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FTEANOADMVT 7oL ERENT d- BV EF VEBHEIZOWT, T—1 Y v AN
AME B & U sarcoma-180 MARTIZ 3G 5 B 1ER % in vitro %7213 in vivo TRE L. ERCHERL LS
# 13, d-3-(5-phenyl-2,4-pentadienyloxy)-N-methylmorphinan (DM 75), d-3-(3,3-diphenyl-2-pro-
penyloxy)-N- methylmorphinan(DM 80),4-2-bromo-3-(3,3-diphenyl-2-propenyloxy)-N- methyimor-
phinan (DM 83) 8 & U d -3-(7-phenyl-3-methyl-2,6-heptadienyloxy)-N-methylmorphinan (DM 96) 7 ¥
UTH5, IhoDbE®id 5 %0 HCO-60 (FILA) &M cimm L, Rk 2 %4
ME7 VT S VI 7 ZAFEIRIRER (pH 7.4) g L7, (L&Y OEEBMI+ 2 BEER I,
BB (10° cells/ml) W HEAEAHEE 0.01- 1.0 mM 12 T, 37°CT 120 584 > % a_— b
LizDb, LEHMIEEE Y S TV —EREREET A MICE o THARR, =AYy b3 AMlEs L O
sarcoma-180 #fE% 0.1mM > DM 75, DM 80, DM 83 &7-i2 DM 96 ¥ iz A Y a~— b5 2 &, &
FHEOFEE LUUTRE L, ==L )y e BAMEEMEZEMSE T CERT 2L, 0.1mM o
DM 83 k#1260 3 > F 2~ — b U BRI I3, MR, MR 0z filbs & OE M AL &
Nl ALEBEMZ TICA ¥ F a_— b LA TR, £FEMBOEIE I 0% ETH o1z, D&,
=Yy EHMAHMD E 72 i sarcoma-180 T (2.0X10° viable cells/mouse) % MM 12 Bodg L - 08
AT AT B EMFIRIE, © v XA OB HE{tEY 10—40 mg/kg DFERT1H 1, &5 HE
5L, EaHE (ILS(%)=(T-C)/CX100 : T, HEILAYREHOTHWELEAL ; C, FLABENBEO T
PEFEH) CE-oTFMlL 2, =— W) v CBASAENA <Y X Tik 20 mg/kg D AET DM 83 i3
153%, 40 mg/kg DFAE Tix DM 96 T 116%, DM 75 T 104%, &7z, DM 80 T 70% NSRS T L,
sarcoma-180 fHa3A = 7 X T 40 mg/kg D& T, DM 83 i& 222%, DM 96 14 206%, DM 80 i3 119%,
g7z, DM75 T 85%DEMER FhZNR L7z, ZhsDEED» S, DM 75, DM 80, DM 83 5 k tf
DM 96 ¥, =—n ) v £ 2 AHIIE R sarcoma-180 MIfEIC XN L CEBREEEE 2R T L L iz, HBaA~Y
AL THEGRDOD 2 2 LD ST,

Key words d-N-methylmorphinans, antitumor activity, ascites tumor,
structure-activity relationship.
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HonTwan, HETLEFCR, HLWIEZEOME FEEMGIT 2 Z £ 2R/, lijima 69 ~7 AR
EAEYO I HEBFREEL TV 3 50052 FRAEABB LUK TICBEs A MH134 5 2

EDERENTW3, $bb, Zagon & McLau- Foky N EREEENSBIR AN TH S L WEL
ghlin?~9j3 ~ v A > (heroin), 7 2 % Y > (naloxone) Twd, %72, Kigoshi”lZJEMEMHEBE Y 7V Y
BEUFL b+ Y (naltrexone) 257 77 X R > {pentazocine) BEMNICBE I Nz 2—L ) v &

Abbreviations: DM 16, d-3-allyloxy-N-methylmorphinan; DM 34, d-3-cinnamyloxy-N-
methylmorphinan ; DM 43, d-3-(butenyloxy)-N-methylmorphinan; DM 48, d-3-(4-bromo-2-
butenyl)oxy-N-methylmorphinan; DM 62, d-3-(benzhydryloxy)-N-methylmorphinan; DM
72, d-3-(2,4-pentadienyloxy)-N-methylmorphinan ; DM 75, d-3-(5-phenyl-2, 4-pentadienyloxy)-
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Table 1. Structures of dextromethorphan and its analogues
X
R-0
N-CH?
Egr?a%%ir?és Compounds R X
Group A a’~3-methoxy-N-methylmorphinan CH;- H
(dextromethorphan)
d-3-allyloxy-N- methylmorphinan CH,CH=CH,- H
(DM 16)
d—3-(butenyloxy)-N -methylmorphinan CH3CH=CHCH,- H
(DM 43)
d-3-(4-bromo-2- butenyloxy)-N- BrCH,CH=CHCH,- H
methylmorphinan (DM 48)
d-3-(2,4-pentadienyloxy)-N- CH:=CHCH=CHCH,- H
methylmorphinan (DM 72)
Group B d-3-cinnamyloxy-N-methylmorphinan @CH =CHCH,- H
(DM 34)
d-3-(5-phenyl-2, 4- pentadinyloxy)- @CH =CHCH=CHCH,- H
N-methylmorphinan (DM 75)
d-3-(7-phenyl-3-methyl-2, 6-hepta- @CH =CHCH:CHC(CH3)=CHCH.,- H
dienyloxy)-N-methylmorphinan (DM 96)
d-3-(9-phenyl-3-methyl-2, 6, 8 -nona- CH=CHCH=CHCH:CH,C(CH3)=CHCH,-
trienyloxy)-N-methylmorphinan (DM 97) H
Group C d-3-(benzhydryloxy)-N-methyl- : CH- H
morphinan (DM 62) @/
d-3-(3, 3-diphenyl-2-propenyloxy)- : C=CHCH:- H
N-methylmorphinan (DM 80) @
Group D d-2-bromo-3-(cinnamyloxy)-N- @—CH:CHCHz- Br
methylmorphinan (DM 82)
d-2-bromo-3-(3, 3-diphenyl-2- Q
propenyloxy)-N-methylmorphinan C=CHCH.- Br
DM 83) @
d -2-bromo-3-(5-pheny-2, 4-penta-
@—CH =CHCH=CHCH;- Br

dienyloxy)-N-methylmorphinan
(DM 84)




DM ZHEEOFESER 985

A B & U sarcoma-180 12 5f L THRIEIMHIZIR % 7R
L, v ADETERERERT S L EEHL TW3,
x5z Kigoshi 522 FEMBEREZAI 7 F X b o A b
V7 7 v (dextromethorphan) 8 X UY AENVT 7 ¥
(dimemorfan) 2V T HEMBOEANADLSND
SrEBEL TV B, 1, /| X d-3-cinna-
myloxy-N-methylmorphinan (DM 34) %%, =— V) v
e A B & Usarcoma-180 L 7= 7 A D
TWEFAREZERL, BEEOMBERGE T I %
oIz L, FOMEREBFIC DL THREI 2B k> Tn 5,
cheDZEhs, KRN TR d-ENVE T v EEE
Bo—EOFRIEEWEREL, ~ 7 AREBHEIA
CHTAHEESREEEL LT, IhsOFFRLE
PIOBEE R O N DL TRET R 1T 72,
HEE & UH®
1. REREY
EEIZAE 25-30g, 7 — 8 EADAAY MM~y
ARV,
II. #ER1LEDY

FRICAOLEAEE dEDON- A FLELE F ¥
(d-N-methylmorphinan) B#& %* & ¥ 2{t&¥ T,

CH40
zeflux, 6-7hr,
47% Hishq
N- CH3

room Lem[)
[lrz/ClI coon
N- CH3

LIRLEEDWETFFAru X b7 7> (Dextro-
methorphan, 2{LKERTFA oA bV 7 7, B
AKoyva) 2EBEL, ELEFERO IMICEX
DEREXEALTCERLE—EDLEYTH
B~ I s DLEMOILER, BEEB X UHEER
ERIWRLE, 2B8IhsbeizEE s 2< b
727 4 — (Dc-Alufolien Kieselgel 60F5,50% 200
mm, Merk) TE—¥ETH2 I & 2HERL KK,
AT (JASCO A-202 Infrared Spectro-
photometer, A& 43%) , MK LIBEEE (JEOL JNM-
PMX60 NMR Spectrophotometer, A&&E¥), B&
SHFEERE (JEOL D-300 Gas chromatograph mass
spectrometer, HABF) BIUTKRIHEIC I T
BEEHERL., RLERLL LI, KFFRICHEA
Li:tb&iE, Er b+ B0 SMORERES -
T35, BT IRVEYBOERE, RVEY
Bo¥, BLIUENMEFUBRO2MO T 0LDEE
WCEoT, 4FSELL. $8bL, ELeF R
BOSMOMBMIIRVEVBREELZVLDE A
BEL, "VEVBRY IEFETZ20%2BH, 2@
FET260%2CHELR. £/, TLEFVEROD
2R T O LDA-TebDEDREL Lz,

Egiéi}:N -CHg

Naon NaOl
R-X R-X
room temp. - reflux

room temp.
- reflux

Br
0 RO

Fig.1. Synthetic procedure for d-N-methylmorphinan derivatives.

N-methylmorphinan ; DM 80, d-3-(3,3-diphenyl-2-propenyloxy)-N-methylmorphinan ; DM

82, d-2-bromo-3-(cinnamyloxy)-N-methylmorphinan ; DM 83,
propenyloxy)-N-methylmorphinan ; DM 84,

d-2-bromo-3-(3,3-diphenyl-2-
d-2-bromo-3-(5-phenyl-2,4-pentadienyloxy)-N-
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BE, FFAMOA LT 7> () 28I, S5mg/
ml W), 5—7 14 ov Sy (5-FU M, B
BEE%), cyclophosphamide (FEHRZ > N ¥4, 1§
B BLURA b4 C (%4 bv1 ¥ B
S, BANEEEE) RHBEL L TRV

O, #MERMLEWMBRRDOHE

HWEEEM R —EBO LAY 2RV TR T, FEkE
HThotz, Lid>T, 7 AQEMNKEST 2
e, HBVREEHREEERAERET 20T
LA 2 LT HCO-60 (B3Y 3 40 X)W19% Fus
fz. T b b EIL &Y 2 MEVL 72 HCO-60 12 ¥R
L7zDb, o600 100°CIINEL T W £EY
BRARINZ THEBCEMB R EER L. BuT
120°CT 20 AHEBEBE L 72, & B EASYERT
@ HCO-60 DBREEIL 5 BEAT & Lz,

IV. BB T o H%

BEMREERE, EEREE (Velocity sedi-
mentation)? Nz X o THBL ), T bbb —0
Dy eBAMBEEENCEELTI-10EED=
Y A %213, sarcoma-180 {ML & MRERICREMEL T
T—8HHEHO®YRALYD 10ml DEKEHRERL, Zh
W 40ml D> 7 AFEHEFER HT7.4, ~Nv 2 A
W) REFML T2 oF008 (200g, 546 L.
B o EEMIIC 400ml D> 7 AW EMA TR
FEERDE, 500mlOv4 ¥ —T7F X ICANT 2
BOyvalal (LB 72/ -V y RTEGELT:
1.0%y a2 A% 150ml, T/E: 1.5% > 2
Y7 A0 ml) D EE,ICERB L. 4°CT 90 43
B L7=0Db, 72 R 30EICHA L EBHEEE
HTHEL, BEMBET CMBRETEE L WV CEHEL
DBV 7 AREMZ T 1078/ ml OB ER I 2
X3RN, PV ATV —BEHREET X b
TR EBHEOFEERII - Y v e AH
ETIZIZIZ 85%, sarcoma-180 HFE TiX 89% A& T
Holz.

V. FEBRE

a) in vitro EBR

I—= Y v ENAHKED B v i sarcoma-180 #ika
ENTIEEEREUTORERC L > THRE L, T
bbb, ARFMETNTIY 757vary V

(Bovine serum albumin Fr. V, 343 2&tr
N7 AR TEEANN 2 R S ¢ BB 4.0%
10%E/ml &2 % k5 B 2, 2 OMIRER %

A R

Bibawism e 1 | 1 OFETIIR, HBRLAysE
0 GEBbEEES L FED HCO-60 2 & 4ma
KB, 0.01mM, 0.1mM % 7213 1 mM Eh 3
3L, CTI20AAMIRES Lt nA v,
N=b U7, A v FRan— NREEMREEEL

(200 g, 547/ LTED, 10748/ml L7223 k31,
YIRABICERES Y, £EREEMET T Y 5y
TN —BEHREET A MiCk o TH AT,

b) in vivo EE

BEMELL T L)y e A S 2 03
sarcoma-180 #ifZ % A\ /-, [EEMEaE%KZz e
9-10HHHZ2Wix 7T-8HED- YR L1 ks
PR LEB o0 < 2 U C RS ARRIEIEYE  (107(8 /ml)
ZRET S, ThoOEBEMEE2.0x 10508/~ v 2
EREENICBEL 2 ddYMitt~ v R 2 EER 15
10 B3 D53, EBEMMITRHAE 24 BFRI% ) & WE L
BT, MWD 5\ ik HCO-60 M4 By Atk
Z1H1E, 5HAMEEL TEERCRSL:. EE
MRafemEs 7 B 10 BE, 2 0Bz ERNchES
HEL, BEOEEEHRE L, 2560 H L4&EL
7oV R DWTRERRIZ & - TIESOHF K% WY
WHED DTz, TUEBSIR O HE BB LS WETE S 5
VRS YMLE RO A B H(T) & HCO-60 /1
EENREXESHEOEYEEALK (C) &hERE
(increase of life span, ILS(%)=(T —C)/Cx100) #
RO TR L2, 20K, 60 HU EAEFE LY
ADEFEHK® 60 UTEEL -,

VI, XSEENEIC & 5 e

DM83Dx—nY v e EANAMAEIICN T 2 EE
ERK DL TIAEEEMBE LAV TR L, Thb
BNV AWT2.0X10E/ml &7 5 & 3 1ZHEL
7o DS AMBBIZIERIZ 0.2 mM O DM 83// > 7 A%
1 10E&THACERICES, FrFEME (=2
> BT EMSE DIAPHOT-TMD, HANE) & V8
BLk, £/, CORBEEERTA vFar—1L,
—EREE T O—EEID B U EWBEME (F) >
INA VAT AEYIBEMEE Model BHS, # Y ¥/82
) RERAL TEHELL.

VI. =7 245055 50%HHIERE (LDs) NHEHHM

LD, 2 EHT 2720, LED LDy <72
DHEEENCIEL DBEOHBRLAY % 0.3ml &5 L,

ZOHBT2BEME Ty ADAFEEEE L., BEL
T ADQEFEE L UIE T » 5 Litchfield &

methylmorphinan ; DM 96, dk-3-(7-phenyl-3-methyl-2,6-heptadienyloxy)-N-methylmorphinan;
DM 97, d-3-(9-phenyl-3-methyl-2,6,8-nona-trienyloxy)-N-methylmorphinan ; ILS, increase of
life span ; ILSs,, 509 increase of life span ; LDs,, 50% lethal dose ; PS, physiological saline.
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Wilcoxon #2142 & 2 T LD 2K 7z,

W, TR B 50%E75 B HERRE (ILS,) 0

-1

in vivo DHEBERTOZTAZThOLEYORS
IR Xih:, EE(T-C)/CX100) % Y #ic
¥y, 777 &0 S0BEGHMRERTHREREERD
[LSsk L7z, & 512 LDs® & U'ILSs0 & b T 21
(safety margin=LDso/ILSs,) %R &7z,

IX. HEETHRE &

in vivo EBROEHEZ meantSEM. (n=10) TR
L, R L B AR ERO FIEMOBERER
=R 5 %6 & U1 % T Student’s t-test %
Wwiliro .

B ik

1. ==Y welER»CABBIENT % d-ELE
+ v {t&t o imiapEE A
AUy EANAHBORERICELDBE
(0.01—1.0mM) @ d-ErEF {LEWEML 3TC
TOREMEA v F 2= LRBOBAMREOEERE
MYty s TA—ERBEREET A NI & o TREL,
ZORERE 2R L. BEICET 2 DM 34, DM
75 % & U' DM 96, C #£ DM 80 ¥ & U D # D DM 82
L DM 83 T, 0.1mM DEE T, BSAMEOERFR
B0—5%ELLETLTWR. L L DM 48 2k

CABOEWE, 0.1mM OEE T 35—-83%D
SHEFELETRLTBVEFRCBELVELRA
oz,

1I. sarcoma-180 #IB2 (=X T % 4-FEI EF v {tE

YoikapEEER

sarcoma-180 #ifE D i EW i L DB (0.01—
1.0mM) @ d-EntF L& EiNZ 37°CT 2 BT
4V F 2= L ROBEEHROLEFRER 3 TR
Uiz, Z—=n Y v e ANAMBEOSEE & Akkic, B3
BT % DM34,DM75 8L U DM 96 1%, 0.1mM @
T sarcoma-180 HEMIDAEER % 2 BLATICEL
{AET&®/, £/, CEEODMS80, D# DM 83 &
DM84 & 0.1mM DK T, sarcoma-180 #ifgDE
FEELIBUTCERCBET &R, AL T
DM 48 2k < ABEO{LAWIZ, 0.1mM OBE T,
sarcoma-180 Mg D AEFERIE 66—90% %RL, IEEA
CHEERRITE L o7, DM 84 M sarcoma-180 #
RT3 2 1EAIE = — Y v ESAMIREIC T 5 (B
ER%D, 0.1mM QOEET, sarcoma-180 #iiE T
0% THolDiML, 2= Y v BAMBETIR
58%CH o7z,

M. ==L vy EBARIAEIATTIRIINT S

d-EN e HREOTERER

=Yy EPAMBEEBELLTY AT FA b

DAV 7y BIUVdENEF VBEERREL

Table 2. Viable proportion of Ehrlich carcinoma cells after incubation with the compounds

Proportion of viable tumor cells (%)

Groups of Compounds Concentrations of compounds (mM)
compounds
1.0 0.1 0.01 0

Group A Dextromethorphan 0.4+0.1 35.3%3.6 75.9£2.3 80.8+1.4
DM 16 0.6%x0.3 53.5£3.8 74.3%1.2 81.6%1.1
DM 43 0.5%£0.3 83.2%1.8 81.1£2.4 85.911.8
DM 48 0.7+0.4 13.1+1.1 83.9%1.2 85.0£2.0
DM 72 0.1£0.1 63.8%0.8 77.2%1.7 80.5%£1.3

Group B DM 34 0.3£0.1 1.4%0.6 86.2+2.7 36.6%£2.9
DM 75 0 0.1£0.1 83.5+2.9 86.0%2.5
DM 96 0 1.1£0.5 94.7£0.2 95.5%0.7

Group C DM 62 0.2%0.2 45.6£3.7 78.6+0.8 83.7t1.5
DM 80 0 0 81.8%3.4 85.2+2.1

Group D DM 82 0 4.6%3.3 79.3+2.2 82.412.3
DM 83 0 0.5%0.2 81.0%+1.3 84.6%2.1
DM 84 0.5%0.3 58.1£3.3 82.4%1.2 83.9%1.9

Tumor cells were prepared by velocity sedimentation using Hanks balanced salt solution (pH 7.4) sup-
plemented with 29 bovine serum albumin fraction V. Ten ml of tumor cell suspension (2.0 x 108 cells/
ml) were incubated at 37°C for 120 min. in the presence or absence of the compounds. After incubation,
the proportion of the viable tumor cells was examined by a trypan blue dye exculusion test. Each value

represents mean=S.E.M. from 6 experiments.
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Table 3. Viable proportion of sarcoma-180 cells after incubation with the compounds

Proportion of viable tumor cells (%)

Groups of Compounds Concentrations of compounds (mM)
compounds
1.0 0.1 0.01 0

Group A Dextromethorphan 23.8%2.9 73.6+2.2 79.1%1.1 82.4+0.9
DM 16 4.7%0.6 90.4%0.7 89.1%1.3 90.8+1.7
DM 43 1.2%0.9 89.7%1.7 91.2%0.7 88.5+2.1
DM 48 0.7%£0.4 21.3£1.4 85.6%£2.1 91.6%1.4
DM 72 0.6%0.3 66.4%+1.2 84.312.3 87.2%1.0

Group B DM 34 0 +0.2 81.3%£1.3 86.5%1.2
DM 75 0 4%0.2 76.7%2.4 82.4%1.6
DM 96 0 1£0.4 87.6%2.2 89.2+1.1
DM 97 0 5E1.2 94.5%0.5 93.5%1.0

Group C DM 62 0.4%0.1 50.9%+1.8 91.2%1.0 90.7%1.9
DM 80 0 0.9%0.4 90.6%0.6 92.7%0.8

Group D DM 82 0.1£0.1 29.5%2.4 89.4%0.6 91.3%1.2
DM 83 0 0.5%0.1 91.7%3.0 88.2£2.8
DM 84 0 0 36.5%£3.0 97.9%+2.1

Experiment was carried out by the same procedure described in Table 2.

TBOSERRER 4R L, 70, MBE(HCO-
60 M AREAKRSH) OEFRARLABHOLE
HE & DEGEEZRD, RA4BIURSWRL.

ABTIE, AT X M7 7> 80mg/kg 5
BT 6% DIEMNRN AL STz, 40 mg/kg PATO
BEBTCIIEMIRIFED 58 o72, DM 16 347
NOBREETHEHRIITED 5 nF, DM 48 ik, in vitro
TRV EBRREEER 2R LR, in vivo T
40mg/kg DRETI0 HUWNIC £~ 7 A2 BB DM
EOBBENZVE EFHT L. ZhidbEdBosHD
HrEZ SR,

BEICET 28 CREENTEBEYRNZE
KHEIRTHY, DM 34 Tid 20mg/kg 8 & U 40 mg/
kg BREBTHEREL (<0.05 8L U p<0.01) EH%)
ROTEDONTz, 72, DM BB LU DM 96 Tz = &
WHEOLRIRH & &4, DM 75 Tt 40 mg/kg, DM 96
Tik 20 mg/kg 8 & ' 40 mg/kg DBE BT 100% %
B2 2EMENH SNz (p<0.01), 7235, DM D
10 mg/kg DBERETY 59% L HEX (p<0.01) £
HEOEREHBRD sz,

CHOMAEMTIEDMS0 D 40 mg/kg 1% 58 T
67% DEMBIRMTED btz (p<0.01) filizH x H %y
RERST, DM62 TRES CRLEAhOBREET
L EMINR IR E e d - 7z, .

DEDIEWTI, DM IIE 2 RE Lt d o7
B3, DM 83 i B L &R T3 b SR IR SRS
BH oz, Tibb,0mg/kg DIREETTY Z 10

PErk 2 PEs 60 H LA B4 U Edr 313 145% Lk, 20
mg/kg Tk 10 TErh 3 PT8 60 B Ll BT, R
183% LA EER LI (v Fhd p<0.01). %7 10mg/
kg BEBT b 43% DIERLATRD 17z (p<0.05),

IV. sarcoma-180 tHiAFBHE =V X =X+ 2 4-EN

b F o BHEGOHMEEER

sarcoma-180 Mg # B L oV AW FF A b o
AMVIZ 7BV d-ELEF o BEKERE LR
ROATFARERG6 IR L. £, MEEE(HCO-60
IEBNEEARER) OLFAKENEBROLEER
BIDERELERD, RE6BIUETITRLE,

ABDILETREEALHREAGNT, T*A
PaX b 770D40mg/kgBEHETHT LR
NN OEFRABOEEIBEE I N WERER Do
7z,

B BEDLEW Tt DM 34 #8 20 mg/kg D& 5HT
PRERE o/ U E TR T 0mg/kg B LU
20 mg/kg B EH TEMEIR LD & Nz, B DM
96 TIREHERIRNBIEZ S N, 40mg/kg BEHT
206% LA L, 20mg/kg |EHETH 166% LU EDOTFHE
FHHEERS®RL (WFhd p<0.01), 408X U2
mg/kg REFETIE, 60 BB CEENHELZ O
10 B2 1EFDA 507z, Lo L 10mg/kg M
TOBRSETIZERBED 513 20% U T OERE
THolz.

CETHRBRIC 10 mg/kg U T 05 TRERDR
#R& 7, DM 62 @ 40 mg/kg 58T 90%, DM 80
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Table 4. Effects of new compounds on survival days of Ehrlich carcinoma bearing mice

Compounds (mgl?l(z;e/:day) gﬁfsir‘!/al days® b ILS (%) Sué(‘)]tlk\xlocll‘:yon
Dextromethorphan 80 25.3+2.3" 36 010
40 18.5+2.2 0 010
20 17.8£1.7 —4 010
0 18.6+1.1 0 010
DM 16 40 20.1x2.1 10 010
20 17.4%1.5 —4 010
10 20.7£2.4 14 010
0 18.2%+2.1 0 010
DM 75 40 35.0£2.2* 104 010
20 24.5%£1.9* 42 010
10 20.0£2.5 16 010
0 17.2%x1.0 0 0710
DM 80 40 32.9£1.9* 67 010
20 20.1£2.3 2 010
10 18.6x1.1 -5 010
0 19.7£0.7 0 010
DM 83 40 37.9%4.4* 145 2/10
20 38.7%5.4* 153" 3/10
10 21.8%+1.8* 43 010
5 14.8%x1.5 -3 010
0 15.3%1.7 0 010

Female ddY mice, 7—8 weeks of age were used. Ehrlich carcinoma cells

(2.0x106 cells/head) were

inoculated i.p. into the mice on day 0. Compounds were injected 5 times from lst day to 5th day. Com-
pounds were suspended in 0.85% saline (PS) containing 4% HCO-60. The control mice were injected i.p.

with 0.25ml/head of PS containing 49 HCO-60.
* ; Each value represent mean+S.E.M. of 10 mice.

b ; Survival days of the mouse which survived for 60 days after tumor inoculation were defined 60.

¢ ; Increase of life span (ILS(%)) was caluculated as follows ; ILS (%)=(T-C)/Cx100; T, mean survival
days of treated mice ; C, mean survival days of control mice.

* and **; Significantly different from control group at p<0.05 and p<0.01, respectively (with the Stu-

dent’s t-test).

D 40 mg/kg 5B TIiE 119%, 20 mg/kg T 84% D
ERSENTED bl (FhFh p<0.01, p<0.01 8
LU p<0.05),

DEEO(AEH TR, DM 84 D 40 mg/kg 58T
105%DAEFRABIERESE LSS S hiz (p<0.01). %
iz, DM83 ik d-ENEF vHHEDF TR HBRL
ERZRSTD 51, 40 mg/kg DR/ESE TIE 10 L
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Table 5. Effects of the compounds on Ehrlich carcinoma bearing mice

ILS (%)
Groups of
Compounds Dose (mg/kg/day)
compounds
40 20 10 5
Group A Dextromethorphan 0 —4
DM 16 10 —4 14
DM 48 —80 30 24 1
Group B DM 34 67 32 8
DM 75 104 42 16
DM 96 116 108 59 6
Group C DM 62 18 3 —10
DM 80 67 2 -5
Group D DM 83 145 153 43 -3
DM 84 13 13 11

Experiment was carried out by the same procedure described in Table 4.
; See Table 4e.

Table 6. Effects of new compounds on survival days of sarcoma-180 bearing mice

Compounds g kg/day)  survval dayer ILS(%) S o ey
Dextromethorphan 80 14.3%0.7 4 010
40 18.7+2.4 37 010
20 12.9%1.2 -6 010
0 13.7+0.8 0 010
DM 16 40 13.7+0.9 6 010
20 13.7£1.2 6 010
10 12.3%1.2 5 010
0 12.9%0.8 0 0,10
DM 75 40 20.9+2.4™" 85 010
20 14.8%1.9 31 010
10 12.9%1.0 14 010
0 11.3%0.8 0 010
DM 80 40 23.4%1.3™ 119 0,10
20 19.7%£3.4" 84 010
10 13.0+0.7 15 010
0 12.1+1.4 0 010
DM 83 40 33.2%4.7"" 222 2/10
20 19.1£1.1"" 85 010
10 15.1+1.3" 42 010
5 12.9%1.5 21 0./10
0 10.7%+1.1 0 010

Experiment was carried out by the same procedure described in Table 4. However, sarcoma-180 cells
(2% 108 cells/head) were inoculated i.p. on day 0.
ab o * and** See Table 4.
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Table 7. Effects of the compounds on ascites sarcoma-180 bearing mice
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ILS (%)®
Groups of Compounds Dose (mg/kg/day)
compounds
40 20 10 5
Group A Dextromethorphan 37 -6
DM 16 6 5 -5
Group B DM 34 66 2 5
DM 75 85 31 14
DM 96 206 166 9 15
Group C DM 62 90 -3 1
DM 80 119 84 15
Group D DM 83 222 35 42 91
DM 84 105 20 —4

Experiment was carried out by the same procedure described in Table 4. However, sarcoma-180 cells
(2x 108 cells/head) were inoculated i.p. on day 0.

; See Table 4.

Table 8. Effects of DM 83 and antitumor drugs on Ehrlich carcinoma bearing mice

Mean Survivors
Drug (mg}?{cgeday) survival days»b ILS(%)¢ on 60th day

DM 83 40 37.9F4.4* 145 210
20 38.7k5.4* 153 310

10 21.8%+1.8* 43 010

5 14.8%+0.7 -3 010

0 15.3%1.7 0 0,10

5-Fluorouracil 40 22.8+3.3* 23 /10
20 43.6+3.1** 135 610

10 39.3x4.6** 113 4,10

5 34.5+3.8** 85 310

2.5 29.2+3.2* 57 110

0 18.6%2.0 0 010

Cyclophosphamide 40 19.9+3.2 12 010
20 14.4*1.4 —19 0./10

10 14.3*+1.3 —19 010

0 17.7£2.0 0 010

Mitomycin C 4 5 -173 010
2 29.7%5.6** 58 210

1 49.2+£3.8** 162 7710

0.5 47,7+5,0** 154 610

0.25 43.514.7* 131 410

0.1 26.4+2.4* 41 010

0.05 20.0%1.8 10 010

0 18.8%1.4 0 0,10

Experiment was carried out by the same procedure described in Table 4.

abe, *and **. See Table 4.
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Table 9. Effects of DM 83 and antitumor drugs on ascites sarcoma-180 bearing mice

Drug (mg?l(()z,e/day) é\ﬁfx(}ill'al days* ILS(%) OSSJ rﬁ\gt\g)rdsa_\,
DM 83 40 33.2+4.7° 222 0

20 19.1%£1.1* 85 010

10 15.1%1.3" 42 0710

5 12.9t1.5 21 010

0 10.7+1.1 0 010
5-Fluorouracil 40 31.2%4 4" 192 ST

20 45.3+4.3"" 323 6./10

10 46.5+4 0% 334 6710

5 17.2+1.7*" 61 0/10

5 14.6%2.2 36 0/10

10.7£1.0 0 010

Cyclophosphamide 40 26.7+1.9%" 150 010

20 19.4%0.9** 81 010

10 20.3+3.8" 90 010

5 16.2+0.7*" 52 010

0 10.7£1.0 0 010

Mitomycin C 4 toxic

2 19.7+1.6* 54 0.710

1 45.514.8"" 255 4./10

0.5 40.6+2.9** 217 1710

0.25 39.7+5.0%" 210 3./10

0.1 20.7+2.1* 62 010

0.05 17.9%1.7 32 0710

0 12.8%+1.8 0 010

Experiment was carried out by the same procedure described in Table 4. However, sarcoma-180 cells

(2x 108 cells/head) were inoculated i.p. on day 0.
ab.e. *and **; See Table 4.
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Fig. 2. Morphological changes in Ehrlich carcinoma cells incubated with and without DM 83.
Number of tumor cells was 2.0 X 10 cells/ml. 1-3 and 7, Incubated with saline containing 4% HCO-60. 4-
6 and 8, Incubated with 0.1 mM of DM 83. 1, Incubation time was 0 min. 2 and 5, Incubation time was 30
min. 4, Incubation time was 15 min. 3 and 6-8, Incubation time was 60 min.
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Table 10. LDso and ILSsq of several d-morphinans in mice

Ehrlich carcinoma cells

Sarcoma-180 cells

LDso(i.p.)*
Compounds (mg/kg) &S]‘f(‘g) Safety margin* (%‘Sjokg) Safety margin
Dextro-methorphan 93.5
DM 34 77.0 32 2.4 35 2.2
DM 75 106.0 23 4.6 27 3.9
DM 83 82.5 11 7.5 15 5.5
DM 96 87.5 8 11.0 17 5.1

2. LDso was calculated by Litchfield and Wilcoxon method.
b, ILSso was extrapolated from dose-effect relafionship curve of chemicals, where X-axis is ILS(%) and

Y-axis is log dose.

¢; Safety margin was calculated as follows, Safety margin=LDs/ILSs0
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Experimental Studies on the Antitumor Activity of d-Morphinan Derivatives = Mamoru
Kokubo, Department of Pharmacology, School of Medicine, Kanazawa University, Kanazawa,
920 — Juzen Med. Soc., 94, 983—998 (1985)

Key Words: d-N-methylmorphinans, antitumor activity, ascites tumors, structure-activity
relationship.
Abstract

Derivatives of d-morphinan, new compounds synthesized from dextromethorphan, were
examined for their effect on Ehrlich carcinoma cells and sarcoma-180 cells in the in vitro or the
in vivo system. Compounds used in the experiment numbered fourteen, such as d-3-(5-phenyl
-2, 4-pentadienyloxy)-N- methylmorphinan (DM 75), d-3-«(3, 3-dipheny 1-2-propenyloxy)-N-
methylmorphinan (DM 80), d-2-bromo-3-(3,3-diphenyl-2-propenyloxy) -N- methylmorphinan
(DM 83), d-3-(7-pheny1-3-methyl-2, 6-heptadienyloxy) -N-methylmorphinan (DM 96) and so
forth. These compounds were dissolved in physiological saline containing 5% HCO-60, and the
tumor cells were suspended in Hanks balanced salt solution (pH 7.4) supplemented with 2%
bovine serum albumin. To examine the cytotoxicity of the compounds on tumor cells, the
tumor cells suspension (107 cells/rﬁl) were incubated at 37°C for 120 min. with 0.01-1.0mM of
the compounds, and the proportion of viable tumor cells was examined thereafter with a trypan
blue dye exclusion test. When Ehrlich carcinoma cells or sarcoma-180 cells were incubated for
120min. with 0.1mM of DM 75, DM 80, DM 83 or DM 96, the proportion of viable cells was
markedly reduced (less than 1%). Phase contrast microscopic studies on Ehrlich carcinoma cells
showed that degenerative change such as cell swelling and vacuolation cytoplasma were observed
in the tumor cells incubated with 0.1mM of DM 83 for 60min. Whereas, the proportion of viable
tumor cells was more than 80% after incubation without the compound. The antitumor effect of
the compounds was then examined in mice inoculated i. p. with Ehrlich carcinoma cells or
sarcoma-180 cells (2.0 x 10% cells/mouse). The mice were injected i. p. with the compounds
(10-40 mg/kg) once a day for 5 successive days, and antitumor activity was assessed in term of
increase of life span (ILS(%)=(T-C)/C x 100: T, mean survival days of mice treated with the
compounds; C, mean survival days of untreated control mice). ILS of mice bearing Ehrlich
ascites carcinoma by 20mg/kg of DM 83 was 153%, and those by 40mg/kg of DM 96, DM 75
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and DM 80 were 116, 104 and 70% respectively. ILSs of mice bearing sarcoma-180 by DM 83,
DM96, DM 80 and DM 75 at a dose of 40mg/kg were 222, 206, 119, and 85%, respectively,
These results clearly showed that DM 75, DM 80, DM 83 and DM 96 are cytotoxic to Ehrlich

carcinoma cells and sarcoma-180 cells in vitro, and have antitumor activities against Ehrlich
-ascites carcinoma or ascites sarcoma-180 in mice.




