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Some aromatic amines are known to be carcinogenic . For instance, benzi-
dine and /i-naphthylamine, used in the dye industry, often caused bladder
cancer of occupational origin (Clayson, 1964) . Today industrial use of both
chemicals is legally restricted in many countries, !

The mutagenic activity of the urine of animals to which aromatic amines
were given was investigated in the Salmonella/mammalian-microsome test
developed by Ames et al . (1975). The results were as follows . (1) Urinary
metabolites of some aromatic amines can be strongly mutagenic although the
amines themselves are weak mutagens . (2) Even if an aromatic amine is not
mutagenic, its urinary metabolites may show mutagenicity .

Urinary metabolites of 4 aromatic amines were tested . Benzidine was given
by the Engineering Research Laboratory, Today Industries Inc . o-Tolidine (3,3'-
dimethylbcnzidine), aniline, and o-toluidine were purchased from Wako Pure
Chemical Industries Ltd ., Osaka (Japan) . In addition, 4'(N-acetylantino)-4'-
aminobipllenyl, or N-acetylbenzidine, was synthesized as a benzidine metabo-
lioto be found in urine . Each chemical, except N-acetylbenzidine, was admin-
istered orally to male Sprague-Dawley rats . The dose given was 80 mg/kg for
benzidine and o-tolidine, and 300 mg/kg for aniline and o-toluidine . Following
the administration of the chemicals, urine was collected during the first 24 h .
The urine was adjusted to pH 7 and was extracted with ether . After the ether
was evaporated, a dried residue was obtained as urine extracts (Table 1) . The
urine extracts were dissolved in dimethyl sulfoxide and were used for the muta-
genicity assay . The mutagenicity of the unne extracts, as well as that of the
chemicals, was tested on Salmonella lyphin:urium TA98 and TA100 . S9 min
was prepared from male Sprague-Dawley rats treated with polychlorinated
biphenyl, Further, the urine extracts from rats treated with benzidine were
analyzed by high-pressure liquid chromatopapny and IR spectroscopy .

The mutagenic activity of the chemic`: in vitro is presented in Table 2 .
Table 3 presents the mutagenic activity of the urine extracts for each test ma-
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Ahit1U NT OI VIt INE E\i'RAC7'S FR Ohl it AT6 TRIA11,31 WITH AROS%A TIC AMINE S

C1 r,nn,.,l Gust ., do u

• per ra t

•(50,5,6)

24-h urine

W-1

OH).

U . . veE per +a l

(n,ilset

None - 23,6 13 .6 2 .6 1 1 .2

Rensidrne s0 24 7 127 3 .9 2 1 .7

o-Tol,d,ne s0 22 .3 2 9 .9 3 .8 1 1 4

Aniline 300 19 .7± 10 .6 3A 1 4

n-TN. idu,c 300 21 .7 2 11 .2 3 .4 2 1 . 4

-v r S .U . from 9 -12 animals .

terial . The mutagenic activities of benzidine and o-tolidine were both consider-
ably greater in urine than in vitro . Neither aniline nor o-tohlidiueshowed inu-
tagenic activity in vitro . However, Urinary metabolites of both chemicals were
nlutageuic (Table 3) . Chemical analysis showed that N-acetylbenzidine existed
in the urine extracts from rats treated with benzidine . The mutagenicity o f

TABLE 2

SIVTAGENICITY OF AROh1ATlt ASIINES IN VITR O

Chemical Dos e

Wslpiate)

Histidivt-positive rnarl*mrs per plate a

TA9s TAIOO

-39 *09 -S9 .30

Nerve - 24 40 136 141

anni dine 60 19 96 119 184

100 22 135 111 175

200 21 222 122 206

600 27 301 154 26 8

1000 22 482 132 49 9

o-7btidlne 60 23 92 126 15 0

700 17 118 134 14 6

200 is 151 144 14 8

660 25 225 132 15 1

1000 20 290 140 16 0

An,hnr 60 22 42 183 14 2
100 21 48 126 12 7

200 20 46 128 12 9

500 19 60 130 13 6

7000 22 46 126 12 8

o-Tmluidme 60 25 45 137 13 0

100 21 43 140 127

200 22 42 142 142

600 21 40 127 139

1000 20 39 135 140

NAcctrlbrnaidine 1 Is 84 136 160

5 37 350 140 I49

20 32 2 140 127 422
100 20 4530 135 149 0

a Average of 2 separate Eapts .
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TAOLE 3

NUTAGENICITY (IF URINE Ex7'11ACTS FROM I(A1'S TREATED WITH A11O\1 ATIC A\HN1 : S

Urine caused WE) o.- ll,sliJ,nr yuvuvr rerrrtanlt per plate a

409/0"t .)
7•A98 TA100

-S9 *S9 -59 e59

UK Icontrpn b 100 27 36 120 136
1000 25 40 132 128

UK (benxidu,rl c 10 24 165 118 12 4

25, 25 323 124 224

60 18 740 137 288

100 22 1720 139 44 5

200 23 3800 161 806

Ur to-t ul~d~ne) 10 40 210 125 13 6

21, 45 306 140 15 6

60 41 524 197 31 0

100 76 1140 280 57 0

200 88 2240 310 840

VE (aniline) s0 25 60 123 12 4

100 35 130 134 14 3
200 40 250 142 13 7

600 28 66) ISO 166

1000 its 424 139 169

UL IC-tchildtne) 50 21 76 136 1l a

100 20 100 124 11 2

200 28 150 124 124

600 26 259 130 133

1000 24 303 116 123

S Average of 2 separatt Exists-

is Urine extract obtained from rats to which no chemical war sinep .

e Urine extratl obtained from rata to which beneidine was given .

N-acetylbenzidine itself was very strong in the presence of S9 mix (Table 2) .
Coupling urine samples to the Salmonella mutagenicity assay was initiated

by Durston and Ames (1974) and Commoner et al . (1974) . Although the tech-
nl ue has not been used so widely, it has brought about useful information for
the study of metabolism and carcinogenesis of aromatic amines. The urine
extract made with ether includes not only metabolites of a given chemical but
also normal metabolites of substances other than the test material . How much
of the urine extract is due to the metabolites of the given chemical is not clear,

partly because all the metabolites of the chemical could not be identified in the
present study and partly because the amount of the urine extracts from individ-
ual control rats varied considerably (Table 1) . However, if the urine extract as a
whole showed stronger mutagenicity than the corresponding chemical, we

could imagine that there was at least a metabolite whose mutagenicity was
more active than the original chemical . The phenomenon was observed for both
benzidine and o-tolidine.

Today N-hydroxylation is regarded as the initial and essential process for the
carcinogenesis of aromatic amines (Miller, 1970) . N-Hydroxy-4-acetylaminobi-
phenyl, a metabolite of 4-anlinobiphenyl, was found as a strong carcinogen b y
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Miller et al . (1961)- The knowledge that N-acetylated compounds are main

lmctaholitcs of benziditlc has act•tuuulated in recent years (Kellner et a] ., 1973 ;

Morton et al ., 1979). Our experimental results are interesting in the light of

those finilmgo . A'- :\cetylhenziclint• found in unne might conceivably be metabo-

lized to A'-hydroxyacetylbenzidinc in the presence of S9 mix thereby becoming

a strong im L-ti en .

Aniline was once considered a causative agent of bladder cancer (Rchn,
1895) . Although this was denied later, the National Cancer Institute (U .S .A.)
reported that aniline could produce tumors in rats (Federal Register, 1979) . It
is interesting that neither aniline nor o-toluidine was mutagenic when tested in
vitro, while urinary metabolites of both substances were mutagenic . In consid-
eration of the carcinogenicity of aromatic Refines the mutagenic activity of
urine samples is important and fill of suggest ions .
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Direct-acting frameshift mutagens have been detected in air-pollution samples
from urban localities in the United States, Europe, and Japan 14,5,7,10,111 .

These substances, yet to be identified chemically, are borne on aerosolized
mixtures of variously-sized soot particles. It is of interest to investigate the

relationship between airborne particle size and mutagenic content because of
the tendency of the smaller particles to become entrapped in the lung
parenchyma 161 . Preliminary data collected in a Los Angeles study indicated
that respirable-sized particles may be more mutagenic than the larger-sized

particles 13) . We have completed a study of the mutagenicity of variously-sized
pollutant particles collected in Durham NC and will present the results in this

report .
13 samples of airborne particulate matter were collected between June 1978

and January 1979 by Lester Spiller and his associates at the U .S . EPA air

sampling site located in Durham NC, Each sample consisted of the mass
collected by 4 Andersen 2000 samplers 12,8] operated for 120-168 It at now
rates of 20 cubic feet of air per minute. The particulate matter was separated .

into 5 fractions and deposited on the stages of the samplers : Stages 1-4,

loaded with aluminum foil filters coated with propylene glycol, collected the
particles ranging from 7-11 microns (stage 1), 4 .7-7 microns (stage 2), 3.3-

4 .7 microns (stage 3), and 2 .1-3 .3 microns (stage 4); backup filters (glass fiber

or Tefloncoated fiber) collected the smaller-sized particles . Elect roil-in icro-
scopic examination of particles deposited on thg filters confirmed that the
samplers were operating according to manufacturer's specifications . Freshly
collected samples were scaled in tight containers and shipped to Riverside for
extraction and bioassay . The filters from corresponding stages were combined
and extracted 6 h with acetone in Soxhlet apparatuses 110] . The extracts were

concentrated in vacuo, weighed, and redissolved in volumes of DMSO appro-
priate for mutagenicity testing .

Initial experiments were done to select the Ames' Salmonella lypllitn(t
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