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Metabolism of Fluorene-9-C" in Rats, Guinea Pigs, and Rabbits* 

Fhmrene is the parent hydrocarbon fmm which tbe 
impoaant carcinogen N-2-fluorenyla- (24kCetyl- 
amino-) is derived. We have @d s t d i e s  
on tbe fate of tlllorene in various animal species to gwe 
asamodel and to gain a better understaadmg - oftbe 

The &ate of fluorene in the rabbit has been m v d  
gated p m  by Neiah (1948). who repeated that 
2-flmreml and the glucuonide of 2-fluored were 
prestmt in the urine. He ala0 o h e d  that little, if 
any, fbrene or metabolites were eliminated in the 
feceg 'Ib present studies extended the investigation 
to rats and guinea pigs as well as to rabbits in view of 
tbespeciesm- known to exist mthelrkela- 
of tbe acetylamino derivative (Enomoto et d., 1962; 
Irving, 1962; Miller et al., 1960; weisburger 3 d-, 
195Bb), as wen as m other polynuclear aromatic hydro- 
carbons - 1959). 

F l u o m m + S 1 4  was syntheakd and used m the 
metabolian experbents reported here. l%e btopic 
label al€orded a more detailed and complete picture of 
tbe ~creticm and distribution of fluorene and metabo- 
Iibintbeanimals. Theuseofthissensitivetoolper- 
mitted tbe identification of metabolites which might 
not have been detected by isohtion and color reaction 
techniques. 

*- ofthemorecomplexcarcinogenmolearle. 

*Taken in part from a thesis submitted to the faculty 
ofthe College of Arts and Sciences of the A uni- 
versity, Waebington, D. C., in partial ful6llment of the 
r e q u i r e ~ t s  for the Master of Science degree. 1961. 
preeented befare the Division of Medicinal Cl- * ' f a t  

Washingbn, D. C., March 1962. 
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the 1 4 W  meeting of the A . chemicalsociety, 

MarmouarsANDMElcaoDs 
&th!?s& of Pluooene-9-C".-FlUo-g-C" was 

sg .- 3 m 75% Jrieaa from BaCW, (25.07 mc/ 
d) by tbe prc& of W&burger and Weisburger 
(195s). lne specifk actmity of the product was 22 
X l @ C p m ~ a s ~  - 4 by the wet combustion 
ted=h=- 

FRm tbe above materia.& two produds with specific 
I -  

d of 136 X 10r and 6.4 X 105 cpm/mg were 
prepmd by cfimfirm with pure unlabeled fluorene in a 

step. Tbey were d for the biochemi- 
cal la 
Rdarroe t2mpomk.-2-Flmm& 4-fluorenol, 9- 

-&w-d=-=o 1 were supplied by Dr. E. 
RWr.amger-  Tbeg? " of Sfluorenol was 
kidly r 4 by Dr. W. 6. P. Neish, University of 
f3h?m&L 

Lk&mimhns.-Radioactivity meas- 
uremds were pepformed on a windowless gasflow 
uxudm with an of 46% for C14. The wet 

technique of Wekbmger et al. (1952) was 

andthelzukfdivitydet - 1  . The urine and 

tbin4ayers. A suital.de correction factor was deter- 
mined far adjusting the counts obtained by the two 
metbocls. 

Iprcnbnent of ARimals.--k Rats. Six 3-month-old 
&?umleBntfala' * rats weighing l!j0--160 g were 
injected y with 1 mlof a gum acacia 
:- of & x m s x + ! % C ' 4  (1.36 x 105 cpm/mg) at a 
dolpe level of 100 m g  per kibgram body weight. The 

' 

'- 

ased far tbe c o n e  of solid samph?s% feces, tissues, 
and proteias to barimn carbonate, which was plated 

otbar liquid samples w e  plated directly in infinitely 
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T-I 
DIS~~IBUTION OF RnsroncrrvIR M TBE RAT Arw Iwracnow 01 F'LuoIuDJ%~-C'~ 

Data given are the averagea of 2 rata per period. 
9-C". 

Rata weighea 150-154 g d received 15.4 mg (21 X 1V cpm) of ilu- 

1 Day 

erg-- 
Stomach 
stomach contenta 
Smallinteethe 
Smallinteatine 

cecum ceaun contents 
Large mte&he 
Largemtedne 

Kidneys 
Liver 
Bladder 
Luoss 
spleen 
Brain 
Heart 
Blood' 

CoptePtB 

contents 

CPW 
mg 

40 
38 

211 
3,330 

382 
5,300 

199 
3,940 

173 
78 
98 
57 
32 
24 
34 
682 

%of 
Doee 

0.04 
0.04 
2.00 
3.00 

0.27 
7.10 
0.20 
1.80 

0.25 
0.77 
0.01 
0.04 
0.01 
0.04 
0.02 

cPm/ 
mg 

18 
74 
65 
930 

202 
3,170 

150 
1,900 

82 
34 
35 
22 
12 
4 

12 
287 

Total 
cpm 

3.200 
7,100 

145,000 
319 , 000 

37,500 
1,495,000 

29,300 
947,000 

26,900 
66,100 

600 
3,580 
1,180 
1,580 
1,900 

%of 
Daie 

0.02 
0.02 
0.45 
1.50 

0.18 
7.10 
0.14 
4.50 

0.12 
0.31 - 
- 
- 
- 
- 

cpm/ Total %of 
mg C I r m -  
1.2 2 0 0 -  
6.0 2,750 0.01 
3.0 4,600 0.02 

18.0 4,600 0.02 

3.4 6 5 0 -  
31.0 16,000 0.76 
3.0 6 0 0 -  

32.0 6,500 0.03 

23 6,500 0.03 
7 11,600 0.06 
5 1 2 8 -  
3 4 5 6 -  
4 3 8 0 -  
2 5 1 8 -  
2 216 - 
53 

Dry weight. 'For blood, 50 pl waa plated and the radhdv ig  determined directly; data are interme of cpm/50 & 

rats were placed singly in glass metabokim cages for 
separate collection of urine and feces. Food and 
water were available ad zibitwn. Two rata wem 
sacrificed at the end of 1,2, and 8 days by withdrawal 
of blood h m  the abdominal aorta of the a m d w t h d  
(ether)animals. 
Two additional rats of the same age, aex, strain, and 

weightwere * "tered 1 ml of a euspaoeian of 
fluorensSC14 at the 88111~! doee level by doma& tube. 
One of the rata was placed in a glass metaboliem cage 

g also the recovery of the expired carban 
dioxide. The rata were kept on the c-t for 8 
days. 

B. Guineapiga TwofemaleNationalInstikrteeof 
Health-bd stock guinea pigs weighing 310-315 g 
were injected intraperitoneally with fl~orem-9-C~~ 
(1.36 X 10' cpm/kg) at the eathe doee level given to 
therats. Thehadingoftheguineapigswasas 
dexr3m-l above except for the diet, which was kale 
and rabbit chow, and the duration of the exprimen*, 
whichwas2daya 

C. Rabbits. Two New Zedand White rabbits 
weighing 2ooo g were - intra- 
#)o mg each of fl~orene-9-C~~ (6.4 X 10' cpm/mg) in 
mspemion form. The rabbits were kept in wire cag- 
and fed kale and rabbit cbow. Separation of uriw 
and feces was poor with the ammgemmt employed. 
The rabbits were s a d 4  as described above at the 
end of 48 hours. 

Alrtopsy of Animol8.-Upon autopsy of the anima4 
the liver was p e r f u d  with 0.9% saline and an aliquot 

p H  6. The soluble and ineoluble proteins were klated 
as described by Weisbmger 3 d. (1963). Otbr  
selected organs were removed and ixnmdla - tely dried 
inwaro. 

cIaEai6ed as free am4xnda and 88 glumon& - a n d  

1 
.. . . 

was homogenized immedLa . M y  in 0.1 Y t l C d d X 3  H e r ,  

AnrJysis of Urine.-"he rrrinary metabolite8 were 

sulfate conjugates by a combination of ether ertractions 
and enzymic hydrolysis as dasaibed by Weishrger 
et (3. (1959b). In another approach, the metabolite8 
were separated into the free, sulfate, and gl- 'e 
fractions on an alumina column by tbe metbod llsed 
for the metabolites of N-%&loremy- - (w& 
burger al., 1961). 
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RAT RABBIT GUINEA 

PIG 
FIG. 1.-Protein-bound C after intraperitoneal dose 

(100 mg/kg) of fluorene-9-Ci4. The specific activities of 
fluorene-g-CI4 were 8216 cpm/mjmole for the rat and guinea 
pig and 3755 cpm/mpmole for the rabbit. 
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FIG. 2.-Urinary C1* after intraperitoneal (100 mg/kg) 
and oral doses of fluorene-g-Cl4. Numbers of animals 
used indicated in parentheses, except for rats injected 
intraperitoneally where there were 6 rats at &24 hrs., 4 at 
24-48 hrs., and 2 at 48-196 hrs. 
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FIG. 3.-Fecal CI4 in same animals as in Figure 2. 

pig. In all three species the soluble proteins had a 
higher specific activity than the insoluble proteins. 

Excretion of Isotope.-The rates of excretion of 
carbon-14 by rats, guinea pigs, and rabbits after 
adrrrrmstr ation of fluorene-9-C14 show that in all cases 
the urine was the major pathway of elimination of the 
isotope (Fig. 2). Guinea pig urine contained 53% of 
the dose in the first 12 hours, as compared to only 12 
and 20% in rat and rabbit urine. Urinary excretion 
in a 2day period accounted for 82, 57, and 39% of 
the dose in the guinea pig, rat, and rabbit, respectively. 

. .  

The elimination of radioactivity in the feces was 
more pronounced in rats than in the other two species 
(Fig. 3). Thus, the feces contained 16, 6, and 0.757, 
of the dose in rats, guinea pigs, and rabbits, respectively, 
in a 24ay experiment. After 8 days, the feces 
amounted to 28% of the dose in rats. 
Total recoveries of radioactivity in the urine and 

feces for a comparable &hour period were 88% in 
guinea pigs, 73y0 in rats, and 40% in rabbits. The 
low total in the rabbits may be related to poor absorp- 
tion of the injected fluorene. Upon autopsy of the 
animals of each species, white particles of high radio- 
activity representing unresorbed material (m.p. 114- 
115') were found in the peritoneal cavity. This WES 
particularly noticeable in the rabbits, in which 50tG 
of the dose administe red was recovered unchanged froin 
the cavity. 

Isolation from Rat Urine and Proof of Structure 01: 

Glucuronide of 9-Fluorenol.4iX female Buffalo-strain 
rats (180-185 g) were administered intraperitoneally a 
total of 384 mg of unlabeled fluorene, and two other 
rats were given 109 mg of fluorene-9-C14 (1.36 X 106 
cpm/mg) a t  a dose level of 100 mg/kg of body weight 
in a series of three injections at  48-hour intervals. The 
pooled urines were treated as described by Neish (1948) 
for rabbit urine. Fine white needles, 68 mg, m.g. 
214-215", were obtained. The infrared spectrum and 
the color reactions with concentrated H S 0 4  and p -  
dimethylaminobeddehyde were identical to those of 
fluorenol glucosiduronic acid. Twenty-nine milligrams 
of the glucuronide were dissolved in 20 ml of water, 
buffered at  pH 6, and incubated with 20 mg of li- 
glucuronidase at  37" for 18 hours. A white, crystalline 
product insoluble in the reaction mixture was fltered. 
The filtrate was extracted with ether (2 x 10 ml), and 
the ether extracts were taken to dryness on a steam 
bath under nitrogen, yielding a white residue. The 
crystalline product, 9 mg, m.p. 151-154", and the 
residue, 4 mg, m.p. 150-153", were combined and 
recrystallized twice from aqueous ethanol. The prod- 
uct, 8 mg of white needles, m.p. 153-154", 216,000 
cpm/mg, had an  ultraviolet spectrum identical with 
that of authentic 9-fluorenol. 

Attempted Isolation of a Glucuronide of Fluorenol froin 
Rabbit Urine.-The 0-to48-hour urine of two New 
Zealand White rabbits which had received 409 mg of 
fluorene-9-C14 (6.4 x lo5 cpm/mgj by intraperitoneal 
injection was treated as described by Neish (1948). 
An oily product was obtained which after several at- 
tempts yielded a few crystals (6.6 mg, m.p. 193-195" ). 

Several milligrams of this material was dissolved in 
2 ml of water, buffered at  pH 6, and incubated with 8- 
glucuronidase. The reaction mixture was extracted 
with ether, the extract concentrated, and an aliquot 
subjeded to paper chromatography. Autoradiographs 
showed spots with Rp values corresponding to those of 
2-fluorenol and 9-fluorenol. Ultraviolet spectra of the 
material eluted from the respective p p e r  strips were 
identical with those of the authentic compounds. 

Ether-Extractuble Urinary Radioactivity of the Rat, 
Guinea Pig, and Rabbit.-For each species, relatively 
small amounts of the radioactivity were transferable to 
the organic phase from the urine buffered at  pH 6 
(Table 11). Thus, the bulk of a dose was excreted as 
water-soluble metabolites. After treatment of the 
urine with 8-glucuronidase, a substantial fraction of the 
isotope was etherextractable in all cases. This pre- 
sumably depicts compounds present as glucosiduronic 
acids. In the 0-to-12-hour sample, 85% of the carbon- 
14 in guinea pig urine was due to such conjugates, while 
they amounted to 76 and 46% in rabbit and rat urine, 
respectively. This type of metabolite appeared in 
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TABLE I1 
PERCENTAGE OF URINARY c" ETHER EXTRACTABLE AFTER INTRAPERIMNEAL INJECTION OF FLUORENE-9-C" 

0-12 hr. 1 2 4 8  hr. 

Guinea Guinea 
Rat pig Rabbit Rat Pig Rabbit 

Free0 3.8 1 .0  1 .5  2 .3  1 . 0  2.9 
Glucuronideb 46 85 76 40 68 61 
Sulfatee 11 3.8 3.9 12 12 5 .9  

a The urine was buffered at  pH 6 and extracted five times with freshly distilled ether. b Aqueous phase from a, after 
Aque- removal of ether, was incubated with bacterial @-glucuronidase at  37' for 18 hours and extracted 5 times with ether. 

ous phase from b, incubated with Taka-Diastase and extracted five times with ether. 

TABLE I11 
CHROMATOGRAPHY OF ETHER-EXTRACTABLE METABOLITES' 

RFvalues X 1006 

Freec Glucuronided Sulfates' 

Guinea Guinea Guinea 
Compound Rat Pig Rabbit Rat Pig Rabbit Rat Pig Rabbit 

9-Fluorenol 4 M 6  (27) 39-67 (1) 37-65 (4) 37-63 (79) 3-7 (21) 36-60 (31) 4 M 8  (2) 38-61 (7) 36-63 (6) 
2-Fluorenol 9-29 (4) 10-30 (1) 11-29 (19) 9-26 (5) 10-28 (32) 11-29 (39) 11.5-29 (35) 11-30 (45) 9-32 (55) 
unknown 2-5 (6) 2 4  (5) - 2-4.5 (2.3) 2-5 (5) - 2-5 (10) 2.5-5 (10) - 
2,9-Difluorenol 0-2 (51) 042 (88) 0-2 (72) 0-2 (13) 0-2 (29) 0-2 (17) 0-2 (47) 0-2 (33) 0-2 (22) 

and unknown 

a Chromatograms were run on Whatman No. 1 paper in cyclohexane-water-acetic acid (5 : 4 : 2) and the developed chro- 
matograms exposed to Kodak Royal Blue x-ray film. Range (front to back of spot) ; R p  values of authentic compounds: 
2,9-difluorenol, 0-2; 2-fluorenol, 10-30; 9-fluorenol, 38-65; 4-fluorenol, 34-52. Figures in parentheses are percentages of 
total radioactivity per strip. Ether extract of aqueous phase of d after incuba- 
tion with @-glucuronidase. 

e Ether extract of urine buffered at  pH 6. 
e Ether extract of aqueous phase of e after incubation with Taka-Diastase. 

somewhat lower amounts in the 12-tO-48-hour period, 
particularly in rabbit and guinea pig urine. 

The sulfuric acid conjugates of fluorene, measured by 
the amount of radioactivity which was ether extractable 
after hydrolysis by Taka-Diastase, formed a larger 
fraction of rat urine than of guinea pig or rabbit urine 
in the first 12 hours. During the 12-to4hour period, 
the proportion of these conjugates increased substan- 
tially in guinea pig urine, although it showed but slight 
changes in rat urine. An elevation was observed also 
in the rabbit. It must be noted that other studies from 
this laboratory demonstrated incomplete hydrolysis 
of certain sulfates by Taka-Diastase (Weisburger 
et al., 1961). Thus, the values reported may be some- 
what low. Figure 4 gives the separation of the urinary 
metabolites into the free, sulfate, and glucuronide 
fractions by the alumina column technique. These 
data confirm those obtained by specific enzyme pro- 
cedures (Table 11). The rat excreted more free and 
sulfuric acid conjugates than the other species. The 
guinea pig showed most conjugation with glucuronic 
acid, the rat showed least, and the rabbit was inter- 
mediate. 

I&ntifi&n and Quantitative Determination of Metub- 
olites. 

A. PAPER Cmtoumwm.-Chromatoromatography of 
the etherextractable metabolites of fluorene-9-C'' in 
the cyclohexane solvent gave four distinct radioactive 
spots with rat and guinea pig urine and three with 
rabbit urine (Table 111). Two of the components have 
been identified as 2-fluorenol (Rp 0.04-0.30) and 9- 
fluorenol ( R p  0.384.68) by comparison with the authen- 
tic compounds and ultraviolet spectroscopy of the 
eluates. The unknown (Ru 0.02-0.05) present in the 
rat and guinea pig urine seemingly is missing in the 
rabbit urine. 

The spot with a mobility of 0.0-0.02 (cyclohexane 
system) was shown to consist of 2,g-difluorenol and 
unknown material(s) by chromatography in benzene 

SULFATES GLUCURONIDES FREE 

FIG. 4.Separation of urinary metabolites of the rat, 
guinea pig, and rabbit into free, sulfate, and glucuronide 
fractions on alumina column. 048 hour urine used. 

acetic acid-water (10:3:7), as seen in Table IV. In 
the benzene system the 2- and 9-fluorenol move as a 
single spot with Rp 0.880.92. The unknown with 
a mobility of 0.35-0.75, although a very broad spot, 
may be the same unknown appearing with R p  0.02- 
0.05 in the cyclohexane system. The ultraviolet spec- 
trum of the ethanol eluate of the spot with Rp 0.14- 
0.27 was in agreement with that of the ethanol eluate 
of the reference compound, 2,9-difluorenol. 

The Rp values of the aqueous metabolites in s e e  
butano1-3% ",OH (3:l) are given in Table V. The 
chromatograms of rat urine exhibited four major 
spots, with RF values of 0.51-0.58,0.73-0.79,0.83-0.88, 
and 0.93-0.96. These spots represent 9-fluorenyl- 
glucosiduronic acid (0.51-0.58), 2-fluorenyl sulfate 
(0.83-0.&3), and free metabolites (0.93-0.96). Spot 
0.73-0.79 is the sulfate ester of 2,9-difluorenol, conju- 
gation probably being on the %hydroxy group. 
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TABLE IV 
C"Y OF ETBER-EXTBACTABLE MEMBOIJTIW 

M BE"B-ACBTIC ACID-WATJB (10:3:7) 

R p V a l ~ t ~  X 100' 

Reference 
Identity Metabolites Compounds 

unknown 0-2 (11) 
2,9-Difluorenol 14-27 (16) 15-26 
unknown 35-75 (9) 

88-92 (63) 87-94 

=From &glucuro-hydrolN guinea pig urine- 
Figures in parentheses are b Range (front to back of spot). 

percentages of total radioactivity per strip. 

TABLE V 
C~BOMATOGBAP~Y OF UJUNARY METABOLITIW OF 

PLuoBENB-9-c I' 
Metabolites were identified as follows: the spots were eluted 
with water and the eluates treated with &glucuroniaase or 
acid (0.2 N HCI). The reaction miaures were ether 
extracted and the extracta chmmatographed in the cyclo- 
hexane solvent system. The R p  valuee were computed and 
compared with those of authentic reference compounds. 
Ultraviolet spectra of ethauol eluates were also determined. 

RpValue~b X 100 

spot Guinea 
No. Rat pig Rabbit Identity 

1 0-11 0-15 (t15 
2 24-27 - - 
3 29-34 28-33 - 
4 - 36-41 37-40 

- 43-45 5 
6 4749  - - 
7 51-58 54-57 5256 9-Fl~0renylglucosid- 

- 

uronic acid 

uronic acid 
8 5 M  5&63 57- 2-Fluorenylglucosid- 

9 68-71 66-70 68-71 
10 73-79 - 73-75 9-Hydmxy-2-fluG 

11 - 7741  7741 
12 83-88 8691 8487 2-FluorenylWrlfate 
13 93-96 - 92-96 Freecompounds . Chromatogram was run on Whatman No. 1 paper in 

sec-butano&3% ammonium hydroxide (3:1, v/v)- The 
developed chromatogram was exponed to Kodak Royal 
Blue x-ray film. Italics 
indicate major spots. 

m y 1  sulhte 

* Range (front to back of spot). 

Four major spots were also observed from chromatog- 
yphy of guinea pig urine. Three spots were g l u m  

g l u d u r o n i c  acid) and absent in rat urine; 0.5k 
0.57, 9-fluorenylgludurouic acid; and 0.580.63, 2- 
fluorenylglucosiduronic acid, which showed only weakly 
in rat d e .  The fourth spot, R p  0.86491, was 2- 
fluorenyl sulfate. Rabbit urine gave a similar picture 
with four major spots Rp 0.51-0.58 and 0.5M.65, 9- 
and 2-fluorenylgluduronic acids, respectively, and 
0.84-0.87 and 0.92-0.96, corresponding to 2-fluorenyl 
d a t e  and the fke metabolites. 

B. QUANTITATIVE DRFERMINATIONS.--'~~ quanti- 
tative deterrmna - tion of the metabolites of rat urine 
by the inverse isotope dilution technique is shown in 
Table VI. Fluorene was not detected in the urine under 
the  conditio^^ shown. Therefore, complete metabolic 
conversion apparently took place. %Fluorenol was 
present to the extent of 1.4% of the dose as free metab 
lites and 0.3% as glucuronide and 4% as sulfate conju- 

d e s :  R p  0.364.41, unknown (perhap 2,9d.ifIuoml- 

gates. 9-Fluorenol accounted for 1% of the dose as 
free, 21% as glucuronide, and only trace amounts as 
sulfate conjugates. Evidence obtained by the same 
technique suggested the presence of 2,9&fluorenol as a 
metabolite to the extent of 6% as the free and conju- 
gated forms. However, this value may be in error by 
as much as 50% owing to the difiiculty in reaching COKI- 

stant actiivity. 
Quantitative data for all species (Table VII) were 

also derived from paper chromatograms of ether- 
extractable metabolites classified as free metabolites, 
glucuronidea, and sulfates by the alumina column tech- 
nique. The values obtained for the rat by both meth- 
ods are in good agreement. 

The guinea pig urine showed values of 19 and 1597, 
of the dose for glucuronides of 2-fluorenol and 9- 
fluorenol, respectively. Sulfuric acid conjugation ac- 
counted for 2.9 and 0.4% of the dose for 2- and 9- 
fluorenol, respectively. The free compounds were 
present only in trace amounts. 

The metabolites of rabbit urine were similar to those 
of the guinea pig. Glucuronide acid conjugation with 
2- and 9-fluorenol amounted to 10 and 8% of the dose, 
respectively, while sulfuric acid conjugation was 1% 
with 2-fluorenol and 0.1% (trace) with 9-fluorenol. 
Here again the free metabolites were present in only 
trace amounts. 

DISCUSSION 
The a b n c e  of radioactivity in the respired carbon 

dioxide in the rat is in agreement with the observations 
made previously by Weisburger et al. (1951), who dem- 
onstrated the inability of the rat to oxidize significant 
amounts of the S-carbon atom of the fluorene nucleus 
of the acetylamino derivative to carbon dioxide. 
Radioactivity was distributed in all organs examined 

(Table I). However, it is of interest that binding 
should have occurred to the soluble and insoluble pro- 
t e in~  of the liver in view of the relationship established 
between protein binding of metabolites and Carcin0.- 
genicity of certain chemicals (Weisburger et al., 1958, 
1959a). Perhaps some form of binding is a detoxica- 
tion reaction, whereas another is more directly related 
to the carcinogenic process. The use of noncarcino- 
genic fluorene in comparison to its carcinogenic 2-acetyl - 
amino derivative may permit d i ~  tion between 
theae two biochemical processes. 

The mode of admininh.ation of fluorene-SC14, intra- 
peritoneal injection or oral intake, seemingly had little 
&e& on the total amounts of radioactivity excreted 
into the urine and feces of rats. There was a difference, 
however, in the rate of excretion. Sow absorption 
from the peritoneal cavity no doubt controlled the 
rate after intraperitoneal injection and accoullted for 
the appreciable amounts of radioactivity appearing im 
the urine and feces of rats as late as 144 hours after 
injection. 

The polynuclear hydrocarbon, fluorene, was appar- 
ently metabolized completely by rats, guinea pigs, and 
rabbits, as evidenced by its absence from the urine. 

The rat differs from the guinea pig and the rabbit in 
the hydroxylation and subsequent conjugation of' 
fluorene (see Table VII). The principal site of hy- 
droxylation by the rat appeared at the 9-pmition, which 
in turn was conjugated almost exclusively with glucu- 
ronic acid. Hydroxylation at  the 2-pmition occurred 
to a lesser degree; and the 2-fluorenol conjugate was 
that of the sulfuric acid ester. 

The guinea pig and rabbit excreted 2-fluorenol and 
9-fluorenol in about equal amounts as the glucuronide. 
The 2-fluorenol was also conjugated with sulfuric acid, 
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Compound Free Glucuronide sulfate Total 
- Fluorene - - - 

2-Fluorenol 1 .4  0.3 4.0 5 . 7  

9-Fluorenol 1 .1  21 Trace 22 

2,9-Difluorenolc - - - 

(3000; 0; 0 )  (2OOo; 0; 0)  (1440; 0; 0 )  

(39,400; 29,100; (27,800; 19,100; (63,500; 43,100; 
26,900; 28,700) 18,200; 19,100) 43,400; 42,500) 

(14,500; 8460; (140,000; 112,000; (22,306; 455; 
8550; 8730) 114,000; 113,000) 419; 460) 

6 
'8400; 5110; 

5150) 

0 @-48 hour urine was used. Values were obtained by inverse isotope dilution experiments. Pigures in parentheses 
A sample of urine after sequential hydrolysis by 8-glu- are flrat and last two or three counts expresed in cpm/mmole. 

curonidase and 0.2 N HCI was used. 

TABLE VI1 
URINARY METABOLITEZI OF FLUORENE-Q-C~~ IN VARIOUS 

SPECIEsa 

Guinea 
Compound Rat Pig Rabbit 

2-Fluorenol 0.4 Trace Trace 
2-Fluorenyl sulfate 2.5 2.9 1.1 
2- Fluoren ylglucosid- 1 .2  19 10 

9-Fluorenyl sulfate 0.1 0.4 0.1 

uronic acid 
9-Fluorenol 1 . 0  Trace Trace 

9-Fluorenylglucosid- 19 15 8.3 
uronic acid 

0 Wit? hour urine was wed. *The data were obtained 
by cutting the paper chromatograms of ether extracta (e 
text) according to the spot revealed by radioautography. 
The isotope content of spots was obtained after elution 
into ethanol by direct plating of aliquots. Values shown are 
products of the yo of spot, yo ether-extractable C14, and 
% of urinary C". 

while 9-fluorenol, as in the rat, was preaent only as the 
glucuronide. 

The dihydroxylated derivative, 2,9-dihorenol, was 
shown to be a metabolite also. This metabolite ap- 
pears to be present as both a glucuronide and a sulfate 
conjugate. Thus, fluorene was hydroxylated at the 
most reactive 9-position, as well as the secondary center 
of reactivity, the 2-&tion, by rats, guinea pigs, and 
rabbits. The data support the concept presented 
earlier (Weisburger et al., 1958; cf. Williams, 1959) 
that biochemical hydroxylation of aromatic ring sya 
tems involves several distinct enzyme systems. 

In addition to the unknown metabolites demonstrated 
by paper chromatography, an unidentified volatile 
etherextractable subdance has been noted after B- 
glucuronidase hydrolygis of urine. It was discovered 
when pronounced increases in background counts of the 
gas-flow counter were noted after the direct plates of 
these extracts were proceeaed. The materid may 
represent a dihydremono-ol conjugate. This type of 
compound has been shown to be a metabolite of other 
polynuclear hydrocarbons such as napthalene, anthra- 
cene, and phenanthrene (Wil&mm, 1959). Another 
unknown metabolite with Rp 0.02-0.05 in the cyclo- 
hexane system may possess a dihydrodiol-type struc- 
ture. 
In this study the rabbit was shown to excrete both 

the 2- and the 9-fluorenol as glucuronides in about equal 
amounts. However, Neish (1948) reported isolation 

of what he thought was the glucuronide of 2-fluorenol. 
Dr. Neish generously supplied us with his compound, 
and we were able to prove by melting point, inbred 
spectnmn, and color reaction that his compound and 
the glucuronide of 9-fluorenol isolated h m  rat urine 
were identical. The u n s u d  attempts by Neish 
to isolate 2-fluorenol after acid hydrolysis of his glucuro- 
nide further subtantiate the view that his material 
was the Sfluorenol conjugate, inasmuch as the 3 
fluorenol liberated would not have been detected by the 
procedureuaed. 

Dewhurst (1962) recestly reported that fluorene was 
hydroxylated chiefly in the %position in the rabbit, 
and that m the rat 70-80oJo of the hydroxylation took 
place at the 4poeition and 20-30% at the 2-poeition. 
Because of Dewhumt's findings, a portion of urine 
from rats which had received fluorene (1 %) incorporated 
into the diet (ground Purina rat pellets) for a period of 
7 days was treated with &glucuronidase and ether ex- 
tracted, and the aolvent was removed. The d u e  
was c x y s b h d  - from dilute ethanol to give a solid, 
6.8 mg, m.p. 148-152" with sintering at 137", with the 
ultraviolet SpeCtNm of 9-fluorenol. The m o k  
liquor was taken to dryness and the residue in ether 
chromatographed on a 2 X 15 cm alumina column by 
Dewhurst's procedure. 

Collection of ten Wml fractions gave fractions 2 
and 3, with the spectrum of Sfluorewl(24 m g  on the 
basis of the molar absorbancy); fractions 4 and 5, 
represen-- of 9- and 4fluorenok fraction 6, 
m t a h h g  k f l ~ ~ ~ e ~ ~ d  (0.25 mg); and mbeq-t frat- 
tions, - '  of 2- and 4-flUOrenol(O.05 mg). Thus, 
the material isolated by cry&&a~ - tion and by chroma- 
tography wasd&dlySfluorenoL Thepheaolicmetabo- 
lites were present in much smaller amounts, confirming 

one of the minar metabolites on the chromatograms is 
the glucuronide of the dfluoenol. However, in view 
of the smaU relative amount of this material produced 
under our conditions this compound was not noted 
during chromatography of the metabolites after en- 
zymic release from the conjugata (the reference 4 
fluorenol showed R, 34-52, cyclohexane system). 
Dewhurst's failure to find 9-fluoenol may have been 
due to his purification acheme, which involved parti- 
tion between ether and sodium hydroxide solution. 

the isotope data in respect to the 2 - f l ~ 0 4 .  probably 
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Functional Tyrosyl Residues in the Active Center 
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Acetylimidazole, a new agent for the acetylation of proteins, when reacted with carboxypeptidase 
A increases esterase activity and abolishes peptidase activity. These changes can be prevented 
by fl-phenylpropionate and can be reversed by deacetylation with hydroxylamine. The altera- 
tions in enzymatic activities correlate exactly with the acetylation and deacetylation of two 
tyrosyl residues and are accompanied by spectral shifts which are attributable to the characteristic 
spectral properties of 0-acetyltyrosine. Difference spectra and hydroxamate formation have 
been employed for a quantitative analysis of these changes. 

The search for functionally active amino acid resi- 
dues in the active center of carboxypeptidase A has 
recently received new direction by the results of chemi- 
cal modifications of the enzyme. Acylation with mono- 
carboxylic anhydrides, iodination, and photooxidation 
of the enzyme increase &rase and decrease peptidase 
activity (Riordan and Vallee, 1962; Vallee et al., 1963). 
Extensions of these investigations using acetic anhy- 
dride (Riordan and Vallee, 1963; and in preparation), 
and iodine (Simpson and Vallee, 1963) have supported 
the view previously advanced (Vallee et al., 1963), that 
tymsyl or histidyl residues, or both, are involved in the 
catalytic mechanism of carboxypeptidase. 

In the course of efforts to identify these groups, it has 
been found that acetylation of the enzyme with acetyli- 
midazole also abolishes peptidase activity completely 
while esterase activity increases even more than with 
acetic anhydride. These alterations in specificity 
correlate closely to the acetylation of two tyrosyl 
residues, presumably located close to the catalytically 
active zinc binding site (Vallee et al., 1960). The 
results with acetylimidazole show promise that this 
mild acetylating agent may prove more selective than 
monocarboxylic acid anhydrides. Acetylimidazole does 
not Seem to. have been employed previously as an agent 
for the acetylation of proteins. 

EXPERIJHENTAL 
Materials. -Five times recrystallized carboxypepti- 

* This work wa8 supported by the Howard Hughes Medi- 
cal Institute, by a grant-in-aid from the National In- 
stitutes of Health of the Department of Health, Education, 
and Welfare, No. HE-07297, and the Nutrition Foundation. 

t Student Fellow, Harvard Medical School. 
Fellow of the National Foundation. 

dase A of bovine pancreas, [(CPD)Zn], was prepared 
by the method of Allan et al.' Enzyme prepared by 
the method of Anson (1937) was obtained from the 
Worthington Biochemical Corp., Freehold, New Jersey. 
The zinc-to-protein ratio of both preparations was 
between 0.98 and 1.03 g atoms/mole based on a molec- 
ular weight of 34,300 (Smith and Stockell, 1954; 
Vallee and Neurath, 1955; Brown et al., 1961). N -  
acetylimidazole was prepared by the method of Boyer 
(1952), and when recrystallized from isopropenyl 
acetate had a melting range of 100-lO1°. N-acetyl- 
tyrosine and N,O-diacetyltyrosine were obtained from 
the Cyclo Chemical Corp., Los Angels, and used with- 
out further purification. Precautions to prevent con- 
tamination by adventitious metal ions were taken 
throughout these studies (Thiers, 1957; Coleman and 
Vallee, 1960). 

Methods. -Peptidase activity was determined using 
the synthetic substrate carbobenzoxyglycyl-L-phenyl- 
alanine (Mann Research Laboratories) (Coleman and 
Vallee, 1960). Activity is expressed as an apparent 
proteolytic coefficient, C, defined as log ao/a per minute 
per mole  of enzyme, where a. and a represent the 
concentration of substrate at  time zero and time t ,  
respectively. The assays were carried out at  0" in 
0.02 IK sodium Veronal--1.0 IK NaCl buffer, pH 7.iS. 
C was calculated from the linear portion of the first- 
order reaction plots before hydrolysis exceeded 15%. 
Esterase activity was determined by pH titration (Snoke, 
et al., 1948) with 0.1 Y NaOH of the hydrogen ions re- 
leased on hydrolysis using a pH-stat (Radiometer, 
Copenhagen) and recorder (Ole Dich, Copenhagen). 
Assays were performed at 25' with 5 ml of 0.01 M 

B. J. Allan, P. J. Keller, K. A. Walsh and H. Neurath, in 
preparation. 


