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ABSTRACT 

A digital a u t o r a d i o g r a p h i c - t h i n - l a y e r  c h r o m a t o g r a p h i c  m e t h o d  involving simple steps "N described I'or 
t h o r o u g h  separa t ion  of  eight m a j o r  ;:~.d~ggens (Ic.~o.~tcrone, androst,:nedione, dihydrotestosteronc, un- 
d ros te rone ,  epi:mdrosterone, androstaned[of~c, 3: t -andros tanedio l  and  3f l - :mdros lancdiol )  derived f rom 
testosterone metabolism. Their direct quantification is performed by radioscanning, which avoids tedious 

. . . . . . .  :" """  ' : - -  _ : . . . s .ac tory  : tccuracy is obtained by bo th  extern:d plate-scraping and Iltlttltt S c ~ s l t L , l d t ,  . . . .  count ing .  ~,~i-r. • 
standardization of  plates by c~.iibruted a m o u n t s  o f  radiolabel led s t anda rd  steroids and  internal  s t andard i -  
za t ion  of  bioassays by radiolabelled squahmc. Cocilieients of  variatioz~ are  below 8.5% in the range  
100-500 dpm.  S o m e  analyt ica l  criteria related to chromatogr . ' tph ic  cond i t ions  :rod quant i l iea t ion  p a r a m -  
eters depending on position-setlsitive proportional c o u n t e r  are discussed. 

INTRODUCTION 

Evaluation o f  5~¢-reductase, 30¢,3fl-hydroxysteroid dehydrogenase and 17fl-de- 
hydrogenase has always been under active investigation for various purposes 
including skin metabolic  disorders such as acne and baldness, drug effects and 
other dermatological  problems [1-6]. Indeed, evaluation of  testosterone metabo- 
lism by sebaceous glands and hair follicles is an obvious way to a better under- 
standing of  these features [7-14]. However,  the difficulty ofsampli i !g  quantities of  
human material, in addition to the t ime-consuming methods such as scraping off 
thin-layer chromatographic (TLC) plates followed by liquid scintillation count- 
ing (LSC), or sophisticated techniques such as high-performance liquid chroma- 
tography (HPLC) with on-line radiodetectiou coupling [15.16] which are not 
always sensitive enough and not easily transposz~ble in routine, led us to develop a 
TLC method [ 17-21] that permits a complete separation of  the major testosterone 
metabolites and the.;r d.lr -~ t quantification by digital autoradiography ( D A R )  
combined with TLC. The various steps and the application of  this procedure to 
sebaceous gland metabolism are developed, in order to obtain reproducible, sen- 
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sitive and specilic quant i l icat ion by both external ca l ibrat ion  o f  plates and in- 
ternal stand' ,rdization o f  samples .  Moreover ,  certain technical  features, such as 
the preparat ion o f  rad,o label led standard steroids,  derived from the m e t h o d s  
previous ly  de,~cribed [22-24] .  are a l so  developed.  Deta i l s  o f  chromatograph ic  
cond i t ions  and z, nalytical criteria are given. 

E X P E R I M E N T A L  

Preparer;ion q/st¢tlutards 
R a d i o i n e r t  steroids,  such as t e s tos t e rone  (T. 4 -andros tene-17f l -o l -3 -one) .  di- 

hyd ros l e s to s t e ro r | e  e D H T .  5 :~-andros tane- I  7fl-ol-3-one),  a n d r o s t e n e d i o n e  (,5.4, 
4 -andros tene -3 .17-d ione) .  a n d r o s t a n e d i o n e  ( A N S T A N .  5~-andros tane-3 ,17-  
dionc~, a n d r o s  crone ( A N  D R O .  5 :z-andros tane-3~-ol - I  7-one) ,  e p i a n d r o s t e r o n e  
( E P I A .  5 : t -andros tane-3/ / -o l -  17-one).  3 :z -andlos tanedio l  ( 3 ~ - D I O L ,  5~-andros-  
tane-37.. 17[I-ctit~lI. and  3 / l - and ros t ancd io l  (3 f l -DIOL.  5zc-androstane-3fl ,  17//-diol) 
xvcrc : ,applied f rom S igma (St. Louis.  M O .  U S A ) .  Squa lane  ( S Q U A .  
2.6. | 0 . 1 5 . 1 9 . 2 3 - h e x a m e t h y l t e t r a c o s a n e )  was  ob t a ined  f r o m  F l u k a  (Buchs.  Swit-  
ze r land  ~. 

Conamerc ia l lv  avai lable  ~ '*C-radiolabelled s t a n d a r d s ,  such  as  [4-L'tC]testoster - 
one 150 60 mCi mmolL  [4 -~4C]d ihyd ,o tes tos t e rone  ( 5 0 - 6 0  m C i / m m o l )  a n d  [4- 
~4C]androstenedio~ae i 50 -60  mCi  ' retool) .  were p u r c h a s e d  fropa A m e r s h a m  (Car -  
dill'. U K )  and  [11.12.13.14-~'*C]squalane ( 109 m C i / m m o i )  f r o m  C.E .A.  (Gi f - sur -  
Yvet te .  F rance) .  All the s t a n d a r d s  were puril ied by T L C  p r i o r  to use. [4-t4C]P,n- 
d r o s t a n e d i o n c  was p r e p a r e d  f r o m  [4 - t ' *C]d ihydro tes tos te rone  by c h r o m i c  
ox ida t i on ,  and  [4-~'~CI-3[¢-androstanediol by N A B H . ,  r e d u c t i o n  o f  [4-z4C]dihy - 
d r o t c s t o s t e r o n e  in me thano l .  [4-~'*C]And ros terone.  [4-~ '*C]epiandrosterone a n d  
[4-1 tC!-3r t -andros tanedio l  ~vcre ob ta ined  by enzymic  t r a n s f o r m a t i o n  o f  [4- 
l~(']un~drt~t~ttactlio:ac or  [4 -~~( ' ]d ihwl ro tes tos te rone  i n c u b a t e d  in the presence o f  
minced  f r agmen t s  of  lattman skin  as a source of  3u_.3fl-hydroxysteroid dehyd rogc -  
nasc a n d  17/1-d-:hydrogenasc. S e p a r a t i o n .  pur i l ica t ion  a n d  recovery  o f  b io t rans -  
l\~rmed [4- t~( ' l s teroids  were perlk~rmed as descr ibed be low.  The spccilicity o f  
14- t~Cls tundards  was c t ,n l i rmed by a process o f  a ce ty t a t i on  and  ox ida t ion  [25]. 
The  r a d i o p u r i t y  of  each c o m p o u n d  was cont ro l led  by D A R  before s to rage  at  
- 20°C in the form of  1.5 • 1 0  3 d p m  per  10-ml so lu t ions  in m e t h a n o l ,  c h l o r o f o r m  
or  cyc lohexane ,  accord ing  to the polar i ty .  

Mic rod i s : ec t cd  h u m a n  s~-b,ccous glands  (ov'.e to three), sheared  t"!-o!11 scalp  
skin biopsies ,  were incuba ted  ove rn igh t  in 100 tll o f  D u l b e c c o ' s  buffer  in the 
presence  o f  N A I ) P H ,  (2.4 m.,lI) ~,~d 0.33 t~Ci [4-n4C]tes tos terone.  Penicillin a n d  
.',trci~:,.:-mycin (0 .1%) ensu red  sterile met:~bolisna o f  the  precursor .  The  s ame  
prt;cess was  carried out  for  the p r e p a r a t i o n  of  s t a n d a r d  [4-~4C]steroids. a f t e r  
,,.lj~t~tL~lettt ,.,f the." iiLcub..-: ,n  v o l u m e  (5.0 ml) and  I!'.: p r e c u r s o r  a m o u n !  (15.0 
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ttCi) accord ing  to t h e  anaount  o f  sliced or homogen ized  skin. For  biological  
measurement s ,  the react ion was s topped  by in t roduc t ion  of  5 ltg o1" each cold 
steroid.  Concur ren t ly ,  rad io labe l led  squahme  was added  as in ternal  s:~.ndard. 
Tes tos te rone  metabol i t es  were extracted three t imes with 1.0 ml of  diethyl  e the r ,  
and  organic  phases  were separa ted  and  then gently evapora ted  under  a s t ream o~" 
n i t rogen at 35"C. Previous cont ro ls  showed that  more  than  95% ot" the radio- 
act ivi ty added  was recovered whichever  c o m p o u n d  was extracted.  S t anda rd  prep-  
a ra t ion  incuba t ion  medi~ were ext rac ted  twice with 20 ml o f  ethyl  ace ta te -hcx-  
a n e - e t h a n o l  (7:2:!, v/v/v). Af te r  evapora t ion  under  vacuum,  dr ied residues were 
subtraitted to p repara t ive  ch roma tog rap l iy .  

Chromatographtc m'u!erials 
Dich lo rome thane ,  diethyl  ether,  toluene ~.md ethyl  acetate were ana ly t ica l  

grade (SBS, Peypin,  France) .  Silica gel 60 F 254S plates (20 cm x 20 cm), with 
concen t ra t ing  zone (4 cm x 20 cm) precoated for prepara t ive  T L C  ( thickness  2.0 
ram),  used for puritY.cation o f  s t anda rd  [4-1"~C]androstanedio:le and  the tirst step 
in the p repa ra t ion  o f  enzymica l ly  prepared s t andard  [4-~4C]steroids, were f rom 
Merck  ( D a r m s t a d t ,  G e r m a n y ) .  T L C  plates (20 cm x 20 cn0,  coated with silica 
gel 60 F 254S, with concen t r a t ing  zone (2.5 c m x  20 cm; layer thickness  0.25 ram) 
were used for the second ,~tep in the pur i f icat ion of[4-~C]-3~.,[~-isomeric forms of  
5~-reduced c o m p o u n d s  and  for any  quan t i l i ca t ion  purpose,  related to the del ini-  
t ion o f  analytic~ll cri teria and  the eva lua t ion  o f  biological  samples .  C h r o m a -  
tographic  separa t ions  were pe r fo rmed  in 20 cm × 20 cm glass tanks  with lateral  
channe l s  (Desaga ,  Heidelberg,  G e r m a n y ) .  

Chromarogral;hi¢' procedures 
Che?',,i:','~lly prepared  [4-~4C]androstanedione was chromatogrt~p!~.ed twice on 

p repara t ive  plates at room t empera tu re  in d ich lo ronae thane-d ie thy l  ether  (90: 10, 
v/v) (system I). [4-~4C]-3/J-Androstanediol  was purif ied twice in system !, at 4°C, 

1 4  • , on "i 0.25-111111 T L C  plate. [4-x '~CjAndrosterone and  [4- C ] e p i , l n d r o a t e r o n e .  

which coeluted in system 1 on prepara t ive  plates, were extracted fl 'om silica gel, 
reconcent ra ted  and  chromatogr t ' ,phed on a 0 .25-ram T L C  plate twice in the 3' and  
.v direct ions  in to luene -e thy l  acetate  (50:50, v/v) (system l la). Analy t ica l  cri teria 
~ t t  biological  s ample  quan t i f i ca t ion  were per formed  exclusively on 0.25 m m  
thick iltrss plates  by two methods :  ( 1 ) doub le  rtt:',, 3' di~'ection, system I, 4"C, (up to 
ion spots per  plate); (2) double  run,  y direct ion,  system I, 4°C, then doub le  run,  .x" 
d il 'cction, system I la,  when single spot or  system l i b  (toluer~e-ethyl acetate,  70:30 
v/v), 4"C. when  two tracks were to be run. 

Radiodetectioll eqttipment 
The  r a d i o - T L C  ana lyse r  emp loyed  in our  studies was a Berthold LB 2840 

l inear  ana lyser  (Berthold,  W i l d b a d ,  G e r m a n y )  equ ipped  with a h igh-resolut ion-  
head detector  (LB 282/1) coup led  wi th  an H P  Vectra ES12 c o m p u t e r  a l lowing 
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detection,  storage, reconstruct ion of  b id imens iona l  rad iodis t r ibut ions  and their  
quant i ta t ive  evalua t ion  {20-30]. A Beckman LS1801 l iquid scint i l la t ion counter  
was tts¢(.t (br s t andard iza t ion  or  ~'*C-radiolabelted steroid rererence solutions.  

I~. ES U L'I'S 

l(]./i{'ieno' oJ'.~'el)(trtllio/~ o.f leStos/e/ 'one m e t a b o l i t e s  
System la does not achieve separa t ion  or  [4-~'~C]androsterone and  [4- 

~'~C]cpiandrostcronc (Fig. ! a). Comple te  separa t ion  or the eight [4-n.~C]tcstostcr_ 
one mctabol i tcs  is easily ob ta ined  by a c o m b i n a t i o n  or  system I and system l la .  
After  a double  run in sys tem I. [4 .~ ~C]androstcnedione and [4-t '*C]testosterone 
arc located under  UV light and  two x direct ion grooves are made  in the silic=: g, eL 
the lir.,,t one as ctosc as possible above the [4-~'~C]testosterone spot, tlae .,ccond 
one as close as r)ossiblc below the [4-t '*C~androstenedione spot, in order  to isolate 
[4- t 'SC]dihydrotcstosterone arid coelutcd [4-~ 4C]andros tcrone and  [4-:'~C]cpian- 
dro:;terone rrom other  compound. , ,  Silica gel is then removed f i om a 2.0-cm stril: 
f rom outside the del imited central  lane. allowing:, selective migr~_:tion .or [4-~4C]di - 
hyd rotestosterone, [4- a =C]at~drostcronc and  [4- n ZC]cpiandrostcro~tc ;n system 1 I. 
l:ig. t b shows the pat tern ot" the r.:,~.tabolitus separated.  Under  these conditio;~s no 
overlaf~ping is observed between [4-~'~C]tes~.osterone and  [4-:'~C]-3~,3/~-andros- 
tancdiols  (~r between [4-~'*C]androsterone and [4-~'~C]cpiandrosterone (Fig. lc). 
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Fig. I, [)igilal auloradiogruphy (TLC) of  slandard 3;t.3/1- and 5:(-reduced and 17/I-dehydrogenated [4- 
~'~C|.~teroitls: I.a~ one-d mension:d chronaatography-" (b) lwo-dimensional chromulography" ( c )  extension or  
3 ~.3/I-istm~c,- migration areas, l"or ;tl~brcviations. chromatograplaic conditions and :requisition parameters. 
see tcxt. 
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,,lnal~'ticcd criteria 
The reproducibi l i ty  of  direct r ad ioscann ing  qu,tnt i! icat ion was ewdua ted  by 

in t ra-p la te  and inter-philo measurenaents  of  s t anda rd  steroids.  Acquis i t ion was 
pe r fo rmed  under  the fol lowing condit ions:  gain,  2: s tep-width,  1.9 ram; slit-width, 
2.0 rnm: step nurnber ,  106: voltage,  1375 V: argon-metl ' t ; ;ne (90:10) t low-rate,  600 
Cl'l'13/min: acquisi t ion time, 6 h. 

hatra..pktt e and i,{erTpkt{e repro~hwitd/ity. A mixture o f  s t anda rd  [4-t4C]ste - 
roids and [11.12,13, | 4- t4C]sqtmhlne,  3 • ! 0 3 d p m  et:ch, was spot ted si:,: t imes on 
six plates, then c h r o m a t o g r a p h e d  twict: in system i at .~°C. [4-t~C]-3i~-Andros - 
tanediol  ~nd [4- t '~C]epiandrosterone were run independent ly .  Quan t i t a t ive  mea-  
Sl,lrenlelltS of" erich spot  were perforn'ted ~lfter martutd del imitat ion and  au toma t i c  
intcgr:lt,ion o f  radioact ive  areas .  The  method  o f  calculat ion is given For one com-  
p o u n d  hy the fo l lowir~ equa t ion :  

R A - - - ( R l , : p , , , i , - - B K G t ) / ( I S , : r , , , , h -  B K G 2 )  

where  RI is the region of  interest,  dclined as the [4 -t 4C]stcroid migra t ion  area ,  IS 
is region o f  interest., defined as the internal s t anda rd  migra t ion  area,  B K G  is the 
b a c k g r o u n d  o f  the same surface as RI or  IS and  c p m b  is cottnts per mirtute. Ri ,  IS 
and  B K G  are f rom the same t rack .  

Table  I gives the coelticients o f  v~:riation (C.V.)  for et~ch c o m p o u n d ,  c:dculated 
on six t racks  froth the same plate (I:ig. 2). In no case does the C.V. exceed 6 .9%.  
The  average  C.V.,  indel'~endcnt of  cornl~ound sp,,cilicily, is 6.03" ' ,  (n = 6 plates, 
Table  IlL Table  I11 shows that  the C.V. c~dcttlated for the same cornpot tnd f rom 
six different plates  is much  higher  (16.7"/'o). Consequent ly ,  intel'-phlte compar i son  
is not  valid il" external  ca l ibra t ion  of  each plate is not cr~rricd out  be lb rehand .  

T A B L E  ! 

I N T R A - P L A T E  V A R I A B I L I T Y  OF  R E L A T I V E  D A R - T L C  Q U A N T i I - I C A T | O N  O F  S T A N D A R D  
'[4-1"tCISTEROIDS C H R O M A ' I ' O G R A P H E D  IN SYSTEM | 

IS - inlcrnal st :mdard (SQUA): 3f l -DIOL and EPIA were run ind-'pendently. For  abbr..'ziations and 
chromtl tographic ,;ystem composi t ion,  s¢~ text. 

C:,ml'~Otlnd Mc:m • S.D. C.V. (%) 

3x-DIOL/IS  !.194 + 0.0589 4.93 
3f l -DIOL/IS 1.163 .4- 0.05i7 4.45 
T/IS 1.365 4- 0.1)577 4.23 
ANDRO/~S  1.225 4- (I./)567 4.63 
EPIA,IS 1.297 4- t1.1)890 6.87 
DI-IT/IS 1.299 & (I.0458 3.53 
d4¢i~ 1,379 4- 0.0833 6.t)4 
A N S T A N ; I S  !.6(10 -4:0.0757 4.73 

Mean 4.93 
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Fig. 2. [ntra-pl~tte reproducibili ty:  digiltti ~ultor~tliogr~tDhy or  six tracks of  s tandard  3:~,3/I-and 5:~-rcduced 
t|nd 1 7 / ~ - d c [ l y d t ' o g t : n ; . i t c d  [4-n'=C]steroids (a) and its lhree-din~ensional view (b). F o r  ubbreviat ions,  chro-  
matogr-q~hk: condit ions ;.tnd ~tcquisition parameters ,  see text. IS= = internal s tundqrd (SQUA~) region o f  
intc;cst'. R! t -- A N S T A N  t rebzion of  interest: BKG~ --- bz~ckground f subMr;tch:d f rom RT~- B K G  z = 
background  2 substractcd frt~n', IS~. 

Ctdibration t , rves .  Solut ion o f  s t a n d a r d  [~4C]steroids were adjus ted  to I0 ~ . 
200. 300. 400 and  500 d p m  in o rder  to ob ta in  the recovery between theoret ical  
curve  (0) and  liquid scinti l lat ion m e a s u r e m e n t s  (m). S imul t aneous  de te rmina t ion  
o f  the rat ios of  s t a n d a r d  [4-t4C]steroids to the internal  s t a n d a r d  (250 d p m )  by the 
two techniques was pe r fo rmed  for  the san~e range  value (Fig. 3a), and  curves were 
plot ted (LSC.  D A R - T L C )  for  each c o m p o u n d .  Fig. 3b shows the ca l ibra t ion  
curve fox- [4-a4C]testostcro~ac. Fig. 3c -' . . . . . .  =,,vw:, the cor re la t ion  betwee~'l LSC and  
D A R - T L C  for the whole  range  o f  [4-t4C]steroids t inder invest igat ion.  

Repro~htcibilit.v o f /wo-d imet t s ionai  D A R - T ' L C .  Fig. 4 shows  doub le - t r ack  mi- 
gra t ion  o f  stzmdard [4-~'tC]steroids in the two-d imens iona l  system. The  C.V. .  
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T A B L E  li. 

AVERA~iE COEFFICIENT OF.VARIATIOI4 OF RELATIVE DAR-TLC QUANTIFICATION OF 
STANDARD [4-'aClSTEROIDS CHROMAIOGRAPHED IN SYSTEM I (INTRA-PLATE VARIA- 
BILITY. SIX PLATES)  

Plaie C.V. (%) 

! 4 . 9 3  
2 4.84 
2 7.18 
4 5.15 
5 8.78 
6 5.30 

Mean 6.03 

calcula ted by Snedeco!"s  me thod  (S.D. = [Z'(x~ - x~)Z/2n] l/z) and  recorded in 
Tab le  IV, do  not  differ" f rom those calculated f rom one-d imens iona l  c h r o m a t o -  
g raphy .  

Accm'acv o[" biological sample quanti.Iicatiol~. Afte r  incubat ion  o f  h u m a n  seba- 
ceous g lands  as descr ibed in Exper imenta l  and  add i t ion  o f  the internal  s t andard ,  
the o rgan ic  phase  extract  w~:s divided into four  aliquo, 's and  the dried residues 
were c h r o m a t o g r a p h e d  independent ly  on four  plates.  Fig. 5a and  b shows dou-  
b le- t rack  c h r o m a t o g r a p h y  o f  one a l iquot  and  is three-di,:~ensiona! view, The 
[4-~4C]testosterone spo~ o f  the iJioassay t rack was  removed  befolc  radioseannhag 

T A B L E  ili 

I N T E R - P L A T E  V A R I A B I L I T Y  OF  R E L A T I V E  D. A R - T L C  Q U A N T I F I C A ' f l O N  Ol-" S T A N D A R D  
[4- t4CISTEROIDS c i - I R O M A T O O R A P H E D  IN SYSTEM 1 (SIX PLATESI  

IS = internal s tandard (SQUA):  3fl-I) lOL and EPIA were run indcpcndenlly. For  abbreviations and 
chromatograph ic  syst.:m composit ion,  see text. 

C o m p o u n d  Mcan 4- S.D. C.V. (%) 

3~-DIOL/IS  i.433 4- 0.i853 12.93 
3fl-DIOL/IS 1.464 4- 0.2599 17.75 
T/ IS  1.708 .4- 0.2734 16.01 
A N D R O / I S  1.523 4- 0.2364 i5.52 
EPIA/ IS  1.607 4- 0.3111 19.36 
D H T / I S  t.596 4- 0.2759 17 29 
d4/ IS  1.656 4- 0.2870 17.33 
A N S T A N / I S  1.753 4- 0.3028 17.27 

M e a  n 1 6 . 6 9  
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The amount o1" each [4-t4C]steroid derived from [4.-~a'C]testosterone metabolism 
is given in dpm in Table V. Variability of quantitlcation calculated by the crossed 
Snedecor's method (comparison of plates 1-2, 1-3, !--4, 2-3, 2-4 and 3-4) gives 
an average C.V. of 8.72%. Minor or structurally undefined metabolites, such as 
2,6-~-hydroxylated androstanediols, appearing as the most polar materials were 
not investigated. 
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Fig. 3. (a) Digital au toradiography (log mode) of  calibrated amounts  of  s tandard 3:t,3fl- and 5:t-reduced 
and 17fl-dehydrogenated [4-t4Clsteroids. For  abbreviat ions and chromatograplf ic  condit ions,  see text. 
Acquisition parameters  are its described in text, except for the acquisition time (I0 h). (b) [4-t'~C]Testostcr - 
one calibration curve: (0) theoretical curve: (m) liquid scintillation measurements:  (LSC) [ 'aC]testosterone/  
[l*C]squalane (liquid scintillation counting): ( D A R T L C )  [taC]testostcrone/[taC]squ:dane (digital ~,.uto- 
radiography).  (c) Correlat ion between LSC and D A R - T L C  quantil ication o f  s tandard 3~t,3fl- and 5:(- 
reduced and 17fl.dehydrogenated [4-1"~C]steroids. 
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Fig. 4. Digit,'d au toradiography of  double track migrat ion o f  s tandard 3:t,3fl- and 5x-reduced and 17fl- 
dehydrogenated [4-t'~Clsteroids, For  .',bbrevialions, chromatographic  conditions and acquisition param- 
elers, see text. 
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T A B L E  IV 

V A R I A B I L I T Y  O F  M E A S U R E M E N T S  BY D A R - T L C  OF  D O U B L E - T R A C K  T W O - D I M E N S I O N -  
AL CH R O M A T O G R A  PHY O F  S T A N D A R D  [4-=aC]STEROIDS C A L C U L A T E D  BY S N E D E C O R ' S  
M E T H O D  

For abbreviat ions and slatistical methods ,  see text. 

Plate Mean 4- S.D. C.V. (%) 

t 1.022 4- 0.06852 6.70 
2 1.078 4- 0.05744 5.33 
3 1.097 :1:0.08060 7.35 
4 0.9759 4- O. t 1437 I 1.72 

Mean 7.78 

D I S C U S S I O N  

Amongst  the methods developed for quantifying the patterns o f  radiolabelled 
testosterone metabolites z~fter chromatographic separation, HPLC coup!ed with 
on-line radiodetection seems to be the most suitable in terms of  resolution and 
praticability, since neither derivatization nor sample collection is required, as in 
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Fig. 5. (a) Digital a t t toradiography o f  3~t,3/J- and 5~t-reduced and 17fl-dehydrogenated [4-1"~C]androgens 
derived f rom h~ vitro [4-1aC]testosterone metabolism, incubated in the presence o f  human sebaceous 
glands; (b) three-dimensional  view. For  abbreviat ions and ch romatograph ic  condit ions,  see text; ref  = 
calibrat ion track; bio = bioassay track. Acquisi t ion parameters  were as described in text except for  the 
acquisition time (10 h). 

T A B L E  V 

V A R I A B I L I T Y  O F  M E A S U R E M E N T S  O F  [4.-=4C]TESTOSTERONE B I O T R A N S F O R M E D  IN TO 
ITS M E T A B O L I T E S  A F T E R  D O U B L E - T R A C K  T W O - D I M E N S I O N A L  C H R O M A T O G R A P H Y  
A N D  D A R - T L C  Q U A N T I F I C A T I O N  

For  abbreviations,  incubat ion condit ions and statistical methods ,  see text. 

C o m p o u n d  A m o u n t  (dpm) 

Standard  Bioassays Bi°assay2 Bi°assaya Bioassay4 

3z -DIOL 3375 886 I197 920 1168 
3fl-DIOL 3115 338 56! 519 597 
A N D R O  3030 587 557 924 593 
EPIA 3180 218 180 160 128 
D H T  3065 3868 4820 4074 4782 
A4 3270 6194 5623 6253 5408 
A N S T A N  3175 1323 1195 1297 1064 

Mean 1979.78 dpm:  S.D. 172.55 dpm; C.V. 8.72% 
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gas c h r o m a t o g r a p h y  and LSC. However ,  on-l ine rad iodetec t ion  does not  reach 
the sensitivity needed in our  exper iments ,  in which mic roan loun t s  o f  biological 
tissue ,'tre not  able to metabol ize  more  than  0 .02% of  0.33 ILCi o f  p recursor  added  
to specific classes o f  rad iometabo l i t es  (3~,3f l -androstanediols ,  and ros t e rone  or  
ep iandros te rone) .  Indeed,  the concept ion  o f  an on-line rad iodetec t ion  cell does 
not  permit  cumul;t t ive measu remen t s  like a posi t ion-sensi t ive p ropor t iona l  coun-  
ter, which reduces the limit of  detect ion to 10 d p m  ~'*C within 60 h. In addi t ion ,  if 
the r ad iop recur so r  is not  r emoved  before  in t roduc t ion  o f  the sample  into the 
rad iodetec t ion  cell. an  excess ot" fl-emission could mask  the weak  radios ignal  
emit ted by minor  c o m p o u n d s  o f  similar  re tent ion time. In the case o f  D A R - T L C  
this p rob lem is avoided  by removing  the main  par t  o f  the r ad iop recur so r  spot,  i 
visualized under  UV light af ter  the first runs  in system I. The  m a n u a l  sc rap ing-of f  
p rocedure  followed by LSC is t ime-consun'f ing for series o f  plates on which m o r e  
than  70 spots  per plate are to be recovered,  with the risk o f  losses and inadequa te  
delimit ; : t ion o f a r e a s  uf  interest. Moreove r ,  in D A R - T L C  the b a c k g r o u n d  count -  
rate is low (! .3  c p n ' l / c m  2) and call be tho rough ly  es t imated  by the in tegra t ion  o f  
any  area  selected on the plate. It al lows both  increased precision and acceptable  
acquisi t ion time for low activities: a 100-dpm signal is collected in 11.85 rain. 
R.adiorecording o f  one t rack takes  35 rain for  spots  o f  40 m m  2 (10 mm x 4 ham), 
with a s igna l - to -background  rat io  o f  3.5 and  precision o f  2 .8%.  

Finally,  T L C  samples  can be kept  and  eventual ly  recovered af ter  measure-  
ments  for o ther  analyt ical  purposes  and ,  except for the ca l ibra t ion  o f  s t a n d a r d  
[4-t '*C]steroid solutions,  the use o f  scintillation fluid is not  necessary.  Rad ioscan-  
ning has  previously  been described for the quant i f ica t ion  o f  tes tos terone me tabo -  
lites, but  nc analyt ical  pa rame te r s  were given [31,32]. A p p a r e n t  difficulties en- 
counte red  dur ing  this kind of  measu remen t ,  especially in terms o f  reproducibi l i ty ,  
can be solved since this p a r a m e t e r  depends  more  on c h r o m a t o g r a p h i c  cons t ra in ts  
than on ones of  detection.  An  i m p o r t a n t  difficulty is l inked to the differential  
gradient  pressure  on lateral  t racks,  leading to a d is tor ted  separa t ion  pa t t e rn  (Fig. 
5a, ref. t rack) .  Linear  r a d i o c h r o m a t o g r a m s  recons t ruc ted  af ter  one-step acquisi-  
tion are uncertailL insofar  as rad ioemi t t ing  spots  m a y  be posi t ioned par t ia l ly  
outs ide the window of  the detector .  Consequen t ly ,  mult i -s tep acquisi t ion fol- 
lowed by two-d imens iona l  recons t ruc t ion  is the only way  to ensure  comple te  
collection o f  fl-endssion. 

Slight discrepancies  observed between LSC slope values and D A R - T L C  ones 
(Table  VI) can be interpreted as a silica gel quench ing  effect inherent  to plate 
qual i ty  and  relative depth  diffusion o f  each steroid within it, which could also 
explain the i m p o r t a n t  C.V. observed in inter-plate  c o m p a r i s o n  (Table  III).  In- 
deed, since l inearlty and  low in t ra-p la te  C.V. are  observed,  this quenching  factor  
appea r s  as an in;ernal  plate cons tant .  D A R - T L C  values can therefore  be ex- 
pressed directly in dpm,  provided  tha t  one s t anda rd  t rack  per  plate is c h r o m a -  
tographed .  

In conclusion,  when inter-plate  and mul t i - sample  analyses  are to be made ,  the 
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T A B L E  VI 

S L O P E  C O M P A R I S O N  B E T W E E N  L S C  A N D  D A R - T L C  M E A S U R E M E N T S  O F  S T A N D A R D  [4- 
1'~CISTEROIDS 

F o r  a b b r e v i a t i o n s ,  see text .  

C o m p o u n d  L S C  D A R - T L C  

a h r-" a /~ r-" 

3~ t -DiOi ,  1.08 + 0.003 1.00 1.00 + 0.(11)2 0.99 
3 f l - D I O L  t .00 - 0.002 ! .00 0.99 - 0.004 0.98 
T i .03 -t 0. 100 0.99 0.98 + 0.030 0.99 
E P I A  1.03 - 0.003 1.00 0.86 + 0.140 0.96 
A N  D R O  0.97 - 0.020 1.00 0.99 0.000 0.96 
D H T  t .05 + 0.004 t .00 0.83 + 0.090 O.98 
..44 !. I i + 0.020 i .00  0.90 + 0.220 {).97 
A N  S T A N  i .00 - 0.010 1.00 1.05 + 0.020 07:,~7 

main problems of quantif ication are easily worked out by an adequate combina-  
tion o f  both internal and external s tandardization.  II~ this way, the advantages o f  
radioscanning can be optimized in terms o f  sensitivity, specificity and practicabil- 
ity, which are not a lways  achieved s imultaneously  with other techniques.  In the 
case o f  3~,3fl- and 5~.-reduced and 17fl-dehydrogenated testosterone radiometa-  
bolites,  which are complete ly  separated on the same T L C  silica gel plate fo l lowing 
the method described above, quanti tat ive D A R  appears to be a suitable tool for 
research and routine analyses. Tl:e procedure described has been successfully 
employed  in our laboratory for investigations involving studies from subfractions 
o f  sebaceous  glands and hair follicles, in which the formation and metabol izat ion 
o f  steroids is a field o f  considerable  interest [33]. 
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