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INTRODUCTION 

The chromatography system to be described was originally developed in order to 
assist in the study of metabolism related to cholesterol in adrenal cortex tissue. A 
system was desired in which large amounts of " fa t"  from the tissue extract would 
remain behind at the origin yet allow some resolution of the less polar steroids such 
as cholestenones and cholestenols, and in which solvents and impregnators would 
neither interfere with scanning for ultraviolet absorption 1 nor require heating or long 
periods of drying for removal from the paper. For one or more reasons, methods 
previously available were considered to be unsatisfactory*-L Consequently, as earlier 
reported 8, the general method of MILLS AND WERNER 9 was adapted. KODICEK ANI) 
ASHBY 1° have published an abstract concerning a similar method for Vitamin D and 
other sterols. 

The present method allows mutual separation of individual steroids from large 
amounts of fat; for example, the separation of cholesteryl acetate, 3fl-cholestanol, 
and cholesterol from material like cholesteryl palmitate, which remains at the origin, 
is possible. The solvent front is visible on the paper in and out of the tank. Further- 
more, the applied solvents are sufficiently well removed by a short drying period 
at room temperature. 

Application of the color reagent phosphomolybdic acid n and of the very little 
used reagent phosphotungstic acid'* has been extended, and the possible significance 
of the latter in structure elucidation has been investigated. 

METHODS 

Chromatography 
In  order to separate various resins, MILLS AND WERNER 9 used a high-boiling hydrocarbon called 
"odorless kerosene" as the impregnat ing phase and aqueous isopropanol as the developing phase. 
A t t empt s  were made  to use the same system for the resolution of ether-soluble materials obtained 
from adrenal glands, bu t  they were not  successful. However,  6o % (v]v) aqueous n-propanol  was 
found to be quite satisfactory as the moving phase. 

The ch romatography  tank is prepared as described by BIJSH 18 with 6o% aq. n-propanol  
covering the bot tom of the tank to a depth of about  5 cm. In the center is placed a beaker 

* This  work was supported in par t  by a research grant  from the National Cancer Inst i tute ,  
National Ins t i tu tes  of Health, United States Public Health Service. I t  is taken in par t  from 
the doctoral thesis submit ted by the au thor  to the Graduate  School, University of Utah, 1955. 

** Armour  and Company Predoctoral Fellow in Biochemistry.  Present address: Depar tment  
of Chemistry,  Colorado State University, Ft.  Collins, Colorado (U.S.A.). 
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tilled with odorless kerosene (Stan(lard Oil C(~. pr(,duct "l~ase Oil ( " ,  boiling rangc i No 3"5 ('1 
and  f i t ted with a rolh, d filter paper  e x t e n d i n g  near ly  to the top. \Vith the lids taped m place, 
l a n k s  so prepared  have  I)een l lsed a t  least  8 mon ths  wi thou t  renewilL "['o prepare  the chr(mlat()- 
grams,  kVhatnlan t i l ter  paper  No. 2 is bnl ) regnated  l)y (til)l)m g in i _' ",, (vjv) kerosene in t)etrq)lcum 
ether .  After n lon l ( ' n t a i ' v  d r a i n i n g ,  the pal)er is ('\elllV blot ted  an(t  t h e n  claml)e(t on a rack t,) bc 
s l igh t ly  incl ined fl~r the ut)plicati(m ()I t i le mater ia l .  For  a l )rcl)arat ive c h r o m a t o g r a m  iu which 
an ini t ia l  s epa ra t ion  of crude ex t r ac t  mate r ia l  is desired, th(, paper  should 1)(, as wide as the 
t a n k  allows. The origin line nltlst  t)(! ;it h 'ast  (~ or to cm t)elow the line al which the paper  is sus- 
pended in the tank .  The e x t r a c t  mater ia l ,  c (mccnt ra ted  t(, an ()fly residue in the t ip  of a c,,nical 
tube,  is dissolve(l in a min ima l  a m o u n t  of solvent  (e.g., o.., ml e thy l  acetate)  aml apt)lied l,v mi('r,> 
p ipe t t e  in a th in  line a t  the origin. In hot  s u m m e r  months ,  because (~f evapora t i tm of l~er,~sene 
from the t)aper, th is  opera t ion  mus t  be carr ied out  pronaptly.  In ex t r eme  eases, the a m o u n t  of 
i m p r e g n a t i n g  kerosene m a y  be increased. 

When  a r a the r  large a m o u n t  of mate r ia l  (ca. -'5 rag) has been appl ied  a t  the origin, tile 
kerosene is d isp laced a w a y  from the origin line dur ing  the appl ica t ion  of the solvent ,  and  a l o -x  .' 
hour  equ i l i b ra t ion  of the paper  in the t a n k  is required.  This al lows a red i s t r ibu t ion  of the kerosene 
and an even spread ing  of the appl ied  mater ia l .  \ \ ' hen  microgram quan t i t i e s  of ma te r i a l  are applied,  
the  or ig inal  d i sp l acemen t  is not  great ,  and the equ i l ib ra t ion  t ime  may  I)e decreased to 5 or 0 hours. 
The chro_mat,,.,.,raphy t anks  should l)e placed in a room of modera t e ly  cons tan t  t empera ture ,  
a l though  it has l)een noted t h a t  va r ia t ions  of abou t  5: (' have  not been harmful .  Fur thernmre ,  
(xlui l ibra t ion and deve lopm e n t  t ake  place abou t  equa l ly  well a t  t empe ra t u r e s  of 2- ' and 37 . 

After the papers  have  equi l i l ) ra ted,  the  descending  soh, ent, 6o % a( I. n-propanol  s a tu r a t ed  
wi th  kerosene, is run into the t roughs  through the holes in the top of the tank .  Op t ima l  resolut ion 
t imes  depend (m the resul ts  (,ne requires.  ( ;enera l ly ,  for re la t ive ly  pure comp(mnds  a ~t) to u -' hour 
period is sufficient;  for crude e x t r a c t s  a period of l_, to t 5 h(mrs may  1)e necessary,  l lmvever,  
shor ter  periods may  give the separa t ion  desired. One m a v  follow the descent  of the deveh)ping 
so lven t  I)y ol)serving the front  of the paper  while  ti le 1)ack "is being i l lumina ted .  J u s t  a f ter  removal  
of the  paper  from the tank ,  the s()lvent front  is easi ly  visible;  fur thermore,  when the paper  has 
dried, there  is a res idual  line a t  the so lvent  front which m a y  t)e seen in the  Haines  ul t rax ' iolet  
scanner.  Thus, for ind iv idna l  c~mq)ounds front ra t ios  (RF's) may  I)e calct, lated. Fo r tuna t e ly ,  
a shor t  d ry ing  period of ab+mt _,o minu te s  a t  room t e m p e r a t u r e  is sufficient for fur ther  opera t ions  
such as v iewing in the I:V scanner,  sp ray ing  with var ious  color reagents ,  and e lut ion for i m m e d i a t e  
app l ica t ion  to o ther  resolving sys tems  or fi)r p la t ing  and coun t ing  for r ad ioac t iv i ty .  This  shor t  
d ry ing  period wi thou t  e levat ion  of t e m p e r a t u r e  is not ()nh" conven ien t  l int  (lesirable in principle,  
as will he i lh l s t ra ted  later. 

('o/or reage~ts 

l:()r appl ica t ion  of color reagents  to the p r e pa r a t i ve  type  of c h r o m a t o g r a m  a s t r ip  'I mm wide 
is cv t  lengthwise  from the  center  of the paper.  Spray ing  wi th  an 8 c'~> alcoholic  solut ion of phosplm- 
molybdic  aci(P t has been useful m the  de l inea t ion  of cholesterol  and choles tervl  es ter  areas  
resul t ing  from c h r o m a t o g r a p h y  of e x t r a c t s  of adrenal  t issue and tes t i s  t issue. I_;niform color 
deve lopmen t  with a m i n i m u m  of backgrm, nd color has been achieved by p lac ing  the sp rayed  
s t r ip  in a chambe r  ,)f ca. 37 ~ C for a l )out  LO minutes .  

A reagent  a p p a r e n t l y  previons ly  used only for cholesterol ,  phosi~hotungst ic  aci(P -+, has been 
found appl icab le  to a wider  range of steroids.  The paper  s t r ip  is sprayed  with a x5%,, alcoholic 
solnt ion (stable for storage),  then warmed  in a c ha m be r  a t  37 ~ or hea ted  more s t rong ly  as over  
a hot plate ,  h i  ac tua l  pract ice  when dea l ing  wi th  c h r o m a t o g r a m s  of unknown  subs tances ,  one 
should cut  ~mt two str ips,  spray,  then warm one gen t ly  and  heat  the o ther  more s t rongly  in order  
to ob ta in  the most  informat ion.  The phosp tmtungs t i c  acid reagent  can be qu i te  sensi t ive,  and it  
is much more specific than  e i ther  phosphomolybd ic  acid (see below) or s i l i co tungs t ie  acid. The 
l a t t e r  was repor ted to give brown wi th  pregnenolone,  t es tos te rone  propionate ,  and  5,6-dehydro-  
ep ian t l ros t e rone  l int  p ink  with tes tos terone,  s t igmas te ro l  and cholesterol  u .  

l'~lulio~t 

After  the  var ious  areas  have  been located as descr ibed above,  they  may  be cut  out  for elut ion.  
In several  expe r imen t s  i t  was  sa t i s fac to ry  and  conven ien t  to e lu te  the large areas  in Soxhle t  
appa ra tu s ,  e thano l  being used for the mos t  molJile compounds  in ti le p re f ron ta l  region, e thy l  
ace t a t e  for the  center  or cholesterol  region, and  e thv t  ace t a t e  for the origin or cholesterol  es ter  
region. (I t  was  found t h a t  l igroin even af ter  a 3-hour period of re t luxing did not  e lute  all  the 
ma te r i a l  from t issue ex t r ac t s  which remains  a t  t i le  origin.) In m a n y  cases, where the pref ronta l  
ma te r i a l  has  ch roma tog r a phe d  into a r a the r  well det ined th in  area,  this  pa r t  may  be cut  out  
and e ln ted  by a descending  flow of cokl e thanol ,  as (lescribed bv B u s h  ts. 

If one is intercste(t  in pref ronta l  mate r ia l  only,  ano the r  me thod  of e lu t ion may  l)e used 
which t akes  a d v a n t a g e  c)f the fact t h a t  the usual  c h r o m a t o g r a p h y  order  is reversed in th is  sys tem.  

Re/erences  p. 416. 
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The chromatogram is cut to be about 3 ° cm long with a very sharp bevel leading to a point in 
the center of the lower edge. A cylinder with funnel is placed in the tank directly beneath the 
pointed end of the paper, and it is better if the tip of the paper touches the inside of the funnel 
to drain off the drops of developing solvent as fast as they collect. In this way,  a chromatographic 
separation and elution may be accomplished at the same time. Thus, in one operation compounds 
having a mobility equal to or greater than 7-ketocholesterol may be eluted free from cholesterol 
and other material of equal or less mobility. 

RESULTS AND DISCUSSION 

Individual compounds 
A list of RF values is given in Table I. These values were obtained by spotting about 
50-60 #g of the authentic compound at the origin of a strip, chromatographing as 
previously described, then locating the compounds by spraying with phospho- 
molybdic acid solution and by viewing in the UV scanner. Commercial so-called 
"chemically pure cholesterol" gave two phosphomolybdic acid-positive spots, one at 
the prefront (RF 0.87) and one at RF 0.55. When the material of the lower Rp was 
eluted and chromatographed again, only one spot appeared, this being at RF 0.55. 
Also, when the commercial cholesterol had been purified via the dibromide deriva- 
tive1% only one spot appeared and this at Rr 0.55. The faster running impurities are 
presumed to be cholesterol congeners with more oxygen functions, and the system 
can be applied to both separation and detection of such companions. It can be seen 
from Table I that this system can be used to separate cholesterol from its dihydro 
derivatives 15, from 7 a- and 7fl-hydroxylcholesteroP e, and from 3fl, 5 a, 6fl-trihydroxy- 
cholestane and 3fl, 5a-dihydroxy-6-ketocholestane. This is advantageous since both 
the latter two compounds also form insoluble digitonides, and the 6-keto compound, 
at least, is known to coprecipitate with cholesteroPL It is true, however, that in a 
12-15 hour developing period this system will not separate cholesterol from another 

TABLE I 

R F VALUES FOR REVERSED PHASE SYSTEM ON PAPER 

The stationary phase was odorless kerosene, the descending phase 6o% aq. n-propanol. Each 
compound was applied in the amount of 50-60 t~g, chromatographed, and located by viewing 
in the Haines ultraviolet scanner and by spraying with 8 % alcoholic phosphomolybdic acid 

solution, then warming. 

Compound R F Compound R F 

Cholesteryl palmitate" o.oo 7-Ketocholesterol* 0.87 
Cholesteryl acetate ° o. 14 4-Cholesten-6fl-ol-3-one * 0.87 

4-Cholesten- 3fl-ol-6-one o.87 
4-Cholesten-3-one o.32 
Cholestan-3 a-ol 0.40 Testosterone" o.87 
Cholestan-3fl-ol * 0.46 Testosterone acetate 0.87 

17 a-Methyltestosterone 0.87 
Cholesterol o.55 4-Androstene-3,17-dione" 0.87 
7-Cholesten-3fl-ol o.55 
7,9-Cholestadien-3fl-ol o.55 Progesterone * o.87 

x 7 a-Hydroxyprogesterone" o.87 
4-Cholestene-3,6-dione* o.65 
3 fl-Met hoxy-2o-keto-5-pregnene 0.75 Corticosterone o.87 
Testosterone-i 7-methyl ether 0.85 x 7-Hydroxycorticosterone o.87 

• Compounds so marked were also chromatographed mixed with cholesterol. In no case was 
an effect on R F observed. 
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TABIA';  If 

COLOR R E A C T I O N  ON P A P E R  OF S T E R O I D S  A N D  O T H E R  C O M P O U N D S  W I T H  P I I O S P I I O M O L Y B D I C  

ACID S D L U T I O N  ( 8 ° ~ ,  ALC.)  A N t )  P H O S t ' H O T U N G S T I C  ACID S O L U T I O N  ( 1 . - 3 ~  AI.C.)  

Compound Dhosphoraolybdic a c i d  l'hosphotungstic acid 

5-Cholestene.  Choles tan-3-one  NS'[" 
4-Choles ten-3-one Neg. (c,w) 
Choles tan-3a-o l  and  -3fl-ol , -" + (c,w) 
3f l -Ace toxycholes tane  -'- + (c,w) 
7-Cholesten-3fl-ol .  7,9-Cholestadien-3fl-ol  + + (c,w) 

Progesterone.  4-Cholestene-3,6-dione Neg. (c,w) 
17 a- H y d r o x y p r o g e s t e r o n e  Neg. (c,w) 
3fl-Met hoxy-eo-ke to -5 -p regnene  !- + (c,w) 

Tes tos te rone  + (c,w) 
Tes tos te rone- I  7 -methy l  e ther  Neg. (c,w) 
Tes tos te rone  ace ta te  =- (c,w) 
17a-Methy l t e s tos te rone  + a_ + (c,w) 
4-Andros tene-3 ,17-d ione  Neg. (c,w) 
Cort icosterone.  x 7 -Hydroxycor t i cos t e rone  Neg. (c,w) 
I I - l ) esoxycor t i cos te rone  NST 

Choles te ro l ' ,  the  ace ta te ,  the  p a l m i t a t e  -- + + (c,w) 
7-Ketocholes terol  Neg. (c,w) 
7-Ketocholes te ry l  ace ta te  NST 
Sitosterol  ace ta te  NST 
St igmas te ro l  - b -  + (s,w) 
Ergosterol .  7-Dehydrocholes terol .  (Omi t t ed  due  to unresolved  
Diosgenin t -t- [- (s,w) 
5- Pregnen-3  fl-ol- 2o-one 
5- Pregnen-3  fl, 17 a-diol-2o-one 
5-Andros tene-3f l ,  17fl-diol 
5,6-1 }eh ydroepiandros terone  
17a-Methyl -5-andros tene-3 / / ,  17fl-diol 

4-( 'holesten-0/~-ol-3-one 
4"( 'h° les ten-3 fl-ol-6-one 
17 ct--Methyl-4-androstene-3fl,  x 7fl-diol 

-{- + + (c,w) 
NST 
-t. + + (c,w) 
!- + b (c,w) 

+ :- + (c,w) 

Neg. (c,w) 
+ t- (c,w) 
+ -v + (c,w) 

-" + .t- (c,w) 
+ ~- + (s,w) 

17u- .Methyl-4-androstene-3a ,  t 7fl-diol 
l -Ch. les ten-3f l -o l  and  the  ace ta te  

E s t r . n e  + (S tand ing  RT) 
Estradiol .  l';striol + -  (S tand ing  RT) 
Morphine  T an  (r rain RT) 

Blue (S tand ing  RT) 
Codeine hydrochlor ide  T an  (I min  RT) 

T an  (S tanding  RT) 
i soOc tan . l  ~- + (l,h) 
n -Amyl  alcohol 4- + ,-i- (l,h) 
Allvl alcohol + + + (l,h) 
Methal lvl  alcohol + + + (l,h) 
Glyceroi.  Propylene  glycol Neg. (l,h) 

Neg. (s,w) 
Neg. (c,w) 
Light  t an  (c,w) 
Neg. (s,h) 
Very l ight  t an  (c,w) 

Neg. (s,h) 
NST 
NST 

Neg. (s,w). Brown to g ray  (s,h) 
NST 
NST 
NST 
IAght brown-green  (s,h) 
l . ight  green (s,h) 
Neg. (s,w) 

[ ' ink (c,w). Purple  (s,h) 
Very l ight  p ink  (c,w) 
Pink (s,w) 
Pink (s,w). Purple  (s,h) 
Pink  (s,w). Purp le  (s,h) 

ques t ion  of puri ty . )  
P ink-orange  (s,w). Red (s,h) 
Pink  (c,w) 
Pink  (s,w) 
Pink  (s,w) 
Pink  (s,w) 
Pink (c,w) 

Light  t an  (s,w) 
Light  yellow (s,w) 
Orange  I min  RT, red 1o r a in37  ° , 

imrple af ter  hours  RT  
Orange  t rain RT,  purple  i min  37 ° 
Pink (s,w). Brick-red (s,h) 

Neg. (s,h). "ran (48 h RT) 
Neg. (s,h). T a n - p i n k  (48 h RT) 
IAght yel low-pink RT. 

Lit t le  effect of heat .  (s,h) 
(Same as morphine)  

L igh t  brown (l,h) 
Light  tan,  p ink  hue  (l,h) 
Brown-purp le  (I,h) 
Yellow-pink (1,h) 
Neg. (l,h) 

Symbols:  c ~ 5 ° /~g  c o m p o u n d  c h r o m a t o g r a p h e d  then  sprayed ,  s = 5 ° t*g c o m p o u n d  spo t ted  
over  I cm 2, sprayed ,  l = drop l iquid on paper ,  sprayed .  R T  ~ ca. 22 ° C. w = color deve lopmen t  
a t  3 7  for i 5 rain. h = color d e v e l o p m e n t  over  hot -p la te .  Neg. = no color. + = e s t ima te  of 
blue color. NST = not  s u b m i t t e d  to tes t .  

• The  cholesterol,  f rom Prof. T. REICHSTEIN, had  been purified via the  d ibromide  and  by 
sub l ima t ion .  M.P. = 148.5 ° (corr.). 
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known companion, 7-cholesten-3fl-oFS-*°; in this case, a longer developing time or 
a modification of the solvent might be effective. The mobilities of ergosterol and 
7-dehydrocholesterol are not given owing to questions of purity as yet unresolved. 

In Table I I  are shown results of the reaction on paper of various compounds 
with phosphomolybdic acid.They are given not only to extend the list of KRIICHEVSKY 

AND KIRK Ix but to show that  under the conditions of color development used here, 
a greater selectivity is possible. By warming the sprayed paper at ca. 37 ° for lO-2O 
minutes, the background color was kept to a minimum, the/t4-3-keto group was not 
positive, and neither was the a-ketol group of the corticoids. The most reactive 
groups generally were secondary hydroxyls of the steroids, the 3-hydroxyls being 
more reactive than I7-hydroxyls. A strange exception to these two generalizations 
was provided by I7a-methyltestosterone. Compounds with double bonds more distant 
from the 3-hydroxyl than the 5,6 position were not as reactive as those with a double 
bond at the 5,6 position. Indeed, they were not markedly more reactive than 
cholestan-3fl-ol, which was somewhat more reactive than its epimer. The five esters 
tested were as reactive as the parent hydroxyl compounds, although in the case of 
the two methoxy compounds, the parent compounds were more reactive. The two 
A4-3-ol steroids tested were, surprisingly, no more reactive than the single double 
bond A 5 compounds. 

Special attention is drawn to 4-cholesten-6fl-ol-3-one and 7-ketocholesterol. 
Contrary to expectation, neither compound gave the blue color with phosphomolybdic 
acid even though allowed to remain in the warm chamber for about half an hour. 
I t  may  be that  under the influence of the reagent water splits out of the ring to give 
a double bond conjugated with the ketone; thus, no hydroxyl remains to react with 
the color reagent in the typical manner. However, 4-cholesten-3fl-ol-6-one did give 
the characteristic reaction although it was not quite as reactive as cholesterol. The 
primary aliphatic alcohols tested were positive only when heated somewhat more 
strongly than in the warming chamber, and the two unsaturated alcohols were not 
more reactive than the two saturated ones. "['he two polyols, glycerol and propylene 
glycol, in spite of the presence of secondary alcohol functions, were not positive even 
with fairly strong heating. The results with these aliphatic alcohols and with the 
steroids might suggest that oxygen functions vicinal to the secondary hydroxyl group 
affect the initial complexing of the large phosphomolybdic acid molecule and the 
organic compound. Whatever the reason, it is obvious that  phosphomolybdic acid 
cannot be relied upon to indicate all hydroxylated steroids on paper chromatograms 
but should be used in conjunction with other reagents. 

Some interesting differences and similarities are revealed by comparing the 
results of reactions with phosphomolybdic acid on paper with those, carried out by 
other workers, in acetic acid with phosphomolybdic acid 21 and with phosphomolybdo- 
tungstic acid 2.. In acetic acid the more chromogenic steroids in general were those 
either with a A4-3-ketone group or an a-ketol group. Compounds containing both 
groupings, such as desoxycorticosterone, were about twice as chromogenic. Com- 
pounds such as 5-pregnen-3fl-ol-2o-one, cholesterol, and 7-cholesten-3-ol gave almost 
no color. These results are directly opposite those obtained on paper. The results 
found to be similar in both systems were those with 7-ketocholesterol, which had 
a much lower order of reactivity than expected, and with I7a-methyltestosterone, 
which had a higher order than expected. Also, in acetic acid I-androstene-3,i7-dione 
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was found not to be reactive 21, whereas 4-androstene-3,17-dione was. This is somt,wltat 
similar to the finding that the color produced on paper by I-cholestcn-3~-ol with 
phosphotungstic acid was less than expected. 

The results with phosphotungstic acid are also shown in Table II. The course of 
color development with An,3/3-ol steroids during 15 minutes in the warm chanlbt.r 
at 37 ° was light tan to yellow to pink. Of 13 such steroids tested, 12 gave exactly 
this series of colors. 7-Ketocholesterol (negatiw, with phosphomolybdic acid) gave 
almost no color although its acetate was positive. When heated more strongly with 
phosphotungstic acid, as over a hot plate, cholesterol and stigmasterol, for example, 
gave a yellow then vivid lavende.r within one minute. The intensity of this laxemh*r 
was decreased, however, if the paper was first warmed for some minutes prior to the 
stronger heating. Steroids not having the As,313-ol structure did not give this series 
of colors. 

Especially noteworthy are the results of the reaction of phosphotungstic acid 
with five steroids having allylic alcohol functions. 4-Cholesten-6fl-ol-3-one (negative 
with phosphomolybdic acid) gave only a tan color with phosphotungstic acid, while 
its 3,6 isomer, 4-cholesten-3/8-ol-6-one, progressed as far as yellow after warming 
at 37 °. Thus, it seems again that the second oxygen function has played a role. Both 
I7a-methyl-4-androstene-3~,I7~-diol and its epimer, I7a-methyl-4-androstene-3tt, 
I7/8-diol, gave highly distinctive color development quickly at room temperature, 
and the two compounds were suffmiently different in behavior to enable one to 
distinguish them. I-Cholesten-3~-ol and its acetate both gave a light pink when 
warmed at 37 ° but quickly gave a strong and permanent brick-red color when heated 
over a hot plate. Presumably here there is an influence of the neighboring methyl 
group at carbon IO, and a higher temperature is necessary even though an allvlic 
alcohol is present. In the course of the investigation, no other allylic alcohol steroids 
were available. However, morphine and codeine hydrochloride and the two primary 
alcohols, allvl and methallyl alcohol, were obtained. These proved to be rather more 
like the A~,3-ol steroids than the two highly reactive allylic AL,3-ol steroids. However, 
allyl alcohol did give a brown-purple on stronger heating. 

Phosphotungstic acid is a sensitive reagent. When 2 micrograms cholesterol was 
applied over i sq. cm of Whatman No. 2 filter paper (I ttg on each side), sprayed, 
and developed over a hot plate, a yellow color with pink cast appeared. A larger 
area of even less concentration would probably be visible. A definite pink was given 
by 3/xg per sq. cm, and 5 txg per sq. cm gave a vivid lavender. This sensitivity makes 
the reagent useful in detecting impurities, for example, of cholesterol in cholestanol. 
I t was found that Whatman paper can giw~ a yellow-pink background but onh  after 
very strong excessive heating. In normal testing procedures background interference 
was never encountered. 

An attempt was made to produce a color by heating an alcoholic solution of 
cholesterol and phosphotungstic acid. No color developed, and none developed after 
acidification with acetic acid. However, when the reaction was attempted in glacial 
acetic acid alone, a clear brilliant violet color was produced after heating in a water 
bath at 85 °. Stigmasterol reacted similarly. Diosgenin gave a pink followed by a 
black precipitate. The possibility is evident that phosphotungstic acid in acetic acid 
might be a satisfactory reagent for a simple quantitation of compounds such as 
cholesterol. 

Re[erences p. 416. 
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Certain precautions other than those already noted need to be observed in the 
use of phosphotungstic acid and phosphomolybdic acid. I t  was found that  when the 
chromatography paper had been treated with formamide, there was a partial or 
complete prevention of color development. (Interference by forrnamide with the 
Zimmerman reaction (alkaline m-dinitrobenzene) has also been noted in some of our 
experiments.) Also, at one time tests were a t tempted with phosphotungstic acid on 
presumably clean paper which, however, had been stored in the same drawer with 
paper sprayed with Keddb reagent (alkaline 3,5-dinitrobenzoic acid). There was no 
color development whatsoever on these papers. 

Tissue extracts. Adrenal tissue 

The rather high capacity of this chromatography system for holding fat at the origin 
and for preventing compounds such as cholesterol from entering the prefrontal region 
is particularly important when one wishes to free tissue extracts from such material 
and recover the more polar compounds such as the known estrogens, androgens, and 
corticoids of the adrenal. Excellent initial separations into origin material, cholesterol- 
area material, and prefrontal compounds have been accomplished by applying as 
much as 35-40 mg of ethyl acetate-soluble material, which had been derived from 
500 mg rat  adrenal tissue, on a Whatman No. 2 paper 175 mm wide. I t  might be 
possible to chromatograph as much as 70 mg material on No. 3 paper if one is inter- 
ested only in prefrontal material. To further test the resolving powers of this system, 
cholesterol-4-14C (ca. IOO,OOO counts per minute) was mixed with the ethyl acetate- 
soluble material from 5o0 mg rat adrenal tissue. After chromatography and elution 
it was found that  all the measurable radioactivity resided in the cholesterol area: 
there was none whatsoever associated with the material remaining at the origin. 
I t  had been considered possible that  the large amount of non-mobile substance 
might prevent movement of a portion of the mobile material, but this was not 
the case. 

Mention was made earlier of the general desirability of freeing the paper of 
chromatography solvents without heating or long drying periods and of eluting the 
compounds as quickly as possible to increase recovery. When one is dealing with 
unknown compounds, this is of some considerable importance for yet another reason 
as indicated by the following results. When adrenal extracts were chromatographed, 
generally there was an ultraviolet-absorbing area at the prefront, definite but not 
dark, while the material at the origin showed little or no absorption. When the paper 
was allowed to hang at room temperature for about 17 hours and then viewed again 
in the Haines scanner, both the origin and prefront areas were noted to be considerably 
darker, that is, the UV absorption had increased. When the paper was hung in a 
nitrogen atmosphere for even longer periods of time, such a change did not occur. 
Thus, there are indications that an oxidation had taken place. These phenomena were 
observed several times with both dog and rat adrenal extracts. I t  was considered 
that perhaps a hydroxyl group with an a,fl double bond had been oxidized to an 
a,fl unsaturated ketone. This may have been the case; however, when I7a-methyl- 
I7fl-hydroxy-4-androsten-3fl-ol was tested under similar circumstances, no UV- 
absorbing compound was formed. Indeed, there was no evidence that steroids were 
involved. No further investigation of this problem was carried out, but it indicates 
a possible source of artifact formation. 

Re/erences p. 4x6. 
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Teslis tissue 

This sys tem was found to bc qui te  useful in s tudy ing  the products  result ing from in- 
cubat ion  of ra t  testis tissue with various s teroids  in buffer and bovine serum. The 
incubat ion  mix ture  was ex t r ac t ed  with e ther  and the ex t rac t  was appl ied  di rec t ly  
to the ch romatogram.  Ether-soluble  mater ia l  from as much as 2.7 g ra t  test is  tissue 
and  I5 ml bovine serum has been ch romatographed  on one paper  r75 mm wide. As 
shown in Fig. i ,  most  of the developed ch romatograms  had two definite u l t raviole t -  
absorb ing  bands  in the prefront  region. The faster  running  band  conta ined the 
mix ture  of compounds  to be further  resolw'd in o ther  systems.  I t  was desirable to 
get  rid of the mate r ia l  running  just  behind the most  mobile mater ia l  since it interfered 
with subsequent  resolut ion in the BUSH systems to. Use of this  reversed phase chro- 
m a t o g r a p h y  sys tem was found to be super ior  to silica gel c h r o m a t o g r a p h y  columns 
since this large amoun t  of unwan ted  mater ia l ,  thought  to be cholestenedione,  was 
difficult to separa te  from the. small  amoun t s  of the compounds  desired,  whereas on 
the paper  separa t ion  was good, and the. areas  were easi ly de l inea ted  in the scanner  
and then cut for elution. 

Suspension 

Origin 
Fig. I. Replica of reversed phase chromatogram. 
Stationary phase: Odorless kerosene. Mobile phase: 
6o0i, aq. n-propanol. Resolution of ether-soluble 12 hour 
material from incubation of 2. 7 g rat testis tissue develop. 
in 15 ml bovine serum with 0.5 pmoles proge- 
sterone. The most mobile band of material con- 
tained progesterone, testosterone, androstenedione, 

etc. Front 

"Fat" 

(Cholesterol area ) 

UV abs. material 
(not wanted ) 

UV ob$. material 
(wa nted) 

One obvious major  d i s advan tage  of this par t i cu la r  c h r o m a t o g r a p h y  sys tem is 
the long equi l ibra t ion  t ime and  the ra the r  long deve lopment  time. I t  is conceivable 
tha t  the equi l ibra t ion  t ime might  be decreased somewhat  by  adding  a small  amoun t  
of the s t a t i ona ry  phase (kerosene) to the solut ion of the mate r ia l  to be appl ied  to 
the  paper ;  thus,  the  d i sp lacement  of the kerosene on the paper  by  the solvent  would 
not be so great .  However ,  in doing p repa ra t ive  paper  c h r o m a t o g r a p h y  one cannot  
decrease the  equi l ibra t ion  t ime beyond  a cer ta in  point  because the re la t ive ly  large 
amoun t  of mate r ia l  appl ied  must  have t ime to become d is t r ibu ted  and associated 
with the  required amoun t  of s t a t i ona ry  solvent  before the developing solvent  advances  
over  the origin area. I t  is pa r t i cu la r ly  impor t an t  in it sys tem where the s t a t ionarv  
phase mus t  r e ta rd  the mow.~ment of a large amoun t  of mate r ia l  ms is the case here. 

In  conclusion, it should be s t a ted  tha t  no a t t e m p t  was made  to prove tha t  this 
sys tem is a reversed phase sys tem in the s tr ict  sense of the te rm e. I t  is probable  tha t  
the 6o% aq. propanol  would elute and move the compounds  from the origin of an 
un t r ea t ed  paper  in somewhat  the  same order  as from the paper  impregna ted  with 
kerosene, and  it is not possible to say  how much the hydroca rbon  impregna t ion  masks  
the polar  charac te r  of the paper.  I t  can only be said tha t  the odorless kerosene is 
necessary for a sa t i s fac tory  system,  and tha t  the order  of ch roma tog raphy  is reversed 
from tha t  usual ly  obta ined .  

Rc/erences p. 4z6. 
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S U M M A R Y  

A s y s t e m  of paper  c h r o m a t o g r a p h y  has  been presented  in which  t he  s t a t i ona ry  phase  is a h igh -  
boiling hyd roca rbon  m i x t u r e  (odorless kerosene) and  the  mobile  phase  is 6o % aq.  propanol .  
Th i s  s y s t e m  is no t  only  useful  for separa t ion  and  identif icat ion of the  cholesterol  class of c o m p o u n d s  
bu t  m a y  be conven ien t ly  used to free t i ssue ex t rac t s  of so-called fat.  The  use of the  s y s t e m  in 
p repara t ive  c h r o m a t o g r a p h y  has  been discussed.  

Special appl ica t ion of two color reagents ,  phosphomolybd ic  acid and  phospho tungs t i c  acid, 
has  been described.  Proper  use  of the  former  can  make  it fairly specific for some  s teroids  wi th  
s econda ry  alcohol funct ions .  P h o s p h o t u n g s t i c  acid was shown  to give a charac ter i s t ic  p ink  color 
with m a n y  s teroids  h a v i n g  A s, 3fl-ol func t ions  if w a r m e d  gen t ly  and  a vivid lavender  if hea ted  
more  s t rongly .  Cer ta in  s teroids  with allylic alcohol func t ions  were also very  chromogenic  bu t  
with va ry ing  resul ts .  P recau t ions  and  l imi ta t ions  in the  use of the  reagen ts  were discussed.  
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