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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.

Key words : dacarbazine, photodegradation product, pain substance, mouse
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Dacarbazine i B BREME, ETHERY F
%, /NEEREOBECHV SN B FESIT, &
EREMER L CHMFI L R L TERZ B,
L L, dacarbazine DK I3HR 8 TEEMEH
&L, BEHUBORETIRFEER L £ bichk
BEETEZIEBHSNTHBY, dacarbazine D
MEERDERET 2RABINTEL,

oz 13 1995 FIC IR BN 38 W TERER B E
98 12 XF 3 % dacarbazine, cyclophosphamide,
adriamycin, vincristine % 3 3 CYVADIC
BT, BE»SBLVCMEBOFX 22T
7o, BERBREEEEREERO 28ROBET, H
% 1 H B ¢ vincristine 2mg, F2H B K
adriamycin 70 mg & cyclophosphamide 700 mg
2#5, & 1~5 HHIZ» ) T dacarbazine 350
mgABET37ubankg 3BEIT L ICRYIE
TFETH-., LrlL, BED»S dacarbazine
BERHICOAB L WIMEEOFRZ b3 H > 7z, FIE
? dacarbazine ¥ 5 i3 BT X B WERAT
100 mg/10 ml AR L TiTbh iz, HAXE
(1994 4 3 ASKED) I 3 BrAR SR T 8.8% I IE
BOBWEROWmESH Y, HALOEE:EL Tl
EESRONIBACRERERELESTH LD
HED D o N, EEAEKT 250 ml I FHFRL
T3D»FTHERELL, LoL, MERIZD LE
BNz b DOBRERENREL LY BEOEREI
Ebhod, BERIELALESHED TERWLWRET
bot. ZDk & dacarbazine IR D HMED BHE
LR aBEMIIR S holz, CYVADIC Eik*%
sE3 270121, Z O dacarbazine 5RO
BEBRBTAILBNEATHDI EEX ORI
¥, dacarbazine 5.1 B3 2 XERE 21T > 2.

% OFER, REOBEN T T dacarbazine 25
Lzt ZAEIERADBZELLBRELIZ 6, K
12 & 23R VEWER O RRE & 7 2 alaetE & 155
L7z Baird & 0#R&E95S USP-DI IS I LT H
D, ZOWWEIWCEHITWT2 77—V HD dacarb-
azine SRR AT NNy 7, ABL—FE2 TR
THEXL, MBEOA—T 2T TE ST

S

{ L, dacarbazine 100 mg % 250 ml D4 A
KIZHEBL T DE» T TRE LI LIS, BE
PODFEADFZ X% %D, CYVADIC kD
BT ATRE L e o Tz,
Z DR R TIE BRDOEBI B T EN R 5 % &)

» ZE0HEIE o 1o 8, dacarbazine DX EY)
BMERCEEL Twa 2 LB R E iz,
L» L, dacarbazine ®43M#ix, B, pH B8 L U
HOBETR ELFRELMT 2120, YOWME
WEEOERE DO, WELPHLLTIXE
V>, A& 1 dacarbazine YYD > B ERBREA
LasMEERBEL, TORBREBRFEBIV
dacarbazine I5f# % DHBIZ DOV TETORET %
mz THET 5.

Dacarbazine D3RR

Fig. 11z 1981 4 i Horton & 233 & L 7
dacarbazine @ 73 f## X %/~ 3%, Dacarbazine
(1) BHXDOELET THL H» IZ dimethylamine
(II) & 5-diazoimidazole-4-carboxamide (Diazo-
IC) (I w4 f#L, %Dk, Diazo-IC ZNFET
HDOI<pHKTATR S S KRGEEEOR W
carben 4 % & T 4-carbamoylimidazolium-5-
olate (IV) %k v, HE¥HICIX, DiazoIC t 4-
carbamoylimidazolium-5-olate ® &7 v 7V ¥ 7
£ T & % 4-carbamoyl-2- (4-carbamoylimidazol-
5-ylazo) imidazolium-5-olate (V) 24T 3,
COBRKENTHEH v ) v IEiIAREERE
T35, —H, KOEETpH=1 %7213 7.4=pH D
%, H5\vid 1<pH<12 DX T Tl Diazo-
IC (Il) X 2-azahypoxanthine (VI) & RIG2%
ELZ EBREIN TS,

HEE L UEREE

Dacarbazine 43} f#4% ® 5 & Diazo-IC (III), 2-
azahypoxanthine (VI) i, Shealy 57D3#k % b
LIZH LTz, 4-carbamoylimidazolium-5-olate
(IV) iX, Horton 5¥D#E R b LICHH LTz, X
DEMOBKEY T H B 4-carbamoyl-2- (4-

carbamoylimidazol-5-ylazo) imidazolium-5-
olate (V) i%, Horton 5¥® Xk & & % 12 7k-
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Dacarbazine ¥&# O 53 f#F 2

Dacarbazine (1) ##IZHIC & > THR 52 dimethylamine (II) & 5-diazoimidazole-4-carbox-
amide (Diazo-IC) (Ill) 5f#L, ZOEBEFRDH B WiZpH1, pHZ7. 4 D&BETEL M IZEEL,
2-azahypoxanthine (V) K3 %, —7H, XOEET, 1<pH<T7.4 D& T, reactive carbene
%# T 4-carbamoylimidazolium-5-olate (IV) 24T 3. (V) BERIE &b () EDH v 7Y
> 7k 4-carbamoyl-2- (4-carbamoylimidazol-5-ylazo) imidazolium-5-olate (V) 24K Uik 24

%, (X#R5) & D)

dimethylsulfoxide (98 : 2) &1, Diazo-IC (Ill) &
4-carbamoylimidazolium-5-olate (IV) % 7 = >
FET, 100 W 5EKERLT (Pyrex Filter) (BT
BlEESE, T3 2HEAL, 10 BEEHNLERK
L7z, ZhZhofbE&PidEtk, BEL A

oo BINANRT P AB L UOSRREDEIE I IZ
dacarbazine (FIDGMIEE, KRR) %, ERNIGHEER
12D T X dacarbazine EHHI (B FIFEE, )

PRV, Z0OMORZE I O TIITHERERS %
vz,
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Fig.2 #4384 & % dacarbazine I O REFHRINA <2 b VL (a) &
dacarbazine ¥ 5 & Uf dacarbazine MEY ORI A =7 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. BRAECRIE

Dacarbazine 8 & U S3 Y ORIXZ <=2 b
NWEFANDLI D, ThThOLEWERERKT 10
ug/mlIZ¥EEE L, 190~900 nm DOBNEE % L
S UV-260 (Shimadzu, F#ER) THIEL ., &
&z dacarbazine ¥A¥# (1 mg/ml, pH 6.8) 124
S48 (4 J/m?) ZEET L, BINA =7 bV OREEHY
{b% 360 43 £ TRz,

2, EFERICEER

ddy Rt~ > X (4 Bk, #HEK 302 &R
ERYA¥E % 0.1ml/10 g T OBEARSE L, EH%
TS5 AFy 7 BOTERBRER Yy —Y K Ah, ER
TERBRIG%E 40 FHEBRE L7 BERIGIC DWW T

12, v AHMEEEF (stretching reaction), &
U b iE&) (writhing reaction) % L 7-El# % K&
DFE L L THIZE L7z, Dacarbazine 8 & U % D
SR A AEKICEERE L TRV 7z, Diazo-IC
(1), 4-carbamoyl-2-(4-carbamoylimidazol-
5-ylazo) imidazolium-5-olate (V), 2-azahypo-
xanthine (V) 3ZBBEIMEVLTH, ThZEh 1,
0.05, 1mg/ml DEET, ZDMDILEHIE 10
mg/ml DPE TRV, KBRICEED 2 >~ b
o —) & L TiE, dacarbazine ¥ (10 mg/ml) iZ
445 (4 ]/m?) % 120 MBS L TR = &£
BHEEIbD, BIURKEEOKBRIGEZEIT
2 EBHIS T 2 FHEERR (0.6%) %, TR RIGE:
Hoarva—k LT, EEBEKEHW:.
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Table1 Dacarbazine & U'% DEMNC & 5 ~ 7 AKBRIG

RIBEFE (5) 0~5 6~10 11~15 16~20 21~25 26~30 31~35 36~40 I‘%Wﬁ

<*IR

M4 BE EREE () (=)
EHEAEK 0.9% 0.0+£0.0 0.0x0.0 0.0£0.0 0.0+£0.0 0.0+£0.0 0.0£0.0 0.0£0.0 0.0%x0.0 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 0.0x0.0 0.0%0.0 0
120734854 (1) 10 mg/ml |6.8+3.6 3.6+1.4 3.0+2.3 2.6+1.6 1.6+1.9 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%x0.0 1
(1) 1mg/ml (14.4+4.7 8.414.0 5.44+2.6 3.4+2.2 2.6+2.2 2.4+1.6 1.8+1.6 1.8%2.2 5
) 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
(V1) 1mg/ml |0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0%x0.0 0.0+0.0 0.0+0.0 0
FEER 0.6% [1.843.1 6.2+9.0 8.8+9.2 7.4+4.8 7.8+7.5 4.8+4.5 5.0£4.0 2.0+2.0| 5

n=5, *:meantS.E. M.

(1) :dacarbazine, (II) :dimethylamine, (IlI) : 5-diazoimidazole-4-carboxamide (Diazo-IC), (IV) : 4-car-

bamoylimidazolium-5-olate,
2-azahypoxanthine

3. SEERER

IR PUARESER & S ER % % D diclofenac
sodium ¥ (5 mg/ml), 0.1ml/10g 2= 7 X
METcREL, 15 FHETEBRER Y —Y THE
%, HEEE (0.6%) B & Uf Diazo-IC (1 mg/ml)
% 0.1ml/10 g T OBMENES L, 40 SREEREK
E%EEE L 72, Diclofenac sodium B, 555
DIREIL 12 BEEL stretching & T D EDsof % &
iz,

4, BEBEGFosOv b/ 57— (HPLC) 1243
dacarbazine S BEE DRIE

5ml O dacarbazine IEI & Hieff E 4 7 X X
By YEIRAN, EHMHRUT/m?) 2B LR, %
Dk, BRE—EREIT LIGERR E Yy VEICE
g, smPeniks L, 1N-HCl #inz T&ERL,
Fiore &0 # 5% L C HPLC THIE L 7=,
HPLC #i& 13 Shimadzu HPLC ¥ A F A (R 7 :
LC6A, ¥AF7Laryru—7— :SCL6A, UV
RiiER 1 SPD-6 A, HEECEET (C-R3A, A — L
A2 % —SIL-6 A, #F 4 : Cs Shimpac
4.6X15cm, ¢ 5ug) FHV, BETIT-7-.

m R

1. Dacarbazine NWRIEERFRIZE{L
Fig. 2 (a) 1%, dacarbazine #&#8 (1 mg/ml) iz

(V) : 4-carbamoyl-2- (4-carbamoylimidazol-5-ylazo) imidazolium-5-olate,

(V1) :

FHREBE L, BEFRICHIE L ZZRINA 2 b
VTHB, £z Fig.2(b) ik, 2HFH 10 ug/ml
® dacarbazine 3 & U & 53 Y K IR D BRI
AT PNV ERT, Fig. 2@ WRTL312240 B
& O 330 nm A OB 2SREFRNIC A L, o
boT210nm LD BKE LML /2. Fig.
2(b) TEHS 4 & 512 240 BX U330 nm DEE
/& dacarbazine D RN K TH 3 Z & & D
dacarbazine 2S8EHMRIC L > THEL, Rb b
210 nm {737 12 IR K % b D Diazo-IC (III),
4-carbamoylimidazolium-5-olate (IV) & % i
2-azahypoxanthine (VI) #S8{fIL Tw 3 Z &8
#:22 & L7z, Dacarbazine YA i3 S/ R B &TIC
L DRk EF T 3D, 500nm {F3E DK
XEXEIEM/NTH Y, 4-carbamoyl-2-( 4-
carbamoylimidazol-5-ylazo) imidazolium-5-
olate (V) O&FEIIBH THLwbDEBbh
7z,

2. Dacarbazine & & U2 BB DEERUS

BB E~ 7 ARERCERESE, KRBRIGEE
BLIAER% Table 1 1IRYT, §XRTDTT AL
ERRGPEEZ S hz0i3, Diazo-IC (1), 120
SRR EY % dacarbazine AW, HEEEED 3 &
HOATHD, MOBRTRELEBRIGHRS
nizdpo 7z, Diazo-IC (II) & 120 53 4E4MRIRES
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ERRGER (E)
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Fig.3 Diazo-IC & FHEEEIC & 3~ v AERBRIGIZ RIZ T diclofenac sodium D%hE
Diclofenac sodium (5 mg/ml), 0.1ml/10g 2~V AEFME Fic&kE5 L, 1543#% (a) Diazo-IC
(I1mg/ml), BLU (b) FE#E (0.6%) % 0.1ml/10g FOHEHENKES LI,

[_1: diclofenac % L, [l diclofenac fifH

n=5, mean+S.E.M,, *: HEEHY, p<0.05

# dacarbazine {F¥§ 13, [E UKERKIG-RERIRER
ZRL, REEZD ~52EIcZhZEFN 144+
4.7E L 6.8£3.6[ELEHEb %  DERBRICHE
Bah, ZORBHEHOBBE L bTEAILT
wotz, —#, AULERRIGYEHETH -7
FEER T, 0~5 M bRBRIGIIBRE S iz
1.8x3.1H AR L, KBRIEDOE —7 13Bh T
HEan, 11~1573128.8+9.2ETH -7z,
INGDZ e SEFBERIGES &R 3 HEEY
H 3, dacarbazine DX %I £ T % Diazo-
IC () ThrZe¥HsN LRI, i,
Diazo-IC (Ill) 0EBRICITBREERICBEES L,
FHBTRONIBREOREC L 2EBLIZR
OB TIEXRIEIND T EDN5E L R LT,

3. Diclofenac sodium | & 2 $8EEER

Fig. 3 1%, S ahiaErER & SRERA 2R
diclofenac sodium % <=7 R IZ#i#5 L, Diazo-
IC (D) & %WIixAEEEE =85 L CERKIG %l
ELI-BRTH 5, HEEER TIL, diclofenac
sodium 285432 Lick b, HEZ%(P<0.05)
KRGO BERE s hiz8, Diazo-IC (III)
TRERERIGICBESEENRSshighrol,
D Z &5, DiazoIC () & & 2 &ML, di-
clofenac sodium THIHI S NBREC LB DL
BRZIFEERFETH D I EBRBENT,

4. Diazo-IC OEFERICRME
Diazo-IC (Ill) BWEEEIZZEDREDEE T~



Table 2 Diazo-IC B & = 7 AEBK G

DBER
B (mg/ml) Rt/ EER B (1T)

1 5/5
0.5 7/8
0.25 5/5
0.2 4/5
0.1 2/5
0.05 0/5

VALKBRIGCEEIER I TOLEFANL D
0.05 mg/ml #* 5 1 mg/ml ¥ T® & & @ Diazo-
ICe~v RAHREL, KBRIGEHE L IfER%
Table 2 7~ . 0.25mg/ml » & 1 mg/ml ®
Diazo- ICBBE T, IZIZTRTOY Y A TEBK
ISR 57z, 0.1 mg/ml ORE TIIERKIG
ERULIZSVARS LR 2IETHo7. £, #&
S5E%O 5 3 CERE 3 Wi EBIR GO EEHUE,
1, 0.5, 0.25, 0.2, 0.1 BX0U0.05mg/ml T%
NEN14.4+4.7,6.845.1,7.0+3.8,4.2+3.2,
1.84+2.2, 0.0+0.0BTH o7z, ZhoDER,
%, Diazo-IC iZ09 % = 7 2 DR R it D B1E 1%
0.1mg/ml 5% 0.2mg/ml DREIZH 3 Z L MR
733 (AR

5. Dacarbazine R

1 mg/ml, 0.1 mg/ml(pH 6.8~7.0) ® dacarb-
azine IS DA EHEE # HPLC 2w CHIE L
1 #ER % Fig. 4 WRT. ZNETNOERDDiEEE
BERYIHOERNE %2R TEHSICB» T0.51X
1073, 0.59X10?min~'TH o7z, £ <2 0.1 mg/
ml TRAMBRIGED THEOW D BT E0X
RIGTERERIBALTEBY, 1EREITH 50%:0
SOFRELTWB I EMbote,

A

Dacarbazine D53 VI OB EEA L £ D [E
WHECOWTIRE L RMESIBRENT
W3, i Kirk'?l3, dacarbazine O3
L 2EIVERE#ED /- » O SR E5 2y s OB
WKOWTHREL TV, Lal, KAMHERIED S
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BREE (%)

100 120 140 160

1] g g g g
0 20 40 60 80
B (5)

Fig.4 Dacarbazine i§#k DS EHE
Dacarbazine ¥&¥ 2 $5MR 2 4T L, HPLC T
BRI BREELHE L 2.

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

b EDERBEOERMENEREREIERBITERE
B0, EDLDREFHETZORRMEIERT
DOV TIRINETHS~TEEL, FER
JGE#EZ ¥ k<L dacarbazine 5 %175 7-
O DEBERMF W DD TORE BB o1,
Dacarbazine ¥ ¥ 2 467 & A R O BEFIY 2
BIXA R b NVEAL & BRI DBIXA <7 b v
WS 5 2 £ o T, Diazo-IC (1), 4-
carbamoylimidazolium-5-olate (IV) #% % \» i
2-azahypoxanthine (VI) 3483 % Z & »SHEHI &
nieh, =X EAVEBRICERICE - T,
K E5| & 2 9¥E 13 Diazo IC TH 2 Z L
BH & 2» & %2 o 7z, Horton & DIREITHKEFEET
1<pH<7.4 T X dacarbazine ® % f# & 2-
azahypoxanthine 2 4 L e W AR~ T Z &
BbohroTBY, BAOEKRYEIZ dacarbazine
DOERVIDIRERRY TH 5 DiazoIC ThH s Z &
REMITZbDTH-o.

Dacarbazine I3 /KEWICT 3 LR THLT
PEBODET S, L, ROBEETHEZFD
SREREIZEL <ML, ES5CBRENENL LS
EEEERBRKEL BL I EBHONT WSS,
ez OBETT b dacarbazine ¥R D 43 s B i3,
0.1mg/ml Tix lmg/ml D 0fEL LOEX T



22

HY, BEOETE L b ICE L WIHMHEHEE DN
BH SNz, & 512 dacarbazine DA EIL pH I
LoTHKRESEIL, ZOHMEDPH Zu7»
AWIE, K & B ERE LEBRPTOA A D
B L D20 EEOMERY, RIGHRMEFIZL -
TKELSELSZZE%Shetty 5IFEEL TW
%9, Shetty 5 D¥¢5 % b &I dacarbazine (100
mg) % 250 ml DAEBEREKTHERL, SHEHCHE
8L 725 (0.4 mg/ml, pH 3.6~4.0) 2 EAEK
LT (470 Lux), 30 AHMEET 5 &, £0.01
mg/ml @ Diazo-IC B4R LT3 L EEbL s
7z,

—7%, dacarbazine B DS TCOREM T E
U@L, SBREIZBARTD 100 50 1 AT L #H)
HEXINTBYY, EFEAICHEKL - dacarbazine
¥R (0.4 mg/ml) % 1 REFIZRICHE L T b 4R
3 3% Diazo-IC i, FEE A Eiffllans, L
7z 23 THEFR T, Diazo-IC &K EIZEA 5|
SEITHREZTELTCOEVOINL, BT
i Diazo-IC DEKEVHEEXEITLES 2 &
BRI EN S, BT A 2HAWERETIRE
FERIGEEX 0.1 mg/ml BRI H 7228, £ T
ZREZHEOR O, S ZOREL S 51BN Z L8
AR NIz, I ESMRIBEI,, dacarbazine TR
BARREEF T TL 328, XIEOERERY
4-carbamoyl-2-(4-carbamoylimidazol-5-ylazo)
imidazolium-5-olate (V) i3#5& THE THRkE
PoFREEET 5720, FHEWHE TH 3 Diazo-IC
() BERLTWBZEE2EEBLT, BEBLE
dacarbazine KI5 TR E Tl W,

Diazo-IC iZ & 2 EBORERF IOV T,
diclofenac sodium IZ & - T Diazo-IC (Ill) 2 &
ZEFENECIBITCE R o7 2 L, KERIGOD
RENRSER»P SR O Z & &b, BEEICR
RENDIREBOEBERERL I LB E
Bolz, UL, EOLIBEFETHILIIOWL
TRESBOFMERE 2 ET 5,

Dacarbazine i3\ ARLETH D, TDOHED
VIHAERRE CAERR % Diazo-IC »3% O HEWE
Th-ol2Z & &Y, dacarbazine FE5HHIFHHRIAE 1T
TE320E DEHTERH»ICITY, FAMEIIzES

WEXLTRE T2 eickn, BHERZEBRL,
POERLTIEBENR PP/ TEL2bDLE 2
5.
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