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ABSTRACT : We studied adaptive response in CHL cells by benzidine dihydrochloride, a derivative of benzi-
dine, which was a major mutagenic agent in dye industry. Chromosome aberration analysis was used for the
identification of adaptive response to this mutagen. Adaptive and reactive doses were confirmed by cell prolifer-
ation rate curve. Cell proliferation rate curve was obtained from the mitotic indices of cells treated with various
concentrations of benzidine dihydrochloride for 24 hours. Marked adaptive responses to benzidine dihydrochlo-
ride in the induction of chromosome aberration were observed in CHL cells by pre-treatment with low concen-
trafions of benzidine dihydrochloride (0.0047 mg/ml or 0.0094 mg/ml) for 24 hours following post-treatment
with high concentrations (0.0187, 0.0375, 0.075, 0.15 mg/ml) for 24 hours. These adaptive responses were found
mostly in the type of chromatid breaks and chromatid exchanges. There is no difference in these results between
two adaptive doses, 0.0047 mg/ml and 0.0094 mg/ml. The amount of adaptive response, however, was dependent
on post-treatment doses.
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ALSEE BAo|o), 3 AlQksleane) Akge] ] ol
|57]= 3 Uz okHel FHEe| o] 4E7|E gt
Haley(1975)-‘2]r TARC(1982)2] B 31} o]l x| w}g-
2, J2E], 7 5o FEAEAS kS el I
Ao ol ARJAA WA 28 F2ALE thAke
2 g Atz 5o AARE ERIE 4 T (Ferber, e
al., 1976; Tsuchlya, et al., 1975; Zavon, et al., 1973).

AR DL AL S S AIZS o ARt TA1538)
HolUAS Vehlisler, E coli pol A A133} prophage
induction A|@elA= $449] AAE et =3t AlE
Il A L A Agelr DNAEAS fige] B
= THIARC, 1982). NTPS| B IojA= HIA| -2 Ar e}
Aol oFAL] AAE BT, CHOMES o83 Agell
Ay A o)) Al d AR wgke) Frlekate] BaiE7)
= 39}

Sejueiell A WAHe) AR-S AT R 1945 o] F ul
A9 AzFAo] sht A, 1960l o] F w2 F
AEo] AR} glelxE sldet. AP EAY Y
Ao Jshd Az, Y == ARS S8R
EAZ WiAII} 1 S AL Lo IR FAkd2
FXTACIAM AP LZHA AP WAL A Y ARg-o]
A2 FEE T Q= Aot

2]-341$-(adaptive response)]3 F2 =] HMAMY m=
HolYAl H3HEA x3Y F ¥ T T3 9
o] mx= zhg7) o] v]|&3t Eddeldel x&d 7% v
Ehs B3 AANEA, o] 3t A3 19774 E. coliolA]
71 ¥Aro] ¥ %l (Samson & Cairons, 1977) o3 S-E4
¥ 9 AEqZr= 2l v} 9l (Heindorff et al.,
1987; Hendrikse, et al., 2000; Samson & Schwartz, 1980;
Swant, et al., 2001; Wolff, et al., 1991; Zhang, 1995), L
714-& E3] 9213l Bl (alkylating agent)ol] T3jA who]
2] 9le] DNA methyltransferase?} 252 2-8-l A=
= shale] AAJge] Bl vl glek(Yarosh et al., 1984).

Tkushima(1987,1989)%] B_17o)] 2)&had ulAFAS] thymidine
o) 2%l Chinese hamster VIO FE= 1 F¢] &2 Ak
o] XAlel| s Wl EAE gl on, Zhadel] A5
A EE mitomycin C ¥ ARl W] WAAS vehfe]
A QA A ZH T o AFRLES] S Vet w3t
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Aol =t AP A E3e] Wl Er} sk e A
k93t =3 Kim £(1992)2 bleomycin % cadmiumeol]
2)3k CHOMZoM 9] A-81k8-& &3] 21t mitomycin
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benzidine dihydrochloride®} =243} A-31kg- A4 A
55 2 HS F A & whes=E A St
gt 03 mg/mbrE 38 283 83 5%° benzidine
dihydrochlorideZ xJ2}atdet. olufl 2hAdst GA)A| FEolA
M FERD X4 (mitotic index)E ZATO 2N A EFAFAL
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mme] M ExiokE petri dishol] A& F 3U7F wioFsle] 7+
5odA| 2] benzidine dihydrochlorideZ- X2, 24417k wi%k
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2, 24 Al7E wiokst F A RES 2, Giemsa G5}
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Al 10014 RIS,
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GAA) FEE AAdslgict. A o)Ak FEL shel A
FZoM TN 24 FRANA 27 1000189 FZIHE
W gAaAle] T2 oS WEsle QA ErE
AREsio.

AN A
7} A ze] GAA o)A TS BT A vl AH
o2 A

2 3

NEZBAMESM & ko a3

0.3 mg/mtFE 38| 22 8§48 FX= £22 benzidine
dihydrochlorideZ *2]3150& w2] HER-GA|42} o] 2H4E
Az8 NI FA8- Table 1 ¥ Fig. 13 2340} 03
mg/mle] FEZ WAIEAE T35S dells HEAAE
2 FEF5 A2t A g9 50%2] HEFA A
#AL2- benzidine dihydrochloride®] % ¢F 0.05 mg/ml

100

Cell Proliferation rate (%)

4]

0 00047 00094 00187 00375 0075 0.5 03
Benzidine Dihydrochloride (mg/ml)

Fig. 1. Cell proliferation rate curve of CHL cells treated with
benzidine dihydrochloride.

Table 1. Mitotic Indices of CHL cells treated with various
concentrations of benzidine dihydrochloride

Mitotic Index (%)

Concentration (mg/ml)

0.3 0.0
0.15 0.5
0.075 4.5
0.0375 8.5
0.0187 10.1
0.0094 114
0.0047 12.1
0.0 12.6
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oA AT, =3t 0.15 mgmle] FEoAE 964%]
A ZFA A &S ol o} gGalol =7} s 2o
AEF 30%)°2 veht £ d7ME 0.15 mgmld] F5
2 ATEED S JAA AP S AN

T H30RAIE | QloiM B po] A ggeko A
EFAE0] 90%0) 422 YEPEE 0.0094 mg/mIH EZ4)
£ 904%) @ 0.0047 mg/ml(HEZAE 96.0%)2 5}Ict.
HREAI FE 1 oJA] 3 $EE 2% et}
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Benzidine dihydrochloride® =M= Fodsll S ] o
AA o] 4ke] X Table 29 Z30et. 0.15 mg/mld) =
oA 33.5%(+gap), 0.075 mg/mleA] 19.0%(+gap), 0.00375
mg/mlellA] 8.0%(+gap)2 738+ okl e] A o) AHE Helo
™ Folps Fulel ulel GAA oI Er} Folshe okt

Table 2. The frequencies of chromomosome aberrations in
CHL cells treated with benzidine dihydrochloride

Conc. pol aj ctb cte csb  cse Total - Total
(mg/ml) &P 8 o

0.15 1.5 60 150 135 00 00 285 335
0.075 00 30 95 65 00 00 160 190
0.0375 00 20 35 25 00 00 60 80
00187 00 15 1.5 10 00 00 25 40
0.0094 00 00 10 05 00 00 1.5 15
0.0047 05 05 05 05 00 00 1.0 15
0.0 00 05 15 05 00 00 20 25

pol, polyploid; ctb, chromatid break; cte, chromatid exchange; csb,
chromosomal break; cse, chromosomal exchange

& oF uh-Ad(dose-responseys Rt} 0.0094 2 0.0047
mg/mi®] FE M SA 2] Aol vls) s @A)
o[ MIEZ} Z7IEA] it AR G o)Ake] el A
o] B GARAI o2 Aeks(chromatid break:ctbye] 13
3] (chromatid exchange: cte)®r} 23 B3t}
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247 7FE<E 2 5= (8-3-89H)°] benzidine dihydrochloride
o AL AE] B} TEEEFIEE)S) 2ES BAlS X
23t F 2447 Fof A S AR A3} T3k
2308 A3 4= gsich(Table 3). T A1) o)Ak
Helle 2] AR olate] TAFIE slgiAT A
o] GAEAIS) W) Aol 23t o)Atelgict. A%
T A oI g} A-5-F0) ukSpTo] Fujo) u)
3t STk S o 4 ek A7) 0,094 my
mio] AP F(Table 30lH Bm #e T ukgA|7] ¥%
7} 0.15 mg/mlQ] A% o] 2A2] 7| (4S5 =oA w3
A2jgt do] ulee) vhes w2 o3| A3} o) nixg
2] gl 375%Rct A e 165%F vehle], v
TR ARES W olu] A o)Al TEt BT FT)
AAE] Hgukge] doltdS B Fo)h weFE
0.075 mg/mis| M= 7]th =] 175%9) vl8] 11.5%, 0.00375
mg/mlelME Z1HA 5.0%904] 2.5%, 0.0187 mg/mls| A=
ZIAA] 25%0M 1.0%= 242 G o) Abell M) A-gukg-
o] doltES Bo FUoh AHS$FE 0.0047 mgml
(Table 3pPlM= ZHE ANE vehlo] Az oz Fo)e

Table 3. The frequencies of chromosome aberrations in CHL cells pre-exposed to the low doses of benzidine dihydrochloride fol-

lowed by high doses

Structural aberrations/100 cells

Pretreatment Posttreatment Percent of Chromatid type Chromosome type
(mg/ml) (mg/ml) aberrant cells gap
exchange break exchange break
0 0.0000 1.5 0.5 1.0 0.0 0.0 0.5
0 0.0187 3.0 1.0 1.0 0.0 0.0 1.0
0 0.0375 55 2.5 3.0 0.0 0.0 20
0 0.0750 18.0 6.0 8.5 0.0 0.0 3.5
0 0.1500 38.0 16.5 12.5 0.0 0.0 9.0
0.0094 0.0000 1.0 0.0 0.5 0.0 0.0 0.1
0.0094 0.0187 1.0 (2.5)* 0.5 0.5 0.0 0.0 0.0
0.0094 0.0375 2.5 (5.0)* 1.5 1.0 0.0 0.0 0.0
0.0094 0.0750 11.5 (17.5)* 50 5.5 0.0 0.5 05
0.0094 0.1500 16.5 (37.5)* 3.0 9.0 0.0 0.5 4.0
0.0047 0.0000 25 0.5 0.5 0.5 0.0 1.0
0.0047 0.0187 1.5 (4.0)* 0.5 0.0 0.0 0.0 1.0
0.0047 0.0375 2.5 (6.5)* 0.5 1.0 0.0 0.0 1.0
0.0047 0.0750 11.0 (19.0)* 7.0 35 0.0 0.0 0.5
0.0047 0.1500 17.5 (39.0)* 7.0 7.5 0.0 0.5 25

cte, chromatid exchange; ctb, chromatid break; cse, chromosomal exchange; csb, chromosmoal break The number of parentheses indicate the
expected frequency. * The value is significantly lower than the expected (p<0.05).
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AP GRAFEA AHEEE FsEARA 1980
NIOSHeA WA S o] 8-5le] A28t RS 3t FEA
7 o5 QRS A3l TEALEY Uid dkxAlE F
3 g3zl kA ARES Bt u) gl A 2=
Alol] 9lo] 82 WisiskE do7]w doFal F5e FEl
A FokE ftele BAZ 2 AEY o4=A g
(Haley, 1975). WAL} o]5 H8E APTE FANE
o o] & 5] 8 Foll U] kS ollFTL Hu|g o)
>ejH o] Rellrle] AR Hal Wl x #3iA 3l
I(Bos, et al., 1984; Tanaka, et al, 1981), WIA|¥ AA=
AT AlellA SrpEAdEHA] B ES o] 8at Wo|dA
AEE v E3le] CHOMEANAL] GAA A, A
#1223k 3 DNA /3418 5ol W2z uhgghe] Buwg]
o}, 2 974343} benzidine dihydrochlorideZ CHLAE

o T=HE MRS o A I AR GAAleE -

< e} 7129 free benzidineol| THg ZHz}e} -2 <
Aboldet. A7 Gl A2 Wizde] UgtziAof 7]
o&l= £ HAPHES N-acetylbenzidine©-2. o] E4-2 3]
#2] 7+ WeliAl DNA adduct® 344319 o] DNA adduct:=
N-acetylbenzidine®] acetyl groups X35} QvH(Green, et
al., 1987, Kennelly, et al., 1984). 2 A& A benzidine
dihydrochloride®] 733t M A| o)k A3 A)7]#] o
2 Aol A] 9] 2 2. benzidine dihydrochlide 217}
24 ol og 2R3k oF 4= 9igir).

ofg} zFo] wiAcde]l vt ek 9l WA F 1 Wgt
71370 wleFslal @ AFAT) Qle] X o] Abgo]
Hap A= B Aol AlgE W el A ARgo] of
FolA 713l AR A|F7HA] WA el Aqdx s F2d
TEAFE] sle] Wt Fol BAE 5 e Aol
o8- FolA 71T ik 2| PHLE o] EAlo) FIw|o] 1)
st del w2 AFS 2 AR e mlEeME
6,000 o] o]l e} -t 3,000 b, T=2
A= 250099 o) Bk Tanigawa, et al, 1990). $-2h}
gle] 749 WXl 2|x o 25 Z2A| st Am
E g EEEstE = Sl e Aok Ry o

fralEA T o8] WAdE A x, £ B2 AMS T
AP BAZ A oot WA GAkd-2 AR NA
A 2)=Ele] glermz AR 1 Abge] MAH o FHEHe 3l
o] o] 5] W3t YPAL HE vl w3l oS =4
siet.

28812 (adaptive response)ell 3t ATFE= Samsont
Cairns(1977)°] E. colivix] DNASE=} #A&ste] d7-517)
Alztstel CHOM ZoF =) F-A-FRA Eel A o] A-gakg
(Samson & Schwartz, 1980)i w3t A7} glgle}. o]o
A Ae=o] WA thymidines BIESE XAo whsh A}
o] dabreilAle] H-guk-&(Oliveri er al, 1984; Wolff,
1988)0] AFHAUL 1 F2E o] 2ZMPAMI | Tzt X3k
ST AR T A v ES dAFeR Al elA
2o}t Burkart et al, 1989, 1990; Ikushima, 1987, 1989;
Wang, er al., 1991; Wolff et al., 1988). o]]2] AHguks-
ATE= 423 EA(alkylating agent)2}  bleomycin,
mitomycin C5oll gt A2 Ao S hEd
o] = T3] ML Heon] 53] wix|dof that A-3yke-d
Aol gt AR T o} Fho} B4 gisit

39 Kim £(1992)2 mitomycin C2} bleomycing2- ©|
43 A X230l H-SHRE AN EAMENAM &
At BAlol] W&l 543t A7l FFE7] wfiell A28
B4 2 ARt 249 SR8 FolvE 9 HEFT|] ot
2} 1 Aoz} AelsHAl vepdeiar skl

Barquinero $-(1995)2 XAl @ zhaliel] 2¢jH o= w3
Ho] ol Al Az APz yplE 2AL
A7) 7359} AR xzy Aol gl AEES HY
HETol| AFH Loz g S AR A5 vlud o
AALe] 7oA ol 5 AL vIET) o UkEE B
oz AgH FZol o3k H-3nkeS RISl

B Aol A 2 59 benzidine dihydrochloridesl]
<% CHINEZE F2 55 whA13E o dAA o) el
A gk H-3hAts AT 4 9l 53] s A
S 23 GAEAFL] A o] T} A-Sahg-l] 9
3 st AR vt vhsxd T AETY)
Z GI7)ell AHES H-99 bleomycin® mitomycin Col]
25t A-3akest Al 23t H-g4kge] F2 A
el GAA| el Adelr Ed ZA(Kim er al., 1992; Wang
et al., 1991)7= Ao|alich. =3l G27lof Aot
bleomycing X &)§+ 7-¢- 18]51 o3} Balol} ekEal
S 0|83 ATl AAEAF ] A o]l mel| A A g
WhS-& Holwl ZAel= YA3R= A )i} Bleomycindt
APl A o)) Fise] & DNAAR FiEs
&4 DNAY] %7F= AshDouble Strand Break)sl] 2]
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QA o] 4H-& 4073, mitomycin C2} ¢ DNA-
crosslink7} 3=} A o} F-E P27 o] F EAE
A1e] A-gHhg2 olEgl X Ao} LA ol M S EA5t
DNA FE7|A o2 s 7|89 A5 25
o benzidine dihydrochloride:= bleomycina} Z 2] H¥FARA
4 mitomycin CeH= & DNATE7 1A ofs) A-g4hs-
< vehichal & 4= gl

Bravard 5-(1999)%] E.lell oJalmd w2 8| o] 23y}
Aol Algt FEZFE A o WA A 270
SOD, GST, glutathione peroxide, catalase - ‘,!‘;t',!‘ég] Ak
3} 540 o] FUI3EE RAFFOEA o5 BAY A4
o] M-gaF ualAoll2] H-gukgol| 7|Age B slgict

B A7A7} CHL AEE A E 3132 9 benzidine
dihydrochloride’= AR 31X 717] o2 Aol A 733t 4
A o] S Frkslel o B FEel AgA|Z F et =
2 F=o] & AIFE dell= G o]l = QleiA
3 A-5HRS-g gtk fe 2 M = 318}
A AR ojgt B At} 22 A-g4kgol Wt 71A
of| tgt A7} FAIE o & Aol

SelvieRe] 75 WA Ak AR Algo] dF- 54
Hal gle] o] Bl F2H TEAEe] digh BAgkE H
71e] g eAeo] t Tl Qe HAolA 53] WX -2 uks
o 58 Ul IEAEA o] EAE At 2R
ol 98 74 ARE &4 AESH 2UERe] 87
At old A-3HkEAE Ve BUEAIFERE S o
43l AEIH TS AT 738 AAE siMsied
el AEfe] A-guhs-& Tefsleiof sln] Aol djs] 2}
AY71ER] EF: slodof & Fo|tt
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