1 —

0.1 0 10.1+1.7 46444 8.742.2 6.442.0 —

0 100 19.7+5.92 659+ 1232 504160 24.242.7¢ (100 16)
0.1 100 46.0+19.22 1184266 924220 51.3+4.8¢ (443+81)¢

Cells were infected with 10 PFU of HSV-1 per cell. After 1 h, the indicated concentrations of SDC and ACV were added.
After an additional incubation of 8 h, the pool sizes were analyzed. Data were expressed as the mean =+ standard deviations of
quadruplicate experiments. @ Significant increase compared with untreated control on the basis of the Student 7 test (p<<
0.05). ® Significant decrease compared with untreated control on the basis of the Student ¢ test (p<0.05). ¢ Significant in-
crease compared with untreated control on the basis of the Student ¢ test (p<{0.01). ¢ Significant decrease compared with un-

treated control on the basis of the Student ¢ test (p<0.005).



No. 9

1267

ACV X3 GCV B 5 L i Lz, £ DS
R, DEHBEOD ARRRICS T 2 MG R, B
MEBGHOZTNICHLUARICHEET S END0 5
7=.% X517, HSV-tk 3 HeLa fll iz & 8 % @
HSV-tk % %3 L Tz HeLa flifild &z —& O #|
& (1:100 TRELMEERZ X — YT X
BHEL =58 THRKOBEMEMHZIENZED 5N
o, IS OREENT, MR RS AT EDS G
AR O X T ORI HSV-tk 28 A L 78
< TH—EDEETHSV-TK FEMBEDOIEL > 7=
[EEHEGTHIUL, T O ZNIHIT 2 Z & alfE
ThdIEERLTVDS, 1B, —HOMAITH
25N DY JE B Ol e VT 528 K S BB bystander
effect L THIGNTWEH, KERTHAIN
7HEHIL, SDC 2 ACV X3 GCV &P L T
DBIZTIREITIEHT S ZENAHETH D T 2R
LTW53,

9. FL&H

HER B3k 2 BRENEEL TWSER, Thzt
NOMIBITIE, FIS <S5 THRARIN TN DSk
IRRBREMNEFEIEL TS, TOHT, EHNEI
FHLU, NS E LS. dulcis 13, FERICHES
T, WETOTRT 7 N7 E O EGHE R OB
WMICE<HAEL, Liad, WTFhoicsnT
B, A& OfEFREHER pRIE R OB - B2 B
ELTHWSNTWS Z &bz, £/-, A
YDA EN TN SIS - FINIEIZZLE TH 20,
TS OFEREIZDONT, HHWTIED 20650 L
NIVTHEET 2 2 ENTER. 51, 1EHEFD
fREA D 7 DRFFEIT K 0 FE R U 7= 5o D VE Rt
5, BHELRBEREMEE > TWSNADELT
RO OREEZ/RT &N TERZ. Ll
ISING, ZOXDBERRICHMNERICITRE L85 7
OITIE, ARG D% E a1 DML B R
AU RTH DN, FRRBNEERICTES RN 7.

N E TORAYHRAEYE Y E O 1EH O FF
13, MEBENHEENSRIND ZENFEAET
Ho=M, mE, E NOBELBFNHEHIN TN S
(7 ) LA MBEMBREEL> Tnd, FEE,
< OBEREIIBNTE, 7y—~aAF¥ IV
¥ AT 27 REOTFIE TR E WA T
INDEDTE-TNWS, —F, B, TEEHE
KT B A% OBELDE <7D, ZhE - ez £l

T5IENEIEIN TS BYOREEAENEH X
NHEDITB>TER ZOME, BRHOBELED
M= a—RU 7 27 A EMHIND FIENEL
DANSN, BEMHRERS OEYTEEZBLET LN
JVCHIREMICE I S NS K DI >TW5S, Lin
>, MABEHMDIAEDENDOFMITHNTD,
ZTDEDBBENARAIRTH D ZEaRmET S, T
bbb, KAWHRRS ZERICEG LzEEITE
DED BB LETFHICEENBTN SN EmEFTL, B
& NI BEEDHEERIZDNTHERT 2MEMN
bdERDNS. M, RFEEFOEAMETDH >
7o MEDQBERE] NHEFEEZICBNTHID AN sh
TETCHD, [F—F—AA REE| © [7—F—
A REE] NEALSNTETVWS, THNHEL
T, S. dulcis DRI, 72B% < OFERT N EH
BENERINTHBD, FEEERIENWEEZS.

BEE NS T 7 A TS. dulcis £\ D Bk
Mt EHES> TS, ToONDMESNTL RN,
25 EM B IR 2 Mk S B TE 2D, THEAOH A
PR EH/DLIENTERL, T, MED DEE
Wiz 7ray =7 h &b kY, Zo#EiC
ROjE N 7= ARHEEE IERSER KL BZ AR E
AP E S HEAEME DR Y v 7 DF & DEIET
O, DMEBILEBEL LTS, £, HEELET,
fli 2 DEBICID A THEWZ)IE  BELSa>
TR FEHFEN 5 D24 Marguerite Kasidimoko
Nkembo {HL 25D & T 5% < DKFER AR EN
ZeE, WMNTENIL DO FZEE O 11 DY T b
D, BLEHLTWDS,
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