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Abstract—N-(9-Hydroxy-9H-fluoren-2yl)-acetamide (9-OH-FAA*), N-(9-0x0-9H-fluoren-2yl)-acetamide
(9-O-FAA), and N-(9H-fluoren-2yl)-glycolamide (FGA) were found in the neutral fraction of microsomal
metabolites of N-(9H-fluoren-2yl)-acetamide (FAA). 9-OH-FAA and 9-O-FAA are new metabolites
of FAA. The former was identified by R, value, by u.v.- and n.m.r.-spectroscopy, the latter by R, value
and u.v.-spectroscopy. 9-OH-FAA was also found in the urine of rats and guinea-pigs injected with
FAA. Treatment of rabbits and guinea-pigs with 3-methylcholanthrene diminished microsomal
9-hydroxylation of FAA and stimulated the production of FGA, whereas treatment with phenobarbital

did not do so.

Biotransformation of N-(9H-fluoren-2yl)-acetamide
(FAA) yields a variety of hydroxylation products. All
the phenolic metabolites except the 4-hydroxy deriva-
tive have been found in urine by Weisbtirger ez al. [1-
3]. Cramer et al.[4] isolated the N-hydroxy deriva-
tive of FAA from urine of rats, and recently Fries
et al. [5] discovered N-(9H-fluoren-2yl)-glycolamide
(FGA) in the urine of rabbits injected with FAA. Pro-
ducts of the oxygenation of FAA at the 9-carbon
atom have been sought, but not detected so
far [2,6,7].

In a study of the transformation of FAA to FGA
in a variety of species and by isolated liver micro-
somes we discovered that the neutral fraction of meta-
bolites produced by rabbit or guinea-pig liver micro-
somes contains two unknown metabolites in addition
to a substantial proportion of FGA. The new metabo-
lites were isolated and identified as N-(9-hydroxy-9H-
fluoren-2yl)-acetamide (9-OH-FAA) and N-(9-oxo0-
9H-fluoren-2yl)-acetamide (9-O-FAA). The formulae
are shown in Fig. 1.

The metabolites were also found in urine and in
incubates with liver microsomes of other species. The
biochemical transformation of the metabolites to 2-
biphenyl carboxylic acids is under investigation.
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Fig. 1. Formulae of N-{9-hydroxy-9H-fluoren-2yl)-aceta-
mide (I) and N-(9-oxo0-9H-fluoren-2yl)-acetamide (II), new
metabolites of N-(9H-fluoren-2yl)-acetamide.

* Abbreviations: FAA, N«(9H-fluoren-2yl)-acetamide; 9-
OH-FAA, N-(9-hydroxy-9H-fluoren-2yl)-acetamide; 9-O-
FAA, N-(9-oxo-9H-fluoren-2yl)-acetamide; FGA, N-(9H-
fluoren-2yl)-glycolamide; MC, 3-methylcholanthrene, 1,2-
dihydro-3-methyl-benz[jlaceanthrylene; PB, phenobarbi-
tal.

MATERIALS AND METHODS

2-Aminofluorene was a commercial product
obtained from Fluka AG. FAA was prepared by ace-
tylation of sublimed, colorless 2-aminofluorene with
acetic anhydride, m.p. 193-194°; Diels et al. [8] gave
191°. FAA, '*C-labeled in the acetic acid residue, was
prepared by acetylation of 2-aminofluorene with [1-
14CTacetic anhydride; specific activity of the product
was 516 uCi/m-mole.

[9-'*C]FAA, sp. act. 10-15 mCi/m-mole, was pur-
chased from NEN Chemicals GmbH, Dreieichenhain.
Synthetic 9-OH-FAA was a gift from Dr. T. L. Flet-
cher [9]. 9-O-FAA was prepared by oxidation of FAA
with chromic acid in acetic acid. After purification
by t.l.c. using chloroform-methanol (98:2) as develop-
ing fluid, the compound crystallized from ethanol as
bright-red needles, m.p. 227-228° (corr.); O. Ger-
hardt [10] gives 227-228°. N.m.r.-, i.r.-, and u.v.-spec-
tra of the 9-hydroxy- and 9-oxo-derivatives of 2-fluor-
enylacetamide are given below. N-OH-FAA was syn-
thetized according to Miller et al. [11].

Methods

Urines collected during 24 hr after administration
of FAA were incubated with glucuronidase and
extracted with ether, as described earlier [5]. Incu-
bates of microsomes with FAA were directly extracted
three times with equal volumes of ether. The extracts
of 100 or more ml of incubate were reduced to 250 ml
and extracted three times with 30ml of 1 N NaOH
to remove acidic metabolites. After drying (Na,SO,)
the ether was evaporated. The residue was dissolved
in a small volume of chloroform-methanol {80:20,
v/v) and applied to tlc. plates of silica gel Merck 60
PF,s,. Authentical compounds were applied along-
side in each case. Chloroform-methanol (95:5 or
97:3, v/v) was used as developing solvent. For u.v.
spectroscopy the metabolites were eluted with meth-
anol. N.mur. spectra were recorded with a Varian HA-
100 spectrometer. FGA was identified and measured
as described by Fries er al. [5].
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For determination of N-OH-FAA by its u.v. absor-
bance, the acid metabolites of FAA were separated
on precoated t.l.c. plates cellulose F (Merck) with cyc-
lohexane—glacial acetic acid (92-5:7-5, v/v} as develop-
ing fluid.

Liver microsomes were prepared according to
Jagow et al. [12]. Protein contents of microsome sus-
pension were determined according to Szarkowska
and Klingenberg [13]. Incubation mixtures contained
1 mg microsomal protein per mi of 0-15M phosphate
pH 74 and 0-12mM NADP, 2:4 mM glucose-6-phos-
phate, 1400IU glucose-6-phosphate dehydrogenase
per liter, 70mM KCI, 80mM saccharose, 40 mM
nicotinamide [14], and 0-1 mM FAA. In the exper-
iments for biochemical preparation of 9-OH-FAA,
however, 3 mg protein per ml was used. In order to
prevent deacetylations of the substrate and metabo-
lites, incubates were made 0-1 M in NaF [15]. After
30 min incubation at 37° under air the reactions were
stopped by extraction of the incubates with ether.

Animals used for the production of urinary meta-
bolites of FAA were housed in stainless steel meta-
bolic cages. They were fed a standard laboratory diet
(Altromin GmbH, 4937 Lage/Lippe, Germany) and
water ad lib. FAA dissolved in olive oil was applied
mtraperitoneally.

For pretreatment with 3-methylcholanthrene (MC)
four doses of 10mg in 1 ml olive oil per kg ip. were
injected in 2 weeks. Sodium phenobarbital dissolved
in water and adjusted to pH 74 was injected daily
s.c. for 2 weeks. The first three doses were 25 mg/kg
each and the following eleven doses 50 mg/kg each.

Statistics

Since normal distribution could not be proven for
the small samples and because the variances were not
equal, parametric tests could not be applied. There-
fore, nonparametric tests were used. To prove the
hypothesis that three samples (controls, PB- and MC-
stimulated microsomes) do not belong to the same
population, the Kruskal-Wallis test [16] for indepen-
dent sample groups was applied. The following statis-
tic has been computed,

. 12 k R}

H N(N+l)i; 1 -3+

where H is the test statistic, N the number of cases
in all samples combined, k the number of samples,
R; the sum of ranks in the i-th sample, and n; the
number of cases in the i-th sample. The computer
printed the test statistic H or, in the presence of ties,
the corrected test statistic H, the number of degrees
of freedom and the test statistics G (gamma-distribu-
tion) and B (beta-distribution). If all »n; < 5, the values
of H were then compared with those of Hy, , .. s
taken from tables [17]. If at least one n; > S, the
prmted values of G were compared with those of
L1, s+ taken from tables. If H(G) was found to be
equal or larger than H(y?), the three samples did not
belong to the same population, ie. they were
significantly different.

To evaluate differences between two specific
groups, e.g. controls and PB- or controls and MC-
stimulated microsomes, the Wilcoxon test for inde-
pendent samples was applied. Three test statistics
(Wilcoxon’s T, Mann—Whitney’s U, and an approxi-
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mately normally distributed statistic) have been com-
puted considering possible ties. Because of the small
size of sample (n, < 5, n, < 5), Mann—Whitney’s U-
test has been used for the evaluation of the prob-
ability of statistical significance for the one-sided test
problem. The printed value of U has been compared
with U, , s, taken from tables [18]. Values of
Pty 0-05 indicate significance on the 5% level.

RESULTS

(a) Isolation and identification of new metabolites. 9-
OH-FAA was found in incubates of FAA with liver
microsomes of all species tested. Hamster liver micro-
somes showed the highest yield. The metabolite was
isolated in the early experiments with guinea-pig liver
microsomes. From the chromatograms of a total of
2200 ml of incubates with 107> M FAA the metabo-
lite showing the R, value and u.v. spectrum of 9-OH-
FAA was collected. Its nm.r. spectrum was identical
to that of the synthetic compound and is shown in
Table 1. The identity of the u.v. spectra of the metabo-
lite and of synthetic 9-OH-FAA is demonstrated in
Fig. 2. The molar absorbance coefficients in methanol
were as follows:

€233 nm = 16»425;6240 om — ]459305
€203 0m = 26.770; €307 1o = 19,330.

The u.v. spectra did not change on the addition of
NaOH. The R, value in tlc. with chloroform-meth-
anol (95:5) was 0046 and with benzene-dioxane—gla-
cial acetic acid (90:24:4) 0-17. The following i.r. bands
were found with synthetic 9-OH-FAA in KI:
3300 cm™ ' (broad): vayou; 1650 cm™ ! v_go .

The rates of production of the metabolite by liver
microsomes of various species are shown in Tables
2 and 3. Liver microsomes from hamsters were found
to be ten times more active than microsomes from
rabbits.

9-O-FAA was detected in incubates with liver mic-
rosomes of rats, hamsters, and of guinea-pigs. The
evidence, in addition to the R, value in tlc, for its

—
310 nm 330
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230 250

Fig. 2. Absorbance in methanol of metabolite isolated
from incubates of guinea-pig liver microsomes with
107*M FAA (A), and of 275 x 107 M synthetic N49-
hydroxy-9H-fluoren-2yl)-acetamide (B); optical path 1cm.
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I. Nmr.-spectra of N~(9-hydroxy-9H-fluoren-2yl)-acetamide and of N-(9-oxo-9H-fluoren-2yl)-acetamide in

de-dimethylsulfoxide

No. of
Compound 4 (ppm) protons Assignment
Synthetic N-{9-hydroxy-9H- 2:08s 3 CH3»CO—I|\I—
fluoren-2yl)-acetamide 544d 1 ar—C—ar
J ~ 8 cps. after VAN
exchange against D:s H O—
581d 1 ar—C—ar
J ~ 8 cps, exchange VAN
against D OH
between 723 7 aromatic protons
and 794
100 1 —CO—NH—ar
exchange against D |
Metabolite of FAA 2:07s 3 CH;—CO—N—
544 s 1 ar—C—ar
VAN
between 721 H O—
and 793 7 aromatic protons
10-09 1 —CO—NH—ar
Synethetic N-(9-0x0-9H- 208 s 3 CH3——CO—1|\I—
fluoren-2yl)-acetamide between 7-20
and 793 7 aromatic protons
10-18 1 —CO—NH—ar

Table 2. Rates of production of 9-OH-FAA, nmoles/min
per mg microsomal protein, from 10~*M FAA in incubates
with liver microsomes of various species

9-OH-FAA

Species (nmoles/min/mg)
Rat 0026 + 002
Guinea-pig 0-033 + 001
Rabbit 0015 + 001
Hamster 0171 + 004

The data are the means and standard deviation of the
results of 4 experiments.

230

250 270 290 310 nm 330

Fig. 3. Absorbance in methanol of metabolite isolated
from incubates of rat liver microsomes with 1073 M FAA
(A), and of 1-35 x 10™ > M synthetic N-(9-oxo-9H-fluoren-

2yl)-acetamide (B); optical path 1 cm.

presence in incubates of FAA with rat liver micro-
somes is presented in Fig. 3. The R, value in tlc.
with chloroform—methanol (95:5) was 0-17 and with
benzene-dioxane-glacial acetic acid (90:24:4) was
0-31. The yield of 9-O-FAA was lower than the yield
of 9-OH-FAA. About 001 nmoles/min/mg protein
were found to be produced. The amounts of 9-O-FAA
isolated were too small for n.m.r. or ir. spectrometry.
As a further proof of the identity of the synthetic
9-O-FAA its ir. spectrum in KJ may be added:

1688 cm™! (very broad) v,._co._co &

T 1 ° T T T 1
230 250 270 290 310 nm 330
Fig. 4. Absorbance in methanol of metabolite isolated
from urine of guinea-pigs injected with FAA, 100 mg/kg
ip. (A)and of 275 x 10”*M synthetic N-(9-hydroxy-9H-

fluoren-2yl)-acetamide (B); optical path 1 cm.
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The molar absorbance coefficients in the u.v. of syn-
thetic 9-O-FAA in methanol were found as follows:
€366.5nm = 00,860; €573 1m = 67,620;

5670;€3250m = 1920;
€300 nm = 6760;
€428 0m = J03.

€313nm =

(b) Urinary excretion of N-(9-hydroxy-9H-fluoren-
2yD-acetamide. After ip. injection of guinea-pigs or
rats with FAA only very small proportions of the
dose were excreted as 9-OH-FAA. The presence of
the metabolite in guinea-pig urine is demonstrated
in Fig. 4. Ten guinea-pigs had been injected with '*C-
labeled FAA, 100 mg/kg i.p. From the urine produced
during the first day, which contained 73% of the
radioactivity injected, 0-078 mg of 9-OH-FAA was
isolated. This amount corresponded to about 0-01%,
of the dose of FAA.

A similarly small proportion of a dose of FAA,
0-008°%;, was found in the urine of rats. For other
purposes, 30 rats had been injected with 3,4-benzpyr-
ene, 100mg/kg ip. and the following 3 days with
[9-1*CIFAA, 50 mg/kg ip. In the chromatograms of
ether extracts from urine collected from the day after
the first injection of FAA until the 3rd day after the
last injection, the metabolite was detected. The
amount of the chromatographically isolated metabo-
lite was determined to be 0-13 mg.

(c) Effect of treatment of rabbits and guinea-pigs with
phenobarbital or 3-methylcholanthrene on microsomal
production of N~9-hydroxy-9H-fluoren-2yl)-acetamide.
Results of a vast number of experiments have shown
that hydrocarbons, such as MC and PB stimulate
microsomal hydroxylations differently and that cer-
tain hydroxylations may be connected with a special
oxygenating system. Therefore, we tried the effect of
treatment of rabbits and guinea-pigs with MC or PB
on the microsomal 9-hydroxylation of FAA. The
results are shown in Table 3. For comparison, the
other non-aromatic hydroxylations, N-hydroxylation
and formation of FGA, were measured. Significant
differences were assumed on the 5% level.

In guinea-pig liver microsomes, pretreatment with
PB increased 9-hydroxylation and diminished pro-
duction of FGA. On the other hand, MC pretreat-
ment strongly diminished 9-hydroxylation and in-
creased production of FGA. In no case was N-OH-
FAA detected in incubates of FAA with guinea-pig
liver microsomes. Data presented in Table 4 show
that there is no substantial difference between the
rates of disposal of N-OH-FAA in guinea-pig and rab-
bit liver microsomes. The loss of N-OH-FAA during

Table 4. Disposal of N-OH-FAA during 30 min incuba-
tion with fortified liver microsomes of rabbits and

guinea-pigs
N-OH-FAA % N-OH-FAA recovered
added after 30 min incubation
(M) Rabbit Guinea-pig
2x 107° 24 18
1074 52 50
1073 96 92

Microsomal protein 1 mg/ml. As with the incubates with
FAA as substrate 120 ml of incubate was analyzed.
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incubation could not be accounted for by the recov-
ery of small amounts of FAA and FGA. Con-
centrations of N-OH-FAA as low as 4 x 107°M
were determined under the conditions of our exper-
iments. Thus guinea-pig liver microsomes N-hydroxy-
late FAA very slowly, if at all.

In rabbit liver microsomes, pretreatment with PB
affected none of the three hydroxylations. As with
guinea-pig liver microsomes, MC pretreatment in-
creased formation of FGA and diminished 9-hy-
droxylation. Furthermore, it increased N-hydroxyl-
ation nearly 10-fold.

DISCUSSION

The data reported above present unequivocal evi-
dence of the biochemical oxygenation of FAA at C9
yielding 9-OH-FAA and. by dehydrogenation, 9-O-
FAA. They also show that FGA, which so far is
known only as urinary metabolite of FAA[5], is a
microsomal metabolite. Thus all non-aromatic atoms
of FAA, the N[4,15,19,20], the acetic acid resi-
due[5] and C-9 are accessible to microsomal oxy-
genation. The experiments of enzyme induction with
PB or MC show that microsomal hydroxylation at
the three non-aromatic atoms is stimulated differ-
ently. This points to different enzymes or enzymic
sites involved in the hydroxylation. Failure of PB
treatment of rabbits to stimulate microsomal hy-
droxylation of the acetic acid residue and strong
stimulation of this reaction by MC treatment has
been found with another N-arylacetamide, p-chloro-
acetanilide [21]. In rabbit liver microsomes, hydroxyl-
ation of the acetic acid residue seems to be related
to N-hydroxylation of FAA, which also is stimulated
by MC treatment. The decrease in C-9-hydroxylation
by MC treatment was also found with guinea-pig liver
microsomes. Differential stimulation of hydroxyla-
tions of FAA by PB or MC has also been found
with the microsomal production of phenols from
FAA [20,22,23]. A comprehensive discussion of the
problem of differential stimulation by inducers of mic-
rosomal enzymes and of involvement of cytochromes
in microsomal oxygenation may be found in Conney
et al. [24]. More recent contributions to the problem
have been made by Lu et al. [25], Alvares er al. [26],
Berg and Gustafsson [27] and Kiese and Lenk [21].

In accordance with Irving’s [15] results, our exper-
iments with guinea-pig liver microsomes demon-
strated lack of, or extremely slow. N-hydroxylation
of FAA by these microsomes. This illustrates a very
important species difference in microsomal hydroxy-
lations, which is the more remarkable as guinea-pig
liver microsomes N-hydroxylate non-acetylated
aminofluorene quickly [28].

The quantitation of 9-OH-FAA as urinary metabo-
lite of normal rats awaits further investigation. Our
results demonstrate only that 9-OH-FAA truly is a
urinary metabolite of FAA. At the time we found 9-
OH-FAA in rat urine it was not known that treat-
ment of rats with MC, and probably also with benz-
pyrene, diminishes microsomal 9-hydroxylation of
FAA. Therefore the proportion of FAA excreted by
normal rats as 9-OH-FAA may be different from our
result.
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