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R E V E R S E D  P H A S E  P A R T I T I O N  C H R O M A T O G R A P H Y  OF 

SOME C,7-STEROIDS* 

B I L E  ACIDS AND STEROIDS 38 

H E N R Y  D A N I E L S S O N  

Department of Physiological Chemistry, University o/Lund (Sweden) 

For metabolic studies and synthetic work on a micro-scale we needed a method for 
the separation of different, neutral C2~-hydroxy- and keto-steroids. The chromato- 
graphic systems worked out by  MOSBACH et al. 1 for the separation of the air-oxidation 
products of cholesterol were not entirely satisfactory for our purposes, since cho- 
lesterol and less polar compounds move with the solvent front in these systems. The 
reversed phase partition chromatography technique of HOWARD AND MARTIN s has 
been found very useful for the separation of such compounds as higher fa t ty  acids 
( H o w A R D  AND MARTIN ~) a n d  b i le  a c i d s  (BERGSTR6M, SJOVALL AND NORMANa-5), a n d  

it was to be expected that  this method could be used for the separation of neutral 
C,T-steroids. 

* This work was suppor ted  by a grant  from Kungl.  Fysiograf. Siillskapet, Lund, Sweden. 
A prel iminary repor t  was  read at  the meeting of the Norwegian Biochem. Soc. in Oslo, 

J u n e  i956o . 
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Different solvent-systems have been tried out. Benzene, chloroform, cyclohexane, 
and heptane have been used as stat ionary phase, and aqueous ethanol, isopropanol, 
and pyridine as moving phase. I t  has been found that  systems containing 50-55 % 
aqueous isopropanol as moving phase and 20 To chloroform in heptane as stat ionary 
phase provide a rather efficient means for the separation of these substances. 

MATERIALS AND METHODS 

Solvents 
Isopropanol :  p.a. (Baker, Chemical Co., Phillipsburg, N.J. ,  U.S.A.). Chloroform: techn, grade, 
carefully washed wi th  conc. H ,SO, ,  5% NaiCO3 and H20;  then dried over K2CO3, distilled, 
and stabilized wi th  i %  E tOH.  Heptane :  redistilled. 

Filter-aid 
Hyflo Supercel (Johns Manville and Co.) was washed wi th  2 N HC1 and water,  and dried at  I IO ° 
(SJOVALL4). TO remove fat the Hyflo was  washed with acetone. After drying, it was  t reated 
according to the method  of HOWARD AND MARTIN 2 wi th  dimethyldichlorosilane in a desiccator 
unti l  completely hydrophobic,  then washed wi th  methanol ,  and dried. 

Preparation o[ columns 

The columns were prepared as described by  HOWARD AND MARTIN ~, The best propor t ion  between 
s ta t ionary  phase and hydrophobic  Supercel was found also in our  case to be 4 ml of the  former 
to 4.5 g of the  latter.  For  s t andard  runs  wi th  this am oun t  of Supercel columns of an internal 
d iameter  of 13 m m  and a length of 5oo m m  were used. The capaci ty of a column wi th  4.5 g of 
Supercel is 25-3 ° mg of steroids, which can be recovered in yields of 95~cA8% . However,  it is 
possible to va ry  the size of the  columns and thereby  the capacity by increasing proport ional ly 
the a m o u n t  of Supercel and s ta t ionary  phase. 

Phase systems 
Moving phase Stat ionary phase 

I. I sopropanol  165 ml Chloroform io ml 
Distilled wate r  135 ml Hep tane  4 ° ml 

II .  I sopropanol  157. 5 ml Chloroform io ml 
Distilled wate r  142. 5 ml Hep tane  4 ° ml 

I I I .  I sopropanol  15o ml Chloroform 15 ml 
Distilled wate r  15o ml Hep tane  6o ml 

The phases  were equilibrated and the  ch romatograms  run  at  cons tant  t empera tu re  (23°). The 
sample to be run  was dissolved in a small a m o u n t  of moving phase (1-2 ml for up  to 2o-3o mg) 
and p u t  on top of the column. In  case of low solubility, the mix ture  can be warmed  and a few 
drops of s ta t ionary  phase  added. When  dealing wi th  am oun t s  of 5 ° mg and more, it is also possible 
to dissolve it in a small volume of s ta t ionary  phase (o.5-1 ml). The effluent was  collected in test  
tubes  by  using an au tomat ic  fraction collector. Fract ions  of about  2 ml each per  IO min were taken. 

Identification o] the C~-steroids used 
7-hydroxy-cholesterol  was  identified by  means  of the Lifschfitz color-reaction as described by  
BSRGSTR6M AND WINTERSTEINER 6 and the ext inct ion measured at  635 m/~. Cholesterol w a s  
assayed wi th  the Tschuageff reaction 7 and measured at  529 m/z. Cholestan-3-one and 3a,7a- 
dihydroxy-copros tane  were t reated wi th  conc. HsSO * for 2 h at  room tempera tu re  and the ex- 
t inct ion a t  31o m/,  read. Fur thermore ,  excluding cholestanone, we had  access to all substances.  
tested as labelled either wi th  t r i t ium or 1'C. 

RESULTS 

Fig. I shows the result of a run of C~7-hydroxy- and keto-steroids with phase system I : 
55 % aqueous isopropanol as moving phase and chloroform-heptane i : 4 as s ta t ionary  
phase, 4 ml of which was supported on 4.5 g of hydrophobic Supercel. I t  is seen 
that  the elution rate is determined mainly by two factors: the amount of hydroxyls. 
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or keto-groups, and the presence or absence of a double bond. The tri-, di- and mono- 
hydroxy-coprostanes 8 are separated from each other and from the corresponding un- 
saturated compounds. I t  should be noted that in the chromatogram shown in Fig. I 
no monohydroxy-coprostane is included, but in this system on a column with the 
same amount of Supercel 3c~-hydroxy-coprostane moves somewhat slower than 
cholesterol with its peak about IO ml after the cholesterol-peak. Of C~-monoketo- 
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Fig. I. Moving phase: 55% (v/v) aqueous isopropanol. Stationary phase: 20% (v/v) chloroform 
in heptane. 4 ml of stationary phase supported on 4.5 g of hydrophic Supercel. The compounds 
in the order in which they are eluted from the column: 3a-,Ta-,i2a-trihydroxy-coprostane (I), 
7a-cholesterol (2), 3a-,7a-dihydroxy-coprostane (3), 3a-,i2a-dihydroxy-coprostane (4), chol- 

esterol (5), cholestenone (6) and cholestanone (7). 
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Fig. 2. Moving phase: 52.5 % (v/v) aqueous isopropanol. Stationary phase: 20 % (v/v) chloroform 
in heptane. 4 ml of stationary phase supported on 4.5 g of hydrophobic Supercel. The compounds 
in the order of their elution from the column: 3a-,7a-,I2a-trihydroxy-coprostane (i), 7a-cho- 
lesterol (2), 3a-,7a-dihydroxy-coprostane (3), 3a-,I2a-dihydroxy-coprostane (4) and cholesterol (5). 
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Fig. 3. Moving phase: 50% (v/v) aqueous isopropanol. Stat ionary phase: 20 % (v/v) chloroform 
in heptane. 4 ml of s ta t ionary phase supported on 4.5 g of hydrophobic Supercel. The compounds 
in the  order of their  elution from the column: 3a-,7a-,I 2a-trihydroxy-coprostane (I), 7a-hydroxy- 

cholesterol (2), 3a-,7a-dihydroxy-coprostane (3) and 3a-,i2a-dihydroxy-coprostane (4). 

steroids cholestenone and cholestanone have been run and as seen in Fig. I are eluted 
later than cholesterol, and further, the unsaturated ketone is separated from the 
saturated one. Of isomers, 3~,7a- and 3a, I2a-dihydroxy-coprostane have been tested, 
but with the phase system containing 55 % aqueous isopropanol as moving phase, 
a resolution of these two substances is impossible. Using phase system II  (52.5% 
aqueous isopropanol as moving phase) (Fig. 2) 3a,7 a- and 3a,i2a-dihydroxy-copro- 
stane are partly separated and an almost complete resolution of these can be obtained 
with phase system III  (50% aqueous isopropanol as moving phase) (Fig. 3). Over- 
lapping of the two dihydroxy-coprostanes occurs but can be diminished by increasing 
the length of the column. 3a,7a,I2a- tr ihydroxy-coprostane and 7a-cholesterol, which 
are incompletely separated with phase systems I and II, can be separated with III  
(Fig. 3). Using phase system II (Fig. 2) on a column with 4.5 g of Supercel cholesterol 
is eluted about 40 ml later than with phase system I under the same conditions and 
this increases the possibility of a separation from substances, which are eluted close 
to it with phase system I. 

These systems have proved to be useful for the purification of different neutral 
Cd-steroids and also for biological work with such substances. Fig. 4 shows a chro- 
matogram of commercial cholesterol-4-14C, which in this case contained at least three 
different impurities. CP.M. 
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Fig. 4. Chromatography of autoxidized 
cholesterol-4-z*C. Moving phase: 55 % 
(v/v) aqueous isopropanol. Stat ionary 
phase : 2o% (v/v) chloroform in heptane. 
4 ml of s ta t ionary phase supported on 

4.5 g of hydrophobic Supercel. 
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S U M M A R Y  

Reve r sed -phase  pa r t i t i on  c h r o m a t o g r a p h y  of some  neu t r a l  C27-hydroxy and  keto-s tero ids  us ing  
a q u e o u s  i sopropanol  as m o v i n g  phase  a n d  ch loroform in h e p t a n e  as s t a t i o n a r y  phase  is described.  
The  m e t h o d  ha s  p roved  useful  for s epa ra t i ng  cholesterol  f rom its  au tox ida t i on  produc ts .  
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Short Communications 

Chromatography of follicle-stimulating hormone (FS.H) 
on hydroxyl apatite 

Calc ium p h o s p h a t e  ha s  been used  by  severa l  g roups  of inves t iga to r s  1, 2 to pu r i fy  c rude  u r i na ry  
gonadot rop ins .  Recent ly ,  TISELIUS el al. 8 h a v e  repor ted  t h a t  h y d r o x y l  apa t i t e  is an  excel lent  
ma t e r i a l  for t he  c h r o m a t o g r a p h y  of prote ins .  Us ing  c o l u m n  c h r o m a t o g r a p h y  wi th  th i s  s u b s t a n c e  
it  h a s  been possible  to p repare  F S H  wi th  a h igh  specific ac t iv i ty .  

Swine F S H  prepared  by  t h e  m e t h o d  of STEELMAN et al)  and  h a v i n g  an  ac t iv i ty  of 2.5 t imes  
t he  A r m o u r  S t a n d a r d  (264-I5IX)  5 was  first purified by  t he  use  of d i e t h y l a m i n o e t h y l  ( D E A L ) -  
cellulose*. A 12 × 45 ° m m  c o l u m n  of DEAL-ce l lu lose  (0. 5 mequiv . /g)  was  equi l ibra ted  a t  p H  7.o 
wi th  o.oo5M s o d i u m  p h o s p h a t e  buffer.  The  F S H  (750 mg),  d issolved in 4 ° ml  of t he  s a m e  buffer,  
was  placed on t he  c o l u m n  and  followed wi th  40 ml  buffer. A solut ion cons is t ing  of 8o ml  o.o25 M 
NaC1 in o.oo5 M p h o s p h a t e  buffer, p H  7.o, was  t h e n  used to r emove  inac t ive  impur i t ies .  The  F S H  
ac t iv i ty  was  t h e n  e lu ted  wi th  12o ml  of a so lu t ion  cons is t ing  of o.o65 M NaC1 in o.oo 5 M phospha t e ,  
p H  7.o. The  yield a f te r  d ia lys is  and  lyophi l iza t ion was  a p p r o x i m a t e l y  I5O m g  wi th  an  ac t iv i ty  of 
8-1o t imes  s t anda rd .  

H y d r o x y l  apa t i t e  was  p repa red  accord ing  to TISELI[IS et al.3; however ,  it  was  found  t h a t  a 
bu lk ing  agen t  was  necessa ry  to  insure  an  a d e q u a t e  flow rate .  Solka Floc (a-cellulose*) washed  wi th  
di lu te  alkali  and  equ i l ib ra ted  wi th  t he  o.oi  M p h o s p h a t e  buffer,  p H  6.8, was  found  to be sa t is -  
fac tory .  A m i x t u r e  of a p p r o x i m a t e l y  one pa r t  of h y d r o x y l  apa t i t e  to  one pa r t  of Solka Floc did no t  
apprec iab ly  a l te r  t he  c h r o m a t o g r a p h i c  proper t ies  of t he  h y d r o x y l  apa t i t e  wi th  respec t  to FSH.  
ioo  m g  FSH,  purif ied as above,  was  dissolved in 15 ml  o.oi  M p h o s p h a t e  buffer,  p H  6.8 and  placed 
on a c o l u m n  (IO × 3oo mm)  of h y d r o x y l  apa t i t e  equ i l ib ra ted  wi th  o.oi  M phospha t e ,  p H  6.8. The  
sample  was followed success ive ly  wi th  o.oi  M,  o.o 4 M and  o.2 M p h o s p h a t e  so lu t ions  a t  a c o n s t a n t  
p H  of 6.8 us ing  a flow ra te  of 1o-15 ml /h .  Fig. I shows  t he  e lut ion p a t t e r n  ob ta ined  by  collect ing 

Ob ta inab le  f rom Brown  Pape r  Co. 


