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injected i.m. wi th  diazepan and 30 min  la ter  received an 
i.p. inject ion of pentobarbi ta l .  The  control  group was 
divided in 4 subgroups of 15 guinea-pigs each, and each 
subgroup received 60, 50, 40 or 30 mg/kg  pentobarbi ta l .  
The s tudy  group was d iv ided in 3 subgroups of 20 animals  
each;  the  1st subgroup received 2 mg/kg  diazepan and 
30 mg/kg  pentobarbi ta l ,  the  2nd 5 mg/kg  diazepan and 
25 mg/kg  pen tobarb i t a l  and the  3rd 8 mg/kg  and 20 mg/kg  
respect ively.  

The animals  were carefully observed dur ing 1 h and 
survival  was eva lua ted  after  16 h. The inabi l i ty  to s tand 
on its legs was t aken  as first  sign of anaesthesia,  and i t  was 
considered tha t  the  animals  were in surgical plane when 
they  were deeply asleep and there  was not  wi thdrawal  of 
the  l imb on appl icat ion of a severe painful  s t imulus 
(forceful pinching of the  toes). 

Drugs used were : d iazepan (Valium Roche) and sodium 
pen tobarb i ta l  (Nembutal ,  Abbot).  

Results. Control  group. In  the  subgroup of guinea-pigs 
which received 60 mg/kg  pentobarbi ta l ,  the  abi l i ty  to 
s tand on its legs was lost at  5.2 :k 1.2 min  (mean • 
s tandard  deviation).  The surgical plane was reached at  
17.1 • 11.0 min, and all the  animals  died wi th in  the  1st b. 
Wi th  50 mg/kg,  the  guinea-pigs could not  s tand on the i r  
legs at  10.0 • 6.2 min;  a t  14.7 -~ 1.2 min, 53~ were in the  
surgical plane, bu t  the  rest  did not  reach a deep anaes thet -  
ic plane wi th in  the  1st h;  mor ta l i ty  in this  subgroup was 
60%:  40% during the  1st h, and 20~ af terwards;  2 ani- 
mals died inspire of being in a l ight  plane of anaesthesia.  
The guinea-pigs which received 40 mg/kg  pen tobarb i ta l  
fell off their  legs a t  10.6 • 5.3 rain; in 40~ surgical 
anaesthesia  began at  27.5 4- 7.1 min, the  rest  main ta ined  
the  nocicept ive ref lex;  1 of those died after  the  1st h, as 
well as another  animal  t ha t  was deeply anaes thet ized;  
dur ing the  1st h mor ta l i ty  was 20% and to ta l  dea th  ra te  
was 33%. W i t h  the  dose of 30 mg/kg,  66~ of the  animals  
could not  s tand on their  legs at  25.0 4- 11.0 rain, the  
rest  did not  show any sign of anaesthesia ;  no animal  
in this  subgroup reached the  surgical plane, however  20% 
died, all af ter  the  1st h. 

Study group. The guinea-pigs which received 2 mg/kg  
diazepan and 30 mg /kg  pentobarbi ta l ,  could not  s tand on 
thei r  legs a t  3.0 ~: 0.4 rain;  surgical anaesthesia  was 
observed at  15.5 • 2.7 rain in 95% of the  animals  and 
lasted over  1 h;  only  1 guinea-pig presented the  noci- 
cept ive reflex ; to ta l  mor t a l i t y  was 25%, 20% during the  
ast h. When  5 nlg/kg diazepan was used followed by 
25 mg/kg  pentobarbi ta l ,  the  guinea-pigs fell off their  legs 
a t  5.8 :t: 2.8 rain and 90% reached the  surgical plane at  
18.3 :t: 9.4 rain;  the  rest did no t  show deep anaes thes ia ;  
during the  1st h 10~ of the  animals  died, and another  
10% died af terwards .  W i t h  8 mg/kg  diazepan and 20 mg/  
kg pen tobarb i ta l ,  the  animals  could not  s tand on thei r  
legs at  2.5 • 0.6 rain;  90% 10st the  nocicept ive reflex at  
13.3 ~: 5.0 rain, bu t  10% responded to painful  s t imul i ;  
to ta l  mor t a l i t y  was 15~ 5% during the  1st h. 

The association of 8 mg/kg  diazepan and 20 m g / k g  
pen tobarb i ta l  produced an earlier beginning of the  
anaesthesia  (FigUre 1) and the  lowest  mor t a l i t y  ra te  
(Figure 2). The  use of diazepan as a d j u v a n t  of the  pento-  
barb i ta l  anaesthesia  produces a longer surgically useful 
p lane  than  t h a t  repor ted  wi th  chlorpromazine  ~. 

Resumen. Se estudia el uso de diazeps como premedi-  
cacidn en la anestesia con pen tobarb i t a l  en cobayos. Los 
resul tados se comparan  con el uso de pen tobarb i ta l  solo. 
Se observa que el plano de anestesia  fitil qu i r~rg icamente  
comienza antes y dura  ms La premedicaci6n con diaze- 
p~n permi te  reducir  las dosis de pentobarbi ta l .  
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P R O  E X P E R I M E N T I S  

A Direct Progesterone Radioimmunoassay 

A rad io immunoassay  for p lasma progesterone wi thou t  
chromatographic  pur i f ica t ion  has been developed.  Other  
methods  1-4 have  been repor ted  previous ly  which require 
some type  of ch roma tog raphy  for pur i f ica t ion  of the  
ex t rac t  and some are no t  as specific or as sensi t ive as the  
me thod  described herein. A direct  specific rad io immuno-  
assay for progesterone was repor ted  recent ly  5 in which 
high levels of progesterone in female  rhesus monkeys  were 
measured.  However ,  the  sens i t iv i ty  of the  me thod  was 
unsat is fac tory  for measur ing  progesterone levels in 
humans.  Other  invest igators  have  repor ted  thei r  prepara-  
t ions of ant isera  for different  steroids conjugated  to 
prote in  a t  different  posit ions 6, v. 

A simple rad io immunoassay  me thod  is described below 
in which ether  ex t rac t ion  is the  only pur i f ica t ion step. 
This procedure can be used to assay a large number  of 
samples wi th  high sensi t iv i ty  and specificity. 

Materials and methods. Disposable glassware r insed 
wi th  a solution of me thano l :  me thy lene  chloride 1:1 was 
used. The  A120 ~ microcolumns and thei r  pur i f icat ion have  
been previous ly  described s. 

Preparation o/the l l - B S A  conjugate and production o/ 
antisera. The l l~ -hydroxyproges t e rone  hemisuccinate  
was prepared by  ref luxing a mix tu re  of l l ~ - h y d r o x y -  

progesterone and succinic anhydr ide  for 15 h. The 
resul t ing prec ip i ta te  was isolated and purified. E lementa l  
analysis, IR-spec t ra  and mel t ing  poin t  confirmed the  
s tructure.  The  progesterone l l - a l b u m i n  conjugate  was 
prepared by  the  methodof  ERLANGER 9. 

Plasma extraction and radioimmunoassay. Plasma 
samples (0.05 ml  f rom women  in the  luteal  phase, 0.25 ml  
f rom women  in the  follicular phase, and 0.50 ml  f rom men) 
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Fig. 1. Recovery of progesterone added to 0.1 ml of water (range). 
Correlation coefficient = 0.997 =k 0.056 (SE), y = 1.05 x --7.96; 
p 0.001. 
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Fig. 2. Accuracy study. Values of progesterone expected and found 
wheI1 increasing aliquots of male plasma were assayed (range). 
Correlation coefficient ~ 0.990 ~: 0.098 (SE), y = 1.04• 
p 0.005. 

c o n t a i n i n g  12,500 d p m  of 1 ,2-Ha-proges te rone  were 
e x t r a c t e d  w i t h  10 vo lumes  of a n h y d r o u s  e t h e r  (Baker) .  
The  e x t r a c t s  were dr ied  a n d  d isso lved  in 3.4 ml  of hexane .  
C o l u m n  c h r o m a t o g r a p h y  was  used on ly  for  compar i sons .  
The  e x t r a c t  was  m i x e d  well  a n d  d iv ided  in to  th ree  1 ml  
po r t i ons  ( abou t  3,000 d p m  each).  Two a l iquo t s  were used 
for r a d i o i m m u n o a s s a y  a n d  1 a l i quo t  was  used to check  the  
recovery .  F o r  t he  s t a n d a r d  curve,  8 s t a n d a r d  so lu t ions  
c o n t a i n i n g  0, 10, 25, 50, 75, 100, 200 a n d  500 pg  of pro-  
ges te rone  pe r  0.1 m l  of abso lu t e  e t h a n o l  and  2,500 d p m  of 
1, 2-H3-progesterone were assayed  in t r ip l ica te .  A semi-  
a u t o m a t i c  a i r  b lowing  dec ive  1~ and  a v a c u u m  oven  were 
used to d ry  t he  1.0 ml  vo lumes  of h e x a n e  in t he  assay  
tubes .  The  s t a n d a r d  a n d  t he  s ample  t u b e s  w i t h  d i lu ted  
a n t i s e r u m  (1 : 3500) were  i n c u b a t e d  o v e r n i g h t  a t  4 ~ Cold 
s a t u r a t e d  a m m o n i u m  su l fa te  was  used to s epa ra t e  free 
f rom b o u n d  proges te rone .  A f t e r  cen t r i fuga t ion ,  t h e  t u b e s  
were  c o u n t e d  for 5 m i n  in a sc in t i l l a t ion  coun t e r  (Nu- 
clear  Chicago).  

Results and discussion. T he  r ecove ry  of labe led  pro-  
ges te rone  i m p r o v e d  f rom 84.8 • 8.8 (SD)% to  88.9 • 
10.3 ( S D ) %  w h e n  c o l u m n  c h r o m a t o g r a p h y  was  omi t t ed .  
The  i n t e r  a n d  i n t r a  a s say  prec i s ion  was  m e a s u r e d  b y  
a s say ing  a poo led  s a m p l e  (female p lasma ,  fol l icular  
phase ,  93.3 ng/100 ml) t he  same d a y  and  on d i f fe ren t  days .  
On 6 dup l i ca t e  d e t e r m i n a t i o n s  assayed  on t he  same  day,  
t h e  coeff ic ient  of v a r i a t i o n  was  4 .8%. On 24 d e t e r m i n a -  
t ions  a s sayed  on  d i f fe ren t  days,  the  coeff ic ient  of v a r i a t i o n  
was  10.9%. 

The  accu racy  was checked  b y  a d d i n g  k n o w n  a m o u n t s  of 
p roges t e rone  to  d is t i l led  w a t e r  a n d  ca l cu la t ing  recovery.  
Resu l t s  are  s h o w n  in F igure  1. I nc rea s ing  a l iquo t s  of 
pooled ma le  p l a s m a  were assayed  in t r i p l i ca t e  to  f u r t h e r  
check  t he  accu racy  of t h e m e t h o d ,  F igure  2 shows t he  
resul ts .  

A t  t h e  95% conf idence  l imi t ,  25 pg  was s ign i f i can t ly  
d i f fe ren t  f rom 0 pg  in eve ry  s t a n d a r d  curve.  T he  coeff ic ient  
of v a r i a t i o n  of each  s t a n d a r d  cu rve  p o i n t  a s sayed  in  
t r i p l i c a t e  was  a lways  less t h a n  6%.  W h e n  co lumns  were 
used, b l a n k  va lues  (double  d is t i l led  water )  were  2.8 • 
1.1 pg  pe r  a s say  tube .  W h e n  co lumns  were omi t t ed ,  b l a n k  
va lues  were  a lways  zero. 

The  spec i f ic i ty  of our  a n t i b o d y  was  t e s t ed  b y  i t s  d i r ec t  
i n c u b a t i o n  w i t h  27 o t h e r  s teroids .  P e r c e n t  c ross - reac t ion  
was ca lcu la ted  as descr ibed  b y  ABRAHAM 11 a n d  c o m p a r e d  
to  27 s te ro ids  va lues  p rev ious ly  r epo r t ed  b y  o the r  au-  
t ho r s  ~ -% 

LEYENDECKER et  al. 12 r epo r t ed  di f f icul t ies  w i t h  h igh  
b l a n k  va lues  due  to  dr ied  d o w n  so lven t s  a n d  m a t e r i a l s  

used for e x t r a c t i o n  and  c h r o m a t o g r a p h y  of s e rum samples  
B y  t h e  omiss ion  of m ie roco lumns  a n d  care  in  s epa ra t i ng  
t h e  e the r  f rom the  lower  l aye r  (wate r  f rom b t a n k s  or  
p l a s m a  samples)  t he  p r o b l e m  of e l im ina t i ng  pos i t ive  
w a t e r  b l a n k  va lues  was solved. 

Our  a n t i b o d y  b inds  p roges te rone  w i t h  an  a f f in i ty  of 
a b o u t  1,000 t i m e s  s t ronger  t h a n  those  p r e sen t  in  t he  
b lood in  s ign i f ican t  concen t r a t i ons  such  as cholesterol ,  
cortisol,  es t radiol ,  p regnaned io l ,  etc. The  s teroids  11e- 
h y d r o x y p r o g e s t e r o n e  (55%) and  4-pregnene,  3 ,11,20-  
t r ione  (52%) d i sp layed  cons iderab le  cross-react ion,  b u t  
th i s  was  expec ted  since t he  p ro t e in  molecule  is a t t a c h e d  a t  
t he  11 pos i t ion  of t h e  hap t en .  However ,  t hese  s te ro ids  are 
no t  p re sen t  endogenous ly .  The  two o the r  s te ro ids  t h a t  
cross r eac t ed  to  some ex ten t ,  5e-  a n d  5~-pregnane ,  
3, 20 d ione  (6.5% and  4.8%) are also no t  be l ieved  to  be  
p r e sen t  in  t h e  b lood  11. Of t he  r e m a i n i n g  n a t u r a l l y  occur-  
r ing  steroids,  c leoxycor t icos terone (2.3%), cor t i cos te rone  
(0.8%), and  17e -hyd roxyproges t e rone  showed m i n o r  
cross reac t ion .  O t h e r  s te ro ids  t e s t ed  showed  no cross 
r eac t ion  ( <  0.1%).  The  resul t s  show the  h i g h  specif ic i ty  
of t he  a n t i b o d y  produced ,  a l lowing t he  assay  of samples  
w i t h o u t  c o l u m n  s e p a r a t i o n  of t h e  o t h e r  s te ro ids  p r e sen t  
in  t h e  e the r  e x t r a c t  w i t h  proges terone .  

Rdsumd. Expos6  d ' u n e  m 6 t h o d e  de r a d i o i m m u n o a s s a i  
du  proges t6rone  dana  le p l a s m a  sans  pu r i f i ca t ion  ch roma-  
t og raph ique .  Le l l - h6misucc ina t e  de la  p roges t6rone  a 
6t6 j o i n t  au  s6rum b o v i n  de l ' a l b u m i n e  et  in jec t6  aux  
lap ins  pou r  s t imu le r  la p r o d u c t i o n  d ' an t i co rps .  Des 
6chan t i l lons  de p l a s m a  h u m a i n ,  ex t r a i t s  avec  de l '6 ther ,  
son t  a jou t6s  & des q u a n t i t 6 s  donn6es  de 1,2-H3-pro - 
gest6rone.  Les r6su l t a t s  avec  ou sans  c h r o m a t o g r a p h i e  
son t  comparab les .  L a  m 6 t h o d e  est  pr6cise et  tr~s sensible  
p o u r  mesu re r  les n i v e a u x  peu 61ev6s de proges t6rone  
h u m a i n e .  
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