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reaction as yet unknown. The mechanism presented here, however, is in line with the 
current concept for the biogenesis of cortisol. 

The capable assistance of Mrs. B. A. MUELLER is gratefully acknowledged. 
Tiffs investigation was aided by a grant from the United States Public Health 

Service. 
Note added in proof. We recently found that acetone-washed beef adrenal nlito- 

chcndria convert [4-14C, 4-/~-DH]cholesterol to pregnenolone with tritium retention 
and to progesterone with loss of tritium. These findings support the view that steroid 
A-isomerase mediates the tritium loss from pregn-5-ene-3,2o-dione. 
(Received March 5th, 1963) 
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sc 2225 
Gas-chromatographic identification of progesterone 

in human pregnancy plasma 

Methods for the microquantitative detection of steroids have improved greatly in 
recent years. The association of thin-layer adsorption and gas-liquid chromatography 
offers the advantages of rapidity, simplicity, sensitivity as well as specificity. In the 
present report evidence is indicated that progesterone can be qualitatively detected 
in peripheral plasma by gas-chromatographic techniques. 

A Research Specialties gas chromatograph (model-6oo) equipped with a hydrogen 
flame detector was used in association with a I-mV recorder. Three columns were 
packed and prepared according to the methods of HORNIN6, MOSCATELLI AND 
SWEELE¥ 1. The use of a solids injector device 2 allowed for the introduction of x-3o-tA 
aliquots of sample without significant solvent interference. The latter was kept aga;nst 
the "flash heater" (33 o°) for 30 sec. 
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5 - I 0  ml  of hepar in ized  p regnancy  plasma were ex t r ac t ed  wi th  a mix tu re  of 
c h l o r o f o r m - e t h e r  as descr ibed by FI.','KELSTEIr~ e t  a l ,  a. The  ex t rac t  conta in ing  free 
s teroids was placed on a 2o :.: 2o cm glass plate  conta in ing  the adsorbant  silica gel G, 
and  run in a b e n z e n e - e t h y l  ace ta te  (3:2) solvent  system. The  t ime of deve lopmen t  
var ied  f rom 7 ° to i oo  min.  The  Rp values  for progesterone and re la ted  steroids in 
this  sys tem are presented  in "Fable I. The progesterone zones were eluted wi th  e thvt  

TABLE I 

[~b, S T E R O I D S  ON SILICA GEL (~ 

R~,, values estimated in benzene-ethyl acetate (3:2). 

Compound RI,, 

Testosterone o.I 7 
2o~-H ydroxypregn-.t-en-3-one 0.53 
t 7:¢-ti ydroxypregn-4-c n-3-one 0.55 
Pregnenohme o.0 4 
Androst-4-en- 3,17-dione o.6o 
Progesterone o . 7 7  

TABLE II 

R E L A T I V E  RETENTION TiME~ 

Polydiethylene .Yeopentyl 
Compound SE- ~o ~ glycol adiOate ~ glycol adipate ~* 

z4,, ~ 213 ~ 2t3 o 

Cholestane 1 .oo I .oo I .oo 

Progesterone 0.94 7.9o IO.O5 

"Column, 6.8% silicone SE-3o on r io - i2o  mesh Anakrom ABS 3 ft / r. 9 mm U-tube; 
47.5 lb/in*; cholestane time, 6.0 rain. 

"" Column, t.x % polydiethylene glycol adipate on I3o.-i4o mesh Anakrom ABS z l / z  ft -~ 
2 . o  mm U-tube; 55.5 lb/inZ; cholestane time, t.3 t) min. 

*'* Column 1.34% Neopentyl glycol adipate .-n x3o-t4o mesh Anakrom ABS 3 ft x 2 mm 
U-tube: 45,5 Ib/in~; cholcstanc time, ~-9 ;,in. 

ace ta te ,  and  t ransfer red  to small  conical  tubes. The  samples were then  dissolved in 
5o--75/zl of ace tone  and a l iquots  of the  l a t t e r  placed onto  the  solids in jec tor  wi th  
a H a m i l t o n  micro l i te r  syringe. S t anda rd  solutions conta in ing  o .o2 -o .15 / ,g  prog- 
es terone  were  in jec ted ,  and  a weight  v s .  area  g raph  obta ined  af ter  in tegra t ion  with 
a Royson  p lan imeter .  The  area  of the  ex t r ac t  peak  corresponding to a known amoun t  
of p lasma was then  ob ta ined  and the  q u a n t i t y  of progesterone es t ima ted  from the  
graph.  Severa l  o the r  ex t rac t s  were on ly  purified on a 3-g silica gei column *. The  e thyl  
ace ta t e  e luan t  was s imilar ly  dr ied  and t ransfer red  to  a small  conical tube  for chro- 
ma tog raph i c  analysis.  

Tab le  I I  conta ins  the  re ten t ion  t imes  for progesterone,  re la t ive  to cholestane,  
in t he  3 co lumns  packed  wi th  silicone SE-3o,  neopen ty l  glycol  succinate  and poly-  
d ie thy lene  glycol  adipate .  In  each ins tance  the  ex t rac t  of p regnancy  p lasma showed 
a peak  ident ical  in re ten t ion  t ime  to tha t  of au then t i c  progesterone.  An augmen ted  
symmet r i ca l  peak  was ob ta ined  when o .o3-o.1/~g of progesterone was added  to an 
a l iquot  of p lasma presumed to conta in  a s imilar  q u a n t i t y  of progesterone.  A cleaner  
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extract  was obtained with thin-layer  chromatography than with simple silica gel 
defat t ing of the crude extract .  

The response/mass rat io was very much less with the selective polyester phases 
than with silicone SE-3o. The la t te r  demonst ra ted  a minimal  sensi t ivi ty of o.o15 #,g 
of progesterone at  an a t tenuat ion × IOO. Although [7~-3H~progesterone (specific 
ac t iv i ty  3o mC/lng) was added to the original p lasma ext rac t  to determine extract ion 
losses, accurate quant i ta t ion of progesterone on the silicone SE-3o phase was hampered 
by tile presence of a relat ively small nonsteroidal  contaminant ,  which appeared in sever- 
al of the ext rac ted  water blanks as well. This contaminant ,  however, was not detected 
on a polyester  column. The source of this contaminant  is present ly  under investigation. 

The use of polydiethylene glycol adipate  resulted in less sensi t ivi ty than ob- 
tainable with SE-3o presumably  due to excessive steroidal adsorption.  Using the 
former column three plasma samples yielded the following values for progesterone 
expressed as /~g/ioo ml p lasma:  4th month  pregnancy,  6.9; 5th month  pregnancy,  
11.6; 8th month pregnancy,  29. 7. These values are in agreement with previously 
published values 5. 

2o~-Hydroxypregn-4-en-3-one is present  in the peripheral  p lasma of pregnant  
women 6. This progesta t ional ly  active steroid is not efficiently separa ted  on the prefer- 
able silicone SE-3o phase but  pre l iminary  purification on silica gel G affords a rap id  
way of separat ing this steroid from progesterone and other closely related compourlds 
such as pregnenolone. In  a recent report ,  KUMAR et al. ~ isolated progesterone from 
human pregnant myometr ium.  Their procedure included pre l iminary  purification on 
a silicic acid column and final gas chromatographic separat ion using a 2 % silicone 
SE-3 o phase. 

The results of this investigation indicate tha t  a method for gas-chromatographic 
analysis of plasma progesterone is feasible especially when coupled with the advan-  
tages of capacity,  speed and resolution afforded by  prel iminary purification on thin-  
layer adsorption chromatography.  This technique has been used for the determinat ion 
of testosterone in urine s. 

This work was suppor ted  in par t  b y  U.S.P.H. Steroid Training Grant  CRTY-5ooI 
and U.S.P.H. Grants  AM-o4634-o2SI and HE-oI74I .  The authors  express their  
gra t i tude  to Dr. M. GUT of the Worcester  Foundat ion for Exper imenta l  Biology for 
the preparat ion of the [7~-3H]progesterone. We also would like to thank  Dr. E. B. 
ROMANOFF for his kind advice and cooperation. 
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