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SUMMARY

In extension of previous work, several noncarcinogenic
or weakly active arylamides have been converted by
synthetic /V-hydroxylation to /V-acylarylhydroxylamines
which were highly oncogenic for the rat. The carcinogens
produced in this manner included /V-hydroxy-3-fluore-
nylacetamide, /V-hydroxy-2-fluorenylbenzenesulfon amide,
and /V-hydroxy-4-biphenylylbenzamide. The findings sup
port the view that metabolic /V-hydroxylation is obligatory
for the activation of arylamides. Structural features which
appear to determine the oncogenicity of /V-acylarylhy
droxylamines are the size of the aryl moiety, which must
exceed a limiting size, and the position of the nitrogen
(and therefore of the acyl group) relative to the aromatic
system. The oncogenicity of /V-hydroxy-2-fluorenylbenza-
mide for local sites has been confirmed by gastric intu
bation. Under these conditions, this carcinogenic hydrox-
amic acid induced predominantly neoplastic lesions of the
forestomach of the rat. The oncogenic potential of /V-ace-
toxy-2-fluorenylbenzamide, an analog of the carcinogen,
/V-acetoxy-2-fluorenylacetamide, has been assessed by the
p.o. route in a preliminary test of the role of the esterifi-
cation of /V-disubstituted hydroxylamines in carcinogen-
esis.

INTRODUCTION

Previous work has shown that noncarcinogenic aryl
amides, such as /V-2-fluorenylbenzamide or /V-(7-hy-
droxy-2-fluorenyl)acetamide, are transformed to highly
potent carcinogens for the rat when the amide hydrogen
is replaced by the hydroxyl group, i.e., by synthetic A'-hy
droxylation of the amide to the corresponding arylhy-
droxamic acid (11, 12). These findings have given strong
support to the concept that metabolic /V-hydroxylation,
in furnishing a biologically active molecule, is an oblig
atory step in carcinogenesis by aromatic amides (27). As
an extension of this work, a number of other weakly or
moderately active arylamides have been /V-hydroxylated
by synthetic means, and the activities of the resulting
/V-acylarylhydroxylamines have been determined in the
Holtzman rat. The results of these experiments give an

indication of the structural features required for the
carcinogenicity of these compounds.

The 2nd part of the experiments was carried out with
2 objectives in mind. The 1st was the assessment of the
activity of the carcinogen, /V-hydroxy-2-fluorenylbenz-
amide, judged previously to be locally active by the p.o.
route (12). The 2nd objective was the evaluation of the
carcinogenic potential of /V-acetoxy-2-fluorenylbenz-
amide. This ester is an analog of the carcinogen, /V-ac-
etoxy-2-fluorenylacetamide, which has been reported to
be more active at local sites than the hydroxamic acid,
/V-hydroxy-2-fiuorenyIacetamide (28). On the basis of
these and other data, it has been postulated that the ac
tivation of arylamides involves, in addition to metabolic
/V-hydroxylation, the formation of a reactive (acetate,
phosphate, sulfate) ester (7) believed to be the "ulti
mate" carcinogen (27, 28). The interaction of the above

reactive esters with tissue nucleophiles, such as methio-
nine in proteins (24) or GMP in nucleic acids (20), is
currently regarded by some investigators as 1 of the pos
sible molecular events in the initiation of neoplasia by
aromatic amides (27, 28). The availability of /V-acetoxy-
2-fluorenylbenzamide offered the opportunity to submit
this hypothesis to a test by comparing the carcinogenicity
of /V-acetoxy-2-fluorenylbenzamide at or near the site of
application to that of /V-hydroxy-2-fluorenylbenzamide.
The results of this test form a part of this report.

MATERIALS AND METHODS

Melting points were taken on a Fisher-Johns melting
point apparatus and are uncorrected. Infrared and ul
traviolet absorption spectra were recorded with Beck-
man IR-10 and DK.-2 spectrophotometers, respectively
(Beckman Instruments, Inc., Los Angeles, Calif.) Silica
Gel Gp254 for thin-layer chromatography was purchased
from Brinkman Instruments, Inc., Westbury, N. Y.
Analytical thin-layer chromatography was carried out on
20- x 20-cm plates. The thickness of the adsorbent was
0.25 mm.

Preparation of Known Compounds. /V-Hydroxy-2-
fluorenylacetamide (I)2, m.p. 149-151Â°(26); /V-hydroxy-

' This investigation was supported by USPHS Research Grant
CA-02571 from the National Cancer Institute.
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2The chemical structure of each compound appears in Tables 1, 2,

and 3, and may be located by the number in parentheses following the
name of the compound in the text. Where /V-acylarylhydroxylamines
and the corresponding arylamides were tested in parallel experiments,
the /V-acylarylhydroxylamines are distinguished from the amides by
subscripts.
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3-fluorenylacetamide (Ila), m.p. 132-134Â° (38); N-hy-
droxy-1-fluorenylacetamide (Ilia), m.p. 70-80Â° (38);
2-nitrosofluorene (V), m.p. 79-80Â° (23); /V-hydroxy-
phenylbenzenesulfonamide (Villa), m.p. 121-123Â°(31);
/V-hydroxyphenylacetamide (IX), m.p. 66-67Â° (1); and
/V-hydroxy-2-fluorenylbenzamide (Xa), m.p. 187-190Â°

(12); were prepared by the published procedures. The
infrared spectra of different batches of /V-hydroxy-2-
fluorenylacetamide (I), when measured as a solid in
KBr, exhibited marked variations of the absorption pat
tern, although the preparations were equally pure as
judged by elemental analysis. Absorption due to theC = O group was observed at 1620 to Â¡645cm"1. In the

latter instance, there was a prominent maximum at 1135cm"1 as well as bands of medium strength at 1250 and
1280 cm"1. In solution (chloroform), the spectra of all

preparations were identical. The carbonyl absorption wasat 1635 cm ~' ; absorption at 1135 cm ~l was very weak and
the bands at 1250 and 1280 cm"1 were virtually absent.
yV-1-Fluorenylacetamide (III), m.p. 194-195Â°(37), was

synthesized by the rearrangement (38) of the oxime of
3,4-dihydrofluorene-l(2//)-one (29). /V-3-Fluorenylacet-
amide (II), m.p. 194-196Â°(37); jV-2-fluorenylbenzamide
(X) (13), m.p. 223-224Â°; and benzenesulfanilide (VIII),
m.p. 110Â°(15) were prepared by acylation of 3-fluo-
renamine, 2-fluorenamine, and aniline with acetic an
hydride, benzoyl chloride, and benzenesulfonyl chloride,
respectively. The 3-fluorenamine was available from the
Huang-Minion reduction of 3-nitro-9-fluorenone (38).

Preparation of New Compounds. Arylamides were ob
tained by the treatment of the respective amines in a
suitable solvent with the appropriate acylating agent.
Similarly, the new /V-acylarylhydroxylamines were syn
thesized by the reaction of benzoyl or benzenesulfonyl
chloride with the respective arylhydroxylamines. The
latter compounds were obtained by the partial reduction
of the respective nitro compounds with hydrogen sulfide
and gaseous ammonia.

/V-Hydroxy-l-fluorenylbenzamide ill Ibi. A solution
of 1-nitrofluorene (1.0 g, 4.7 mmoles), m.p. 104 106Â°
(38), in dimethylformamide (80 ml) and triethylamine
(30 ml), which in this synthesis replaced the gaseous
ammonia, was saturated at 0Â°with hydrogen sulfide. The
mixture was kept at 0Â°for 5 hr and stood overnight at
room temperature. It was then transferred under nitro
gen to a separatory funnel and was shaken with ethyl
acetate (100 ml) and water (900 ml) which had previ
ously been saturated with nitrogen. The ethyl acetate
was washed repeatedly with water and dried (anhydrous
MgSO4). The solvent was evaporated, and the residue
was dissolved in a mixture of benzene :pyridine (7:1,
v/v). Benzoyl chloride (0.50 ml, 4.3 mmoles) in benzene
(5 ml) was added dropwise, and the mixture was stirred
under nitrogen for 6 hr. The mixture was then washed
with water and extracted with 5% sodium hydroxide (6 X
20 ml). The crude hydroxamic acid which precipitated
when the base was acidified with hydrochloric acid was
recrystallized from ethanol-water. /V-Hydroxy-l-fluo
renylbenzamide crystallized as tan plates (0.42 g, 33%

yield), m.p. 145-148Â°; '264 (f, 24,550), 303
(t, 6310) mM;A* 3160 and 2900 cm"1 (broad, Oâ€”H) and
1625 cm "'(C=O).

Calculated: C, 79.71; H, 5.02; N, 4.65
Found: C, 79.55; H, 5.38; N, 4.37

/V-2-Fluorenylbenzenesulfonamide (IV). To an ice-
cold stirred solution of 2-fluorenamine (21) (2.5 g, 13.3
mmoles) in pyridine (8 ml) was added benzenesulfonyl
chloride dropwise (2.8 g, 15.6 mmoles). The solution
stood at room temperature for 48 hr and was then
poured into ice water (300 ml). The oil which precipi
tated solidified on scratching with a glass rod. The
product was recrystallized from 95% ethanol (with char
coal) to give IV, m.p. 202-204Â°, 3.1 g, 72% yield;
Xm,u,a,,oi273((i 23,260) m// (with a shoulder at 303 mM);
1^3380 cm"1 (Nâ€”H), 1335 and 1160 cm"1 (Nâ€”SO2).

Ci9H15NO2S
Calculated: C, 71.02; H, 4.71; N, 4.36; S, 9.98
Found: C, 71.00; H, 4.61; N, 4.56; S, 10.13

Thin-layer chromatography of the compound on Silica
Gel Gp254with chloroform :methanol (99:1) as the solvent
revealed a single, fluorescence-quenching spot, R p =
0.50.

/V-Hydroxy-2-fluorenylbenzenesulfonamide(IVa). Freshly
prepared 2-fluorenylhydroxylamine (2.1 g, 10.6 mmoles)
(32) and pyridine (0.34 g, 4.3 mmoles) were dissolved in
absolute ethanol (150 ml) which had been saturated with
nitrogen (1 hr). Benzenesulfonyl chloride (0.84 g, 4.8
mmoles) was added dropwise to the magnetically stirred
solution over a period of 3 hr. A yellow precipitate was
separated by filtration and the filtrate was diluted with
water (130 ml) saturated with nitrogen. After the mix
ture stood overnight at room temperature, the precipi
tate, m.p. 137-140Â°,was recrystallized from ethanol-wa
ter to give /V-hydroxy-2-fluorenylbenzenesulfonamide,
m.p. 138-140Â°, 1.05 g, 63% yield (based on benzenesul

fonyl chloride); \%Â£ 278 (e, 22,740) and 306 (t,15,110) HIM; f^ 3480 cm"1 (Oâ€”H), 1346 and 1160
cm"1 (Nâ€”SO2). The structure of the /V-acylarylhy-

droxylamine was confirmed by reduction, with zinc dust
and acetic acid, to /V-2-fluorenylbenzenesulfonamide
(IV). The infrared spectrum of the reduced product
matched that of the authentic sample.

C19H,5N02S
Calculated: C, 67.65; H, 4.48; N, 4.15
Found: C, 67.64; H, 4.59; N, 3.94

The compound was chromatographed on Whatman No.
3MM paper with the upper phase of a mixture of cyclo-
hexane:ÃerÃ-butylalcohol:glacial acetic acid:water (19.5:
0.5:1:1) as the solvent. Prior to development, the chro-
matogram was equilibrated overnight with both phases
of the solvent system. The compound migrated as a
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single, fluorescence-quenching, light yellow spot, RF =
0.82. Analytical thin-layer chromatography of the com
pound on MN cellulose powder 300 GF2o4(a product of
Macherey, Nagel and Company, Dueren, Germany, dis
tributed by Brinkmann Instruments, Inc., Westbury,
N. Y.) with the lower phase of w-hexane:acetic acid:wa
ter (1:1:1) gave a single, fluorescence-quenching spot,
RF = 0.59. The hydroxylamine was located by the yel
low color which appeared immediately when the chro-
matograms were sprayed with a 1% solution of p-di-
methylaminobenzaldehyde in l N hydrochloric acid.
Application of the hydroxylamine to silica gel resulted in
immediate decomposition of the compound at the point
of application. The compound also decomposed when it
was dissolved in methanol. As shown spectroscopically,
2-nitrosofluorene was a major product of the decompo
sition (D. Malejka-Giganti, unpublished observations).

yV-4-Biphenylylbenzamide (VI). To a stirred solution of
4-aminobiphenyl (Aldrich Chemical Company, Mil
waukee, Wis.) (2.0 g, 12 mmoles), m.p. 52-54Â°,in pyri-

dine (25 ml) was added benzoyl chloride (2.8 g, 20
mmoles) dropwise. After the mixture stood at room tem
perature for several hours, the precipitate was collected
and recrystallized from ethyl acetate. The amide crys
tallized as colorless plates, m.p. 237-238Â°, 1.93 g, 59%
yield; Am'aV""10'288 (Â«, 36,040) m^; vâ„¢ 3350 cm"1
(Nâ€”H), 1655cm"1(C=O), 1530cm'1 (Nâ€”H).

C19H15NO
Calculated: C, 83.49; H, 5.53; N, 5.13
Found: C, 83.69; H, 5.60; N, 5.40

Thin-layer chromatography of the compound on Silica
Gel GF254 with chloroform:methanol (99:1) as a sol
vent gave a single, fluorescence-quenching spot, RF =
0.70. VI, m.p. 229-231Â°,had previously been reported as
a product of the photodecomposition of /Â»-azido-TV-ben-
zoyliminoquinone in benzene (36). The yield was 0.5%,
and the compound was characterized only by a nitrogen
analysis.

/V-Hydroxy-4-biphenylylbenzainide (Via). 4-Nitrobi-
phenyl (Aldrich) (5.0 g, 25 mmoles), m.p. 108-111Â°,was
dissolved in a mixture of dimethylformamide (300 ml)
and 95% ethanol (300 ml). Hydrogen sulfide, gaseous
ammonia, and nitrogen were passed successively through
the solution, each for 0.75 hr. After 12 hr at 4Â°the mix

ture was diluted with a large volume of water previously
saturated with nitrogen and the precipitate was washed
thoroughly with water on the centrifuge. After the com
pound had been dried in a vacuum over concentrated
sulfuric acid, the crude hydroxylamine, m.p. 147Â°(4.0
g), was dissolved in a mixture of pyridine (120 ml) and
benzene (240 ml) to which a few crystals of hydroquinone
had been added. Benzoyl chloride (3.4 g, 24 mmoles)
was added rapidly to the stirred solution. A precipitate
which formed immediately dissolved in the course of the
reaction. After stirring had been continued for 3 hr, the
solution was extracted 3 to 4 times with 0.5 N sodium

hydroxide (50 ml). The /V-hydroxy-4-biphenylylbenzam-
ide precipitated on acidification of the combined extracts
with concentrated hydrochloric acid and was recrystal
lized from 95% ethanol (with charcoal), m.p. 205 207Â°,

2.97 g; Amethanol 286 (t, 18,580) HIM; *Â£Â£3350 cm(Oâ€”H), 1640cm"'(C=O).

Calculated: C, 78.87; H, 5.23; N, 4.84
Found: C, 79.08; H, 5.20; N, 4.92

/V-4-Biphenylylbenzenesulfonamide (VII). To a solu
tion of 4-aminobiphenyl (1.98 g, 11.6 mmoles) in pyri
dine (15 ml) was added benzenesulfonyl chloride (2.2
g, 12.5 mmoles). The reaction mixture stood at room
temperature overnight and was then poured into ice
water. The precipitate was recrystallized from 95%
ethanol to give the amide as needles, m.p. 147-149Â°,
2.4 g, 66% yield, Aâ„¢"xhano1263 (t, 22,900) m?; Â»â„¢
3260 cm ^(Nâ€” H), 1335 and 1170 cm"1 (Nâ€”SO2).

C,8Hi5NSO2
Calculated: C, 69.89; H, 4.89; N, 4.53
Found: C, 69.64; H, 5.03; N, 4.67

The compound migrated on thin-layer chromatograms
developed with benzene: ethyl acetate (8:2) as a single
component, RF = 0.54. Sus et al. (36) obtained VII in
the photodecomposition of /7-azido-/V-benzenesulfonyli-
minoquinone in benzene. The yield of VII in this reac
tion was 38% and the product was characterized only by
nitrogen and sulfur analyses (36).

/V-Hydroxy-4-biphenylylbenzenesulfonamide (Vila).
Crude 4-biphenylylhydroxylamine (0.94 g, m.p. 147Â°,pre

pared as described for Via, was dissolved in absolute
ethanol (80 ml) saturated with nitrogen. Benzenesulfonyl
chloride (0.10 g, 5.7 mmoles) and pyridine (0.40 g, 5.1
mmoles) were added dropwise in succession. The reac
tion mixture was stirred overnight under a nitrogen at
mosphere. The solvent was removed at reduced pressure
and the residue was recrystallized from benzene pe
troleum ether (m.p. 30-60Â°) to give Vila, 0.55 g, m.p.
118-120Â°; x:;;lxh""01267 (Â«, 13,500) mM; ^aBxr 3450
cm'^Oâ€” H), 1350 and 1170 cm~ [ (Nâ€”SO2).

C,8H15NO3S
Calculated: C, 66.45; H, 4.65; N, 4.31
Found: C, 66.74; H, 4.75; N, 4.26

yV-Acetoxy-2-Fluorenylbenzamide (XI). TV-Hydroxy-
2-fluorenylbenzamide (2.5 g, 8.3 mmoles) (12) was dis
solved in pyridine (15 ml) and acetic anhydride (4.0 ml).
After the mixture stood at room temperature overnight,
it was diluted with water and the precipitate was col
lected and washed with water. The crude product was
recrystallized twice from benzene-n-hexane to give the
ester, m.p. 135Â°,1.23 g, 43% yield; Ar 1770 cm"1
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(Oâ€”C=O), 1660 crrT1 (Nâ€”C=O). Aâ„¢*1""""280 (t,

20,020), 303 (e, 19,020) mM.

C22H,703N

Calculated: C, 76.95; H, 4.99; N, 4.08
Found: C, 76.99; H, 5.30; N, 3.80

Thin-layer chromatography of the ester on Silica Gel
GF254 with ethyl acetate :benzene (3:7) or chloroform:
methanol (97:3) gave single, fluorescence-quenching
spots with RF values of 0.53 and 0.78, respectively.

yV-(3-Thiomethyl-2-fluorenyl)benzamide (XII). /V-Ace-
toxy-2-fluorenylbenzamide (XI) (0.36 g, 1.1 mmoles) in
dimethylformamide (5 ml) was poured into a saturated
solution of DL-methionine (5.0 g, 34 mmoles) in di
methylformamide (290 ml) and water (250 ml). The mix
ture was kept at 48Â°for 2 hr while nitrogen was passed

through the solution. After the mixture stood at room
temperature overnight, potassium hydroxide (10 g) was
added and the solution was extracted with chloroform
(3 X 20 ml). The extract was washed with water (3 X
10 ml) and dried (anhydrous magnesium sulfate), and the
solvent was evaporated. The oily residue was dissolved
in hot ethanol (10 ml) and a few drops of water were
added. The mercaptoamide separated on cooling as
white needles, m.p. 149-152Â°,0.11 g, 31% yield. Prior to

analysis the compound was recrystallized by dissolving it
in hot benzene and by adding n-heptane to incipient
cloudiness, m.p. 155-157Â°; X'lhÂ¿l"Â°l254 ({, 19,000), 283

(f, 13,700), 292 (inflection) (f, 15,000), 313 (t, 16,400)HIM;Â«wxr3350 cm'1 (Nâ€”H), 1670 cm'1 (C=O).

C2iH17NOS
Calculated: C, 76.12; H, 5.17; N, 4.23; S, 9.66
Found: C, 76.04; H, 5.30; N, 4.20; S, 9.91

The structure of the mercaptoamide (XII) was con
firmed by hydrolysis to 3-thiomethyl-2-fluorenamine (8)
and benzoic acid. A solution of the compound (XII)
(112 mg) in ethanol (8 ml) and concentrated hydrochloric
acid (3 ml) was refluxed for 5 hr. After the solution had
stood overnight, a precipitate (35 mg) which consisted of
starting material was removed by filtration. The filtrate
was diluted with water (20 ml) and then extracted with
ether (2X5 ml). The extract was dried (anhydrous mag
nesium sulfate) and the ether was partially evaporated.
The compounds in the concentrate were resolved by
preparative thin-layer chromatography on Silica Gel
GF254 (20- x 20-cm plates, thickness of adsorbent =
1.0 mm) with benzene :n-hexane (1:1) as a solvent.
The top band (RK = 0.40) was ethyl benzoate, identified
by its ultraviolet absorption spectrum (AmÃ"'10'228, 272,
280 mji) (34). The ethyl benzoate arose from the esteri-
fication of the benzoic acid, cleaved off the mercapto
amide, by the ethanol. The second band (RF = 0.15)
contained starting material (XII). In a separate hy
drolysis, the reaction mixture was basified after unhy-
drolyzed starting material had been separated. The basic

suspension was extracted with ether and the ethereal
solution was dried over anhydrous magnesium sulfate.
The ether was evaporated and the oily residue was re-
crystallized from ethanol. 3-Thiomethyl-2-fiuorenamine
crystallized as colorless plates (5 mg); i/â„¢xr3440, 3360
cm'1 (Nâ€”H, free). The ultraviolet absorption spectrum
(X'Â±T' 255, 291, 325 mM) matched that of the amine

derived from the hydrolysis of yV-(3-thiomethyl-2-fluo-
renyl)acetamide (8). /V-(3-Thiomethyl-2-fluorenyl)acet-
amide prepared by the reaction of /V-acetoxy-2-fluo-
renylacetamide with DL-methionine (24) usually con
tains small amounts of the o-isomer, 7V-(l-thiomethyl-2-
fluorenyl)acetamide (28). This presumably explains why
crude 7V-(3-thiomethyl-2-fiuorenyl)acetamide obtained in
this reaction exhibits, in our experience, a wide melting
range (>10Â°). After the 1-isomer has been separated by

repeated crystallizations of the crude material from
ethanol-water, the /V-(3-thiomethyl-2-fluorenyl)acetamide
purified in this manner has the sharp melting point
[163-165Â°(24) or 164.5-165.5Â° (8)] reported in the lit

erature. Because of the consistently sharp melting point
of XII, it seems unlikely that it was grossly contaminated
with the o-isomer, /V-(l-thiomethyl-2-fluorenyl)benzamide.
However, the presence of trace amounts of the 1-isomer
in our preparations of XII has not been completely ex
cluded. In any event, XI appears to react as readily with
DL-methionine as /V-acetoxy-2-fluorenylacetamide.

Animals and Diet. The rats used in these studies were
purchased from the Holtzman Company, Madison, Wis.
The animals which received the compounds i.p. weighed
60 to 70 g at the start of the experiments except the male
rats, which were given injections of /V-hydroxy-2-fluo-
renylacetamide. Since immature male rats tolerated this
hydroxamic acid poorly, it was necessary to use in this
series rats weighing initially approximately 100 g. In the
experiments in which the compounds were administered
by stomach tube, the initial weight of the animals was
125 g, except in the case of ;V-acetoxy-2-fluorenylbenz-
amide, in which the extreme toxicity of the ester ne
cessitated the use of larger animals. The rats were caged
individually in a constant temperature (26Â°)room and had

free access to water and the standard diet (20% casein)
used previously (12). During the period of administration
of the compounds, the animals were weighed 3 times
weekly and once weekly thereafter.

Administration of Compounds. The compounds were
administered as suspensions in the 0.9% NaCl solution-
acacia vehicle previously described (12). The compounds
which were injected i.p. (1.0 mg compound/0.1 ml ve
hicle) were given in 12 doses (3 times weekly for 4 weeks)
at a level of 4.5 mg compound/100 g body weight/injec
tion. For the highly potent carcinogens, a schedule of 12
doses at a level of 2.3 mg compound/100 g body weight/
injection was also used. In the tests by the p.o. route the
compounds were administered by stomach tube at a
level of 8.0 mg compound/100 g body weight 3 times
weekly. In order to limit the volume of the administered
suspension, the concentration of compound in the ve
hicle was increased from 1.0 mg compound/O.I ml ve-
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hiele to 1.25 to 1.50 mg compound/0.1 ml vehicle. When
the toxicity of the compounds resulted in a loss of body
weight, the frequency of administration was reduced or
the administration was suspended until the animals
showed an increase in weight.

Duration of Experiments and Gross and Microscopic
Examination of Tissues. All tests were terminated at the
end of 12 months unless stated otherwise. In cases in
which tumors became extensively ulcerated or necrotic,
the animals were sacrificed before the date of termina
tion. At the time of death of the animals or at the com
pletion of the test, the animals were autopsied. The tu
mors, lungs, liver, kidneys, and, in several instances, the
gastrointestinal tract were preserved in buffered forma
lin and sectioned subsequently. The sections (5 to 6 ÃŸ
thickness) were stained routinely with hematoxylin-eosin.

RESULTS

Data concerning the effects of arylamides and of the
corresponding A'-acylarylhydroxylamines on the growth

of the Holtzman rat are presented in Table 1. Since
many of the animals died from debility resulting from
neoplasms or were sacrificed because of large tumors, the
comparison of the growth rate was based on the weight
gain during the initial 2 months of the test. At 2 months
all the animals were alive and showed no gross evidence
of tumors. The initial rates of growth thus presumably
reflected the relative toxicities of the administered com
pounds. While the i.p. administration of the arylamides
remained without effect on growth, when compared to
controls receiving the vehicle alone, several of the hy-
droxylamines inhibited growth markedly. Thus, in com
parison to the weight gain after the injection of nearly
equimolar doses of the parent amides, /V-hydroxy-2-fluo-
renylbenzenesulfonamide (IVa), TV-hydroxy-3-fluorenyl-
acetamide (Ma), and A'-hydroxy-l-fiuorenylbenzamide

(Illb) decreased the growth by 32, 15, and 11%, re
spectively. A marked growth depression by A'-hydroxy-
2-fluorenylacetamide (I), which served as a standard in
the carcinogenicity tests, had been observed previously
(12) and was confirmed in the present experiments. On
the other hand, Ar-hydroxy-l-fluorenylacetamide (Ilia),
/V-hydroxy-4-biphenylylbenzamide (Via), and 7V-hy-
droxyphenylacetamide (IX) were not toxic, as judged by
the weight gain of the rat. The toxicity of W-acylaryl-
hydroxylamines seems to vary over a wide range and
apparently may not be deduced from a consideration of
the chemical structure alone.

The data also failed to show a consistent relation be
tween toxicity and carcinogenicity. Thus, although A'-hy-
droxy-2-fluorenylacetamide (I), /V-hydroxy-l-fluorenyl
benzamide (Ilib), yV-hydroxy-3-fluorenylacetamide (Ha),
and A'-hydroxy-2-fluorenylbenzamide (IVa) were toxic
as well as tumorigenic, /V-hydroxy-4-biphenylylbenz-
amide (Via), which was as oncogenic as the above com
pounds, was not toxic on the basis of the weight gain.

The carcinogenicity tests (Table I) showed, in agree

ment with previous findings on other compounds (11,
12), that a virtually inactive aromatic amide (/V-2-fluo-
renylbenzenesulfonamide, IV) may be transformed to a
highly potent oncogenic agent (A^-hydroxy-2-fluorenyl-
benzenesulfonamide, IVa) by synthetic A'-hydroxylation.
The inactivity of /V-2-fluorenyl-p-tosylsulfonamide has
already been reported (33). The majority of the aryl
amides in which the aromatic portion of the molecule
consisted of the fluorene or biphenyl system exhibited
weak to moderate activities (Compounds II, III, VI,
VII). In these instances, the oncogenic potency was,
without exception, increased several-fold by synthetic
A'-hydroxylation. However, enhancement of the activity
of arylamides by A'-hydroxylation appeared to be re

stricted to compounds in which the aryl moiety exceeded
a critical size. Thus, disubstituted hydroxylamines in
which the phenyl group replaced the fluorene or bi
phenyl system displayed only weak or marginal activity
(Compounds Villa and IX). This is likewise in accord
with previous data (12). Aside from the above limitation,
A'-acylarylhydroxylamines were generally far stronger

carcinogens than the parent arylamides. The present ex
periments, in conjunction with the earlier results, give
strong support to the view that metabolic A'-hydroxyla

tion activates arylamides (27, 28) and may be obligatory
for the induction of neoplasia by aromatic amides.

The determination of the carcinogenicity of A'-hy-
droxy-2-fluorenylacetamide (I), run as a standard under
the conditions of the present experiments, enabled us to
relate the activities of other A'-acylarylhydroxylamines to
that of this classical carcinogen. A'-Hydroxy-2-fluorenyl-

acetamide (I) administered i.p. to the immature female
Holtzman rat is primarily a mammary carcinogen (26). In
the present experiments, the tumor incidence, defined
here as the percentage of experimental animals bearing
1 tumor or more, was 100% when the hydroxamic acid
(I) was injected i.p. at a level of 2.3 mg/100 g body
weight (average total dose, 0.01 mmoie/rat). In the male
rat, the compound yielded intraperitoneal sarcomas, ear
duct, and liver tumors, all of which have already been de
scribed (26), and only 19% of the tumors (3 out of 16)
were neoplasms of the mammary gland.

On the basis of the tumor incidence, A'-hydroxy-3-flu-

orenylacetamide (Ha) appeared to be as carcinogenic for
the immature female rat as A'-hydroxy-2-fluorenylacet-

amide (I). However, the yield of mammary tumors after
the administration of the 3 isomer was distinctly lower (30
and 21 mammary tumors at dosages of 4.5 and 2.3 mg/
100 g body weight, respectively) than after the administra
tion of the 2-isomer (45 and 42 mammary tumors at dos
ages of 4.5 and 2.3 mg/100 g body weight, respectively).Consequently, Ar-hydroxy-3-fluorenylacetamide (Ha) was

rated as a weaker mammary carcinogen than the 2-isomer.
In contrast to A'-hydroxy-2-fluorenylacetamide (I), A'-hy-
droxy-3-fluorenylacetamide (Ila), when administered i.p.,
induced primarily mammary tumors in the male as well
as in the female rat.

The incidence and the yield of mammary tumors pro
duced in the female rat by the administration of 2.3 mg
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Table I
Carcinogenicitv ofarvlamides and of the corresponding N-acylarylhydroxylamines afler i.p. administration to the Holl:man ral

No.Compound

administered
ratsusedControl

vehicle 11.
11XX

0/

\ / \_\_C_CH12\
/ \ / 12OH

9(I)r^\-\\=/\=<J

Â°,2NHâ€”

Câ€”CH, 11(IDCr^C^^=/

^=\ ffnNâ€”
C-CH,12OH

'2Sex9399*9a99Â«Total

dose"

(mmole/rat)0.168

Â±0.099
Â±0.334
Â±0.293

Â±0.260
Â±0.232

Â±0.114
Â±0.230

Â±0.0490.0100.0420.0170.0220.0200.0140.020Weight

gain
at 2mo.*152255121128110159259135151241Â±Â±Â±Â±Â±Â±Â±Â±Â±Â±781214401131231122No.

ofbearing

rats00111293011127No.

withOfmammary

gland001

1(45)12
(42)3(3)3(3)01

1(30)12(21)6(6)of

rats
tumorsAt

other
sites0001

(l)clousy10002(2)'2(2)'Tumor

incidence(%)009210010025010010058

(Ha)

(Ilia)

(nib)

NHâ€”SO,â€”C.HS

12 0.281 Â±0.014 167 Â±9 4(4)

12 0.252 Â± 0.014 167 Â±11 8(17)

12 9 0.273 Â±0.017 148Â±8 8 8(20) 0

12 9 0.186 Â±0.020 168 Â±15 1 (1)

33

67

67

Â°The values are the means Â±S.D.
' The values are the means Â±S.D. of the differences between the initial weights of the rats and the weights at 2 months.
' One renal cell carcinoma.
*Five ear duct tumors, 4 intraperitoneal pleomorphic sarcomas, 1 squamous cell carcinoma of skin, 1 reticulum cell sarcoma involving thy

mus, liver, spleen, and kidney, and 4 liver tumors (2 cystadenomas, 2 cholangiomas).
' One embryonal blastoma of kidney, 1 fibroma of subcutaneous tissue.
'One lymphosarcoma of lung, 1 fibrosarcoma of subcutaneous tissue.
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Table I (Continued)

No.

Compound administered

No. of rats
No. of with tumors â€¢*â€¢

of Sex Total dose' Weight gain tumor- - inadea*

rats (mmole/rat) at 2 mo. bearing Of <%\
used rats mammary At other

gland Sltes

SO,â€”C.HS

(VI)

(Via)

(\â€”/ )>â€”NH-SO,â€”C.H,

(VII)

H

(Vila)

/ ^WNHâ€”S02-C,H5

12 9 0.154 Â±0.030 114 Â±22 11 11(25) 5(8)" 100

12 9 0.085 Â±0.010 127 Â±11 12 12(41) 0 100
11 S 0.057 Â±0.006 195 Â±25 7 1(1) 7(8)* 63

12 9 0.082 Â±0.009 136 Â± 14 9 9(17) 0 82

12 9 0.186 Â±0.010 153 Â±11 4 4(4) 0 33

12 9 0.194 Â±0.014 156 Â± 19 12 8(11) 5(6)' 100

12 9 0.205 Â±0.017 154 Â±18 2 1 (1) 1 (\Y 17

11 9 0.190 Â±0.026 135 Â±48 6 5(11) 1(1)* 55

12 9 0.254 Â±0.014 154 Â±20 2 2(3) 0 17

(VIII)

/ y_pj-S02â€”C,H5
^=^ OH

(Villa)

^VN-Lei!,
X=/ OH

(IX)

12 9 0.250 Â±0.014 153 Â± 18 2 2(2) 0

12 9 0.250 Â±0.036 145 Â± 8 1 1 (1) 0

17

* Five intraperitoneal sarcomas, 1 subcutaneous squamous cell carcinoma, 1 metastatic adenocarcinoma of lung, 1 renal cell carcinoma.

Two squamous cell papillomas of skin, 2 pleomorphic sarcomas of skin, 1 retroperitoneal rhabdomyosarcoma, 1 pancreatic adenocarcinoma,
2 adenocarcinomas of small intestine.

' Five intraperitoneal pleomorphic sarcomas, 1 sarcoma involving the uterine horn, thymus, and tissue about pancreas.
' One squamous cell carcinoma of skin.
*One intraperitoneal pleomorphic sarcoma.
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7V-hydroxy-2-fiuorenylbenzenesulfonamide (IVa)/100 g
body weight (average total dose, 0.085 mmole/rat) were
nearly the same as with the standard. Accordingly, N-
hydroxy-2-fluorenylbenzenesulfonamide (IVa) was judged
to be as oncogenic as /V-hydroxy-2-fluorenylacetamide
(I). Since /V-hydroxy-2-fluorenylbenzenesulfonamide de
composed in methanol readily to 2-nitrosofluorene (V),
the activity of the /V-acylarylhydroxylamine was conceiv
ably due to the nitroso compound, which is carcinogenic
locally (25) as well as at sites distant from the locus of ap
plication (14, 25) and which is under consideration as an
"ultimate" carcinogen (27). Under the conditions of the

present experiments 2-nitrosofluorene proved to be a po
tent mammary carcinogen (82% tumor incidence). How
ever, because of the considerably smaller tumor yield (17
mammary tumors versus 41 mammary tumors after the
administration of equimolar amounts of 2-nitrosofluorene
and of yV-hydroxy-2-fluorenylbenzenesulfonamide, respec
tively), it seems questionable whether 2-nitrosofluorene,
generated metabolically, accounted for the activity of the
/V-acylarylhydroxylamine. Metabolic experiments de
signed to answer this question are in progress. /V-Hy-
droxy-4-biphenylylbenzamide (Via) was a strong mam
mary carcinogen (65% mammary tumors), while /V-hy-
droxy-2-fluorenylbenzamide under similar conditions (4.5
mg compound/100 g body weight; average total dose,
0.15 mmole/rat) had induced predominantly tumors at or
near the site of application (72% of intraperitoneal sar
comas) (12). This suggests that relatively subtle changes
in molecular structure may affect the site (and possibly
the mode of action) of oncogenic /V-acylarylhydroxyla-
mines. The effect of a structural modification on onco-
genicity was also illustrated by the activity of the isomerie
/V-hydroxy-1-fluorenylacetamide (Ilia) and of 7V-hy-
droxy-1-fluorenylbenzamide (Ilib). In contrast to /V-hy-
droxy-2-fluorenylacetamide (I) or 7V-hydroxy-3-fluorenyl-
acetamide (Ha), these compounds elicited slowly growing
mammary tumors after a long latent period (10 to 11
months as compared to 3 to 4 months for /V-hydroxy-2-
fluorenyl- or 3-fluorenylacetamide). Accordingly, the test
period for these 2 compounds and for the corresponding
parent amide was extended to 15 months. Although both
compounds appeared highly active in eliciting mammary
tumors in the immature female rat (67% tumor incidence),
histological examination of the lesions disclosed a high
percentage of fibroadenomas and adenomas, classified as
benign, and a low proportion of adenocarcinomas, classi
fied as malignant. In general, the breast tumors induced
in this study presented a highly variable histological ap
pearance. The histological picture differed from animal
to animal, from tumor to tumor within a single animal,
and even from one area to another within a single tumor
mass. The variable histological picture of chemically in
duced mammary tumors of the rat has been noted pre
viously (2, 4, 10, 30, 35, 39), and various authors (2, 4, 10,
30, 35, 39) have used different criteria to define the de
gree of malignancy of these tumors. In this study, the dis
tinction between benign and malignant neoplasms was
based on a combination of the following morphological

features: (a) degree of hyperplasia, (b) irregularity of
glands and individual cells, (c) presence or lack of lobular
arrangement, (d) infiltration or invasion, (e) mitotic ac
tivity, (/) presence of solid masses or cords of tumor cells,
and (g) presence of mÃ©tastases. Fibroadenomas were
characterized by a predominance of the fibrous compo
nent and the otherwise benign appearance of the lesion
(Fig. 1). Well-circumscribed lesions of a cystic or papillary
appearance containing many small acinar structures were
defined as adenomas. The acinar structures were often
filled with colloid and lined by 1 or 2 layers of cuboidal
or low-columnar epithelial cells with low mitotic activity
(Figs. 2-4). The glands were always arranged in a lobular
pattern separated by bands of fibrous connective tis
sue and showed no invasive tendency. Lesions charac
terized by considerable hyperplasia of glandular elements
with atypical nuclei and high mitotic activity were
termed adenocarcinomas (Fig. 5). Although mÃ©tastases
were uncommon, some of the lesions showed focal infil
tration. A rating of the carcinogenicity of the 7V-acylaryl-
hydroxylamines of this study containing the fluorene or
biphenyl system based on the proportion of benign and
malignant lesions, rather than on tumor incidence or
yield, appears in Table 2. This rating scale was designated
as the "index of malignancy" and the calculation by

which it was obtained is indicated in Footnote d, Table 2.
/V-Hydroxy-2-fluorenylacetamide, which produced the
highest percentage of adenocarcinomas, was assigned a
rating of 100. The index of malignancy of the other com
pounds ranged from 91 to 54, while /V-hydroxy-1-fluoren-
ylacetamide (Ilia) and /V-hydroxy-1-fluorenylbenzamide
(Ilib) had ratings of 15 and 6, respectively. The data in
dicated that /V-acylarylhydroxylamines in which the nitro
gen occupied a para or extended para position relative to
the aromatic system induced predominantly malignant
lesions. The question whether the position of the nitrogen
relative to the aromatic system is one of the factors which
determines the carcinogenic potential of other /V-acylaryl-
hydroxylamines is currently under investigation.

The data bearing on the relative toxicities and carcino-
genicities of /V-hydroxy-2-fluorenylbenzamide (Xa), of its
parent amide, /V-2-fluorenylbenzamide (X), and of its
acetate ester, /V-acetoxy-2-fluorenylbenzamide (XI), fol
lowing gastric intubation of the compounds are summa
rized in Table 3. Ar-2-Fluorenylbenzamide (X), which had
been neither toxic nor carcinogenic when administered
i.p. (12), proved also to be nontoxic and noncarcinogenic
by the p.o. route. In contrast, /V-hydroxy-2-fluorenylben-
zamide (Xa) and /V-acetoxy-2-fluorenylbenzamide (XI)
were severe depressants of growth (XI < Xa) and are
evidently highly toxic for the rat. The tumor incidence af
ter oral feeding of /V-hydroxy-2-fluorenylbenzamide (Xa)
was the same (75%) as that observed after i.p. injection
of the compound (12). The majority of the tumors (70%)
consisted of squamous cell carcinomas of the forestomach
which were derived from the surface epithelium (Fig. 6).
The neoplasms infiltrated the stomach wall and, in nu
merous instances, penetrated extensively. When this oc
curred, the lesions assumed an anaplastic appearance.
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Table 2
The relative carcinogenic/ties of fluorenyl- and biphenylylacylhydroxylamines for the mammary gland

of the immature female rat

Compound administered"
Total - Index of
No. of Of Of ma|j

mammary benign malignant nancy''
tumors neo- neo

plasms' plasms'

C.H,

(Via)

Nâ€”SO,â€”CÂ«H5

-C,H,

(IHb)

45 20.0 80.0 100'

II

12

17

20

27.5 72.5

25 32.0 68.0

36.5

58.5

63.5

41.5

88.2 11.8

95.0 5.0

85

15

"Compounds I, Via, IVa, Ila, Villa, and Ilia were administered by i.p. injection of 12 doses of 4.5 mg

compound/100 g body weight; Compound 1Mb was given in 12 doses of 5.7 mg compound/100 g body weight.

' % benign neoplasms = No. of fibroadenomas + No. of adenomas
total number of tumors

, â€ž . No. of adenocarcinomas% malignant neoplasms = - â€”â€”- -- x 100.
total No. of tumors

% malignant neoplasms elicited by test compoundIndex of malignancy = - Â°- -- *- - - X 100.
% malignant neoplasms elicited by Compound I

'The percentage of malignant neoplasms elicited by iV-hydroxy-2-fluorenylacetamide (I) was assigned a

a value of 100.

MAY 1970 1493

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2386880/cr0300051485.pdf by guest on 19 M

ay 2023



Gutmann, Leaf, Yost, Rydell, and Chen

Table 3
Carcinogenicity of orally administered N-2-fluorenylbenzamide (X}, N-hydroxy-2-fluorenylbenzamide (Xa), and N-aceloxy-2-fluorenylbenza-

mide (XI) for {he male Holizman rat

. , 6 No. ofWeightCompound
administered" , , , rats gain'

(mmole/rat) ,used(g)Control

vehicle " 346 Â±42No.

of rats
survivingAt

At
3 7

mo.mo.11

10No.

of
tumor-
bearing

rats0No.

ofratstumorswith
iOf

gastro-
intestinal At Other

tractSltes00Tumor

incidence0

5.04 Â±0.18

4.33 Â±0.77

12

12

359 Â±94

292 Â±49

12

12

12

12 8(9) 3(4)' 75

3.75 Â±0.90 10 229 Â±56 10 1 (2) 1 (1)' 20

(XI)
"The vehicle (see text) and Compound X were administered for 6.0 and 6.2 months, respectively. Compounds Xa and XI were fed for 5.4 and

5.0 months, respectively. The tests were terminated after 15 months.
' Means Â±S.D.
'Values are the means Â±S.D. of the differences between the initial weights of the rats and the weights at the completion of the administra

tion of the compounds.
dThe numbers in parentheses are the number of tumors.
'Two rats had 3 ear duct tumors and 1 rat had 1 liver tumor.
'One rat had 1 ear duct tumor.

Tumor necrosis was common and mÃ©tastasesto the liver
were noted in one instance. The strong carcinogenicity of
the hydroxamic acid in comparison to the lack of carcino
genicity of the parent amide demonstrated again the en
hancement of the activity of noncarcinogenic arylamides
by synthetic /V-hydroxylation. The evidence now available
from 2 independent experiments also indicated that /V-
hydroxy-2-fluorenylbenzamide acts predominantly at or
near the site of application. /V-Acetoxy-2-fluorenylbenz-
amide (XI) gave a 20% tumor incidence and thus was only
one-third as carcinogenic as /V-hydroxy-2-fluorenylbenz-
amide (Xa) (Table 3). In particular, the ester did not ap
proach the carcinogenicity of the hydroxamic acid at or
near the site of application. However, because of its ex
traordinary toxicity, the p.o. administration of /V-acetoxy-
2-fluorenylbenzamide (XI) may not be the best method
for the evaluation of the true potency of the compound, as
is discussed below.

DISCUSSION

In providing new data concerning the enhancement of
the carcinogenicity of arylamides by synthetic /V-hydrox-

ylation, the present experiments reinforce the view that
metabolic /V-hydroxylation is mandatory for the initiation
of neoplasia by arylamides (27, 28). It follows that aryl
amides which are not /V-hydroxylated in vivo are not car
cinogenic. Evidence for this conclusion has come from
metabolic studies. Thus, the metabolic /V-hydroxylation of
/V-(7-hydroxy-2-fluorenyl) acetamide or /V-2-fluorenyl-
benzamide, which are noncarcinogenic for the rat, was
negligible (12). Recently, we have found that /V-3-fluor-
enylacetamide, which is only marginally oncogenic in the
rat, undergoes /V-hydroxylation by this species only at a
very low rate (H. R. Gutmann and P. Bell, unpublished
experiments). There can be little doubt that /V-hydroxyla
tion plays an essential role in the activation of aromatic
amides. In addition to /V-hydroxylation, several other
structural requirements are beginning to emerge as deter
minants of the oncogenicity of /V-acylarylhydroxylamines.
One of these appears to be the size of the aryl moiety
which must exceed a limiting size. A 2nd factor seems to
be the position of the nitrogen atom (and therefore the
position of the acyl group) relative to the aryl moiety. This
was clearly indicated by the index of malignancy, and it
seems to us that this parameter is a useful supplement to
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tumor incidence and yield in the evaluation of mammary
oncogens. Differential oncogenic activities similar to those
noted here with isomerie fluorenylhydroxamic acids have
also been observed with isomerie purine oxides (G. B.
Brown, personal communication). A 3rd requirement
which may affect the carcinogenicities of these com
pounds appears to be the cleavage of the acyl moiety from
the molecule in vivo. Thus, /V-acylarylhydroxylamines in
which the acyl moiety consisted of the acetyl, benzoyl, or
benzenesulfonyl group, i.e., of hydrolyzable groups, were
strongly oncogenic. Data demonstrating the deacylation
of /V-hydroxy-2-fiuorenylacetamide and of /V-hydroxy-2-
fluorenylbenzamide by the rat in vitro (16) and in vivo
(12) have already been published. Recent tracer studies
in this laboratory have also indicated extensive cleavage
of /V-hydroxy-2-fluorenylbenzenesulfonamide (IVa) by
rat tissues in vivo (D. Malejka-Giganti and H. R. Gut-
mann, unpublished observations). Since the 1st product
of the cleavage of these carcinogens is 2-fluorenylhydrox-
ylamine, the formation of this carcinogenic hydroxyla-
mine in vivo may, in addition to /V-hydroxylation, be
required to activate arylamides, such as /V-2-fluorenyl-
acetamide and related compounds. 2-Fluorenylhydrox-
ylamine has already been included in the list of com
pounds which may serve as one of the "ultimate" agents
derived from /V-2-fluorenylacetamide (27). Although 2-
fluorenylhydroxylamine has been found to bind to pro
teins and nucleic acids (9, 17-19), the chemical mechan
ism underlying these reactions has thus far received
relatively little attention and remains to be worked out.

The response of the female Holtzman rat to the onco
genic agents described in the present experiments de
serves comment. The immature female rat has been a
convenient test animal for the assessment of the carcino-
genicity of 7V-hydroxy-2-fluorenylacetamide and related
compounds (26). The data in the literature and those of
the present study show that /V-acylarylhydroxylamines
elicit predominantly tumors of the mammary gland in the
female rat. It is not clear, however, whether the tumors
result from the direct interaction of these compounds (or
of the ultimate agents derived therefrom) with the mam
mary tissue. Since mammary cancer of the rat can be
induced by estrogens alone (3), the action of these carci
nogens may be attributable to the stimulation of the
endocrines by these compounds and to the ensuing over
production of estrogens. One might presume that the
induction of mammary tumors by polycyclic aromatic hy
drocarbons, such as 7,12-dimethylbenz[a]anthracene, and
by /V-acylarylhydroxylamines involves similar mechanisms.
Although the role of ovarian hormones in the initiation
of mammary carcinogenesis appears to be well established
(6), 7,12-dimethylbenz[a]anthracene does not possess
estrogenic activity (6, 22). However, there are notable dif
ferences in mammary carcinogenesis by polycyclic aro
matic hydrocarbons and by /V-acylarylhydroxylamines.
While the male rat appears to be refractory to the induc
tion of mammary tumors by polycyclic aromatic hydrocar
bons (5, 6), the administration of /V-acylarylhydroxyla
mines frequently gives rise to malignant mammary lesions

in the male rat. The data of this study indicate that the
oncogenic activity of /V-hydroxy-3-fluorenylacetamide
(Ila) in the male rat is directed primarily toward the
mammary gland (75% yield of mammary tumors). /V-Hy-
droxy-2-fluorenylacetamide (I) likewise induced mam
mary tumors in the male rat, although at a lower fre
quency (17% yield of mammary tumors). The role of
estrogens in the induction of mammary tumors by /V-acyl
arylhydroxylamines would seem to be worthy of further
attention.

The low oncogenic activity of /V-acetoxy-2-fluorenyl-
benzamide (XI) appeared to contradict the hypothesis
that esterification of a hydroxamic acid and the subse
quent interaction of the ester with tissue nucleophiles are
a required step in the activation of arylamides (27, 28).
Since the local activity of /V-acetoxy-2-fluorenylacetamide
had been reported as significantly greater than that of N-
hydroxy-2-fluorenylacetamide (28), and since both /V-ace-
toxy-2-fluorenylacetamide and /V-acetoxy-2-fluorenyl-
benzamide (XI) reacted readily with DL-methionine to
give the respective mercaptoamides, it had been expected
that the carcinogenic potencies of the 2 esters would be
similar. It should be noted, however, that /V-acetoxy-2-
fluorenylbenzamide is extraordinary toxic for the rat and
that only 40% of the animals receiving the ester were
alive at the end of 7 months (Table 3). The 1st animal
that was found to have a squamous cell carcinoma of the
forestomach after the administration of /V-hydroxy-2-flu-
orenylbenzamide died 8.5 months after the initiation of
the experiment. Similarly, the single animal which exhib
ited the same type of gastric tumor after administration
of the ester lived for 9.9 months. It seems to take approx
imately 8 to 9 months for the gastric tumors to attain a
size which will be deleterious to the animal. Since most
of the animals receiving /V-acetoxy-2-fluorenylbenzamide
succumbed to the toxic action of the compound at a much
earlier date, one might argue that the extreme toxicity of
the compound vitiated the assessment of its carcinogenic
potential by the p.o. route. Accordingly, tests of the 2
compounds by other routes and at different dosages are
continuing. Irrespective of the outcome of these tests, the
carcinogenicity of /V-hydroxy-2-fluorenylbenzamide (Xa)
at or near the site of application appears to be well docu
mented. Since the esterification of hydroxamic acids by
the forestomach and by the intraperitoneal lining where
/V-hydroxy-2-fluorenylbenzamide (Xa) is carcinogenic has
not yet been investigated, the question whether /V-hy-
droxy-2-fiuorenylbenzamide requires esterification for ac
tivity remains open for further investigation.
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N-AcylaryÃ¬hydroxylamlnesin the RaÃ

Fig. I. Fibroadenoma of breast from rat given i.p. injections of /V-hydroxy-1-fluorenylacetamide (Ilia). Note predominance of
fibrous elements. The epithelial cells are in single layers and fairly regular. Lobular formations are sharply circumscribed. H & E,
X 25.

Fig. 2. Adenoma of breast from rat given i.p. injections of /V-3-fluorenylacetamide (II). Note predominance of glandular elements

arranged in a lobular pattern. A few lumina are filled with colloid. H & E, X 100.
Fig. 3. Adenoma of breast from rat treated i.p. with A'-l-fluorenylacetamide (III). Note the cystic pattern. In other cases, the

lumina are often filled with secretion. H & E, X 100.
Fig. 4. Adenoma of breast from rat treated i.p. with iY-hydroxy-3-fluorenylacetamide (Ila). Note the papillary appearance. This

tumor was sharply circumscribed and showed no invasive tendency. H & E, X 100.
Fig. 5. Adenocarcinoma of breast from rat treated i.p. with /V-hydroxy-3-fluorenylacetamide (Ha). Infiltrating tendency is clearly

demonstrated. H & E, X 100.
Fig. 6. Squamous cell carcinoma of forestomach of rat which had received /V-hydroxy-2-fluorenylbenzamide (Xa) by gastric

intubation. Note the infiltrating tumor in the stomach wall and the variation in the differentiation of tumor cells. H & E, X 100.
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