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A NOTE ON THE DEACYLATION 

OF THE CARCINOGEN 2-ACETAMIDOFLUORENE AND RELATED 

COMPOUNDS BY RAT LIVER AND INTESTINE* 

H. T. NAGASAWA AnD H. R. GUTMANN 

Radioisotope Service, VeteransA dministration Hospital, and the Department o/Physiological Chemistry, 
University o/ Minnesota Medical School, Minneapolis, Minn. (U.S.A.) 

In the course of work on the metabolism of the carcinogen 2-acetamidofluorene 
(AAF) in vitro we have investigated the deacetylation of this compound with the aid 
of radioactive tracer methods. Although both rat liver slices and rat intestinal sections 
hydrolyzed the amide rapidly to 2-aminofluorene (AF), the intestine appeared to be 
particularly active. This finding was quite unexpected, since it has recently been 
reported 1 that deacetylation of AAF by intestinal homogenates is negligible. Intestinal 
sections also readily deacylated a number of other 2-acylaminofluorenes to AF and, in 
every instance, hydrolysis by intestine was more rapid than by liver. It has been 
suggested 2, s that liberation of AF is required for carcinogenesis by AAF and related 
compounds. The remarkably high deacylase activity displayed by intestine may 
therefore play a significant role in the mechanism of action of these carcinogens when 
they are administered orally to the rat. 

MATERIALS AND METHODS 

Animals, tissue preparations and incubation media 
Adult  male rats of the Sprague-Dawley s t r a i n "  were used in these investigations. The details 
concerning the preparat ion of the liver slices and the composit ion of the incubation media have 
been reported previously 4. The small intestine was thoroughly  rinsed with cold saline, cut into 
approximate ly  I cm squares and the sections were suspended in the incubation medium. The wet  
weight of liver slices or intestinal sections was I.O g per flask and the total volume of incubation 
medium was I i .9 ml per flask. The labeled subs t ra tes  were added to the medium in o . io -o . i  5 ml 
of a i :i acetone: 95 % ethanol solution, with the exception of N-2-fluorenyl-9-14C-succinamic acid 
(SAF), which was added in o.15 ml of o.I M phosphate  buffer. The exact quanti t ies  of subst ra te  per 
flask are listed in Table II .  The mixtures  were incubated for 4 hours at  37 ° with oxygen as the gas 
phase. Enzymically active extracts  of the intestine were obtained by gently agitating the intestinal 
sections in cold incubation medium for ~ hour. After filtration, suitable aliquots of the filtrate 
were incubated with subs t ra te  under  s tandard conditions. In other  experiments,  the intestinal 
ext rac t  was passed through a sterilizing Seitz filter (i /z pore diameter) prior to incubation. In the 
exper iments  with intestinal extracts,  samples of the incubation mixture  were taken for bacteriolog- 
ical assay at  the end of the experiments,  but  no bacterial growth was observed at  any time. 

Preparation o] labeled and unlabeled compounds, and analytical methods 
The following labeled subs t ra tes  were prepared on the semi-micro scale by t rea tment  of 
AF-9-14C with the appropr ia te  acylat ing agent:  N-2-fluorenyl-9-a4C-acetamide (AAF-9-14C), m.p. 

96-I98 °5,**';  N-2-fluorenvl-9-x4C-succinamic acid (SAF-9-14C), m.p. 233°e; N-2-fluorenyl-9-14C - 
benzamide (BAF-gj4C), m.p. 2 i 9-221 o~ ; N.2_fluorenyl_o.14C_p_toluenesulfonamide (TSAF_9_14C)" 

" Supported by grant  C-2571, National Cancer Inst i tute,  U.S. Public Health Service. 
*" Obtained from the Hol tzman Company, Madison, Wisconsin. 

" * *  All melting points are corrected. 

Re/erences p. z89. 
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m.p. 163 164: ~. N -2- Fhiorenylbuty,ramide (BuAF), a new compound,  was synthesized by acylation 
of 3.62 g (-o millimole) of A F in i oo ml of anhydrous  benzene with 2.z 4 g (21 millimole) of n-butyryl  
chloride and . .27 g (3o millimole) of pyridine. The mixture  was heated under  reflux for one hour, 
cooled and diluted with 5o ml of water. ] 'he precipitate was collected and recrystallized from ben- 
zene (2.t 4 g, m.p. 177-i 78'). Additional material was obtained by diluting the reaction mixture  
and benzene filtrate with ligroin. The compound was purified by passing a solution of the combined 
products  in t : I ch loroform:e thyl  acetate through a - × 22 cm column of act ivated alumina. The 
purified tlroduct, 3.62 g, was recrystallized from ethyl acetate, m.p. 178-170 ~'. 

Anal. (a lcula ted  for CtTI-ItTON : C, 81.2; H, 6.82; N, 5..57. 

Found:  C, 81.I ; iI,  6.75; N, 5.76 . 

BuAF-9-t4C was prepared in a similar manner  on the semi-micro scale. AF, m.p. 128-129 ~, was 
synthesized by the s tandard  procedureL All labeled subs t ra tes  were examined for contaminat ion 
with AF-9-I4C by paper  ionophoresis x°. No radioactive peaks were detected in the region to which 
AF-9-14C migrates. Control exper iments  showed tha t  contaminat ion  in excess of i % was readily 
detectable by this method.  

The release of Al?-9-14C from the labeled 2-acylaminofluorenes by the action of the tissues was 
est imated by the inverse isotope dilution technique. This method proved invaluable in experiments  
with intestine, since in these cases the spect rophotometr ic  measurement  of AF is liable to appreci- 
able error on account  of turbidities caused by accompanying fat. Following incubation, the pro- 
teins were precipitated with acetone anti separated by centrifugation as previously described 4. 
Carrier AI: was added to the protein-free mixtures  and tlae acetone removed by vacuum distillation. 
The mixtures  were then rendered alkaline and the carrier was isolated by ether  or chloroform 
extraction, followed by evaporat ion of the solvent. The crude material was purified to constant  
specific radioactivity by one or more vacuum subl imations and by recrystallizations from ap- 
propriate  solvents. Radiochemical puri ty was proved by conversion of the carrier to suitable 
derivatives with no change of the specific radioactivity. The data of Table I illustrate a typical 
pnrification procedure and the method of calculation of deacylation. For radioactivity measure- 
ments,  suitable aliquots of solutions and appropr ia te  samples of the isolated compounds  were 
converted to barium carbonate  bv. wet combust ion and the radioactivities of the precipitates were 
measured as previously describe(PL In the experinaents with aqueous extracts  of intestine, fat was 
absent  and the liberation of AF was determined spectrophotumetr ical ly by the modified R-salt  testL 

TABI .E  I 

PIYRIFICA' r ION OF I S O L A T E D  A } : - 9 - 1 4 C  A F T E R  I N C U B A T I O N  OF BI I :~ I " -0 - I4Q"  " W I T H  

I N T E S T I N A L  S E C T I O N S  

.'~pccU~c activily ,,/ Calctdah'd 
t'uriftcatmn procedure isolated ~rriet* ",  "" ° deacylation§ 

c.p.m. .mg X l o '  % 

Sublimation;  o.ocl ram, ~ 90" ~.2" 
Recrystallization ; E tOH H20 (t :z) ,q.2 4 
Recrystallization ; hexane 9.36 
Sublimation:  o.oox ram, -Q~ 9o:: r~.~ 
Recrystallization ; E tOH -H20 ( l :2) 9.01 
Derivative, BAF-0-t4C: recrystallization, benzene <).53 72.3 

° Conditions: Each o |  4 incubation flasks contained i.o g of tissue, l l .9  ml of medium and 
259 /tg of ]3uAF-9-I4C (4.5" l°s c.p.m.). Temperature ,  37~; gas phase, oxygen; incubation time 
4 hours. 

** \Veight of carrier, 21o rag. 
" ' " Specific activity is expressed in c .p .m./mg of labeled C 9. 

(c.p.m./mg of purified carrier) (weight of carrier) (xoo) 
§ Calculated deacylation = - -  total suLstrate radioactivity . . . . . . . .  ' 

RESULTS AND DISCI;SSION 

T h e  r e l a t i v e  r a t e s  of  h y d r o l y s i s  of  s e v e r a l  c a r b o n - I 4 - 1 a b e l e d  2 - a c y l a m i n o f l u o r e n e s  a r e  

p r e s e n t e d  in T a b l e  I I .  I n t e s t i n a l  s e c t i o n s  w e r e  u n i f o r m l y  m o r e  e f fec t ive  in c l e a v i n g  

t h e s e  s u b s t r a t e s  t h a n  w e r e  l ive r  slices.  T h u s ,  i n t e s t i n a l  s e c t i o n s  d e a c y l a t e d  72.3 an t i  

Re/erences p. 189. 
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TABLE II 

DEACYLATION OF CARBON-I4-LABELED 2-ACYLAMINOFLUORENES 
BY INTESTINE AND LIVER i n  v i t ro  

Substreae 
Pet cent o[ s~bstmte deacylated in 4 hours M icromoles o] substrate incubatedg o/ 

by intestine by live'v intestine lh,er 

Bu AF-9-14C 72.3 58.7. 1.03 1.03, 
AAF-9-t4C 38. I 23.0 0.97 1.4 z 
SAF-9-14C 30.9 o.25, 1.o6 I .Ol 
BAF-9-J4C 14.° 2. l 0.55 * * 0.63 • 
TSAF-9-14C 0.67 0.68 o.76" * o.76" * 

* Data taken from previous publications 14A5. 
** The insolubility of the compound prevented the use of larger amounts of substrate. 

38.1% of BuAF-9-14C and AAF-9-14C, while liver slices hydrolyzed only 58. 7 and 23.0% 
of BuAF-9-14C and AAF-9-~4C respectively. Similarly, SAF-9-14C and BAF-9-14C were 
cleaved at appreciable rates by intestinal sections. In contrast, SAF-9J*C proved to 
be resistant to hydrolysis by liver slices; likewise, the hydrolysis of BAF-9-t4C pro- 
ceeded at only a very slow rate. The stability of TSAF-9-~4C toward deacylation by 
intestine in vitro is in accord with in vivo experiments in which 90% of orally adminis- 
tered T35SAF were found unchanged in the feces 3. 

In view of the conflicting evidence between the data of WEISBURGER I and the 
present results the question was raised whether the hydrolytic activity of intestinal 
strips could possibly be due to the action of intestinal bacteria rather than to the 
activity of an enzyme of the intestine proper. The experimental evidence makes this 
extremely unlikely, since rapid deacylation of AAF and BuAF was observed with 
aqueous extracts of intestine under sterile conditions ('fable III). It appears to us that 
the small intestine contains a highly active deacylase which, like liver deacylase, acts 
on acylaminofluorenes, but which is less specific in its substrate requirements than is 
the liver enzyme. 

TABLE III 

LIBERATION OF A F  BY EXTRACT* OF RAT INTESTINE 

Substtate A mount incubated AF ]ovmed ° ° Estimated deacylation 
ug t~g % 

B u A F  254  i 3 o  71 
A A F  226  3 ° 16 
BuAF (control) *"" 269 o § o 

• T h e  v o l u m e  of  e x t r a c t  w a s  i 1.9 m l  p e r  f lask.  
** F r o m  t h e  a p p e a r a n c e  of d i a z o t i z a b l e  g r o u p s  a s  d e t e r m i n e d  b y  t h e  R - s a l t  t e s t .  

* ' "  T h e  e x t r a c t  w a s  bo i l ed  fo r  3 m i n u t e s ,  c o o l e d  a n d  i n c u b a t e d  w i t h  s u b s t r a t e .  
§ T h e  o p t i c a l  d e n s i t y  w a s  a t  t h e  l o w e r  l i m i t  of  s e n s i t i v i t y  o f  t h e  m e t h o d .  

The present experiments permit a fairly precise description of the fate of orally 
administered AAF. The carcinogen is in large part deacetylated to AF in the small 
intestine. The free base is rapidly absorbed and transported to the liver 1~. The meta- 
bolism of AF and AAF by rat liver has already been described 4,14,15 

It is of interest that a relation appears to exist between the liberation of AF from 
R e ] e r e n c e s  p .  i 8 9 .  
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2-acvlaminofluorenes in tilt, intestine and the carcinogenicities of these compounds 
after oral feeding to the rat. Thus, the relative rates of formation of AF follow the 
same order as the relative carcinogenicities of 2-acylaminofluorenes (AAF > SAF > 
13AF>'I 'SAF) 16,*. These observations support the view that AF is a key compound 
in carcinogenesis by AAF and related derivatives and that the small intestine is the 
principal site for its release. The ready liberation of AF in tile intestine would also 
explain the carcinogenicity of compounds, such as SAF, which are not at tacked by 
liver deacylase. 

SI !MM.\ RY 

The deacy la t ion  of the  carcinogen - , -acetamidottuorene and several  re la ted  2-acylaminot tuorenes  to  
2-aminottorene by ra t  l iver  slices, in tes t ina l  s tr ips,  and  aqueous  e x t r a c t s  of intest ine,  was s tudied.  
I n t e s t i na l  s t r ips  deacy la t ed  all subs t r a t e s  a t  fas ter  ra tes  than  did l iver  slices. Aqueous  e x t r a c t s  of 
in tes t ine  l ikewise c leaved 2-acetarnidofluorene a t  apprec iab le  rates.  Ev idence  is presented  t h a t  the 
observed hydro lyses  were due to a deacy lase  of the  in tes t ine  and not to bac te r ia l  act ion.  The rela- 
t ive  ra tes  of release of z-aminof luorene by in te s t ina l  s t r ips  from var ious  - -acy laminof lnorenes  closely 
para l le l s  the re la t ive  care inogenic i t ies  of these compounds .  
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Q U A N T I T A T I V E  1 ) E T E R M I N A T I O N  OF 0.5-5 !,g Ol: AMINO ACID 

N I T R O G E N  ON P A P E R  C H R O M A T O G R A M S  AND IN S O L U T I O N  

H. I.. Kf)Ii~NBI';I~(; Am) \V. E. P A T E Y  

Medical Research Council, Cell Metabolism Research Unit, 
l)epartment o] Biochemistry University o/ Ox[ord (Engtana) 

Numerous methods have been evolved for the quantitative determination of amino 
acids on pape.r chromatograms and in solution 1. Most of them depend on measurements 
of the intensity of the blue colour produced on treatment with ninhydrin. In the appli- 
cation of this technique to paper chromatograms, the intensity of colour of the blue. 

Re/e,'ence~ p. r93. 
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