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１．Introduction
　In…a…rout�ne…safety…evaluat�on,…we…exam�ned…a…m�xture…
of…azo…dyes…（CMBA）…that…has…been…manufactured…for…
text�le… dye�ng.… In… the… chromosome…aberrat�on… test,…
CMBA…prec�p�tated… �n… the…culture…med�um…as…a…fiber…
and…the…shape…and…s�ze… looked… l�ke… those…of…asbestos.…
Concerned…that…CMBA…m�ght…show…the…same…act�v�ty…
as…asbestos,…we…stud�ed…�t…further…compar�ng…w�th…the…
act�v�ty…of…chrysot�le…B…asbestos.
…
２．Materials and methods
２−１．Chemicals
　A… m�xture…（CMBA）… of… N-［5-［（2-cyanoethyl）
ethylam�no］-4-methoxy-2-［（5-n�tro-2,1-benz�soth�azol-3-
yl）azo］phenyl］acetam�de…（A:…96.98%;…CAS…No.…172463-…
55-7）…and…N-［5-［（2-cyanoethyl）am�no］-4-methoxy-2-

［（5-n�tro-2,1-benz�soth�azol-3-yl）azo］phenyl］acetam�de…
（B:… 1.26%）… w�th… 1.76%… unknown… chem�cals… was…
synthes�zed…by…the…ord�nary…azo-coupl�ng…method.…The…
chem�cal…structures…of…two…ma�n…components,…A…and…B,…
are…shown…�n…F�g.…1.…CMBA…was…d�ssolved…�n…d�methyl…
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sulfox�de…（DMSO）.…Chrysot�le…B…（UICC）…as…a…reference…
mater�al…was…suspended…�n…the…culture…med�um.

２−２．Cells
　CHL…cells…were…establ�shed…from…the…lung…of…a…female…
newborn…Ch�nese… hamster… by…Koyama… et… al.1）… and…
cloned… by… Ish�date… and… Odash�ma2）.… They… were…
ma�nta�ned… �n…Eagle’s…m�n�mum… essent�al…med�um…

（MEM;…GIBCO…11095-080）…supplemented…w�th… 10%…
heat-�nact�vated…fetal…bov�ne…serum…and…pen�c�ll�n…（100…
U/ml）-streptomyc�n…（100…lg/ml）…（GIBCO…15140-122）…
�n…5%…CO2…�n…a�r…at…37°C.…The…doubl�ng…t�me…was…around…
13…h,…and…the…modal…chromosome…number…was…25.

#To…whom…correspondence…should…be…addressed:
Atsuko…Matsuoka;…1-18-1…Kam�yoga,…Setagaya-ku,…Tokyo…
158-8501,…Japan;…Tel:…+81-3-3700-9268;…Fax:…+81-3-3707-6950;…
E-ma�l:…matsuoka@n�hs.go.jp

Bull. Natl. Inst. Health Sci., 128,…65-70（2010）  Note

Fig. 1　Chem�cal… structures… of…A…and…B,… the… two…ma�n…
components…of…CMBA
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２−３．Cytotoxicity test （Colony formation assay）
　CHL…cells…were…seeded…at…50/well… �n…24-well…plates.…
After…24-h… �ncubat�on,… they…were… treated…w�th…a… test…
chem�cal…or…veh�cle…control… for…s�x…days.…The…colon�es…
formed…were…fixed…w�th…methanol…and…sta�ned…w�th…3%…
G�emsa…solut�on.…The…number…of…colon�es…on…each…well…
was…counted,…and…the…relat�ve…surv�val…was…calculated…
based…on…compar�son…w�th… the…control… colon�es.…The…
cytotox�c…potent�al…of… the…chem�cal…was…expressed…as…
the…concentrat�on…at…wh�ch… the…relat�ve…surv�val…was…
50%…of…control…（IC50）.…The…IC50…value…was…calculated…by…
the…prob�t…method.

２−４．Chromosome aberration （CA） test
　Cells…were… seeded… at… 1.5… x… 105/plate…（60…mm… �n…
d�ameter）…and…�ncubated…at…37°C…for…17…h.…They…were…
then…treated…w�th…a…test…chem�cal… for…24…or…48…h,…and…
colcem�d…（0.2…lg/ml）…was…added…for…the…final…2…h.…For…
metabol�c… act�vat�on,… cells…were… treated…w�th…a… test…
chem�cal…for…6…h…�n…the…presence…or…absence…of…S9…m�x3）…

（K�kkoman,…Noda,… Japan）…and… cultured…w�th… fresh…
med�um…for…another…18…h…w�th…colcem�d…added…for…the…
last…2…h.…The…S9…fract�on…was…prepared…from…the…l�vers…
of…Sprague-Dawley…rats…pretreated…w�th…phenobarb�tal…
and…5,6-benzoflavone.…The…final…concentrat�on…of…the…S9…
fract�on…was…5…v/v%.…Chromosome…preparat�ons…were…
made…as…reported…prev�ously4）.…All…sl�des…were…coded,…
and… the… number… of… cells…w�th… structural…CAs…was…
counted…for…100…well-spread…metaphases…w�th…a…modal…
chromosome…number…of…25… ±…2.…The…number…of…cells…
w�th…numer�cal…CAs…was…counted…on…100…metaphases.…
In…our…h�stor�cal…database4）,…the…frequency…of…CHL…cells…
w�th…structural…CAs…or…polyplo�dy… �n…both…untreated…
and…solvent-treated…negat�ve…controls…d�d…not…exceed…
4%.…The…exper�mental…groups…were…judged…as…negat�ve…
�f… the… total… CA… frequency… was… less… than… 5.0%,…
�nconclus�ve…�f…�t…was…5.0…to…up…to…10.0%,…and…pos�t�ve…�f…
�t…was…10.0%…or…more.…The…number…of…m�tot�c…cells…was…
counted… for… 1000… cells.… Relat�ve…m�tot�c… �ndex…was…
calculated…based…on…compar�son…w�th… the…number…of…
m�tot�c… cells… �n… controls… to… show… the… concurrent…
cytotox�c�ty.…Solvent−treated…cells…served…as…the…nega-
t�ve…control.…Exper�ments…were…performed…tw�ce,…and…
representat�ve…data…are…shown.

２−５．Micronucleus （MN） test
　CHL…cells…were…seeded…and…�ncubated…as…they…were…

�n…the…CA…test,…treated…w�th…a…chem�cal…for…24…or…48…h…
�n…the…absence…of…S9…m�x…（because…there…was…no…effect…
�n…�ts…presence…�n…the…CA…test）,…and…harvested…�mmed�-
ately.…MN…preparat�ons…were…made…as…reported…prev�-
ously5）.…The…cells…were…sta�ned…by…mount�ng…�n…40…lg/
ml…acr�d�ne…orange…�n…phosphate-buffered…sal�ne…（PBS）…
and…were…�mmed�ately…observed…at…400…x…magn�ficat�on…
by… fluorescence… m�croscopy… w�th… a… model… N�kon…
Ecl�pse…E600…and…a…B-2A…filter…block.…All… sl�des…were…
coded,…and…they…were…observed…and…judged…as…reported…
prev�ously6）.…Br�efly,… the…number…of…MN…cells…among…
1000… �ntact… �nterphase…cells…was…counted.…Cells…w�th…a…
ma�n…nucleus…and…a…s�ngle…MN…were…categor�zed… �nto…
two…groups:…those…w�th…a…MN…whose…d�ameter…was…less…
than…one-th�rd…of… the…ma�n…nucleus…and…those…w�th…a…
MN…whose…d�ameter…was… one-th�rd… to… one…half… the…
d�ameter…of…the…ma�n…nucleus.…A…cell…w�th…two…or…more…
MN…was…recorded…as…a…mult�…MN…cell.…In…add�t�on,…we…
exam�ned…1000…total…cells…and…scored…polynuclear…（PN）…
cells,… �nclud�ng…polynuclear…cells,…karyorrhect�c…cells,…
and…b�nucleates,… and…m�tot�c…（M）…cells.…Exper�ments…
were…performed… tw�ce… and… representat�ve…data… are…
shown.…We… analyzed… the… data… us�ng… a…v2-test… for…
treated…versus…control…groups.

３．Results
　F�bers…of…CMBA…prec�p�tated…�n…the…culture…med�um…
are… shown… �n…F�g.… 2.… S�ngle… and…bundled… f�bers… are…
shown…rang�ng…from…around…2…to…33…lm…�n…length.
　Chrysot�le…B,…w�th…an…IC50…of…0.398…lg/ml…was…much…
more…cytotox�c…than…CMBA,…w�th…an…IC50…of…11.0…lg/ml…

Fig. 2　Phase… contrast…m�crograph… of… f�bers… of…CMBA…
prec�p�tated…�n…the…culture…med�um…after…�ts…DMSO…solut�on…
was…added…
S�ngle…and…bundled…fibers…are…shown…rang�ng…the…length…from…
around…2…to…33…lm.…Bar…�nd�cates…50…lm.
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（F�g.…3）.…As…fiber…concentrat�ons…are…typ�cally…g�ven…�n…
lg/cm2,…those…�n…lg/cm2…are…added…�n…parentheses…for…
chrysot�le…B…�n…graphs…and…a…table.
　To…show…the…fiber…length…of…CMBA…and…chrysot�le…B…
quant�tat�vely,…we…measured… them…as… follows:… the�r…
suspens�on… �n… the… culture…med�um…was…placed…on…a…
glass…m�croscope…sl�de,…covered…w�th…a…cover…sl�p,…and…
then…photographed…under…a… l�ght…m�croscope.…Length…
of…fibers…was…measured…on…the…enlarged…photo…pr�nts.…
The…fiber…length…d�str�but�on…of…CMBA…and…chrysot�le…
B…�s…shown…�n…F�g.…4.…CMBA…and…chrysot�le…B…showed…
d�fferent… d�str�but�on… patterns.… The… f�ber… length…
d�str�but�on…of…CMBA…spread…broadly…ma�nly…from…3…to…
15…lm.…77%…of…the…fibers…was…shorter…than…or…equal…to…

15…lm.…On… the… other…hand,… chrysot�le…B… showed… a…
d�str�but�on…w�th…a…peak…at…1…lm…and…85%…of…the…fibers…
was…shorter…than…or…equal…to…5…lm.…In…th�s…connect�on,…
T�mbrell…reported…that…97%…of…the…fibers…of… the…UICC…
chrysot�le…B…was…shorter…than…or…equal…to…5…lm7）.
　In…the…CA…test,…CMBA…�nduced…polyplo�dy…after…6-,…
24-,…and…48-h…treatment…w�thout…S9…m�x…�n…a…concentra-
t�on-dependent…manner…（Table… 1）.…The… concurrent…
cytotox�c�ty…under… the…cond�t�ons…was…not… strong…as…
shown…by… the…relat�ve…m�tot�c… �ndex.…CMBA…d�d…not…
�nduce…structural…CAs…under…any…exper�mental…cond�-
t�ons.…CMBA…d�d…not… �nduce…CAs…at… concentrat�ons…
lower…than…6.25…lg/ml.…
　Chrysot�le…B,…on…the…other…hand,… �nduced…polyplo�dy…

Fig. 3　Cytotox�c�ty…of…CMBA…and…chrysot�le…B……
Values…are…expressed…as…mean…±…SD…for…four…wells.…F�gures…�n…
a…parenthes�s…�nd�cate…concentrat�ons…�n…lg/cm2.

Fig. 4　F�ber…length…d�str�but�on…of…CMBA…and…chrysot�le…B…
The…average…length…of…CMBA…fibers…was…10.95…lm.

Table 1　Chromosome…aberrat�on…test…of…CMBA

T-Ra

S9…m�x
Concentraton polyplo�d Cells…w�th…chromosome…aberrt�onb（%） Relat�ve…m�tot�c…

�ndex（%）（h） （lg/ml） cells（%） ctg ctb cte f osb cse Total
6…-…18 − 0

20
40
60
80

2
12
15
25
10

1
0
0
2
0

0
0
1
1
1

0
0
2
0
1

0
0
0
0
0

0
1
1
0
0

0
0
0
0
0

1
1
4
3
2

100
127
104

　80.0
　92.0

6…-…18 ＋ 0
20
40
60
80

0
1
4
3
3

1
1
1
1
1

0
0
0
0
1

0
1
0
1
1

0
0
0
0
0

1
0
0
0
0

0
0
1
1
0

2
2
2
3
3

100
　85.6
　97.5
　99.2
105

24…-…0 − 0
　 6.25
　 12.5

25
50

0
1

12
26
23

0
0
2
0
0

1
0
1
0
1

0
0
1
0
0

0
0
0
0
0

0
0
0
0
0

1
0
0
0
0

2
0
4
0
1

100
137
159
123
105

48…-…0 − 0
　 6.25
　 12.5

25
50

2
1

16
46
40

0
0
1
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
0
0

100
　71.2
　48.1
　65.4
　59.6

aTreatment…and…recovery…t�me.… bctg,…chromat�d…and…chromosome…gaps;…ctb,…chromat�d…breaks;…cte,…chromat�d…exchanges;… f,…
fragmentat�on;…csb,…chromosome…breaks;…cse,…chromosome…exchanges.
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under…all… the…exper�mental…cond�t�ons…（Table…2）.…The…
lowest… concentrat�ons… that… �nduced…polyplo�dy…were…
ten… t�mes…h�gher… �n… the…presence…of…S9…m�x… than… �ts…
absence.…Chrysot�le…B…�nduced…structural…CAs,…but…at…a…
low…frequency.…
　We…observed…b�-,…tr�-,…tetra-,…and…hexa-nuclear…cells…�n…
MN…preparat�ons…after…treatment…w�th…CMBA…（F�g.…5）…
and… after… treatment… w�th… chrysot�le… B…（data… not…
shown）.
　CMBA…�nduced…a…small…but…stat�st�cally…s�gn�f�cant…
�ncrease… �n… the… frequency…of…MN…cells… after…24-… and…
48-h…treatments…（F�g.…6）.…Surpr�s�ngly,…the…frequency…of…
PN…cells…�nduced…was…about…50…t�mes…the…control…value.…
B�nucleates…were…prom�nent…at…both…24-…and…48-h,…after…
wh�ch…the…rat�o…of…polynuclear…cells…among…the…PN…cells…
�ncreased.…CMBA…d�d…not… s�gn�f�cantly… �ncrease… the…
frequency…of…M…cells.
　Chrysot�le…B…�nduced…the…s�m�lar…pattern…of…MN,…PN,…
and…M…cells…as…CMBA…（F�g.… 7）.…The…only…d�fference…
from…CMBA… �n… the…MN…test…was… the…concentrat�ons…
tested.

A B

C D

Fig. 5　CHL…cells…treated…w�th…CMBA…�n…MN…preparat�ons…
A,… �ntact… �nterphase…cells… and…a…m�tot�c… cell… observed… �n…
control.…B…and…C,…A…b�nucleate,…a…tr�-nuclear…cell…w�th…an…MN,…
and…a…hexa-nuclear…cell…w�th…a…MN…observed…after…treatment…
w�th…CMBA…at…20…lg/ml…for…48…h.…D,…a…b�nucleate…and…a…tetra-
nuclear…cell…observed…after…treatment…w�th…CMBA…at…40…lg/
ml… for…48…h.…MN…preparat�ons…were…sta�ned…w�th…acr�d�ne…
orange.…Yellow… �nd�cates…nucle�…and…chromosomes…and…red…
�nd�cates…cytoplasm.…Bar…represents…20…lm.

Table 2　Chromosome…aberrat�on…test…of…chrysot�le…B

T-Ra

S9…m�x
Concentraton polyplo�d Cells…w�th…chromosome…aberrt�onb（%） Relat�ve…m�tot�c…

�ndex（%）（h） （lg/ml） （lg/cm2） cells（%） ctg ctb cte f osb cse Total

6…-…18 −
0
0.5
1
5

10
30
50

0
　0.12
　0.25

1.2
2.5
7.4

12

1
7

13
28
44
29
20

0
0
1
2
2
0
0

0
0
0
2
2
2
0

0
0
0
1
2
0
0

0
0
0
0
0
0
0

0
0
0
1
3
0
2

0
0
0
1
0
0
0

0
0
1
7
6
2
2

100
88.9
87.8
82.2
62.2
51.1
42.2

6…-…18 ＋
0
0.5
1
5

10
30
50

0
　0.12
　0.25

1.2
2.5
7.4

12

1
0
2
4

10
11
15

1
0
1
0
1
1
0

1
0
0
0
1
1
0

2
0
0
0
0
2
1

0
0
0
0
0
0
0

0
0
0
0
0
0
1

0
0
1
0
1
0
0

3
0
2
0
3
3
2

100
101
120
117
108
93.5
79.2

24…-…0 − 0
0.5
1
5

10
30

0
　0.12
　0.25

1.2
2.5
7.4

2
7

10
25
32

1
2
1
0
0

0
0
2
0
0

0
0
2
0
0

0
0
0
0
0

0
1
2
0
2

0
0
0
0
0

1
3
5
0
2

Tox

100
138
117
72.1
74.4

48…-…0 − 0
0.5
1
5

10
30

0
　0.12
　0.25

1.2
2.5
7.4

1
9

15
39
30

0
0
5
0
3

0
1
2
1
7

0
0
1
0
4

0
0
0
1
0

0
0
2
0
4

0
0
1
2
1

0
1
7
3

11
Tox

100
93.0

144
126
86.0

a,…b…See…the…footnote…�n…Table…1.…Tox;…cells…were…k�lled.



Needle…fibers…of…an…azo-dye…m�xture…�nduce…polyplo�dy…�n…a…Ch�nese…hamster…cell…l�ne…CHL 69

manner… �n… the…CA… test,… although… the�r… f�ber… length…
d�str�but�on…was…d�fferent… from…each… other… str�ctly…
speak�ng.…Kosh�…et…al.8）… reported… that…a… s�ze-selected…
sample…（81%…of… f�bers…was… less… than…5…lm… long）…of…

４．Discussion
　We… found… that…CMBA…and…chrysot�le…B…showed…a…
s�m�lar…�nduct�on…pattern…of…MN,…PN,…and…M…cells…�n…the…
MN… test,… and…both… �nduced…polyplo�dy… �n… a… s�m�lar…

Fig. 6　Results…of…the…in vitro…MN…test…w�th…CMBA…for…24…h…（top）…and…48…h…（bottom）…
The…left…graphs…show…the…number…of…MN…cells/1000…�ntact…�nterphase…cells.…The…m�ddle…graphs…show…the…number…of…PN…cells/1000…
total…cells,…�nclud�ng…b�nucleates,…polynuclear…cells,…and…karyorrhect�c…cells.…The…r�ght…graphs…show…the…number…of…M…cells/1000…total…
cells.…*P…<…0.05,…**P…<…0.01.

Fig. 7　Results…of…the…in vitro…MN…test…of…chrysot�le…B…
See…legend…to…F�g.…6.…F�gures…�n…parentheses…�nd�cate…concentrat�ons…�n…lg/cm2.
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UICC…chrysot�le…B…�nduced…34%…polyplo�dy…at…10…lg/ml…
after…46-h… treatment.…Our…result…was…cons�stent…well…
w�th…the�rs.
　In…a…prev�ous…study6）,…we…showed…that…clastogens…can…
be… d�st�ngu�shed… from… aneugens… �n… the… MN… test…
accord�ng…to…the�r…�nduct�on…pattern…of…MN,…PN,…and…M…
cells.…Aneugens…were…always…accompan�ed…by…a…h�gh…
frequency… of…M… cells.… V�ncr�st�ne… �nduced… a… h�gh…
frequency… of… MN… and… M… cells… �n… add�t�on… to… the…
�nduct�on… of… PN… cells.… CMBA… and… chrysot�le… B,…
however,…were… clearly… aneugens,… but… they…d�d…not…
�nduce…M…cells.…We…can…est�mate…that…the…mechan�sm…of…
polyplo�dy…�nduct�on…by…CMBA…may…be…d�fferent…from…
that…of…v�ncr�st�ne.
　We…exper�enced… a… s�m�lar… response… of… b�nucleate…
�nduct�on…by…2-phenylbenzotr�azole−type…water…pollu-
tant…（PBTA-2）,…wh�ch…has… cytochalas�n…B…（Cyt…B）
-m�met�c… act�v�ty9）.…At… f�rst… CMBA… seemed… to… be…
s�m�lar…to…PBTA-2…�n…�ts…�nduct�on…pattern…of…MN,…PN,…
and…M…cells…�n…the…MN…test.…But,…CMBA…was…d�fferent…
from…PBTA-2… �n…polyplo�dy… �nduct�on… �n… the…CA…test.…
PBTA-2… �nduced… 12%…polyplo�dy… at…most… only… at… a…
h�ghest…concentrat�on…of…100…lg/ml.…On…the…other…hand,…
CMBA… �nduced… polyplo�dy… �n… a… concentrat�on-
dependent…manner…w�th…an…example…of…46%…at…25…lg/
ml.…Chrysot�le…B…also…�nduced…polyplo�dy…�n…a…concentra-
t�on-dependent…manner…w�th…an…example…of…44%…at…10…
lg/ml.
　One… mechan�sm… for… the… format�on… of… b�-… and…
mult�nucleated…cells… �s…attr�buted…to…hydrophob�c�ty10）.…
Chrysot�le…B… �s…a…m�neral,… so… that…was…not… the…case.…
Inh�b�t�on…of…act�n…polymer�zat�on…could…be…a…mechan-
�sm.… If… so,… format�on… of… contract�le… r�ngs…would…be…
�nh�b�ted…result�ng…�n…no…cleavage…furrows…at…telophase,…
but…we…could…observe…cleavage… furrows…after…CMBA…
treatment,… even… at… 40…lg/ml…（data… not… shown）.…
Croc�dol�te… f�bers…block…cytok�nes�s…but…not…cleavage…
furrows11）… and… that… could… lead… to…b�nucleates.…That…
m�ght…also…be…the…case… for…CMBA.…Needle…crystals…of…
v�tam�n…B2… �nduce…polyplo�dy…（32%…at…150…lg/ml）… �n…
CHL/IU…cells12）,…apparently…by…phys�cally…fix�ng…the…cell…
shape…and… thereby…prevent�ng…normal…m�tos�s.…Th�s…
mechan�sm…seems… to…be…s�m�lar… to… that…of… the…paper…
above11）.
　In…the…present…study,…the…uptake…of…fibers… �nto…cells…
was… not… �nvest�gated.… Internal�zat�on… of… f�bers… �s…
cons�dered…to…play…an…�mportant…role…�n…the�r…cytotox�c…

and…genotox�c…effects.…Further…stud�es…are…needed…to…
substant�ate…the…find�ngs… �n…the…present…study…and…to…
understand…the…mechan�sm…of…polyplo�dy…and…b�nucle-
ates…�nduct�on…ment�oned…above.
　In… the…pract�cal…use…of…CMBA,… �t… �s… commerc�ally…
ava�lable…as…a…water…solut�on… for… text�le…dye�ng.…That…
suggests…that…there…may…be…a…very…low…poss�b�l�ty…for…
us… to…be… exposed… to… f�bers… of…CMBA… �n… the…dye�ng…
�ndustry.…CMBA…should…be…handled… carefully…when…
manufactured…�n…a…factory.
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