
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

A High Pressure Liquid Chromatography Procedure for the Separation of
Metabolites of 2-Acetylaminofluorene from Cells in Culture
Ronald Raineria; Judith A. Poileya; Mary K. Ernsta; Tove Hillesunda; Roman J. Pientaa

a Chemical Carcinogenesis Program NCI, Frederick Cancer Research Center, Frederick, Maryland

To cite this Article Raineri, Ronald , Poiley, Judith A. , Ernst, Mary K. , Hillesund, Tove and Pienta, Roman J.(1978) 'A
High Pressure Liquid Chromatography Procedure for the Separation of Metabolites of 2-Acetylaminofluorene from Cells
in Culture', Journal of Liquid Chromatography & Related Technologies, 1: 4, 457 — 467
To link to this Article: DOI: 10.1080/01483917808060011
URL: http://dx.doi.org/10.1080/01483917808060011

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483917808060011
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 1(4), 457-467 (1978) 

A HIGH PRESSURE LIQUID CHROMATOGRAPHY PROCEDURE FOR THE SEPARATION 
OF METABOLITES OF 2-ACETYLAMINOFLUORENE FROM CELLS IN CULTURE 

Ronald Raineri, Judith A. Poiley, Mary K. Ernst 
Tove Hillesund and Roman J .  Pienta 
Chemical Carcinogenesis Program 

NCI, Frederick Cancer Research Center, Frederick, Maryland 21701 

ABSTRACT 

A method is presented for the determination of pmole levels 
of the carcinogenic metabolite N-hydroxy-2-acetylaminofl uorene 
(N-hydroxy-AAF) formed from N-2-acetylami nofl uorene (AAF) by cell s 
in culture. The extract from the cells and cell incubation medium 
was given a preliminary cleanup using thin layer chromatography. 
N-hydroxy-AAF was then isolated using high-pressure 1 iquid 
chromatography (HPLC) with a Waters Bondapak C1 dCorasil column 
and an acetonitrile-water elution system. Ring hydroxylation 
products were eluted with 23% acetonitrile, and AAF and the 
deacetylation product 2-aminofluorene (AF) were eluted with 33% 
acetonitrile. 
a linear gradient of from 33% to 99% acetonitrile. 

for 6 h, 690 pmoles of N-hydroxy-AAF per lo6 cells were formed by 
hamster hepatocytes compared with 13 and 8 pmoles/lQ6 cells for 
human embryo and hamster embryo cells respectively. 
formation of N-hydroxy-AAF by hamster liver microsomes was 140 
nmoles per h of incubation per mg of microsomal protein. 

Resolution o f  N-liydroxy-AAF was accompl isfied using 

When cells in culture were incubated with 22 nmoles/ml of AAF 

The rate of 

INTRODUCTION 

The enzymatically catalyzed activation of AAF to metabolites 
carcinogenic to animals i s  believed to proceed through enzymatic 
oxidation of AAF to N-hydroxy-AAF (1,2) followed by the formation 
o f  the ultimate carcinogen, N-sulfate-AAF via catalysis by a 
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458 RAINERI ET AL. 

cytosol  su l fo t rans ferase (3-5). 

between species, s t ra in ,  and sex, as we l l  as o rganospec i f i c i t y ,  
might be explained by d i f fe rences  i n  the a c t i v i t i e s  o f  AAF meta- 
bol i z i n g  enzymes. 
N-su l fa t ion  o f  AAF, o r  the  presence o f  competing nonact iva t ing  
react ions such as deacety la t ion  t o  AF, may account f o r  d i f fe rences  
i n  carc inogen ic i ty  ( 6 ) .  
c u l t u r e  by AAF may be under s i m i l a r  enzymatic cont ro ls .  
embryo c e l l s  are ma1 ignan t l y  transformed by N-hydroxy-AAF bu t  no t  

by AAF (7) .  
N-hydroxy-AAF. 

AAF from c e l l s  i n  c u l t u r e  requ i res  the  complete separat ion of such 

metabol i tes from the  high rad ioac t i ve  background o f  AAF-[9-14C]. 
Using HPLC, apparent separat ion o f  standards by absorbance measure- 
ments may n o t  be su f f i c i en t  because undetected small peak t r a i l i n g s  
may contain s i g n i f i c a n t  r a d i o a c t i v i t y .  We r e p o r t  here an HPLC 
procedure which resolves N-hydroxy-MF from h igh  res idua l  rad io -  
a c t i v e  background and permits the  determinat ion o f  pmole amounts 
o f  t h i s  carcinogenic intermediate.  Furthermore, t h i s  method was 
used t o  study the metabolism o f  AAF by human embryo c e l l s ,  hamster 
embryo c e l l s  and hamster hepatocytes i n  cu l tu re .  

Va r ia t i on  i n  ca rc inogen ic i t y  

Decreased c a p a b i l i t i e s  f o r  N-hydroxylat ion and 

Malignant t ransformat ion o f  c e l l s  i n  
Hamster 

These c e l l s  may l a c k  the a b i l i t y  t o  metabolize AAF t o  

The de tec t ion  o f  pmole l e v e l s  o f  rad io labe led  metabol i tes o f  

EXPERIMENTAL 

Apparatus 

A Spectra-Physics Model 35006 Gradient L i q u i d  Chromatograph 
equipped w i t h  a Model 770 Variable Wavelength Detector (Spectra- 
Physics, Santa Clara, CA) and a Waters Bondapak CIB/Corasil column 
(2 '  x 1/8") (Waters Associates, Inc., Framingham, MA) were used 
f o r  a l l  experiments. 

Mater ia ls  

AAF-[9-14C] (46 mCi/mnole) was purchased from New England 
Nuclear Corporation, Boston, MA. Syrian golden hamsters (Ela/ENG) 
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2-ACETYLAMINOFLUORENE METABOLITE SEPARATION 459 

were purchased from Engle Laboratory Animals, Farmersburg, I N ,  and 
human embryo c e l l s  were obtained from HEM Research, Rockv i l le ,  MD. 
Dulbecco's Mod i f ied  Eagle's Medium (DMEM) was purchased from Grand 
I s land  B io log i ca l  Corporation, Grand Is land, NY, and f e t a l  c a l f  
serum was from Flow Laboratories, Rockv i l le ,  MD. TLC s i l i c a  ge l  
GF p la tes  (250 micron) were obtained from Analtech, Newark, DE. 

Preparat ion and Treatment o f  Ce l l s  and Microsomes 

Hamster embryo ce l  I s ,  hepatocytes and l i v e r  microsomes were 

prepared from Syr ian golden hamsters. Human embryo c e l l s  were 
obtained as a f rozen pool a t  generation 0 and were subcul tured t o  
make pools o f  c e l l s  which were f rozen a t  generations 10 and 14. 
Primary hamster embryo c e l l s  and human embryo c e l l s  a t  generat ion 
10 o r  14 were recons t i t u ted  24 h before use. 
i n  Dulbecco's Mod i f ied  Eagle's Medium (DMW) supplemented w i t h  
2 mM L-glutanine and 10% (v/v)  heat - inac t iva ted  f e t a l  c a l f  serum. 
For AAF-"+C metabolism studies, dup l i ca te  groups o f  human embryo 
and hamster embryo c e l l s  were t rea ted  i n  monolayer w i t h  5 m l  of 
medium conta in ing  4.8 pg/ml (0.22 pmoles/ml) o f  AAF-[9-14C]. 
Ce l l s  were t rea ted  simultaneously i n  suspension and i n  monolayer. 
Dupl icate groups o f  a l l  c e l l s  were disaggregated and the  volumes 
adjusted so t h a t  the  medium contained 1 x l o 7  c e l l s  pe r  m l .  To 
harvest the c e l l s ,  the monolayer cu l tu res  were scraped i n t o  the  
medium and centr i fuged a t  500 x g f o r  10 min. 

Hamster l i v e r  microsomes were prepared from 7-8 week o l d  
animals. 
pooled and homogenized i n  th ree  volumes o f  i ce-co ld  150 mM KC1 

using a Sorval Omni-Mixer. The homogenate was cen t r i f uged  a t  
9,000 x g fo r  20 min. The supernatant was then cen t r i f uged  a t  
105,000 x g fo r  30 min and the  p e l l e t  was washed tw ice  w i t h  150 mM 

KC1 and s to red  a t  -9OOC. 

by the  method o f  Lowry, e t  a1 (8). 
(1 rnl) contained 100 pmoles o f  potassium phosphate b u f f e r  (pH 7.5), 
8 v o l e s  of MgC12, 33 pmoles o f  KC1, 1.5 pmoles o f  NADPH, 25 pg o f  

A l l  c e l l s  were grown 

Fol lowing decapi tat ion,  the  l i v e r s  from s i x  animals were 

P ro te in  concentrat ions were determined 
Microsomal assay mix tu res  
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460 RAINERI ET AL. 

N.hydroxyAAF 
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2-ACETYLAMINOFLUORENE METABOLITE SEPARATION 46 1 

AAF-[9-14C] and 0.2 t o  0.8 mg of microsomal protein to  i n i t i a t e  
the reaction. Incubation was for  30 min a t  37'. 

The formation of AF was determined by TLC. The band 
migrating w i t h  an AF standard was quantified using a Packard 
radiochromatographic scanner. 
N-hydroxy-AAF standards, were spotted under yellow l igh ts  on 250 
micron s i l i c a  gel plates as rapidly as possible and were placed 
in chromatography tanks before the solvent had evaporated. The 
plates were developed in ch1oroform:methanol (99:l) in the 
presence of ammonia fumes. 
samples were allowed t o  dry before chromatography, b u t  when plates  
were placed in the chromatography tank before the samples had 
dried, 99% was recovered. For identification of AF, the appropri- 
a te  band CRf = 0.751 was extracted with chloroform and i t s  struc- 
ture  verified by gas chromatography and mass spectrometry. 

Samples, together with AF,  AAF and 

As much as 61% of AF was lo s t  when 

RESULTS 

Resolution of N-Hydroxy-AAF By High Pressure Liquid Chromatography 

The resolution of N-hydroxy-AAF from ring hydroxylation 
products and AAF i s  shown in Figure 1 .  Excellent separation of 
N-hydroxy-AAF-[9-"+C] was achieved without cross-contamination, 
and this permitted accurate determination of pmole levels of th i s  
metabolite which originated from the incubation of re la t ively 

FIGURE 1 

Separation of N-hydroxy-AAF from AAF and other metabolites o f  
AAF. Conditions: Column, Waters Bondapak C1 $Corasil ( 2 '  x 1 /8") ;  
elution solvent system, acetonitri1e:water; gradient conditions, 
a )  23% acetoni t r i le  for  4 minutes b )  gradient of 30%/minute to  
33% acetoni t r i te  c )  33% ace toni t r i te  for  12 minutes d )  gradient 
of 33%/minute t o  99% acetoni t r i le ;  flow ra te ,  2 ml/min; tempera- 
ture ,  ambient. 
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462 RAINERI ET AL. 

l a rge  amounts of AAF. To ta l  r i n g  hydroxylat ion products were 
e lu ted  w i t h  23% a c e t o n i t r i l e  i n  water f o r  4 min fo l lowed by a 
30%/min gradient t o  33% a c e t o n i t r i l e .  
AAF and AF, N-hydroxy-AAF was resolved by i n i t i a t i n g  a r a p i d  
l i n e a r  gradient (2 min) from 33% t o  99% a c e t o n i t r i l e .  
longer than 2 min resu l ted  i n  poorer reso lu t i on  o f  N-hydroxy-AAF. 
The p a r t i a l  reso lu t i on  o f  5-hydroxy-AAF and 7-hydroxy-AAF was 
achieved by e l u t i o n  w i t h  15% a c e t o n i t r i l e  i n  H20 (Figure 2). 

Fol lowing the  e l u t i o n  o f  

Gradients 

Determination o f  N-Hydroxy-AAF Produced by Ce l l s  i n  Cu l tu re  and by 
L i v e r  Microsomes 

The c e l l s  homogenized i n  150 mM KC1, media (containing 7 pg/ml 
o f  unlabeled c a r r i e r  N-hydroxy-AAF) and 1 i v e r  microsome incubat ion 
mixtures previously incubated w i t h  AAF-[9-I4C] were a l l  ex t rac ted  
three times w i t h  two volumes o f  chloroform and the  e x t r a c t  d r i ed  
over anhydrous sodium su l fa te .  The chloroform volume was con- 

7-h ydroxy- 
AAF 3 

2 - 
0 4 a 
Retention time (minutes) 

FIGURE 2 

Chromatogram of mix tu re  of 5-Hydroxy-AAF and 7-tiydroxy-AAF. 
Condltions: Column, Waters Bondapak C-J $Corasl l  (2' x 1/2"); 
e l u t i o n  solvent system, 15% a c e t o n i t r i l e  i n  water; f l o w  ra te ,  
2.4 nl/min; temperature, ambient. 
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2-ACETYLAMINOFLUORENE METABOLITE SEPARATION 463 

densed w i t h  a Rotoevaporator and then fu r the r  reduced under a 

stream o f  ni t rogen. A p re l im ina ry  reso lu t i on  o f  t he  metabo l i tes  
was made using TLC by s t reak ing  the  sample on a 250 micron s i l i c a  

gel p l a t e  and developing i n  ch1oroform:metlianol [98:2) i n  the  
presence o f  ammonia fumes. R f  values f o r  standards were 0.21 fo r  
N-hydroxy-AAF, 0.43 fo r  AAF, and 0.75 f o r  AF. An area from, bu t  
no t  including, t he  o r i g i n  up t o  the  AAF peak was scraped and 

e lu ted  tw ice  w i t h  methanol. 

r i  ng-nydroxylated products as determined by TLC and HPLC using 
authent ic standards o f  N-hydroxy-AAF, 7-hydroxy-AAF and 5-hydroxy- 
AAF. The combined methanol e luates were reduced under a stream 
of n i t rogen  and the  e lu ted  metabol i tes f u r t h e r  separated using 
the HPLC method described above. 

This area inc luded N-hydroxy-AAF and 

By ex t rac t i on  w i t h  chloroform, 82% o f  added unlabeled N-hy- 
droxy-AAF (7 v g l m l )  was recovered from t h e  media. On e l u t i o n  from 
s i l i c a  ge l  w i t h  methanol f o l l o w i n g  TLC, 58% of the  N-hydroxy-AAF 

was recovered, and fo l l ow ing  HPLC 44% was recovered. To ta l  
recovery o f  N-hydroxy-AAF dur ing  the  e n t i r e  i s o l a t i o n  procedure 

(ex t rac t i on  from t i ssue  c u l t u r e  medium, condensation o f  e x t r a c t  

f o r  TLC, e l u t i o n  from s i l i c a  gel ,  condensation o f  e lua te  and HPLC) 
was 11%. 

Metabolism o f  AAF by Cultured C e l l s  and L i v e r  Microsomes 

When c e l l s  were incubated f o r  6 h i n  monolayer w i t h  4.8 u g h 1  

o f  AAF-[9-14C], hamster hepatocytes metabolized AAF t o  N-hydroxy- 
AAF a t  a r a t e  g rea ter  than 50 times t h a t  by human embryo and 
hamster embryo c e l l s  (Table 1 ) .  Metabolism o f  AAF t o  AF was 

7-fold g rea ter  by human embryo c e l l s  than by hamster embryo c e l l s .  
AF formation w i t h  hamster hepatocytes was 500 t imes g rea te r  than 

with hamster embryo c e l l s .  

To determine if treatment of c e l l s  i n  suspension (vs. mono- 
l a y e r )  would be more e f f e c t i v e  f o r  metabolism and t rans format ion  

studies, human embryo and hamster embryo c e l l s  i n  suspension were 
t rea ted  w i t h  4.8 vg/ml o f  AAF-[9-14C] f o r  6 h. The metabolism o f  
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464 RAINERI ET AL. 

TABLE 1 

Metabolism o f  AAF t o  N-Hydroxy-AAF and AF by 
Cul tures o f  Human Embryo and 

Hamster Embryo Ce l l  s , and Hamster Hepatocytesa 

pMoles Formed/106 C e l l s  pMoles AAF Meta- 
N-Hydroxy-AAF AF bo l  i zed/ l  O6 Cel l s 

~ ~~ ~ ~~~~ - 

b Mono1 ayer c u l t u r e  
Human embryo c e l l s  13 f 0.7 2240 f 90 2240 f 40 
Hamster embryo c e l l  s 7.7 ? 0.1 310 f 30 340 f 3 
Hamster hepatocytes 

1 day o l d  691 153,000 i61,noo 
2 day o l d  472 1 10,000 114,000 

Human embryo c e l l s  1.0 i: 0.7 345 f 4 380 k 1 
Hamster embryo c e l l  s 7.8 f 2.1 230 f 8 300 f 40 

Suspension cu1 ture' 

a Ce l l s  were t rea ted  w i t h  4.8 u g h 1  o f  AAF-(9-14C) and incubated 

f o r  6 h a t  37'. 

Values i n  dup l i ca te  are means f avg dev from 2 groups conta in ing  
3 c e l l  incubat ions per group. Where s i n g l e  values are shown, 

groups contained 10 cul tures.  

Values and means f avg dev from dup l i ca te  incubat ions.  

AAF by human embryo c e l l s  was s i g n i f i c a n t l y  lower than metabolism 
by these c e l l s  i n  monolayer. Metabolism by hamster embryo c e l l s  
was s i m i l a r  t o  me tabo l tm  i n  monolayer. 

the metabolism o f  AAF by hamster l i v e r  microsomes i n  the  presence 
o f  NADPH. 
and 0.4 mg/ml o f  microsomal p ro te in .  Due t o  compet i t ion by 

Table 2 shows t he  format ion o f  N-hydroxy-AAF and AF fo l l ow ing  

N-hydroxy-AAF format ion was l i n e a r  between 0.2 mg/ml 
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2-ACETYLAMINOFLUORENE METABOLITE SEPARATION 465 

TABLE 2 

Metabol ism o f  AAF t o  N-Hydroxy-AAF and 
AF by Hamster L i v e r  Microsomes i n  t h e  Presence o f  NADPHa 

b 

mg/ml N-Hydroxy-AAF AF 
H i  crosomes pMoles Formed/hr 

0 0.3 f 0.1 0 5 0  
0,2 14 * 2 2260 -+ 280 

0.4 30 -+ 2 2170 f 240 
0.8 42 ? 3 2440 f 240 

Incubat ion  mix tu res  conta ined 25 u g h 1  o f  AAF-(9-I4C) and 
1.5 mM NADPH. 

Values a r e  means f avg dev f rom t r i p l i c a t e  samples. 

a 

ox idase and deacety lase enzymes f o r  AAF, AF f o r m a t i o n  was n o t  
l i n e a r  a t  these p r o t e i n  concent ra t ions .  I n  t h e  absence o f  NADPH 
(and w i t h o u t  t h e  competing N-hydroxy la t ion  r e a c t i o n )  AF f o r m a t i o n  
was l i n e a r  between 0.2 mg/ml and 0.4 ng/ml o f  microsomal p r o t e i n  
(Table 31. 

DISCUSSION 

Whi le  the  mal ignant  t r a n s f o r m a t i o n  o f  c e l l s  by AAF i n  t h e  
absence o f  exogenous enzyme systems has n o t  been repor ted ,  
Id-hydroxy-AAF i s  capable o f  ma1 i g n a n t l y  t rans forming  hamster 

embryo c e l l s  (7) .  The i n a b i l i t y  o f  AAF t o  t rans form c e l l s  i n  
c u l t u r e  may be l i n k e d  t o  a low r a t e  o f  h y d r o x y l a t i o n  o f  AAF t o  
N-hydroxy-AAF. I n  animals, t h e  r a t e  o f  convers ion o f  AAF t o  

N-hydroxy-AAF i s  r e l a t e d  t o  i t s  c a r c i n o g e n i c i t y .  AAF, a carc ino-  
gen i n  t h e  r a t ,  mouse, and hamster i s  conver ted t o  N-hydroxy-MF 
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466 RAINERI ET AL. 

TABLE 3 

Metabolism o f  AAF t o  AF by Hamster 
L i v e r  Microsomes i n  the Absence o f  NADPH 

M i  crosomes 
b m g h l  nMoles AF Formed/Hr 

0 0 
0.05 4 * 0.5 
0.1 12 ? 1.6 
0.2 22 ? 1.3 
0.4 33 k 3.3 

Incubat ion mixtures contained 25 mg/ml o f  AAF-(9-14C). 

Values are means ? avg dev from t r i p l i c a t e  samples. 

a 

i n  these species. 

bo l i zed  t o  N-hydroxy-AAF and i s  n o t  carcinogenic (2, 9, 10). 
Our studies show t h a t  N-l iydroxylat ion o f  AAF by hamster 

embryo and human embryo c e l l s  i n  c u l t u r e  occurs a t  a very low 

r a t e  wh i l e  the  r a t e  o f  N-hydroxylat ion by hepatocytes i s  90-fold 
and 50-fold greater,  respec t ive ly .  This low r a t e  o f  N-hydroxy- 

l a t i o n  by hamster embryo c e l l s  may be a reason why AAF does n o t  
ma1 i gnantly t ransform these c e l l  s . 

The determinat ion o f  pmole l e v e l s  o f  N-hydroxy-AAF was made 
possible by combining a cleanup w i t h  TLC and e l u t i o n  o f  hydroxy- 
l a t e d  AAF metabol i tes fo l lowed by HPLC. 

Cl 
t o  r e t a i n  N-hydroxy-AAF on the column wh i l e  e l u t i n g  the  r i n g -  
hydroxylated products, AAF and AF. This system al lowed the e l u t i o n  
o f  a l l  s i g n i f i c a n t  background r a d i o a c t i v i t y  by delaying the s t a r t  
o f  the  grad ien t  and subsequent e l u t i o n  o f  N-hydroxy-AAF wh i le  s t i l l  
r e t a i n i n g  excel l e n t  peak conformation. 

I n  the guinea p ig ,  however, AAF i s  n o t  meta- 

Using a Waters Coras i l  - 
column and an a c e t o n i t r i l e  water e l u t i o n  system, we were ab le  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2-ACETYLAMINOFLUORENE METABOLITE SEPARATION 46 7 

ACKNOWLEDGEMENTS 

Research sponsored by the  Nat ional  Cancer I n s t i t u t e  under 

Contract  No. N01-CO-75380 w i t h  L i t t o n  Bionet ics,  Inc .  We thank 
Mrs. Dorothy M. Cavanaugh f o r  her exce l l en t  techn ica l  assistance. 

1. 

2. 
3. 

4. 

5. 
6. 
7. 

8. 

9. 

10. 

REFERENCES 

M i l l e r ,  E.C. , M i l l e r ,  J.A., and Hartmann, H.A., Cancer Res., 

I r v ing ,  C.C. , J. B io l .  Chem. , =:1589-1596, 1964. 
DeBaun, J.R., Rowley, J.Y., and M i l l e r ,  E.C., Proc. SOC. 

Expt l  . B i o l  . Med., 129: 268-273, 1968. 
DeBaun, J.R., M i l l e r ,  E.C., and M i l l e r ,  J.A., Cancer Res., 

King, C.11. and P h i l l i p s ,  B., Science, m:1351-1353, 1968. 
M i l l e r ,  J.A. and M i l l e r ,  E.C., Cancer Res., a:559-576, 1970. 
Poi ley,  J.A. , Unpublished resu l ts .  

Lowry, O.H., Rosebrough, N.J. , Farr, A.L. , and Randall, R.J., 

J. B io l .  Chem., m:265-275,  1951. 
Wilson, R.H., DeEds, F., and Cox, A.J., Jr., Cancer Res., 

M i l l e r ,  E.C., M i l l e r ,  J.A., and Enornoto, M., Cancer Res., 

- 21 :815-824, 1961 

- 30~577-595, 1970. 

- 7:444-449, 1947. 

- 24:2018-2032, 1964. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


