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The anticancer drug, dacarbazine, is known to be photosensitive, and its photode-
gradation products have been pointed out as the causes of side effects including local
venous pain of injection site. In this study, we attempted to clarify the causative sub-
stance of pain after photodegradation of dacarbazine. We synthesized five photodegrada-
tion products of dacarbazine ; dimethylamine, 5-diazoimidazole-4-carboxamide (Diazo-
IC), 4-carbamoylimidazolium-5-olate, 4-carbamoyl-2-(4-carbamoylimidazol-5-ylazo)
imidazolium-5-olate and 2-azahypoxanthine, and examined pain reactions induced by
these substances in mice. Mice were intraperitoneally administered each photodegrada-
tion product, then number of stretching reactions or writhing reactions as types of pain
behaviors was counted. Only Diazo-IC clearly induced the pain reactions in mice in a
concentration-dependent manner ; the other products caused no pain reaction. The pain
threshold of Diazo-IC in mice was estimated at between 0.1 mg/ml and 0.2 mg/ml. While
diclofenac sodium significantly reduced acetic acid-induced pain reactions in mice, it did
not influence the reactions induced by Diazo-IC. This result suggests that Diazo-IC-
induced pain reactions represent a different mechanism from acetic acid-induced inflam-
matory pain. Degradation rate constant of 0.1 mg/ml of dacarbazine solution was 10
times larger than 1 mg/ml of dacarbazine. Dacarbazine solution for drip infusion should
be sufficiently shielded from light.
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Dacarbazine (3 B B, ETHERY ¥ >~
15, /NRERBEOBFICBY > aHERT, &
BB L T bt L R L THER S BY,
L» L, dacarbazine D/KIEH TG D TREMWH
E<, EXRLUROWERETIRFEEE L & b IRk
BEETEZEBHSNTHE Y, dacarbazine d
SIRERDEFET 2RABENT & 7229,

oz 1d 1995 FICWREBBENT B\ CERERE M IE
#5112 X4 3 % dacarbazine, cyclophosphamide,
adriamycin, vincristine % #f i+ % CYVADIC
FRENTRE, BE» S WIMEBORZ 22
7o, BEIREEEEREE®RD 28ROBHET, B
# ¥ 1 H B 1 vincristine 2mg, £2H H K
adriamycin 70 mg & cyclophosphamide 700 mg
25, 5 1~5 HB 1 T dacarbazine 350
mg 25337 a b ang 3BEET L ICED R
TFETHo]. L»L, BEHS dacarbazine
BREFICOBBLWINEBOFKZ 2D -7, FIE
® dacarbazine # 5 X IR X B I WA T
100 mg/10 ml VAR L TiTh Nz 28, IRt E
(1994 4 3 BERED) WX BFRRS#E T 8.8% I M
WORWEROME»H D, HHLEOFEE:L L T
ERBRONTHECIRERELRZELTLED
FLikAS B o T2 72 8, B AT 250 ml AL
T TERELE, L, MERES LE
WENzbDORERENEL 2 BEOERIZ
ZEbod, BERIZEALSEL TELWRET
Hotz, DL & dacarbazine IFKRDIED BE
ERhAEBRR SN G hoT:. CYVADIC Eik %
BT B 7201213, D dacarbazine 5RO
FERBTDZEBNATHLEEZONIT
¥, dacarbazine #5288 ¥ 5 XEAZE 21T 5 72,

Z DFER, REAGEENT T dacarbazine 25
LIzt CARIERNZE LB L2t o, H
2 & BRI HBEWER OIFER & 7 2 ATREM: 2 fa s
L7z Baird & O#&95 USP-DI &8 a n B
D, TOWMEWHEITWT2 27— HOD dacarb-
azine ERHIZIZEFE Ny 7, mEL— N E2TAX
TEXL, HMEOH—F U %2B|WTTE B7I6E

3

{ L, dacarbazine 100 mg % 250 ml D4
RZERL T30 ML TRE Lz 23, BE
PO DEADFZII L %Y, CYVADIC D
M HIRE L 2o Tz,

Z DR R TIE HARDET B B 5 2 )
b BEHIT 2> o 7288, dacarbazine D YSHEY
BIMERECES L TWw5d Z LR E N,
L» L, dacarbazine D43 f#i%, B, pHB LU
HOBRET L FERILT 272059, EOYHE
WEBOFRREZ 2D, WEFHSHTIRE
v, & 13 dacarbazine EAEVID > b EREREHA
ERAMEERREL, TORBREKFEL IOV
dacarbazine IEfEZ DHMEIC D WL TETOMET %
mz THkET 5.,

Dacarbazine NS RIEL

Fig. 112 1981 4E 12 Horton & 28 & L 7
dacarbazine @ 43 f# £ R % 7% 3. Dacarbazine
(1) BHXDFELET THS »IZ dimethylamine
(II) & 5-diazoimidazole-4-carboxamide (Diazo-
IC) (D& fEL, %Dk, Diazo-IC BNEET
»DI<pH<7.4 TR E S5 XRIGHEMEDE W
carben f& % % T 4-carbamoylimidazolium-5-
olate (IV) 2’2V, F#HIIZI%, Diazo-IC & 4-
carbamoylimidazolium-5-olate ® # v #V » 7
{K T & % 4-carbamoyl-2- (4-carbamoylimidazol-
5-ylazo) imidazolium-5-olate (V) %43 3.
CORKBEMTHDH v 7Y v 7R HRka s 2
T5,.—H, K KOFEETFT pH=1 %7212 7.4<pH D
&, B3z 1<pH<12 DT T & Diazo-
IC (Il) X 2-azahypoxanthine (VI) ~ & KGds
HEL Z EPREI N TS,

ARB L URBAE

Dacarbazine 53 ##4) @ 5 & Diazo-IC (Ill), 2-
azahypoxanthine (VI) i%, Shealy 57Dk % b
EWERK LTz, 4-carbamoylimidazolium-5-olate
(IV) i%, Horton &¥D¥RE%R H L IZHR LIz, X
DY) D BREEY T H 5 4-carbamoyl-2- (4-
carbamoylimidazol-5-ylazo) imidazolium-5-
olate (V) i, Horton &%) X #R % £ % 1z k-



N

X
(In

NH(CH3),

(111) N CONHy
T
NN
H

lepH274

in the dark
D) / \

</A

(IV)

17

connz

/\N¢N\N/CH3

hv

"

N

1< pH<74

j/ CONH,
/ N .

H
)N CONH,
< :[
N .
N o

CONH,
{ I :(CONH2
oo

Fig. 1
Dacarbazine (1) {

Dacarbazine ¥&# O 5 kR
BRI & > THP I dimethylamine (II) & 5-diazoimidazole-4-carbox-

amide(Diazo-IC) () wH L, ZDBEFRH2WIEpH], pH=7.4 OXETHER» B,

2-azahypoxanthine (V) 24K 3 5. —FH, XOEFEET, 1<pH<7.4 D&HT
% %% T 4-carbamoylimidazolium-5-olate (IV) %43 2

%, reactive carbene
(V) BEREE I D v T

> 74K 4-carbamoyl-2- (4-carbamoylimidazol-5-ylazo) imidazolium-5-olate (V) % 45 Uit e &3

5. (XHR5) & D)

dimethylsulfoxide (98 : 2) #1, Diazo-IC (Ill) &
4-carbamoylimidazolium-5-olate (IV) % 27 = >
FET, 100 W BEKIRLT (Pyrex Filter) (BT
BlEEEZE, TIE) 2HEHL, 10 BFEURES LA
Lz, #0ZnDLEWIIERKE, BELTHY

7o BWIRA 27 b VB X UHERE ORIEIIE
dacarbazme (FEMiE, KBR) %2, BBRIGER
12DV T i dacarbazine 3R (B FISEE, BHE)

PRV, FOMORE I O W T IIHIRER S %
e,
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Fig.2 #4885 & % dacarbazine I D RIFAIRIN R <7 » VML (a) &
dacarbazine ¥ $ & U dacarbazine S DRI A~ 2 b v (b)
(1) dacarbazine, (IlI) Diazo-IC, (IV) 4-carbamoylimidazolium-5-olate,
(V) 4-carbamoyl-2- (4-carbamoylimidazol-5-ylazo) imidazolium-5-olate,

(VI) 2-azahypoxanthine

1. BRERE

Dacarbazine 8 & V& 3B OB A <7 b
RS D, ZRNEThOILEY &2 BEAT 10
ng/mlIEEEL, 190~900 nm DURIGEE % B
s UV-260 (Shimadzu, F#HE) THEHIEL, &
51z dacarbazine #&¥& (1 mg/ml, pH 6.8) 2%
A (4 J/m?) BHEE L, BINARZ bV ORERHY
b % 360 43 & TRz,

2., ERRICER

ddy RiffEtE~ o 2 (4 B, HERN30g) &R
BAW%® 0.1ml/10 g ¥ o HERZRE L, EHA
T AFy 7 BOITEEER 7 —YVIic AR, EiR
TG % 40 73 MERE U KRG DOW T

12, © v ALMEREES) (stretching reaction), &
U b E#) (writhing reaction) % L 7z B K&
D& & U THIE L7z, Dacarbazine 8 & U'Z D
SE S A B A K IR L TR Wz, Diazo-IC
(Il1), 4-carbamoyl-2-(4-carbamoylimidazol-
5-ylazo) imidazolium-5-olate (V), 2-azahypo-
xanthine (VI) I3 REMEW D, ZhZhl,
0.05, 1mg/ml DEE T, ZOMMOILEWIZ 10
mg/ml DEETHW:, KRBRIGEHED 2 >~ b
o — ) & LT, dacarbazine ¥#8 (10 mg/ml) iZ
SEAMER (4 T/m?) % 120 S3FEIlES U TOLO Y 2 £
HERbD, BLUREREOKBRIGCEZRI T
I EBHISNT W 2B (0.6%) %, KRGk
Moarra—ne LT, ABEEHEKEHWE,
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Table1 Dacarbazine 3 & "% DOMEYNC & 5~ 7 AKRBERIG

FommEi (4) 0~5 6~10 11~15 16~20 21~25 26~30 31~35 36~40 5’5“717%
-
B2/ BE FmEEge () ()
AKX 0.9% 0.0+£0.0 0.0+0.0 0.0+£0.0 0.0£0.0 0.0%£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0
(1) 10 mg/ml [0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0
12043 4543 HE59 (1) 10 mg/ml | 6.8+3.6 3.6+t1.4 3.0+£2.3 2.6x1.6 1.6%x1.9 1.0£1.1 1.2£1.6 0.4%0.8 5
(1) 10 mg/ml {0.0+0.0 0.8+1.6 0.0+0.0 0.0+0.0 0.2+0.4 0.2+0.4 0.0+0.0 0.0+0.0 1
(1 1mg/ml |14.4+4.7 8.4%£4.0 5.4%2.6 3.4%2.2 2.6+2.2 2.4£1.6 1.8+t1.6 1.8%£2.2 5
av) 10 mg/ml {0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0
(V) 0.05mg/ml {0.0£0.0 0.0£0.0 0.0%£0.0 0.0£0.0 0.0%£0.0 0.0%£0.0 0.0+0.0 0.0%0.0 0
(VD) 1mg/ml |0.0£0.0 0.0£0.0 0.0+0.0 0.0%£0.0 0.0%0.0 0.0£0.0 0.0+0.0 0.0+0.0 0
FEEEE 0.6% 1.8+£3.1 6.2+9.0 8.8+9.2 7.4%+4.8 7.847.5 4.8+4.5 5.0£4.0 2.0£2.0 5
n=5, * I meantS.E. M.
(1) : dacarbazine, (II) : dirhethylamine, (III) : 5-diazoimidazole-4-carboxamide (Diazo-IC), (IV) : 4-car-
bamoylimidazolium-5-olate, (V) : 4-carbamoyl-2- (4-carbamoylimidazol-5-ylazo)imidazolium-5-olate, (VI) :

2-azahypoxanthine

3. SEFAER

SRS PUARRETER & B 1EA 2 #F D diclofenac
sodium ¥ (5 mg/ml), 0.1ml/10g &~ A
WETCHEEL, 16 SRITEHBRER T — Y THE
%, FWE (0.6%) 3 X Uf Diazo-IC (1 mg/ml)
%#0.1ml/10 g FOEERK S L, 40 SEERER
I % BIZZ L 72, Diclofenac sodium & X, BE S
DEREDL 72 BEEE stretching & T D ED;fl 2 &
Fiz Lz,

4, BEEHIOT IS FT7 14— (HPLC) 1243
dacarbazine $#2:RE NDRIZE

5ml @ dacarbazine B = 2T &7 X A
vy YEIZAN, EIMREAT/m?) 2BE L, %
D, FE e —ERHE I L IEXA Yy VIR
g, EReiokg L, 1 N-HCl 202 THIRL,
Fiore 5Y0D#RE 2 &% 12 LC HPLC THIZE L 7z,
HPLC %5 13 Shimadzu HPLC ¥ 2 7 A (K> 7 .
LC6A, ¥YAFTALharbu—75—:SCL-6 A, UV
28 - SPD-6 A, HEhECE - CR3A, A — |
AvYx7%— SIL-6 A, &7 & Cys, Shimpac
4.6x15cm, ¢ 5ug) EMAV, BEETITo 7.

w R

1. Dacarbazine OWRNEERERIZ{L
Fig. 2 (a) 1%, dacarbazine ¥&¥# (1 mg/ml) i

LHRERE L, REFOICHE LRI A N2 b
NTHB, %1z Fig. 2(b) 1X, ZhZ 10 xg/ml
® dacarbazine B & U’ 5 EV)KE I D BRI
A7 b VERT., Fig. 2(@) IR T & 512240 B
& O 330 nm {FIE OB E LRI L, »
b o T 210 nm 3L D WL E 2B M L /2. Fig.
2(b) THS M X 512 240 B L U330 nm DEE
1% dacarbazine D BINBE R TH 5 Z & & D
dacarbazine AR L > THEL, RbY K
210 nm UL 12 WINER K % b D Diazo-IC (III),
4-carbamoylimidazolium-5-olate (IV) & % Wi
2-azahypoxanthine (VI) 2880l CTw5a Z &
#2282 L2, Dacarbazine ¥ % 13 £ A fR B &1
X DRk R T L %25 500 nm {FiE D%
S EZEA M/ T H D, 4-carbamoyl-2-( 4-
carbamoylimidazol-5-ylazo) imidazolium-5-
olate (V) DEREIIBHO THLEwbDELEbI
7z,

2. Dacarbazine ¥ & U2 HOEERIC

REW 2~ v A RN & 5%, KRG8
BLIER%E Table 1 1ZRY, $XTDTYRIZ
KRB RIGHAEZE S Wz DiE, DiazoIC (1), 120
S IR ST dacarbazine WK, AR O 3
HEOATHD, MOBE TS KBRICHR S
Niginoiz, Diazo-IC () & 120 %E4MRIEST
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Fig.3 Diazo-IC & AEFEEIC X %~ 7 ZAEHEK I KIE T diclofenac sodium ORI
Diclofenac sodium (5 mg/ml), 0.1ml/10g %~ AEE Fic&s5 L, 154012 (a) Diazo-IC
(I mg/ml), BXU (b) #HEEE (0.6%) #* 0.1ml/10 g 3" DRERENES L7z,

[]: diclofenac 7 L, [l : diclofenac fifH

n=5, meantS.E. M, *: HE&=HGY, p<0.05

# dacarbazine ¥ 13, [A] U B G- FRE 8
ERL, BEEEO 0~ SHEICZhER 14.42
4.7181L 6.843.6 [ &k b % < DEFERITHE
3N, TORIFHOREAL b I LT
wotz, —4, FUERRICBEETH > 1o
W T, 0~5 23 b EIR RGN IZBIE S iz p8
1.8+3. 1Ak, KRKIGDE— 27 1ZEh T
g, 11~1545012 8.8+9.2 R TH > 7z,
oD SEIRRIGES| & 2T IHKEY)
X, dacarbazine D512 £ 3 % Diazo-
IC (Il) THBZEeEHLLERST, i,
Diazo-IC (Ill) OESFER IS IE G EZICBZE S,
TlNERE T RS 1 2 BFME O RIEIC X 2708 & 137
LW TH IS I EANS Z DR R I T,

3. Diclofenac sodium (Z & % $EEEER

Fig. 3%, #BAORVIREFM & SRR 28>
diclofenac sodium %~ v A IZH{#% 5 L, Diazo-
IC () & %\ X FlERE &+ 5 U CHEIR G %
E LR TH 5, Al T3, diclofenac
sodium #5452 L1k b, HEZL (p<0.05)
PRI GO D3EEE s ufz 3, Diazo-IC (1IN
TR 2 bR sk o Tz,
D Z k5, Diazo-IC (1) & &k 2 &L, di-
clofenac sodium THIf| SN HRIEIC L H D &
BREZRERFTH S Z LRI LT,

>
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4. Diazo-1C OERRICHIE
Diazo-IC (IlI) 2FEEICIZ EDREDORE T~



Table 2 Diazo-IC & & ~ 7 AKRER G
DORA%

BE (mg/ml) Bt/ =g (=)
1 5/5
0.5 7/8
0.25 5/5
0.2 4/5
0.1 2/5
0.05 0/5

Y ACERBRIGE SR I TO»EFANDL 120
0.05 mg/ml » 5 1 mg/ml % T i & ® Diazo-
IC 2~V AkEE L, KERGEZHEL - HER%E
Table 212 7= . 0.25mg/ml % & 1 mg/ml @
Diazo-IC B TIZ, ZIZTRTHDT V7 ATERBK
BB E STz, 0.1 mg/ml OEE TIRKBKIG
ZRLIzTRAZ SRR 2L THo T, iz, ¥
BEE#O 5 5B THRE I N IDERREKR GO BRI,
1, 0.5, 0.25, 0.2, 0.1 8X00.05mg/ml T%
NF14.4+4.7,6.8£5.1,7.0+3.8,4.2+3.2,
1.842.2, 0.0£0.0[ETHo7z, TNoDFER,
%, Diazo-IC 25§ % = v A DR RGO BIE
0.1mg/ml 25 0.2mg/ml DRI H % Z & R
®a .

5. Dacarbazine SfR%EE

1mg/ml, 0.1 mg/ml(pH 6.8~7.0) @ dacarb-
azine AR D S E 2 HPLC 2 W THIE L
ER % Fig 4 WRT. ZNENDOBEIRD 5 fHR
BT O E M % RTS8 W T0.51%
1073, 0.59X10*min"'TH o7, &< IZ 0.1mg/
ml TS RBRIGEE D TRWID B L0 X
RIS TEREZNMEL L TEBD, 1EETH 50%:E
SR TnB T ENbholz,

zZ =

Dacarbazine O X3 Y OB EEA L £ O[E
WHHRIC DOV TR E & F RPEHSIRINT
w3, %7z Kirk'?i3, dacarbazine D3¢
L 2EIERERED O AFERS 2y b OB
KOWTIELTW2, Lal, BAERIED S
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Fig.4 Dacarbazine ¥ D453l &
Dacarbazine ¥ I 5 R ® 85 L, HPLC T
BREFCERFEERZHIE L,

O:0.1mg/ml, @ :1mg/ml, n=3,
mean=+S. D.

b EDERBEDERYESERE R &R TRE
BB, EDOXDEEHTEDORERRWEBERT
EMEZOVTIRINETHLLTIRRL, KEKR
G 3 2 &% L dacarbazine %5 2175 72
D DFEGRMIZ DV TOREIM B D72 dp o7z,
Dacarbazine ¥ ¥R 12 544k & BRSO RERF Y 72
WX AR 2 S VEAL & B Y DOPIR AR b v
P HEBT 5 Z L2 Lo T, Diazo-IC (I, 4-
carbamoylimidazolium-5-olate (IV) & % \» i&
2-azahypoxanthine (VI) 23453 % & & 25l X
nizhs, =A% HAOEERICERIC L > T,
EREZB| & 2 T%WHE 13 DiazoIC THB Z &
B & » & 72 57z, Horton & DIMEDITHHEET
1<pH<7.4 T3 dacarbazine ® 4> f# 1 2-
azahypoxanthine 24 L 2 WARANEL Z &
BbhroTEY, EADORRYEIX dacarbazine
DBV DD RERYTH % DiazoIC TH 3 Z &
PEMATBLDBDTH o7,

Dacarbazine i3 KB IZT % LM TH LT
WRPSHET S, L, ADBEFEETEHEZD
SRR IZZEL SEIML, SSKBEMEVLES

 REEEBPKREL B D BN TV,

2z O T b dacarbazine IR D 43 E 13,
0.1mg/ml TiZ 1mg/ml D 10EFLU EDHEE T
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HY, BEOETE & HIZE L WIMERE OB
BH 5Nz, & 52 dacarbazine D4 fE1X pH 12
o THRELSEIL, ZOHMEDPH v 7 7
ANV, KT & B HHEE L ERFTOA A D
MR L 2aEEOME R, RIGEREFIL-
TKRKELSHERL LI L% Shetty S5 1FEHEL T
%9 Shetty & D¥45 % b &I dacarbazine (100
mg) % 250 ml DEEBEATHERL, S
87289 (0.4 mg/ml, pH 3.6~4.0) 2EANE
LT (470 Lux), 30 4+fRFET 5 &, #0.01
mg/ml @ Diazo-IC BWEFK L TR LR 6
7z.

—7J3, dacarbazine IR DEEEF CORE M I3
U@L, AR IZBERD 100 5D 1 AT L #
E£XNTBYY, ARMAIICHEREL /2 dacarbazine
B (0.4 mg/ml) % 1 REFEIEBICHE L T HAERK
¥ % Diazo-IC i%, JEF A wEH#Hlans, L
7z 08> THERT T, Diazo-IC DERKEIIEA %3]
SHITHEZ TELTOWEVLOINL, BHFT
i% Diazo-IC DA&KESHELXEITLEI 2 &
BRI NS, LDV A EHAOLIREITIRK
FERISEMEIX 0.1 mg/ml (R H 57248, £ T
IR HEDEND S ZOBMENS S SIEN T L8
RNz, F 7 EARIRST#R, dacarbazine W
BRBEEEFH T 208, XOHEORKERY
4-carbamoyl-2- (4-carbamoylimidazol-5-ylazo)
imidazolium-5-olate (V) 3% THE THkE
»OREEET L0, FFEYWE TH 5 Diazo-IC
(D) BERLTWEIEEHERLT, HAOLK
dacarbazine IFR IS T XE TlE 0,

Diazo-IC 2 & 2 KEDFEEMKF T DOV T,
diclofenac sodium & & - T Diazo-IC (III) & &
ZEENEIEITE RPN 2k, KEBRGED
FHELBESER»ORONI-Z XD, I
RENDIREMOEBEL IZEZ L Z ENHSnE
oz, L, EOXIBHEFETHZ0IZD0
TIISHBOFEMHRN 2 ET 5.

Dacarbazine IZ6ICANEETH Y, #DHED
VIHAESPE T A 3 % Diazo-IC KB O RRYE
TH-1-Z k &V, dacarbazine FEEIFIFIRIRE 13
TESZNE VR TCER,IITY, RHEK3xe

WEEL TR ST Lk, BWER R ERL,
DOMEESTIEBIRVPRFTEL2 D EH X
5.
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