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Isolation and Biological Activity of Verbascoside, A Potent Inhibitor of
Protein Kinase C from the Calyx of Campsis grandiflora

Hyun Sun Lee®, Moon Su Park, Won Ken Oh, Soon Cheol Ahn, Bo Yeon Kim,

Hwan Mook Kim, Goo Taeg Oh, Tae Ick Mheen and Jong Seog Ahn
Laboratory of Microbial Technology, Genetic Engneering Research Institute,
KIST P. O. BOX 17 Daeduk Science Town, Taejon 305-606, Korea

Abstract—The calyx extract of Campsis grandiflora displayed inhibitory activity against protein
kinase C from the bovine brain. Separation guided by protein kinase C enzyme assay and bleb
forming assay led to isolation of a potent protein kinase C inhibitor that was identified as a known
phenylpropanoid glycoside, verbascoside. It suppressed completely bleb-formation of K562 cell sur-
face induced by phorbol 12,13-dibutylate at the concentration of 60 ug/m/ and ICs of the protein
kinase C occured at 20 uM. This compound was tested for cytotoxic activity against ten human
tumor cell lines in vitro. it exhibited moderate cytotoxic activity against skin tumor cell line M14
(ICx 2.2 ug/ml) and very weak cytotoxicity against other cell lines (IC5>10 ug/m)

Keywords [ ] Campsis grandiflora, verbascoside, protein kinase C inhibitor, anti-bleb forming activity,

cytotoxicity, human tumor cell lines.

Protein kinase C (PKC, Ca* */phospholipid-depe-
ndent kinase)= A EW Al #at ohlw}l AE
wrg-o) A, AEe FAx} Eslel Fod Age
&5 gjrh! ¥ o] HAE phospholipase Ceoll 9gt
phosphoinositide 2] 7}-3-sfol] ©Js A= diacylgl-
yeerol# Ca* ‘o 9j&) AMzjH oz gAdsis]o] s> w
gl tumor promoter?) 12-O-tetradecanoyl phorbol
13-acetate(TPA)2} phorbol-12,13-dibutylate (PDBu)
9} 72 phorbol ester #EHE-Eoll ofs MeFos
g43tslck= A3} phorbol ester 3H3HEe] AlE

Zaw7} PKCYo]l Has)glchks? ol d7hz] ekedrl
PKCo) Azubge) ched «ige iddnel PKC
ol B BT o] Hhol

598

Ha#7b A E wlEsle] AlAA, E3UAA,
HoAAgke] XzARL NY e RAFR
slel PKC AHafj Al that shdo] &ialA zlaisn
QThE 1 slakel] Alg-El= oFERA ezl PKCAH
3 ]+ tamoxifen, adriamycin, trifluoroperazin, ch-
loropromazine, polymixin B, aminoacridines-$ &
= ¢lom, 3Al¥Eal Et-18-OMe, HAG, H-753 i
poidal amine#]%d 2] sphinganin, palmitoylcarnitine
B2 7FEg PKCAHAR dedx QoW mgk A
AE Fade PKCHa A A dif-Feo] vAE #
Z§ 2] f Ab4HE-Z 4] indolocarbazole alkaloidg! stau-

] 15-17
’

rosporineff- . 4 ) perylenequinone?! calphostin

F'9 4 nucleosideA 4 gl sangivamycine'® o] KB
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LMT-1(1) © verbascoside

15 e] glew, &3] FHolal Cladosporium clados-
porioides7} A A+8}= calphostin (UCN 1068)2 A1l
gl PKC AslAlZ o] AAA, WAt 2 8A=2
HHbS- 915k phase 11 sHA1e) AtAl & o] Fa) Folct.
220 g} ekt o FEje] PKC Asf4) g4e
w18k Abelel]l wE2]slch

HAE-L | AL o]a} AR AefAd R

HE] PKC A4S ge S0 Apghe] vidE
Salyn N £gl K562 A E£5E o] &3} bleb-forming
assay9} PKC A48AHAS H43te] PKC 34
2 ersta QIuh® N B Ao Ao
BE) PKC AsiAle] dulazed A3 #4948 B4
Z %43} (Campsis grandiflora)®] butanol¥-# o2
HE] PKC AslSAel LMT-1(1)E #elste) 725

c2Rgon] 1059 QMY AET A A2
A dAdE Az

Ay

Alef 9 7|7| -5 AZetEIH I precoated
TLC plate Kiesel gel 60F. Merck)2} RP-18 FuS
(Merck) & o]g-atiar A¥ ZzobE 22 9)5 Kiesel
gel 60 (70~230 mesh, Merck), Europrep 60~60 C18
(35~70 um, Eurochrom), Sephadex LH-20 (Sigma)
£ a}g-3ksic}. Chromatotron-2 Harrison Research,
HPLC%: Shimadzu LC-6A, UV spectrum-> Shima-
dzu UV-260 spectrophotometer® AH8-3te] 43}
odc}, 'H-NMR=}F “C-NMR-2 AMX-300 NMR spect-
rometer® Z#sgion, WRIFEAEE TMSE
x}8-3teich. protein kinase C A A& Aol A
5l staurosporine, PDBu(phorbol 12,13-dibutylate),
histon I11-S¢} phosphatidylserine-& Sigma Chemical
Co.o| A, diolein-& Serdary Research Lab.o A, (y—
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PATP+= Amershamel| A 78] 3le] A}8-3) o.m K562
cell®] wiokg $]3+ RPMI1640 ¥i=]+ Gibeo, fatal
calf serum-& Hyclone Co.ol| 4 F-4]8to] x}-4-3lgic)

F& 9 2a/-1991d 79 554 SAKAE 3
F A HHE F23HC. grandiflora)®]
bl 760 g& S8 ¥ MM MeOHE A2
oANH F% o#slsdct 53 MeOH o~ 60gs
ZHgol| #<g § CHCl, BuOH3} H.09 £42
35l PKC A4S RoFw BuOH 3§ 22
gg dgdch 1 F 208 #A3Fd Sio; cc. (CHClY
MeOH=5/1—2/1, step gradient)}?} RP-18 ¢ c
(MeOH/H.0=1/1)5 #HA|3}e] 6709 &Hp&o2 v}
1 PKC A48 HolF= 5 fr.o s Se-
phadex LH-20 c. ¢. (CHCly/MeOH=1: 1)} Chro-
matotron (Sio,, thickness . 2 mm, solvent : CHCly/
MeOH/H,0=7/3/05)% Al1Aj3led ZLMT-1% <1<l
t}. o] &£35<& HPLC (column;Senshupack ODS,
6% 250 mm, solvent;50% MeOH, flow rate;1 m//min,
UV detector; 254 nm)E %£3}9] retention time 5.04
min®| peakE Fo}l 43 LMT-1 (11 mg)S Ak

)
-]
s

23 LMT-K)-°] EH2 TLC(Sio, CHCly
MeOH/H,0=7/3/0.5)4) A Rigke] 0288 72e 9]

A Bukg x| 2% ferric chlorideA]®d, 20% H,SO,,
phosphomolybdenic acid, I, vaporol| <¥A, ninhyd-
rine, Ehrlich, Dragendorffs A]ede]] Ao g }e}
e

UV AunMeOH); 217, 244, 290, 330 nm; 'H-NMR
(CD;0D)8 1.11(3H,d,J=5.4 Hz, rham-CHj),2.79(2H,t,
J=75Hz, Ar-CH,-), 3.30~3.79(m,sugar-H),4.38(1H,
d.J=7.5 Hz, glc-anomeric-H), 5.20(1H,br.s,rham-ano-
6.29(1H,J=15Hz_8-H), 6.55~6.68(3H,
aromatic-H), 6.80(1H,dd,J=8.7,2.1 Hz,5-H), 6.97(1H,
dd,J=84,2.4 Hz,6'-H), 7.05(1H,br.s,2-H), 7.6101H,J=
15.3 Hz,8-H), PC-NMR(CD,0D, DEPT)ppm; 1316
(C,C-1), 116.6(CH,C-2), 144.7(C,C-3), 146.2(C,C-4),
117.2(CH,C-5), 121.3(CH,C-6), 36.6(CH,,C-B), 724
(CH,.C-a), 127.8(C,C-1), 114.9(CH,C-2), 149.8(C.C-
3", 146.9(C,C-4"), 116.4(CH,C-5", 123.2(CH,C-6"), 148.
O(CH,C-7"), 1154(CH,C-8), 168.4(C=0,C-9), 104.3
(CH,Gl¢-1), 76.1(CH,Glc-2), 81.7(CH,Glc-3), 70.8(CH,
Glc-4), 76.3(CH,Gle-5), 62.5(CH,,Glc-6), 103.4(CH,
Rham-1), 72.2(CH,Rham-2), 72.2(CHRham-3), 73.9

meric-H),
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(CH,Rham-4), 70.5(CH,Rham-5), 18.5(CH3;Rham-6)

Bleb Forming Assay—DBleb forming assay<
Osada 59 #hd®™& ok #Asled Agsiadrth 4
F 52+ K562 cell (human chronic myelocytic leu-
kemia cel)2 AH&-3leich wixl2= 10% fetal calf
serum} penicillin G 100 unit/m/, streptomycin 100
ug/mi-S F-E RPMIN640 WA S k&gl o, 5%
CO, %, 37C 9 }_ﬁii'COg incubatorel] 4] ¥l
oFsteirh assayr K562 cell& 1X10° cell/mid] &
X2 3lod 96-multiwell plated] 7} wellell 100 p/ 4
B-7g 3 7 A 58 105 A vska, 37C ¢ CO,
incubatorell 4] 1417} w3k & phorbol 12,13-dibuty-
late(PDBw)E #$5% lpg/mio] A Aat £
AZEHY L2HYARTE @] gl A
stodch

Protein kinase C §A-F4 ZEH —Protein kinase
C &4+ Huang$o® Hhyd| o} 4xz He B
EAa)slo] A}&3keid) PKC 484 &3 Ca' ',
phospholipid¢} dioleing] &} &}ell 7}zl histon III-
Sel (y-*p)ATP<S] *¥p7} phosphorylation®+ A %%
2215}l c}. ukg-ol 95 el 30 mM Tris-HCI(pH 7.
5), 6 mM magnesium acetate, 0.12 mM (y-*p) ATP(4
X10* cpm/W), 0.25 mM EGTA, 0.4 mM CaCl,, phos-
phatidylserine 2.5 pg, diolein 0.5 ug, histone III-S
25 ug¥ PKC &4 5ugs T3t of 7)o A
A8 5WE Hrbska 30T ol A 103-7F w347 &
20% trichloroacetic acid-&4 20 W= nja] & Al cellu-
lose-pi paperell ®#H-g-ol 10 W2 HAslx dal 3 0.2
M KCle] &#-51 5% TCAG-HK2 5 H7§A17] paper?]
gk 2cm HEE Yxksted scintillation counters-
AL-g-3to] histon II1¢] <l4bs} A& At} o]
u] background = phosphatidylserines} diolein-g-
HkS-olg z}83le] A F 9] protein kinase C #]
g ded zApstdrl

AT A - w5 TYgATANCDAAM  F2
g 1059 JAIGANEFTE AHE3tg el FHEF pa-
neloll o] &% A ¥=H-e Ml4(skin), K562(leukemia),
NCI-H23(lung), SNB-19(CNS), SF-539(CNS), PC-3
(prostate), SW620(colon), KM12(colon), UO-31(re-
nal), ACHN(renal)o] it} Al £ 52 dulzjo g 37C
CO, incubator(5% COQ., 95% air)& o]|&-3lo] njek
shodom, FR AMEE] w2 10% FCSE -3t

RPMI16408 2t o). bl L5 AF8-& wj7hz] o x4
Anstell A Hstel o, 7153 & 2759 A
EE AHE-sheich

AAGHEF2] SFHell uwe}, 77 o& Fre
AEe] A EE 96 well microplate o vlokg A
zhatoict. ARl wiokl e 5% FCSE §#-% RPMI
1640v] #| & o]-8-3lol o, 2 MEFO 2I|HEFE
= Table 1o =Alabgct. wiobs 2421 7HRE], 24|
(LMT-DE 10, 3. 1, 03, 0.1 pg/m/} F52 22)s}
gl HAES Fo]7] $]sted dimethyl sulfoxide
(DMSO)& Al&stgd e, 2EF DMSO9 %+ 0.1
%% BHAsATE A9 Aol time zero(Tz)
plates "FE9lon, K5622 9= 80%, 1<) A
¥2o] 79 50%2] TCAS-No g AT AAE
A2|gt & MEE 48417 Ft CO, incubatorel] A
48417k Fob wheFEtalrt.

w52 A 91 K5622] 79 pipet& AHS-3}e] si-
ngle cell suspension& whHE%lew, 2E7F 1,000
rpmell 4] 4lZ-2lskdck ob g Rzt X 5L miE
TCAg- o2 wAs}ict vzl Axe) ¥t Az
b7t 80% 9 50%2) TCA-S-RS wellwd 100 w4 7}
stod 22]7F = 1A)7F 4T ol A wA|slodoh o)
2kg ¥ % plateE tap waterE 153) A H etz Az
A7k A9 & ¢34 SRBE (0.4% in 1% acetic
acid) 2 100 wH 7pst Ao 4 3087 w3k 3
1% acetic acid® 3] A|H3 F AFxA|AH}. 74
wellol] 100 w/2] TRIS£-28(10 mM, pH 10.5)-% 7}3}od
o5 SRB-E 8347 570 nmol| 4] microplate rea-
derg AH&3te] FHFEE SH3IACES? A4

= H2lY FF5o4 Tz plated] FI5E W%

Table 1—Cytotoxicity assayoll AH4% Z71H¥ %

A Fl A7) 271 EF % (cells/well)
M14 skin 15,000
K562 leukemia 5,000
NCI-H23 lung 20,000
SNB-19 CNS 15,000
SF-539 CNS 15,000
PC-3 prostate 10,000
SW620 colon 10,000
KM12 colon 15,000
U0-31 renal 15,000
ACHN renal 15,000

J. Pharm. Soc. Korea
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a7 FREs vhrel Aatsigich
g =

LMT-I(9 22| "M —523ts 23 2o
o] PKC A atAd-S 2413 v) 931 ¢] MeOH
of 27} 73gh #4438 vieblich 3319 MeOH Y 2
500 pg/mi¢] ¥4 PDBuol o8] f=% K562
MEZHE LE(bleb)HAE 80~90% s F o,
830 pg/mie] FEolA 78%°] protein kinase C &
A EAe BelFglon fel-3 3t BuOHE
s o g o)gEgrt. o] £33 Sio, Sephdex LH-20,
RP-18 column chromatography$} chromatotron,
HPLCE o]&3}e] PKC AsiEA LMT-1(DE 2
o}
LMT-1(1)Q FXAH o] £4-& 2% FeCly A
of Ao g utdxElo] Fxiujel] phenolic OHe| &
AE =2 5 9lgdch 'H-NMR spectrum< 1.11
ppmell 4] &0 25 methyl group, 2.78 ppmeij]
methylene protond % 4 21%1.27 4.38 ppm(1Hd,
J=75Hz)7} 529 ppm(1H,br.s)ell 4 ol 7]al&t 274
9] anomeric proton® #al& 4~ 9lslch =3I 6.29
ppm(1H,J=15 Hz)¢} 7.61 ppm(1H,J = 15 Hz)=ll 4 AB
type2] 2702] trans olefinic proton, 6.55~6.97 ppm
abolof| 2} 670 2] aromatic proton2- FHAE 4= 9l
BC-NMR DEPT spectrum-2 CHj, 3XCH,, 18XCH,
6XC, 17128l C=0% HoiFir glow, 104.3 ppm}
103.4 ppmoll 4] glucose2} rhamnose® anomeric car-
bong #HAd 5 ek 'H-# BC-NMR, UVE-2
23RE] Bagel caffeoyl moiety?} 3.4-dihydroxyl-
phenethyl moiety® %+ 722 phenylpropanoid
wctalel Ssle AR FHE 5 oddden, £
ZAF AP ¥ A2 EAQl verbascoside(3,4-dihyd-
roxy-p-phenethyl-O-a-L-rhamnopyranosyl  (1—3)-4-
O-caffeoyl-p-D-glucopyranoside)®] 717|data®} %
gl LMT-19] 72+ CuHuOn(E-28 [ 624)9] &
A}A)-e 7X= verbascoside 2 7 gich

LMT-1(1)2] 42 & — 4 E(bleb)d A {3 o] HA
7152 K562 cellel ZAAs W4l 4HE protein
kinase C #Aa|A&E &3 staurosporing H7&t

718 positive control2 8tx, HAHAEE H7PstA
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PDBu=rs H7Hgh 21-& negative control & o]
MELNE #HreE AATe] AF(bleb)d A s
Aw 5 vjwste] 20~40%; +, 40~60%; ++~80%:;
++, 80~95%; *++%; +++ = veplc) ¥ s
HE%% 1pg/mlie] PDBu d7} § 10%-o]wel e}
wow, staurosporin(l pg/mi}E e]dt 127k ui
kgt ¥ PDBu(l yg/m))E 371gh 7% K562 cell
iAo hxyds AAY 7 ddcHFig 1), EgH
LMT-12] 7% 60 pg/mie] Foll ¥ gA-E st
18] zAfgom ICyhe 40 ME ield e ui(Fig 2)
29] x o] 23} protein kinase Coll thgh ICs+
20 uM(12.5 pg/mi)&- ®o FchFig. 3).

LMT-1()2] BUAMIZ CHEt HE— FobH Lol
tfgt 2822 NCI Zokpaneldl 1059 QA4+
Foll it gtEdE Ak Asb A skl
F3al Mldell e A9k ICso7F 22 pg/miZ A oF3h
ANEAAY MBS Bodovt 29 9713 A EF
o 1= ICsu7} 10 pg/mio] 4o & M E A% Al adh=

o}3 vlergick

¢l

2@

Protein kinase Ci= #|XJel] p]eke:

FAEkan

Fig. 1—Microscopic observation of morphological cha-
nges on K562 cell
(a) control(K562 cell only) (b)treated with 1
ug/m/ of PDBu for 10 min. (¢)pretreated stau-
rosporin (1 ug/m/) for 1hr. and then treated
with PDBu(1 pg/m/) for 10 min. (d) LMT-1(60
ug/m/)+PDBU(1 ug/m/)
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Fig. 2—Inhibition of Bleb formation by LMT-1(1)
Bleb forming cell were counted under a mic-
roscope 10 min. after addition of 1pug/m/ of
PDBu, K562 cell were pretreated with follo-
wing compounds for 1hr befor addition of
PDBu: LMT-1(0), staurosporin(®)

100

50
1Cgn=20UM

Inhibition of PKC (%)

|
|
!
|
J
-10 -9 -8 -7 -6 -5 -4 -3 -2
Molar concentration (log)
Fig. 3—Inhibition of bovine brain PKC by LMT-1(0O)
and staurosporin{@®)

ZA ot Mol Fhel wal FFe} isozymeo E
ZAse] A Zuels PKCo= ohe o] E§F9
protein kinase7} &£xj3}7] wjFof PKCE H#2]slod
S FAsI7E sl A] @dow v AE wlokdg
vl 28 w2 o HdEAlRol gk PKC A&
& FAsH=H oS ole o] oprIgich uhrid B
A& 4= Osada So]?? 7§+gk bleb forming as-
say& PKC Aa|&AdEAe] 13 gynioz a3
gt &) 7}#E & tumor promoter® dEl A 9l
phorbol esterf-= ol 2]&F K562 cell®] A28 4]0l
gk 7)Aol ob A = stalA wha| =] edgk#ul pro-

Y

tein kinase C2] Astol &gt MxEW Ca* 9 o]
ol W& Mzt Fre Wyl depdrles Aws
AxZA HAF Y93 F8 Frdu el actin fila-
ment Ao WH3lel] o Aoz Mu=E el
21} phorbol ester 3}3HE-of 2)g 34 10~
20%- o)l F& A|ZHel deo] Wi %3 PKCe
A EAE] RxHAYE Aol 9T A=
s, PKC 845t o3k Alxnte] Fxuistz o]
AE e FAo|E?

A olE 3 WS o] &3t vYEY o)A}
HAtE 3 Ao g FE] PKC AajEAds &
At F A S BoF 53 (C grandifiora)
urzle] BuOH #3 22 Y-e] PKC A sigAS 7t
verbascoside 2 #2]3}¢]t}. phenylpropanoid »|<}
ol %35k verbascosidew ozl AE-ZXE ody
acteoside 2 #-8] ¥ qlow, g3y, wdedq
A, c-AMP phosphoesterase2] #s}2H4, lense-al-
dose reductase®] A3l &Ad, &4rs}EA] superoxide
anion scavenger, anti-anoxia X5t} &Ajo)
delgom B 2oz o] BUE AAISE =
Aul oo} A& w3 9l T Pettit5S Castilleja
linariaefolia 2. §-€] ¥-2] %} acteoside(verbascoside)2}
iso-acteoside®] murine P-388(PS) lymphocytic leu-
kemiaoll &t EDsyE 2.6 ug/mi¥} 10 ug/m/ 2 B3
dlgleh, Mz So] P-3880]99] 1052 QlAgAE
Fol g MEAF ASHE AR B, A
F-odA 50 Mol dhsiAint 22 pg/mie] LCywE
Boov o AT dsiMe ICyh7} 10 ug/ml
ol ofF mlokgh AEAA AHBA S EHAth

#zl A 252 verbascoside®] f=A2} protein
kinase C A& d7e] 73 A3AdA e A Aes
A Folvj, MEY AL HE A F8F HEgS
3lal ¢l protein tyrosin kinase$} phosphatidyl
inositol(PI) turn-over ol #}-8&3}+ Pl-kinase % pho-
sphoinositide-specific-phospholipase C(PLC)el| o &t
AT PAEF o FHoluh

7z B
Aokl o 2 WE| protein kinase C sl & =
Aald w2 2 ek P S BolFE B4 3HCampsis

grandiflora) 313 9] butanol #3222 Y€ SiQ,, RP-
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A &4 603

18, Sephadex LH-203} prep. HPLCE %3lo] &4
22 LMT-1& igjew, o] Hae Ea|s}stdd 4]
A3} 7)7)%-42 %¥3}o] phenylpropanoid glycoside
A EAlal verbascoside(CoyHasO1s F21EF 1 624) 2
Z=Zac) o] AL PDBuoll sl FE% K562(4H
o wryEpugHA )M EREe] REHAYE 60
pg/mie] FEolA ghaa] Hahgom [Csiz 40 uM,
24X 9] protein kinase C o W& 1Co&= 20 M=
Vel =gk 1089 o A QFA) E 5] A FEAIA A
sfgtgd-g :Akgh Axp AT FoHAETA Ml4ol
el 2 22 ug/miel IC,E HolFglont 129 9
Z9 A E A o}F mlokah A x AR A&
ag et

ZAlel i
7 S E ) ol o e
_g_

A7 Abegule] o)s) 58 sl5)

protein kinase C &4 A3 7’%1 A
A

- ol &
Hell =

CEEELIRL EFEIRE SRS EE
Ye

3% A4 AR e
2

1) Takai, Y., Kishimoto, A., lwasa, Y., Kawahaha, Y.,
Mori, T,, and Nishizuka, Y.: Calcium-dependent ac-
tivation of a multifunctional protein kinase by me-
mbrane phospholipid. /. Biol. Chem. 254, 3692-3695
(1979).

2) Nishizuka, Y.: The role of protein kinase C in cell
surface signal transduction and tumor promotion.
Nature 308, 693-698 (1984).

3) Nishizuka, Y.: Studies and perspectives of protein
kinase C. Science 233, 305-312 (1986).

4) Takai, Y., Kishimoto, A., Kikkawa, U. and Nishi-
zuka, Y.: Unsaturated diacylglycerol as a possible
messenger for the activation of calcium-activated,
phospholipid-dependent protein kinase
Biochem. Biophys. Res. Comm. 91, 1218-1224 (1979).

5) Kishimoto, A. Takai, Y., Morri, T. Kikkawa, U.
and Nishizuka, Y.: Activation of calcium and phos-

system.

pholipid-dependent protein kinase by diacylglycerol

and its possible relation to phosphatidylinositol tu-

Vol. 37, No. 6, 1993

rmover. J. Biol. Chem. 255, 2273-2276(1980).

6) Castagna, M., Takai, Y., Kaibuchi, K., Sano, K., Kik-
kawa, U. and Nishizuka. Y.: Direct activation of
calcium-activated, phospholipid-dependent protein
kinase by tumor-promoting phorbol ester. J. Biol.
Chem. 257, 7847-7851 (1982).

7) Niedal, |. E., Kuhn, L. J. and Bandenberk, G. R
Phorbol diester receptor copurifies with protein
kinase C. Proc. Natl. Acad. Sci. USA. 80, 36-40
(1983).

8) Powis, G.:
development. Trends in Pharmacological Science,
12, 188-194 (1991).

9) Sugiura, M., Inagami, T., Gregory, M. T. and Johns,

Signalling targets for anticancer drug

A.: Endothelin action inhibition by a protein kinase
C inhibitor and involvement of phosphoinositols.
Biochem. Biophys. Res. 170-176
(1989).

10) Whatley, P. E,,
M. and Prescott, S. M.: Lipid metabolism and sig-

Coimmun. 158,

Zimmerman, G. A., Mcintyre, T.

nal transduction in endothelial cells. Prog. Lipid.
Res. 29, 45-63 (1990).

11) Powis, G. and Kozikowski, A.: Growth factor and
oncogene signalling pathways as targets for rational
drug development. Clin. Biochem. 24, 385-397
(1991).

12) O’Brain. C. A,
Weinstein, 1. B.:
Tamoxifen.
85).

13) Hidaka, H. and Hagiwara, M.: Pharmacology of iso-

Liskamp, R. M., Solomon, D. H.,
Inhibition of Protein kinase C by

Cancer Research, 45, 2462-2465 (19

quioline sulfonamide protein kinase C inhibitors.
Trends tn Pharmacological Science, 8. 162-164 (19
87).

14) Gescher, A. and Dale, [. L.
novel target for rational anticancer drug design.
Anti-Cancer Drug Design 4, 93-105 (1989).

15) Lam, K. S.. Schroeder, D. R., Veitch, J. M., Matson
J. A. and Forenza, S.: Isolation of a bromo analogue
of rebeccamycin. J. Antibiotics, 44, 934-939 (1991).

16) Kase, H., Iwahashi, K. and Matsuda, Y.: K-252a,
a potent inhibitor of protein kinase C from micro-
bial origin. J. Antibotics 39, 1059-1065 (1986).

17) Takahashi, 1., Saitoh, Y., Yoshida, M, Sano, H., Na-

Protein kinase C-a



i e
=+ okEA - 7

604

]

AR

L

.
i

oY - ee -

oy

i)

o
AL

kano, H., Morimoto, M. and Tamaoki, T.. UCN-01
and UCN-02, new selective inhibitors of protein
kinase C. J. Antibiotics 42: 571-576 (1989).
18) Osada, H., Sonoda, T., Tsunoda, K. and Isono, K.:
A New biological role of sangivamycin; Inhibition
of protein kinase. J. Antibiotics 42, 102-106 (1989).
19) Kobayashi, E., Ando, K., Nakano, H., Iida, T., Ohno,
H., Morimoto, M. and Tamaoki, T.: Calphostins
(UCN-1028), novel and specific inhibitors of protein
kinase C. J Antibiotics 42, 1470-1484 (1989).
20) Kulkarni, R. and Madhukar, B. V.: 83th Annual
Meeting American Association Cancer Research
Proceedings p. 484 (Abstr. No. 2889), 1992.
Collapudi, S. and Patel, K.: 1bid. p. 458 (Abstr. No.
2734), 1992.
Osada, H., Magae, J., Watanabe, C. and Isono, K.:
Rapid screening method for inhibitors of protein
kinase C. J. Antibiotics 41, 925-931 (1988).
Huang, K. P, Huang, F. L. Nakabayashi, H. and

Yoshida, Y.: Biochemical characterization of rat

21

22

~

23

=

brain protein kinase isozymes. J. Biol. Chem. 263,
14839-14845 (1988).

Nishibe, S., Sasahara, M., Ying, J.and Tanaka, T.:
Phenylpropanoid Glycosides from Plantago depre-
ssa. Phyvtochemistry 32, 975-977 (1993).

25) Zhongjian, J.. Zimin, L. and Changzeng, W.: Pheny-

24)

Ipropanoid and iridoid glycosides from Pedicularis
spicata. Phytochemistry 30, 3745-3747 (1991).
26) Kitagawa, S. Tsukamoto, H., Hisada, S. and Ni-
shibe, S.: Studies on the chinese crude drug “For-
sytiae Fructus.” VIL. A new caffeoyl glycoside from
Forsytia viridissima Chem. Pharm. Bull. 32, 1209-
1213 (1984).
Magae, J., Watanabe, C., Osada, H., Cheng, X. C.

and Isono, K.: Induction of morphological change

27)

of human myeloid leukemia by a novel antibiotic.
tautomycin. J. Antibiotics 41, 932-937 (1988).
Zhou, Y. C. and Zheng, R. L.: Phenolic compounds
and an analogue as superoxide anion scavengers
and antioxidants. Biochem. Pharmacol., 42. 1177-179
(1991).

Yamahara, J., Kitani, T., Kobayashi, H. and Kawa-
hara. Y.: Studies on Stachys steboldii MIQ. 1I. Anti-

28

=

29

=

30)

31

32

33

34

35

36

37

)

—

=

)

~

=

~—

anoxia action and the active constituents. Yakugaku
Zasshi 110, 932-935 (1990).

Pettit, G. R., Numata, A., Takemura, T., Ode, R.
H., Narula, A. S., Schmidt, J. M., Cragg, G. M. and
Pase C. P.: Antineoplastic agent, 107. Isolation of
acteoside and isoacteoside from Castilleja linariae-
Jolia. J. Nat. Prod., 53, 456-458 (1990).

Kohda, H., Tanaka, S. Yamaoka, Y., Yahara, S., No-
hara, T., Tanimoto, T. and Tanaka, A.: Studies on
lens-aldose-reductase inhibitor in medicinal plant.
II. Active constituents of Monochasma savatierii
Franch. et Maxim. Chem. Pharm. Bull. 37, 3153-4
(1989).

Inagzki, N., Nishimura, H., Okada, M. and Mitsu-
hashi H.: Verbascoside production by plant cell cu-
ltures. Plant cell Rep. 9, 484-487 (1991).

Skehan, P., Storeng, R., Scudiero, D., Monks, A,
McMahon, ]., Vistica, D., Warren, ]J. T., Bokesch,
H., Kenney, S. and Boyd, M. R.: New colorimetric
cytotoxicity assay for anticancer drug screening.
J. Natl. Cancer Inst. 82, 1107-1112(1990).

Monks A., Scudiero D., Skehan P., Shoemaker R.,
Paull K., Vistica D., Hose C. Langley J., Cronise
P., Vaigro-Wolff A., Gray-Goodrich M., Campbell
H., Mayo J. and Boyd M. R.: Feasibility of a high-
flux anticancer drug screen using a diverse panel
of cultured human tumor cell lines. J. Natl. Cancer
Inst. 83, 757-766(1991).

Lee, H. S, Ahn, S. C, Kim, B. Y, Park, M. S,
Ahn, J. S.: Inhibitory activity against protein kinase
C of some medicinal plants. Kor. J. Pharmacogn.
23, 142-145(1992).

Ahn, J. S, Park, M. S., Ahn, S. C., Lee, H. S.: MT-
2007, protein kinase C inhibitor from actinomyce-
tes isolate No. 2007-18. Kor. J. Microbial. Biotechnol.
21, 54-58(1993).

Ahn, J. S, Ahn, S. C, Lee, H. S. Park, M. S,, Oh,
W. K., Mheen, T. 1.: Purification and chemical ide-
ntification of the inhibitor on blep formation of K
562 cell induced by phorbol ester from actinomy-
cetes isolate No. 1882-5. Kor. | Microbial. Biotech-
nol. 20, 565-573(1992).

J. Pharm. Soc. Korea



