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SUMMARY

Time nuetaboiically formed gluculommidle of N-hydroxy�2�acetylanminofiuoremme (N-by-

droxy-AAF) is cleaved at the N-O bommd in reactions in vitro at pH 7 with methmionine,

tryptophan, and guamuosine. These reactions of the glucuronide (N-G1O-AAF) are similar

to, but considerably slower timan, those witim esters of N�imydroxy-AAF such as

acetoxy-AAF.

At pH 7 the major product of either N-acetoxy-AAF or N-GlO-AAF with metimiommine is

3CH:iS-AAF. At pH levels greater thamu 7, N-GlO-AAF also yields considerable amoumuts

of 3-CH3S-2-aminofiuorene (3-CH3S-AF). Neitimer N-hydroxy-AAF nor the triacetyl

methyl ester of N-GlO-AAF gives significant reaction with metimiommine at pH 5-9; with

N-hydroxy-2-anuimuofiuorene the reaction with metimionine to yield 3-CHS-AF increases

markedly below pH 5.5.

The reaction of N-GlO-AAF with guanosine appears to yield a nuixture of N-(guano-
sin-8-yl) -2-acetylaminofluorene (the predominant product with N-acetoxy-AAF) and N-

(guanosin-8-yl) -2-aminofluorene. Time ummmcimaracterized products formed by reaction of

N-GlO-AAF or N-acetoxy-AAF with tryptophan appear to be similar.

Tumor development did not occur witimin 12 months after repeated! subcutaneous in-

jections of either time sodium or cupric salt or of the triacetyl methyl ester of N-GlO-AAF

into female rats. Under the same conditions N-hydroxy-AAF induced high incidences of

tumors in the subcutaneous tissue, mammary glands, and ear duct glands.

Whether or not metabolically formed N-GiO-AAF is involved in the formation of pro-
tein- and nucleic acid-bound fluorene derivatives in vivo and in tumor induction by AAF

and N-hydroxy-AAF requires further imuvestigation.

INTRODUCTION caicimmogemmic metabolite of 2-acetyiamino-
fluomene (AAF) omm time basis of its forma-

A -Hydroxy-2-acetyiammnofluorene (A - tion in vivo and its greater carcinogenic

hydroxy-AAF) is regarded as a proximate activity as conmparedl to that of AAF (1-7).

1 Present address: Fels Research Institute, Recent findings have suggested that esteri-

Temple University Scimool of Medicine, Plmila- fication in. V1V0 of N-imydroxy-AAF may
delphimm, Pennsylvania 19140. lead to the ultimate carcimuogenic metab-
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olite (s) . Thins, two symutimetic esters of

N-hmydmoxy-AAF, N-acetoxy-AAF and N-

benzoyloxy-AAF, are mmmore carcimmogenic at

time site of sumbeutammeoums in�ectiomm iim time rat

timan is A-imvdmoxv-AAF (E. C. Miller and

1’. A. i\Iiller, ummpumbii�lme(I (lata) . Fuirtimer-

immome, these conmpounds and time iV-sulfate

of AAF ame very reactive in vitro at PH 7

�vitim certain tissume nucleophiles (mumethio-

mmmc ,tryptophamu, tyrosine, cysteimme, amid
guammosimue, either free or imm nuacmomole-
cules) ,wimile �V-hydroxv-AAF immis little om
no reactivity umudem timese comuditiomms (8-11).

Evidemuce that meactive estems om sinmilamlv

meactive forms of �\-imvdmoxv-AAF are

fomnied in vivo was obtaimmedi fuommi the oh-

servatiomm that 3-metimvlmercapto-AAF (3-

CiT:.SAAF) , aim in vitro pmoduiet of time

ieactiomm of esters of A-lmydmoxv-AAF with

metlmiomuine (10), also camm 1)e liberated fromum

time liver proteimm of mats fed! N-iiydroxv-
AAF (12) . Simmuilarly, a mumajor pm’oduet 01)-

taimied by emmzymatic degradatiomm of the
liver RNA from mats injecte(! with N-
iuyd!moxy-AAF-9-14C Imas time sammue ehmommma-

tographic properties (12) as N- (guamuosin-

8-yl) -2-acetylarnimmofluomemme, formed in

vitro by time meactiomm of .V-acetoxy-AAF

amid! gumammosimme (8, 9)

Time glucummomuide of N-hydmoxy-AAF (N-

GlO-AAF) (see Fig. 1) in time urine of

rats amid! rabbits and time bile of rats fed

N-imvdmoxy-AAF imas beemm isolated and!

chmaiactemizei! i)y living and co-wom’kers

(13-17). Iii time view of its quantitative

impomtammce as a nmetahohite amid its stmumc-

tural simumilarity to time syntimetic esters of

N-imydroxy-AAF, time meactivity amud car-
cimmogemmicity of this glucurommide have beemi
immvestigated. As repomted in timis papem, N-

GlO-AAF imas a definite, timoimgim low, me-

activity toward several of time nueleopluiles

attackedi 1)y time esters, but it imas not.

l)mOved to 1)e camcimmogenic �vlmeim admmis-

teme(l to rats by sumbcumtammeouis immjection.

MA’rl:IIIALS AN!) MET1I( )D5

(‘lie in ica!.s.2 N - ilydmoxy - A A F (umu.p.

151 ) 3, 18), .V-iuymlroxy-2-ammmimuoflumomemue

2 The .rncIting points wire (‘St inmated to ± 10

from the slopes of t lie mill nig (ur\(’s obtained

(N - imydroxy - AF) ( I 8) , N - acetoxy - AAF

(nip. I I 0#{176}) ( 10� ,time tmiaeetyl mmmetimyl ester
of N�GlO�AAF: (mum.p. 166#{176})(13), 3-CH3S-

AAF (mmm.p. 165#{176})(10, 19), and 3-CH3S-AF”

(mi-up. I 18#{176})(19) were symmthesized by time

mmmetimods imudieatedl imu time reference cita-

tiomms. .V-GlO-AAF was isolated fm’om time

uriime of ral)bits givemm lamge omal closes of
AAF om’ N-hydmoxy-AAF (14, 15). Time

afluoll)imous so(.hiummmu salt of �V�GiO�AAF

(14) and time cupric salt of N-GlO-AAF
were used for time carcinogenicity tests. Time

eupuic salt of N-GlO-AAF was mmmade by

dissolving time sodiunm salt in nmethanol (100
nul/g) and addimmg a stoicimiometric amount

of a solutiomm of cupric acetate ummonoimydrate

iii nuetimammol. rfhme cupmic salt was then pre-
cipitated by addition of 5 volumes of dry

ether, collected, washed with ether and

dried iii VOCHO. Crystalline sodium salt of

N-G10-AAF (15, 17) was used for the in

vitro studies.
In vitro studies. All time incubations were

carried ouit at 37#{176}in a nitrogen atmosphere

in a glove box witim time nmedia indicated in
time tables. In all cases time fluorene corn-

poummds were d!isso!vcd, inmrnediately before
use, iii solvent (water or ethanol for the

glucumonide, etimanol or acetone fom the

otimer dlemivatives) wlmiehm had been flushed

with mmitmogemm. Timese solutiomms were adlde(l

to nitrogemm-fluisimed meaction media. Wimen

either mac!ioactive gumanosine (8_1iC,

Seimwamz BioResearcim, Orangeburg, New
Yomk, or 8�uuH, Nuclear Chicago, Chicago,

Illiimois) or L-tmyptopiman-3-14C (New Emug-
iammd Nuclear, Boston, Massachusetts) was

time imucleophuile, 50-200 � of each reaction

mmuediummm was chmmommmatograpimed on a cellu-

Recent studies of time mmuclear magneti( reso-

mmance spectrum of timis compound indicate that it

is a nmixture of the nuethyl and etimyl esters. Ap-

�iaiently some transesterification occurred in time

reaction of mcthyl(tri-O-acetyl-a-D-glucopyranosyl

bromide) uronate with time potassiunm salt of

N-imydroxy-AAF in absolute ethammol umnder sliglmtly

alkaline conditiomms (13).

We are grateful to Dr. T. Lloyd Flet(her of

the University of Washiimgton. Seattle, Washing-

toim. for sanmples of 3-CH:S-AF and 3-CH:S-AAF.

with time Aecunmelt apparatus (American Inst ru-

nient Co.).
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lose (Brimmknuamm MN300GF2�.1 ) thuin-layer
plate iii n-bumtammol-acet.ic acid-water (50:

11:25 by voluimme). After time plate was

dried in a streanm of warmmu air, eaclm chmo-
matograimu was mumarked! with visumalization

umider ultraviolet ligimt amid! eaeim cellumlose

fraction (0.5-2 cmii) was transferred quanti-

tativeiy to 10 mmml of scimmtillatimug fluid.5

Media timat contained all time immgmec!ients

except a fluomemme derivative weme simmmiiamly

incubated �tii(1 eimronuatogra�)iuedl ; time radio-

activity iii timese fractions was subtmact.ed

fromum timat of time cormespommd!ing fractious of

time eimromuuatogmaimms frommu samples that comu-

taimued a fluomene (lemivative. Under these

commditiomms time R,.. manges of time conupoumuds

(bottom to top of eacim spot) were as fo!-

lows: tryptophan pmodumcts, 0.67-1 .0; gua-

flOsine, 0.35-0.44; amid guammosimme products,
0.55-0.70 (low R1..) and 0.75-0.95 (imigim

R1.) . Tmyptopimamm immigrated as a bamud about

8 rum \\‘idle, but the nmediamm R�. varied fmommu

about 0.42 to 0.55 omu diffememmt lots of plates.
Aftem reaetiomu witim L-muuetimioimimue

(Sigmuun) ,time mumec!iumuu was extracted 3 tinues
with 15% benzemme in imexamme (Skeily Solve

B) ; these extmacts were wasimed twice with
2 N NaOIT and twice witim watem aimd evap-

orated to drymmess. Time residue was thmen

dissolved iim ethyl acetate for gas cimmoma-

tography (1 0), which pmovided a very sen-

sitive and! specific assay. Iii expem’imumemmts

witim L-mmuet imionimmc-metimyl-311 (New’ Emug-

iamud Nuclear, Boston, Massaelmusetts) the

residume was dissolved imm 15% benzemme in

imexamme amid a 0.5-mi aliquot was a(l(led to

10 nil of scintillation fluid (Liqumifluor, Pilot

Chuenmicals, Watertown, Massacimusetts) for

radioactivity c!etermmuinations.

In several experiments iuomoserine was
determined aftem meactiomi of N-GlO-AAF

witim methionimue at PH 12.5-13 (KUH) imi
water or 20% acetone for 20-24 imm. For

this purpose time meactiomm nuediumnm was mmeu-

trahzed with HCIO1, time resultammt KC1O4

was removed by cemutmifugation, amm(1 time

supernatant solution was flma(le 6 N with
respect to HC1. After incubation at moom
tenuperature for 2 iur, time soiutiomu was

‘Naphthalene, 738 g; dipimenyloxazole. 46 g;

a-naplmthylphenyloxazole, 0.46 g; xylene, 3500 mmii:

dioxane, 3500 ml; and ai)sollmte ethanol. 2100 ml.

evapomated to dlmyness aimd, after electro-

l)imomesis on l))1Pem’, ammalyzed for imonmoserine
lactomme by time nimuimydrimu meactiomu (10).

Carciiiocjen icity as.so U . Female mats witim

imuitial weights of 110-130 g of time Cimamles

River CD-rammdom-bmed stock weme imujected

subcutaneously in the m’igimt imimud leg twice

weekly for 8 weeks with eitimer 3.0 mmmgof
AT.hmy�jm.oxy_iS.�AF oi aim equnmmolam mummuount

of time sodiuimmu or cumpric salt or of time tn-

acetyl immethyl estem of N-GlO-AAF iii 0.2
ml of tmioctanoiim (Eastman Orgammic Cimemmu-

icals) . Eacim of time comumpoumuds was gmound

in a. T�1uiiite muiomtar and sUspe!mdcdl �vithm time

aid of a mumagnetic st.immer, �vitimoimt Imeat,

imm.mmmuecliatelv pmioi to use. rFime mats were
imoused! ill �)�1i5 in semeen-hottonmed cages,

givemi \Vayne Bm’eeilem Blox pellets (Allied
�\Iills, lime., Clmicago. Ihlimmois) amid water mt(l

libitummm, an(l weighed amid exammmimmed for cx-
termial tunmoms at mmmoimtimlv immtemvals. At

death all ammimmmals weme sumb�eeted to camefumi
gross examimmatiomm of time nuammunmamy tissue,

subcumtammeous injectiomm site, emim duet glamuds.

aiui! abdominal amid thmoracic organs. All
gross tumumors or otimem abmmomnmal tissues weme
fixed in iueumtral fommmmaliii, sect ioned! at 6 �,

amid stained witim imemumatoxvlimm ammdl eosin.

WTe ate gmatefuml to Dr. henry Pitot of time
ljmmiversit.v of W’iseonsimm for time imistological

dhiagmmoses. Time tumimor immcidemmces are i)me-

sente(1 as of 12 imuommtims. All time ammimals in-

jected witim N-imylmoxy-AAF died witim tim-
mmmoms prior to timis timmme, wimemeas 45 of time

48 imijected with glueumommicle pmeparatiomms

and all time eommtrols imm�ected only with

tnioctammoin w’em’e still alive. Time livers of time

surviving mats were examumined by lapatot-
onmv at 12 mmmommths.

RES ULTS

As rnuelm as 1.3% of .V-0�)-AAF was

converted! by reaction with mmmethionimuc to

3-CH�S-A.AF w’imemm time react lomu was cam-

m’ied out iii time absemmee of aim omgammie

solvemmt (Table 1) . Aclditiomm of cit her etima-

mmol to a concemmtmatiomm of 13% om of acetone

to a conceiutnatiomm of 30% reduced time

yields to 0.7 amid 0.1 %, respectively. Tlmis

reaction was indepemmdemmt of time pH from

pH 5-9. Ummder time saimme comuditions little or
no 3-CHS-AAF was fommuued frommu time tn-
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TABlE 1

Reactions of N-GlO-.1A1’, .V-acetoxy-AA F, N-hydroxy-AAF, and

N-hydroxy-A F with met hionine at p11 5-9

Eiglmt nmicromoles of fluorene derivative, 200 j.zmoles of L-methiommimme, and 200 prnoles of sodium acetate

buffer (p11 4.5-5.5) or lris(hvdroxvniethvflaminomethamie buffer (p11 7-9) were incubated under nitrogen in

3.0 ml of water, 13% ethanol or 30% acetone for 22 hr at 370#{149} 3-CH,S-AAF amid 3-CH3S-AF were determined

gas chromnalographicallv after extract iomm into benzene-lmexane. A 0.01% reaction could be detected under

these conditions; “0’’ indicates that less thati this percentage of react ion occurred. The data reported for

each solvent systemmm were (mi)laimme(l in a single experiment. The data for N-U1O-AA1’ in water, for all the

cornpouimds iii 13% ethanol, and for N-C1O-AAF and N-AcO-AAF in 30% acetone have been replicated in

at. least one other experimeimt.

Percemmt fluoremme derivative converted to

3-CH25-AAF iii 3-( �11�S-AF in

13% 30% 13% 30%
Iluoione deriva I i ye 1)11 \Va er ethanol acetone Waler et hanoi acetone

.V-GlO-AA1” 5 - 0.6 0. 1 0.01 0.01
7 1.3 0.7 0 1 0.05 0.01 0

5 1 3 0.7 - 2.5 2.5

9 1.1 0.7 0 1 5.6 5.3 1.2

Triacetvl met imvi ester of 5 - (1 0 (1 0

N-( ilO-AA1’ 7 - 0 0 - 0 0

9 - 0 0 -- (1 0

.\-Acetox�-AAl’ 5 64 66 0 0
7 .�. 56 72 -- 0 0

30 24 - - (13 0 1

A-llydroxv-AAI’ 5 . - 0 0 (1 0

7 0 0 - 0 0

9 - 0.1 0 - 0.1 0.2

N-Ilydroxy-AF’ 4.5 - (1 -- -- 3.9

5 - (1 0 -� 1.0 1.0

5.5 - - 0 � - 0.4
7 0 0 0.2 0.2

9 - 0 0 -- 0.1 0.5

acetyl methyl ester of N-GlO-AAF, N-

iuydmoxy-AAF, or N-imydroxy-AF. On time

other imand, N-acetoxy-AAF reacted mumuch

more strongly than time glucum’oimide, so that

24-66% was converted to 3-CH3S-AAF.

The relative reactivity of N-acetoxy-AAF,
as compared to that of time glucumonide, is

even greater than is indicated by thus corn-

parisomi, since time reaction with time umustable

N-acetoxy-AAF was lineam for about 2 hr

in 13% ethanol, while time reactiomu witim the
stable glucuronide was nearly himmear for 2-

3 days under these eoimditions. Time timree
solvent systemmms were used to accommodate
the different solubilities of time fluorene

derivatives. None of the compounds except
N-GiO-AAF was sufficiemmtiy soluble to

carry out time meactiomm in water, and time

tniacetyl methyl ester of N-GlO-AAF and

N-hydroxy-AF w’ere muot completely in

solution in time 13% ethammol system.

At pH 5 or 7 very little 3-CH3S-AF was

formed by incubation of N-GlO-AAF with
methionimue, wimereas 2.5 and 5.5% of the

glucuronide reacted! to yield this product at

pH 8 and 9, respectively. In other expemi-
nuents iii which time reaction was carried out

itt pH 12.5-13, 10-20% of the giucuronide

was converted to 3-CH1S-AF; in these cx-

periments equinmolar amounts of homo-
serine also were liberated. These data indi-
cate that the 3-CH3S-AF is released from a

sulfonium intermediate in the same manner
that 3-CH3S-AAF is released from the



N-G�O-A4F

O OH

HO

pH91 CH3

O��O�N�D
CH3 � R\,CH3

R + CH3

�,OH

ROH +

3- CH3S-AF

ROH

witim mumetimionimme were foumudl at pH 7 or 9.
Low levels of 3-CH1S-AF were formed

on immcuh)ation of A-hiy(lroxy-AAF or N-
acetoxy-AAF at pH 9 ; nomme was detected
at pH 5 or 7.

Like N-acetoxy-AAF (8, 9, 11), N-GlO-

AAF also reacted with guammosine and! tryp-

topiman (Table 2) , but to a much siumaller

extent. The products obtained with trypto-
phan iuad the sammue R1� range as those oh-

served for time four products obtaimmed by
reaction with N-acetoxy-AAF.6 In the case

of guanosine, approximately one-timird of
the product nuigrated with amm R1� of 0.75-
0.95, while two-thirds migratedl w’ithu a

of 0.55-0.70. Comparative assays with gua-
nosine-8-1’C amid guanosine-8-3H simowed

thmat neither product retained time imydmogen
in time 8-position of guanosine (Table 3).
This finding and tiueir R,� values indicate

that the high RF product is N-(guanosin-
8-yl)-AAF, the major product obtained on

reaction with N-acetoxy-AAF, and the low

R� product is N- (guanosin-8-yi) -AF (9).
The identification of time low R1�. product is

further substantiated by its brighmt blue

fluorescence, which is also exhibited by N-
(guanosin-8-yl) -AF (9).

The reactivity in vitro of N-GlO-AAF
and its formation as a major metabolite of
N-iuydroxy-AAF in time rat prompted tests
of its carcimmogenicity. For thus purpose the

sodium and cupric salts and the t.riacetyl

methyl ester of N-GlO-AAF were imujected
subcutaneously twice weekly for 8 weeks

into female rats. While N-hydroxy-AAF in-
duced malignant tummmors imm all rats (mam-
mary amid ear duct gland carcinomas and

sarcomas at the injection site), the salts of
N-GlO-AAF and its triacetyl methyl ester

have not yielded significant tumor immci-

dences i)y 12 nuontims (Table 4’h. The livers

Time reaction of .V-acetoxv-AAF with L-trvptO-

phan yields four mminimydrin-positive products,

�vhicim are not coimmpletely separated on cellulose in
the butanol-acetic acid-water system. Thin-layer

chronmatographv on silica gel witim 40% methanol

in beimzene resolves time mixture into three com-

ponetmts. On rechromatography on silica gel with
absolute methanol, one of these fractions is re-

solved into two l)roducts. Time characterization of

these 1)roducts is in progress.

Fia. 1. Probable nmcchanism for the formation

of 3-CH�S-AF, 3-CH,S-AAF, and imomoseritme

(ROH) from N-GlO-AAF and methiomne (R-S-
CH3) at pH values of 5-9. The reactions of

metimionine and its peptides with N-acttoxy-AAF

are discussed by Lotlikar et a!. (10).

intermediate formed by meactioim of N-

acetoxy-AAF with methmionine (10) (Fig.
1). With short-term incubations decomumposi-
tion of the suifonium derivative with alkali
is required to obtain nmaxinmum yields of
3-CH3S-AAF (10). Treatment with alkali
was avoided in time expeninments reported in
Table 1, since decomposition of the sul-

fonium derivatives was not a limiting factor
with incubation times of 22 hr and since
work-up of reaction mixtures containing
N-GlO-AAF in the presence of alkali
tended to generate snmall anmounts of
3-CH3S-AF.

The reaction of N-imydroxy-AF with
methionine to yield 3-CH3S-AF is strongly
dependent on the imydrogen ion concentra-
tion. The extent of the reaction increased
froni 0.4% at pH 5.5 to 3.9% at pH 4.5
(Table 1). This marked effect of small
changes in pH probably explains our failure
to detect the reaction in our earlier test
(10). Only low reactions of N-hydroxy-AF

GI�UCtTItONIi)E 01’ N-HYI)ROXY-2-A(ETYLAMINOFLUORENE 151
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N-ACETOXY- AAF

H3G�C�Ij�N �1�t

RCH3 -CH3COO

pH 5-9

R.#{247},.CH3

CH4

R CH3

OH

+

“CH3

3 GH�S-AAF
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TABLE 2

Reuctions of .V-GlO-;l .1 F, .V-hydroxy-11AF, and .V-h�idroxy-.tF wit/i

met/iio,iine, tryptophan, and qoa.nostne at ph 7

One nmicromole of nuileophile, time designated amount of uluorene dierivative, and 5 pnioles of p11 7.0
sodium citrate bolTer were incul)ated in 0.6 nil of 16% ethanol at 37#{176}under nitrogen. The percentage of

reaction was based on time limiting reactant; i.e., the fluorene derivative in experiments 1-5 and the nude.-

Oj)iIile in experiment 6.

ExJ)t.

No.

l�imiorerie clemivat ive

(�nmoles

Ii (Ill )at i( Ii

t mc

(hmr)

Percent reaction with 1 pnmole of

Metlmionine

(%)
Tryptophan

(%)

(‘� uanosine

high R1 Low Hf

(%) (%)

1-5

6

.V-GlO-AAF, 0.2

.V-Acelxv-AA1”, 0.2

.V-G1O-AAF’, 4

.V-hlvdixy-AA1’, 4

.V-llydroxy-AF’, 4

20

20

70

70

70

0.4 ± 0.2

3() ± 1.0
-

-

-

1.5 ± 0.4

59 ± 5

9.()

<0.5

<0.5

0.5 ± 0.2 1.4 ± 0.4
65 ± 5 1.0 ± 0.5

2.4 3.5

<0.15 <0.3

<0.15 <(1.3

of time rats imijected witim time sodium or
cupnic salts of N-GlO-AAF were grossly
normmual. The livers of most of time rats

injected! witim time triacetyl metimyl ester of

N-GlO-AAF comutained multiple biiiary

cysts; simmuilam cysts hmave beemm observed in

the livers of rats timat were imujected with
low levels of N-imydroxy-AAF amid that sur-
viveil for otme year on lomuger (E. C. Miller
amid ,J. A. Miller, unpublished data)

I)ISC USSION

Time attack of N-G1O-AAF omm nuetimio-

nine, tryptopimami, and guanosimme at pH 7
appears to yield! time same products as those

formmmed by esters of N�hydlm.oxy-AAF (8,
11), although time reaction of time glucuro-

nide occurs at a comusiderabiy slower rate.

1mm time reaction betweemm N-GiO-AAF and
gumamuosimue, N- (guamuosin-8-yl) -AAF and N-

(guanosimu-8-yl) -AF are formed in time pro-

pom-tion of about 1: 2, whmihe in time reaction
of N-acetoxy-AAF, N-(guaimosin-8-yl)-
AAF commst.itutes imiore timan 95% of the

product. The N-acetyl gm-oup of the glucu-
ronide is readily labilized in weak alkali
(17), amud it is possible timat steric factors

in time appmoacim of time two relatively large

molecules. N-GlO-AAF an(l guanosnme, also
immcrease time lability of time N-acetyl group.

As in time case of time esters of N-hydroxy-
AAF (8-10), time reactions of the glucuro-
nide do not appear to depend on its

degradatiomm to N-iuydroxy-AAF and N-
imydroxy-AF. N-Hydroxy-AAF gives little
om� mmo reaction at l)H 5-9. N-Hydnoxy-AF

TABlE 3

Rea(tion of .\-GIO-.1 .tF mi’it/m qoa.nosine-8-’H (tad t/ii(t!iOsiii(-8-#{176}C at /)11 �

F;:nlm reaction mixt tire commtained 1 ��mole of guanosine and 5 �zmoles of pH 7.0 5O(litlfli cit rate hiufTer in

0.6 nil of 16% ethanol. Incuhatiomms weic (arried out at 37#{176}under miii rogen ; time l)elcentage of reaction was

based on the limiting reactant..

Expl .

No.

.V-( l()-A.�1’
(��moles)

Incubation

time

(hi)

Percent ieatt IOu

iligh Hp !)rOdlti(t 1.�.uw Hp product

S-’40 S-�H S_�4C 8-311

1 0.2 66 1 .5 0.2 3.0 0. 1

2 4.0 64 2.6 0.1 4.3 0.5
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TABLE 4

Assay of ca.reinoyenieity of .V-GlO-.l .fJi’ by repeated subcutaneous injections in female rats

Trioctanoin (0.2 ml) containing 3.0 nig of A-hmydroxv-AAF or an equimolar amoumit of a giucuroimide

derivative was injected subcutaneously twi(e weekly for S weeks. Each group containe(l 16 fenmale rats witim

initial weighmts of 110-130 g.

Nummmbeu of rats wit ii

N ummmher of rats\ Iarnmarv Sai( iuimas (1 Far du(t glaun I

(atciumomas iiijectiomm site (arciumomas alive aui(h

tuiimor-fuee

limjection 7 mo 12 mu 7 mu 12 mo 7 030 1 2 mm 12 nmmm

A-Ilydroxy-AAF 4 6 6 9 5 7 0

.V-GlO-AAF (Na salt) (1 0 () 0 0 0 16

.V-G1O-AAF ((‘u salt) 1 1 0 0 0 0 14”

N-GlO-AAF triacetvi 0 0’ 0 (1 0 0 15

methyl ester

Solveumt only 0 0 0 0 0 0 16

a Oume benign mammary tumor was found at 11 Imlontlms.

� One died with generalized lympimouna at 12 months.

is moderately meactive with mmmetimionine

(Table 1) and w’itim nucleic acid-guanine
(20) , at 1)H levels of 5 oi less, but simows

mucim less reactiomm at l)H 7 om at time alka-
line pH levels that favor time formumation of

3CH:�SAF fmommmN-GlO-AAF auth mmmetlmio-
nimme. Time mmmost l)m01)tti)le explammatiomm of time
latter reaction appears to i)e an alkali-

catalyzed! nuigratiomi of time N-aeetyl group

of ,V-GiO-AAF to time glucumommic acidl ior-

tion, �)mobably to time 2’ position (17), with

the 2’-O-acetyl glucurommide of N-imydroxy-
AF serviimg as time immtemmmmediate in time re-

action witii mmuetiuionine (Fig. 11.
Time type of mmueleoplmihic substitution in-

volved in time reactions of time glucuronide

has mmot been detemnmimmedl. Time reduction of
time reaction rate witim methmiommimme witim in-
creases in the commcentration of organic
solvemut suggests, however, that amm iommiza-
tion mmmechanismmm d!epemmdent omu time dielectric

comustant and time iomm-solvatimmg io�ver of time

solvent is involved.

The reactivity of N-GlO-AAF with tissue
nucleopimiies is of particular immtemest immview
of its role as a lmiajor metabohite of N-

hydroxy-AAF iii species susceptible to cam-
cinogenesis by AAF or N-hydroxy-AAF (1,

6, 13, 18). While the reactivity of N-GlO-
AAF is low, as compared to that of esters

of N-hydroxy-AAF, the stability of time

glucuronidle amid its fonimmation jim large

anmoummmt.s in vivo suggest that time meaction
of time glucurommi(le with tissue commstituemmts

eouk! be of immuportammee in cancimmogemmesis

by N-imydroxy-AAF. This possil)le mole of

time giuicuronide as an ultimumate carcinogenic
mumet.abolite is miot, suppomted, imowever, I)y

time available dlat.a oim time carcinogemuicity of
time glumcumrommide (Table 4) ; muevemtheless,

these mmegative data also couidl resumlt frommu

too rapid absorptiomm ammd excretion of time
admmmimmistened glumcuromuide, and further tests

are mmeedle(I.

�Vote added in proof: Durimmg mommthms 14

amid 15 after time immitial imujeetiorm, sameommias

were found at time injectiomu sites imu 4 rats
w’imicim received! time tmiaeetvl methyl estem
of N-GlO-AAF amud iii 1 rat iii eacim group
treated! witim the soc!iurmm on cupnic salt of
N-GIO-AAF.
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