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USE OF H I G H  PRESSURE LIQUID CHROMATOGRAPHY AND THIN LAYER 
CHROMATOGRAPHY FOR THE SEPARATION AND DETECTION OF TESTOSTFRONE 

AN0 ITS METABOLITES FROM I N  VITRO INCUBATION MIXTURES 

Badaruddin Shaikh2, Margaret te  R. Hal lmark,  Haleem J. Issaq, 
Nelson H. R i sse r  and Joseph C. Kawalek 

Chemical Carcinogenesis Program 
N C I ,  F reder i ck  Cancer Research Center 

Freder ick,  Maryland 21701 

ABSTRACT 

Testosterone and i t s  68-, 7a-, and 1 6 ~ - h y d r o x y l a t e d  me tabo l i t es  were 
resolved by h i g h  pressure l i q u i d  chromatography and t h i n  l a y e r  chroma- 
tography. 
m i c r o p a r t i c u l a t e  s i l i c a  ge l  column us ing  i s o c r a t i c  e l u t i o n  w i t h  i sop ro -  
panol : tetrahydrofuran:hexane (5:15:80) as t h e  mobi le  phase. 
u t i l i z i n g  s i l i c a  ge l  on g lass  and p l a s t i c  p l a t e s ,  and p o l y s i l i c i c  a c i d  
on g lass  f i b e r  sheets are presented. The monohydroxylated me tabo l i t es  
o f  t es tos te rone  formed du r ing  i ncuba t ion  o f  ( 14C)- testosterone w i t h  
l i v e r  postmi tochondr ia l  p repara t i ons  from a d u l t  male r a t s  p re - t rea ted  w i t h  
phenobarb i ta l  o r . A r o c l o r  1254 were separated and q u a n t i t a t e d  by bo th  HPLC 
and TLC. The r e s u l t s  us ing  bo th  techniques a r e  compared w i t h  those 
obta ined by paper chromatography. 

Separat ion by HPLC was achieved i n  l e s s  than 45 min on a 

TLC systems 

INTRODUCTION 

The metabol ism o f  t es tos te rone  (T) by l i v e r  microsomal mixed- 

f u n c t i o n  oxidases has been f o l l o w e d  by measuring t h e  fo rma t ion  o f  68-, 

7a-, and 16a-hydroxytestosterone (1,2). Studies by Conney and co-workers 

This  work was supported by Contract  No. NOl-CO-75380, w i t h  t h e  Na t iona l  
Cancer I n s t i t u t e ,  N I H ,  Bethesda, Maryland 20205. 

Author  t o  whom a l l  correspondence should be addressed. 
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944 SHAIKH ET AL. 

(3-6) have demonstrated t h a t  hydroxy lat ion a t  each o f  these pos i t i ons  i s  

catalyzed by a d i f f e r e n t  cytochrome P-450 and t h a t  the l e v e l s  o f  each 

a c t i v i t y  can be s e l e c t i v e l y  a l t e r e d  by compounds which a f f e c t  1 i v e r  

microsomal drug metabolism. 

ac t i on  o f  three d i f f e r e n t  hemeproteins on one subst rate (5,6). 

By us ing T an i n v e s t i g a t o r  can study the  

The standard method f o r  measuring the  hydroxylated metabol i tes o f  T 

employs descending paper chromatography (1,Z). 

invo lves p r e - e q u i l i b r a t i o n  o f  f i l t e r  paper w i t h  lower phase o f  t he  so l ven t  

mix ture a f t e r  s p o t t i n g  the sample. 

w i t h  the  upper phase by descending chromatography f o r  24-48 hours dur ing 

which time, T runs o f f  the end o f  the sheet l eav ing  on ly  the  p o l a r  

metaboli tes. 

and the  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  measured by s c i n t i l l a t i o n  counting. 

Although h igh pressure l i q u i d  chromatography has been appl ied i n  

Bas ica l l y ,  the method 

The chromatogram i s  then developed 

The chromatograms a re  then d r i e d  and c u t  i n t o  1 cm pieces 

the separation o f  s te ro ids  (7) and b i l e  acids (8,9), on ly  one such 

method (9 )  has been repor ted f o r  t h e  s p e c i f i c  separation and de tec t i on  

o f  t he  hydroxylated metaboli tes o f  b i l e  acids. 

reversed-phase methodology has been repor ted f o r  t he  separat ion o f  some 

po la r  metaboli tes o f  T (10). 

tographic (TLC) methods requ i re  mu1 t i p l e  developments t o  adequately 

separate the 7a- and 16a-hydroxylated metabol i tes (11 , lZ). 

One HPLC technique using 

Prev ious ly- repor ted t h i n - l a y e r  chroma- 

This paper repo r t s  HPLC and TLC methods f o r  t he  separat ion o f  

androstene-dione, testosterone, and the 68- 7a- and 16a-hydroxytestosterones 

Another TLC system i s  a l so  described which can be used t o  separate the  

non-polar metabol i tes from testosterone and i t s  hydroxy lated metabol i tes.  

I n  con t ras t  t o  p rev ious l y  repor ted methods, our  TLC systems r e q u i r e  on l y  

one development. 

successfu l ly  app l i ed  t o  the separation and de tec t i on  o f  major p o l a r  

metaboli tes o f  testosterone produced i n  v i t r o  by incubat ion o f  testosterone 

These two chromatographic techniques have been 

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



HPLC AND TLC OF TESTOSTERONE 

w i t h  l i v e r  postmitochondrial f r a c t i o n s  from a d u l t  male Sprague-Dawley 

r a t s  pret reated w i t h  e i t h e r  phenobarbital o r  Aroc lor  1254. 

r e s u l t s  are compared w i t h  those obtained by conventional paper chromatography. 

945 

HPLC and TLC 

MATERIALS AND METHODS 
14 Reference Standards and Reagents - ( C)-Testosterone was obtained 

from Amersham Searle Co., (Chicago, I L ) ,  and used w i thou t  f u r t h e r  

p u r i f i c a t i o n ;  testosterone, 16a-, and 6~-hydroxytestosterones were from 

S te ra lo ids  Inc. , (Wilton, NH); 7a-hydroxytestosterone was obtained from 

the  S te ro id  Reference Bank o f  the Medical Research Council i n  Great 

B r i t a i n .  

Androstan-3,17-dione, 5a-Androstan-176-01 -%oneB 5a-Androstan-3a-01- 

17-oneB ~~-Androsten-3,17-dione, and NAOPH were obtained from Sigma 

Chemical Co. ( S t .  Louis, Mo). Phenobarbital was obtained from S t e r l i n g -  

Winthrop (Phila., PA) and Aroc lo r  1254 (a commercial m ix tu re  o f  po ly-  

ch lo r i na ted  b iphenyls)  from Analabs (New Haven, CN). 

were o f  the h ighest  p u r i t y  commercially ava i l ab le .  

G1 ucose-6-phosphate. g l  ucose-6-phosphate dehydrogenase , 5a- 

A l l  o the r  reagents 

Preparation o f  Microsomes and Testosterone Metabolism - The 9000 x g 

post-mitochondria1 supernatant (S9) f r ac t i ons  were prepared from 25% 

homogenates o f  l i v e r s  from a d u l t  male r a t s  (Sprague-Dawley s t r a i n ,  250 g 

o r  greater)  obtained from the  N I H  animal colony. The microsomal enzymes 

were induced by t r e a t i n g  the  animals w i t h  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  

e i t h e r  PB (100 mglkglday f o r  3 days) o r  AC (500 mglkg once 5 days before 

being euthanized). P ro te in  concentrat ions were determined by the  method 

o f  Lowry eta. (13). 

Testosterone metabolism was determined e s s e n t i a l l y  by the method o f  

The fo l l ow ing  r e a c t i o n  components were contained Conney and K lu tch  (14). 

i n  a t o t a l  volume of 1 m l :  

Mmoles MgC12, 0.5 pmole NADPH, 1 u n i t  glucose-6-phosphate dehydrogenase, 

100 pmole potassium phosphate, pH 7.5, 3 
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946 SHAIKE ET AL. 

14 

The react ions were s t a r t e d  by the  a d d i t i o n  o f  

5 ,,moles glucose-6-phosphate, 125 nmOleS ( 

1.25-5 mg l i v e r  S9. 

substrate, incubated fo r  5 min a t  37"C, and stopped by the  a d d i t i o n  o f  

10 m l  methylene ch lor ide.  Af ter  vor tex ing fo r  30 sec and c e n t r i f u g i n g  

t o  separate the phases, f i v e  u l  a l i q u o t s  of t he  CH2C12 were counted t o  

ca l cu la te  recovery (average recovery was 96%) and then 9 ml were taken 

t o  dryness under n i t rogen.  The res idue was d isso lved i n  2 m l  methanol, 

d i v ided  i n  h a l f  and each 1 m l  p o r t i o n  taken t o  dryness again. One h a l f  

o f  t h e  sample was d isso lved i n  200 v1 methanol and 100 p l  a l i q u o t  

analyzed using the paper chromatographic method (1). and t h e  remainder 

separated by TLC as described below. The o the r  ha l f  of t he  sample was 

d isso lved i n  100 u l  CH2C12 and 25 111 subjected t o  HPLC analys is .  

C)-teStOSterOne (1 u C i )  and 

High Pressure L i q u i d  Chromatography. A modular HPLC system was used 

f o r  t h i s  study. The u n i t  cons is ted o f  a Laboratory Data Control 

Constametric I 1  pump (R iv ie ra  Beach, FL), a Chromatronix dual-channel 

UV absorbance de tec to r  (Spectra-Physics, Santa Clara, CA), a high- 

pressure s i x p o r t  sampling va lve f i t t e d  w i t h  a Glenco (Houston, TX) Model- 

V I S  va lve i n j e c t i o n  syringe, and a F isher  Recordal l  R Series 5000 

recorder (F isher  S c i e n t i f i c ,  S i l v e r  Spring, MD) operated a t  0.2-in/min 

cha r t  speed and a 10 mV se t t i ng .  

A 25 cm x 4.6 mn, 10 vm P a r t i s i l - 1 0  column (Whatman, Inc., C l i f t o n ,  

NJ) operated a t  ambient temperature was used t o  separate testosterone 

metabol i te  standards, o r  actua l  metabol i tes which were e l u t e d  w i t h  HEX/ 

THF/IPA (80:15:5) a t  a f l ow  r a t e  o f  1 ml/min. A precolumn ( 4 cm x 2.1 

mm) packed w i t h  Waters Associates p e l l i c u l a r  Coras i l  (37-50 urn), was 

used t o  ensure the  s t a b i l i t y  o f  t h e  a n a l y t i c a l  column. 

r e t e n t i o n  times were determined w i t h  a Hewlett-Packard (Avondale, PA) 

3352A labo ra to ry  data system 1 inked through a Hewlett-Packard 1865 A/D 

Peak areas and 
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HPLC AND TLC OF TESTOSTERONE 

Converter t o  the  UV detector  output  o f  the l i q u i d  chromatograph. 

the metabolism ex t rac ts  were analyzed by HPLC, 1 m l  f r a c t i o n s  were 

co l l ec ted  i n  s c i n t i l l a t i o n  counting v i a l s  and 10 m l  PCS c o c k t a i l  

(Amersham-Searle, A r l i ng ton  Heights, ILL)  added. 
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When 

Thin- layer  chromatography - Standard rectangular  glass tanks were 

used f o r  p l a t e  development. 

nm) and short-wavelength (254 nm) UV lamps (Brinkman, Westbury, N.Y.) 

was used t o  l o c a t e  the spots on the p la te .  Three d i f f e r e n t  a n a l y t i c a l  

p la tes  were used, s i l i c a  gel 60 (E. Merck, Elmsford, N.Y.) Baker f l e x  

s i l i c a  gel 1B-F (J.T. Baker Chem. Co., Ph i l l i psbu rg ,  N.J.) and p o l y s i l i c i c  

a c i d  gel-impregnated glass f i b e r  sheets ITLC-SA (Gelman Instrument Co., 

Ann Arbor, M I ) .  A f t e r  development and drying, p la tes  were sprayed w i t h  

50% methanol-sulphuric a c i d  and heated i n  the  oven a t  110°C f o r  5 min. 

A viewing cabinet  w i t h  long-wavelength (366 

As mentioned e a r l i e r ,  a f t e r  the a l i q u o t  o f  the e x t r a c t  was used fo r  

PC analysis, the remainder o f  t he  e x t r a c t  was separated on TLC using t h e  

Gelman ITLC-SA sheets. A standard mixture o f  AD, T, 68-, 7a-, and 

16a-H-T were chromatographed i n  lanes on the  ou te r  perimeter of t he  

chromatograms. Ind i v idua l  sheets were developed w i t h  so lvent  system 1 

( e t h y l  ether: e t h y l  acetate, 9:2, v/v). 

migrated about 18 cm, the  sheets were removed from the tank, d r i e d  i n  

a i r  and marked a t  1 cm i n t e r v a l s  s t a r t i n g  a t  the bottom o f  t he  sheet. 

The i n d i v i d u a l  sample and standard lanes were separated and the l a t t e r  

sprayed w i t h  50% methanol -su l fur ic  a c i d  and heated a t  110°C f o r  5 min 

i n  order  t o  l oca te  the metabol i te  standards. The sample lanes were c u t  

i n t o  1 cm sections and placed i n t o  s c i n t i l l a t i o n  v i a l s  con ta in ing  10 m l  

PCS s c i n t i l l a t i o n  cock ta i l .  

A f t e r  t he  so lvent  f r o n t  had 

Rad ioac t i v i t y  measurements - A l l  samples, whether they were 1 cm 

sections of paper chromatograms, g lass - f i be r  sheets o r  1 m l  HPLC 

f rac t i ons ,  were quant i ta ted f o r  t h e i r  l e v e l s  o f  ( 14 C)-metabolites using 
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948 SHAIKH ET AL. 

an Isocap/SOO L i q u i d  S c i n t i l l a t i o n  System (Nuclear-Chicago, Oes Pla ins,  

ILL) .  

f o r  quenching. Counting ef f ic iency w i t h  a l l  these samples was usua l l y  

80%. 

Samples were counted against  an external  standard t o  c o r r e c t  

RESULTS 

Fig. 1 shows a t y p i c a l  HPLC chromatogram o f  the separation o f  a 

Retention times, peak areas mixture o f  the compounds being studied. 

and peak shapes were h igh l y  reproducib le  under t h e  HPLC cond i t i ons  used 

TIME(mln.) 

Figure 1 HPLC p r o f i l e  o f  mixed standards. Approximately 1 ug each 

o f  AD, T ,  GB-HT, 7a-HT and 16a-HT were separated on a 

m ic ropar t i cu la te  s i l i c a  gel column using i s o c r a t i c  e l u t i o n  

w i t h  HEX/THF/IPA (80:15:5). 

a t  254 nm w i t h  f u l l  scale s e n s i t i v i t y  a t  0.04. 

UV-absorbance was monitored 

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



HPLC AND TLC OF TESTOSTERONE 

(see Ma te r ia l s  and Methods) and the  average r e t e n t i o n  t imes (min) 

o f  i n d i v i d u a l  compounds over 3 days f o r  12 r e p l i c a t e  i n j e c t i o n s  were as 

949 

S . D .  

fo l lows:  6.4 t .05 (AD), 7.7 .05 (T), 12 2 .12 (6B-HT), 27.2 + .41 

(7a-HT), and 42.2 .61 ( 1 6 ~ ~ - H T ) .  Standard c a l i b r a t i o n  curves (Fig. 2)  

cover ing the range o f  concentrat ions from 0.125 t o  5 ug was l i n e a r .  

Table 1 shows the separation o f  T and seven o f  i t s  metabol i tes by 

TLC. Four o f  these compounds (1 t h r u  4) were l ess  p o l a r  w h i l e  the  o t h e r  

f o u r  (6  t h r u  8)  were more p o l a r  than T. The t a b l e  i s  d i v ided  i n t o  th ree  

p a r t s  depending on the type o f  p l a t e  used: S i l i c a  gel on glass sheets, 

180 
170 

160 
150 
140 
130 

ir^ w Testosterone 0 110 

x 100 &--A 160-HT 
$ 9 0  

120 U ~ u - H T  

F - m-a Androstenedione 

80 
8 70 

60 
a 

50 
40 
30 
20 
10 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Amount (ug) 

Figure 2 C a l i b r a t i o n  curve f o r  testosterone and metabol i te  standards. 

Peak area counts i n  mV (response) as a f u n c t i o n  o f  vary ing 

amounts o f  T and metaboli tes. HPLC cond i t i ons  same as 

i n  F igure 1. 
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HPLC AND TLC OF TESTOSTERONE 951 

s i l i c a  gel on p l a s t i c  sheets and p o l y s i l i c i c  ac id  on glass f i b e r  sheets. 

The three backings were se lected t o  meet the  needs o f  var ious analysts .  

Glass sheets were eas ier  t o  scan; p l a s t i c  and f i b e r  sheets were eas ie r  

t o  c u t  when they a re  t o  be placed i n  a v i a l  f o r  count ing the  l abe led  

components. 

f i b e r  sheets, however the glass p la tes  gave the best r e p r o d u c i b i l i t y .  

The p l a s t i c  sheets gave b e t t e r  r e p r o d u c i b i l i t y  than t h e  g lass 

Each type o f  p l a t e  was developed i n  e i t h e r  o f  two so l ven t  systems 

(1 and 2) i n  order  t o  separate the two classes o f  metaboli tes, p o l a r  and 

non-polar, respect ive ly .  Using s i l i c a  gel on glass p la tes,  a l l  o f  these 

components were separated w i t h  these so l ven t  systems, b u t  a t h i r d  

so lvent  system e t h y l  acetate:cyclohexane (9:5) was requ i red  f o r  the 

separation o f  t he  non-polar m ix tu re  on g lass f i b e r  sheets. 

These methods were subsequently app l i ed  t o  the separat ion o f  

hydroxylated testosterone metabol i tes produced by incubat ion o f  ( 

testosterone w i t h  l i v e r  S9- f ract ions from r a t s  p re t rea ted  w i t h  PB o r  AC. 

These r e s u l t s  a r e  l i s t e d  i n  Table 2. A l l  t h ree  methods show reasonably 

good agreement, espec ia l l y  a t  t he  low p r o t e i n  concentrat ion as shown 

i n  Table 2. Besides these th ree  major metaboli tes, several o the r  

u n i d e n t i f i e d  p o l a r  metabol i tes were observed w i t h  the  HPLC assay both 

by UV-absorbance and by the  appearance o f  new r a d i o a c t i v e  peaks (see 

Fig. 3). These unknown metabol i tes were observed between 66-H-T and the 

7a-H-T and others migrated throughout the  reg ion between 7a- and the  16a- 

H-T's. 

s ince several o the r  p o t e n t i a l  metabol i tes (2,11,15) would be expected 

t o  migrate i n  chromatography systems t h a t  separate the  p o l a r  metabol i tes 

o f  T. 

14 
C)- 

The appearance o f  these metabol i tes was n o t  t o t a l l y  unexpected 

DISCUSSION 

This paper describes HPLC and TLC methods f o r  t he  separat ion and 

de tec t i on  of metabol i tes of T. The HPLC and TLC r e s u l t s  were comparable 

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



MG
 S

9 
ad

de
d 

1 6
a-

 h
yd

 ro
xy

-T
 

PC
 

TL
C 

HP
LC

 

1.
25

 
0.

43
 

0.
50

 
0.

40
 

AC
-S

9 
f0
.0
7 

fO
.1
0 

i0
.0
8 

2.
50

 
0.

96
 

1.
05

 
1.

25
 

AC
-S

9 
t0

.1
2 

k0
.2

9 

11
.7

6 
14

.7
5 

13
.6

9 
AC

-S
9 

k0
.2
3 

?;O
. 2

4 
1.

63
 

1 
f1
.3
0 

7a
- h

yd
ro

xy
-T

 
68

-h
yd

ro
xy

-T
 

PC
 

TL
C 

HP
LC

 
PC

 
TL

C 
HP

LC
 

0.
43

 
0.

43
 

0.
48

 
3-

51
 

5.
25

 
4.

83
 

kO
.1

3 
t0

.0
2 

tO
.0

7 
ko

+
87

 
20

.2
8 

i0
.4
3 

1.
18

 
1.

07
 

1.
54

 
7.

89
 

9.
12

 
10

.3
2 

+0
+1

1 
a

-1
3

 
;t
0.
05
 

33
.7

4 

~~
 

~ 

5.
00

 
1.

60
 

2.
44

 
- 

AC
-S

9 
iO

.1
9 

i0
.1

6 
- 

1.
25

 
0.

68
 

1.
10

 
0.

76
 

PB
-S

9 
kO

.0
7 

+g
ao

l 
L0

.0
9 

7.
38
 

t0
.0

4 
21

.0
8 

1.
76

 
I 0.

65
 

0.
75

 
PB

-S
9 

t0
.1

3 
20

.2
4 

t0
.0
4 

a
.1

7
 

1.
69

 
1.

89
 

- 
13

.6
4 

18
.6

9 
- 

f0
.2

9 
a

.1
3

 
- 

51
.1

4 
kO
.3
2 

- 
0.

26
 

0.
43

 
0.

31
 

3.
57

 
5.

04
 

4.
22

 
fO

.0
1 

20
.0

9 
20

.0
4 

i0
.0
4 

20
.2

1 
30

.2
8 

10
.9

9 
14

.0
0 

12
.3

0 
f0

.4
5 

1'
49

 
1 

f1
.1

6 
1 2.24

 
2.

19
 

fO
. 5

4 

2.
00

 
I 12.6

4 
18

.4
2 

13
.5

1 
PB

-S
9 

f0
.3
3 

20
.1
Q 

i0
.5
5 

$3
.5

7 

E
xt

ra
ct

s 
fro

m
 d

up
lic

a&
in

cu
ba

tf
an

s 
m

ix
tu

re
s 

w
er

e 
an

al
yz

ed
 i

n
d

iv
id

u
a

ll
y 

o
r 

po
ol

ed
 u

si
ng

 e
ac

h 
o

f 
th

e 
m

et
ho

ds
 a

s 
de

sc
ri

be
d 

in
 th

e 
te

xt
. 

w
hi

le
 o

nl
y 

on
e 

of
 

th
os

e 
as

sa
ys

 m
ix

tu
re

s 
co

nt
ai

ni
ng

 h
ig

he
r 

am
ou

nt
s 

o
f 

pr
ot

ei
n 

w
er

e 
ru

n 
on

 H
PL

C.
 

D
up

lic
at

es
 a

ss
ay

 m
ix

tu
re

s 
w

er
e 

an
al

yz
ed

 f
or

 a
ll

 t
he

 T
LC

 a
nd

 P
C 

po
in

ts
 e

xc
ep

t 
th

a
t 

on
ly

 o
ne

 3
.7

5 
mg

 
S9

 s
am

pl
e 

wa
s 

ru
n 

on
 P

C.
 

Th
e 

du
pl

ic
at

es
 o

f 
th

e 
1.

25
 

mg
 5
9 
sa
mp
le
s 

w
er

e 
ru

n 
w

it
h

 e
ac

h 
m

et
ho

d,
 

R
es

ul
ts

 a
re

 p
re

se
nt

ed
 a

s 
th

e 
m

ea
ns

 
S.D

. 
w

he
re

 a
pp

ro
pr

fa
te

. 

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



HPLC AND TLC OF TESTOSTERONE 953 

__--- UV 254 nm c % i  
m I  

I 
I 

m I 

e 
0 
c 

N X c 

50 40 30 20 10 

FRACTION W 

Figure 3 HPLC p r o f i l e  o f  a t yp i ca  

the  t o t a l  l i p i d  ex t rac ts  

conta in ing 1.25 mg PB-S9 

1 400T000 1 
$30,000 

0 

metabolism ex t rac t .  One-half o f  

from incubat ion mixtures, 

were d isso lved i n  100 v l  CH C1 2. 2 
and 25 p1 app l i ed  t o  the  HPLC column. F i f t y  f r a c t i o n s  

conta in ing 1 m l  column e f f l u e n t  were c o l l e c t e d  and the 

l e v e l s  o f  ( 

described i n  the  tex t .  The pos i t i on .  o f  known compounds 

a r e  i nd i ca ted  as such; unknown metabol i tes a re  i d e n t i f i e d  

as X1, etc. 

14 C)- label led metabol i tes quan t i t a ted  as 

w i t h  those obtained using conventional paper chromatography. Both t h e  

HPLC and TLC methods resolved T and i t s  p o l a r  metabol i tes.  

methods a l so  separated the non-polar metabol i tes o f  T. 

The TLC 

Use o f  t he  Gelman 
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954 SHAIKH ET AL. 

ITLC-SA sheets allowed a q u a n t i t a t i v e  ana lys i s  o f  t he  r a d i o a c t i v e  met- 

a b o l i t e s  since the e n t i r e  sheet can be c u t  up and the  complete d i s t r i b u t i o n  

o f  rad ioac t i ve  metaboli tes determined. 

To demonstrate the  f e a s i b i l i t y  o f  these techniques, both the  HPLC 

and TLC systems were used t o  separate and q u a n t i t a t e  the l e v e l s  o f  

p o l a r  hydroxylated metabol i tes o f  T generated i n  i n  v i t r o  incubat ions 

conta in ing l i v e r  S9- f ract ions from PB- o r  AC-treated r a t s .  Even though 

t o t a l  l i p i d  ex t rac ts  were used, t he  contaminating l i p i d s  d i d  no t  i n t e r -  

f e re  w i t h  the  de tec t i on  o r  e l u t i o n  o f  the compounds o f  i n t e r e s t  i n  

e i t h e r  system. 

The app l i ca t i on  o f  the HPLC method t o  the  separation o f  the major 

hydroxylated metaboli tes o f  testosterone i s  c l e a r l y  demonstrated i n  

chromatogram shown i n  Fig. 3. 

corresponding t o  those of known metabol i tes, supported t h e  v a l i d i t y  

and s e n s i t i v i t y  o f  t he  method. 

as the  HPLC mobile phase af forded a usefu l  degree of s e l e c t i v i t y  i n  

metabol i te  separation, since a d d i t i o n a l  ( u n i d e n t i f i e d )  metabol i tes were 

resolved along w i t h  the  expected metabol i tes of T, namely, 68-, 7a-, 

and 16a-hydroxytestosterone (see Fig. 3) .  The u n i d e n t i f i e d  metabol i tes 

noted i n  the present study represent the poss ib le  formation o f  o ther  

hydroxylated metaboli tes o f  T (e.g., 2B-hydroxytestosterone (2,11,15), bu t  

f u r t h e r  experiments would be necessary t o  e s t a b l i s h  t h e i r  i d e n t i t i e s .  

The r a d i o a c t i v i t y  located i n  HPLC f r a c t i o n s  

The se lec t i on  o f  (80:15:5) HEX:THF:IPA 

Some o f  the advantages o f  the TLC procedure are i t s  a b i l i t y  t o  sepa- 

r a t e  both the po la r  and non-polar metabol i tes o f  T, t o  handle l a rge  numbers 

o f  samples i n  a r e l a t i v e l y  sho r t  t ime, and t o  de tec t  some o f  t he  non-UV 

absorbing metaboli tes which are n o t  seen by HPLC. 

The r e s u l t s  obtained from a comparison o f  t he  PC, TLC, and HPLC 

methods show r e l a t i v e l y  good consistency. Although HPLC and TLC g i ve  

s l i g h t l y  higher values than t h a t  obtained by PC, the r e s u l t s  are we l l  
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HPLC AND TLC OF TESTOSTFRONE 955 

w i t h i n  a reasonable margin o f  e r r o r ,  even a t  h igh  concentrat ions of prote in .  

The f a c t  t h a t  the TLC procedure can be performed w i t h  such ease and speed 

w i l l  g r e a t l y  f a c i l i t a t e  use o f  t h i s  subst rate f o r  s tudy ing drug metabolism. 

That other, as yet un iden t i f i ed ,  metabol i tes were separated using the  HPLC 

procedure i nd i ca ted  t h a t  t h i s  system can be used t o  i s o l a t e  e s s e n t i a l l y  a l l  

o f  the po la r  metabol i tes o f  testosterone. 

TLC and HPLC procedures provides the researcher w i t h  powerful t o o l s  t o  

analyze f o r  p o l a r  and non-polar metabol i tes o f  testosterone. 

Hence, the a v a i l a b i l i t y  o f  both 

LIST OF ABBREVIATIONS 

T- 

6$-HT- 

7a-HT- 

16a-HT- 

AD- 

PB- 

AC- 

s9- 

HPLC- 

PC- 

HEX- 

THF- 

I PA- 

TLC- 

SG- 

B F- 

ITLC-SA- 

4 Testosterone ( A  -Androsten-17$-01-3-0ne) 

6@-hydroxytestosterone ( A  -Androsten-65,17g-di 01 -3-one) 

7a-hydroxytestosterone ( A  -Androsten-7~ , I  75-diol-3-one) 

16a-hydroxytestosterone ( A  -Androsten-l6a , 1 7 ~ - d i  01 -3-one) 

Androstenedi one ( A  -Androsten-3,17-dione) 

Phenobarbital 

Aroc lor  1254 (a commercial mix ture o f  po l ych lo r i na ted  
biphenyls) 

9000 x g postmitochondrial supernatant 

High pressure 1 i q u i d  chromatography 

Paper chromatography 

Hexane 

Tetrahydrofuran 

Isopropanol 

Thin l a y e r  chromatography 

S i l i c a  Gel 60 

Bakerf lex s i l i c a  gel 

P o l y s i l i c i c  a c i d  gel impregnated glass f i b e r  sheets 

4 

4 

4 

4 
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