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Two p h a r m a c o l o g i c a l l y  ac t i ve  m e t a b o l i t e s ,  n o r e t h i s t e r o n e  ( N E T )  a n d  e t h i n y l e s t r a d i o l  (EE2), w e r e  
detected by  H P L C  a n d  H P L C - R I A  m e t h o d s  in r a b b i t  p l a s m a  fo l lowing  s ingle  i.v. a n d  i.g. a d m i n i s -  
t r a t i o n  a t  a dose  o f  I mg /20 /~Ci /kg  o f  [ 3 H ] n o r e t h i s t e r o n e - 3 - o x i m e  ( N E T O ) .  A p p r o x i m a t e l y  48% (i.v. 
i n j e c t i on )  a n d  91% (i.g. a d m i n i s t r a t i o n )  o f  t h e  N E T O  dose  w e r e  h y d r o l y z e d  to  N E T .  A l t h o u g h  on ly  
0.35% o f  the  N E T O  dose  was  a r o m a t i z e d  to  EE2, d u e  to  i ts h igh  e s t r o g e n i c  p o t e n c y ,  EE2 m i g h t  
c o n t r i b u t e  to  t he  o v e r a l l  p h a r m a c o l o g i c a l  p a t t e r n  o f  N E T O  in t h e  r a b b i t .  
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INTRODUCTION 

Norethis terone-3-oxime (NETO) ,  a new derivative of 
norethisterone (NET) ,  was synthesized and shown to 
be very effective in preventing implantation of ova in 
rats and rabbits [1-3]. McQuarr ie  et al. [4] confirmed 
that N E T O  is metabolized to N E T  in vivo. Thus  
N E T O  appears to be a prodrug of N E T .  Hii t temann 
and Shroff  [5] and Mitra  et al. [6] showed that the 
hydrolysis of the steroid oxime including N E T O  and 
N E T O  acetate occurred in acidic solution in vitro. 
Khan and Fotherby [7] demonstrated that the major 
compound in urine extracts was unchanged N E T O ,  
when N E T O  was administered to rabbits. These  re- 
suits seem to indicate that the hydrolysis of N E T O  
proceeds slowly in vivo. In addition, Li and Gao [8, 9] 
found that like N E T ,  N E T O  possessed a high estro- 
genic efficacy in rats and rabbits. One explanation for 
the estrogenic effects of  N E T  would mean that N E T  
itself can bind to the estrogen receptor and thereby acts 
as an estrogen. However,  binding of N E T  to the 
estrogen receptor is rather low [10, 11] and cannot 
explain the pharmacological effects. These  effects can 
be characterized by a high estrogenic efficacy in the rat 
and a progestogenic efficacy in the rabbit, which is 
different from progesterone [12, 13]. In man there is 
some clinical evidence for an estrogenic activity of 
N E T  [14, 15]. In patients deficient of androgen and 
progesterone receptors N E T  was able to lower L H  
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levels, which is interpreted as interfering with the 
estrogen receptor (positive feedback mechanism) medi- 
ated by the putative metabolite ethinylestradiol (EE2) 
[16, 17]. 

Whether  EE2 can arise from N E T  in man has been 
controversial for about 30 years now. Breuer et al. [18] 
reported EE 2 in human urine after administration of  
N E T .  It was estimated that about 3-10% of  the N E T  
dose could be converted into phenolic metabolites 
[19, 20]. Results were confirmed by others [21, 22]. 
In 1970, however, Breuer [23] acknowledged that 
his earlier results could be artificial as indicated by 
Townsley and Brodie [24, 25]. Strong alkaline or acidic 
treatment of urine containing 1-fl-hydroxylated metab- 
olites will aromatize the A-ring [26]. Avoiding extreme 
pH-condit ions,  low EE 2 levels were demonstrated in 
human urine [27]. Results from in vitro tests were 
controversial. No aromatization was found for N E T  
with human placenta homogenate [28], but  this was 
detected using placental microsomes [29-31]. Some 
studies in rat [32] and men [33] in vivo were in agree- 
ment with the hypothesis of EE2 as an in vivo metab- 
olite. Recently, EE 2 was detected in human hepatocytes 
and other human tissues after incubation with N E T  
[34-36]. Our data also confirmed that N E T O  was 
biotransformated to EE2 in vivo in monkeys [37]. 

T h e  aim of the present study was to evaluate the 
pharmacokinetic parameters of N E T O  in New Zealand 
white rabbits and to specifically look at two steps in 
biotransformation, i.e. the conversion into N E T  and 
the generation of EE 2. 
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E X P E R I M E N T A L  

Study design 

Three  3 female New Zealand white rabbits of body 
wt 3 .8 -4 .6kg  were used. T h e  animals received an 
intravenous (i.v.) and intragastric (i.g.) t reatment  with 
I rag/20/~ Ci/kg of [3H]NETO separated by a wash-out  
period of 3 weeks. For  i.v. injection the drug was 
dissolved in 30% (v/v) propyleneglycol in water at a 
concentration of 1 mg/ml.  For  i.g. administrat ion (Na- 
sogastric tube,  12FR) a microcrystall ine suspension in 
physiological saline at a concentration of 1 mg/ml  was 
available. Prior to dosing and 10 (i.v.), 15 (i.g.), 20 
(i.v.), 30, 60 rain, 1.5, 3, 6, 8, 24 and 48 h thereafter 
3-4 ml blood was drawn from ear veins and plasma 
prepared.  

Assay of NETO and N E T  

Plasma sample (0 .15-0.5ml)  was prepared by de- 
proteinization and l iquid-l iquid extraction and sub- 
jected to H P L C  assay [37]. T h e  H P L C  equipment  
consisted of two pumps  and an automated gradient 
controller (Waters Assoc., U.S.A.).  Injection was car- 
ried out by means of  Rheodyne U 6 K  (200 #1 loop). T h e  
system was connected to a spectroflow 783 (Applied 
Biosystems, U.S.A.)  which was set to a wavelength of 
254nm.  A Spherisorb ODS-2 ,  5 # m  particle size 
(250 x 4.6 mm)  column was used. Elution was per-  
formed by a linear gradient f rom A to B within 30 min 
with A = 30% (v/v) methanol  in 0.001 M phosphate  
saline buffer (PSB), p H  7, and B = 90% (v/v) methanol  
in PSB at a flow of 1.5 ml/min.  Eluent  was fractionated 
by means of an I S C O  fraction collector (5 frac- 
t ions/min).  Alternatively N E T O  and N E T  were sam- 
pied according to their retention times. [3H]NETO and 
[3H]NET served as reference compounds  for determi-  
nation of N E T O  and N E T .  Radioactivity of  eluted 
samples was counted off line without  quench control 
and dpm transformation after addition of 4 m l  of 
Atomlight  per fraction. 

HPLC-RIA  assay of EE 2 

Plasma sample (0.5ml)  was prepared by de- 
proteinization and l iquid-l iquid extraction and sub- 
jected to H P L C - R I A  assay [37]. T h e  H P L C  
equipment  of  Knauer  (Germany)  consisted of two 
model FR-30 pumps ,  an automated gradient controller 
and a Rheodyne model U 6 K  injector fitted with a 
200#1 loop. T h e  use of  the UV detector was the 
same as the assay of  N E T O  and N E T .  T h e  column 
used was a Spherisorb ODS-2 ,  3 # m  particle size 
(125 x 4 .6mm) .  Mobile  phases for linear gradient 
elution f rom A to B within 3 0 m i n  consisted of 
A = 4 5 %  (v/v) methanol-acetoni tr i le  (9:1, v/v) in 
0.001 M PSB, p H T ,  and B = 65% (v/v) me thano l -  
acetonitrile (9: 1, v/v) in PSB. T h e  flow rate was 
1 .5ml/min.  About  0.8-1 ml of  eluent (starting at 
18.8 min) was collected by the I S C O  fraction collector 

(Fig. 1). At this retention time EE 2 was eluted. T h e  
eluent collected was evaporated to dryness under  S 2 

and the residue used for EE 2 radioimmunoassay [37]. 

R E S U L T S  A N D  D I S C U S S I O N  

Pharmacokinet ic  data for unchanged N E T O  and the 
two metabolites (NET,  EE2) are given in Table  1. 
F rom plasma level determinations a mean clearance 
rate of  27.2 ml /min/kg was calculated for N E T O  which 
can be regarded as metabolic clearance because only 
trace amounts  of  unchanged N E T O  are excreted [38]. 
Normal  plasma liver flow (PLF)  in rabbit  is about 
26ml /min /kg  and therefore the metabolic clearance 
rate of  27.2 ml /min/kg  is close (104%) to PLF .  The  
comparison of total radiolabel plasma levels and N E T O  
levels revealed that only about 3% of the total radio- 
label can be assigned to N E T O  after i.v. and i.g. 
administration, suggesting that an intensive metab-  
olism of N E T O  occurs in the rabbit. 

N E T O  does not act as a progestin itself but is a 
prodrug  for N E T  [37]. N E T  is a major  metabolite of  
i.v. and i.g. administered N E T O  in the rabbit. A rough 
estimate of the N E T  dose coming f rom 1 mg  N E T O / k g  
in the rabbit  can be made on the basis of published data 
which showed that an i.v. dose of 85/~g N E T / k g  
generated an A U C  of 40.6 + 2.5 n g - h - m l - 1  in rabbit  
[39]. This  would be equivalent to a N E T  dose of 
0 .48mg/kg  for i.v. and 0.91 mg/kg for i.g. adminis- 
tration in the present study. Thus ,  approx. 48 and 91% 
of the i.v. and i.g. N E T O  dose were hydrolyzed to 
N E T ,  respectively. In addition, the tu2 of elimination 
and mean residence t ime ( M R T )  were 2- or 3-times 
longer for N E T  than those for N E T O  (Table 1). 
Therefore ,  N E T O  seems to be a prodrug  of N E T  in 
rabbits, at least after oral administration. On average 
N E T  A U C  after i.g. t reatment  was 2-fold higher than 
the A U C  after i.v. t reatment  (Fig. 2). I t  is suggested 
that gut wall metabol ism and/or acid hydrolysis of 
N E T O  [5, 6] in the stomach might  account for the 
differences observed. 

In  a previous study [30, 37] it was demonstrated that 
N E T  can be converted into EE 2 by A-ring aromatiza- 
tion. In  the present  study, EE 2 levels were also deter- 
mined using the same H P L C - R I A  method as described 
previously [37]. T h e  sensitivity of  radioimmunoassay 
was 15pg/ml  for EE2 [40], and a high accuracy 
( 9 2 + 8 % ) ,  precision ( 5 . 6 + 3 . 8 % )  and low bias 
( - 3 . 2  + 1.1) were shown for this method.  The  cross- 
reactions of  EE 2 with endogenous estrogens and other 
steroids were not present to any significant degree 
[40, 41]. Specifically measured EE2 plasma levels were 
in the range of 80-1260 pg/ml  (26 + 9 pg/ml  for blank 
value). EE2 was detected after both routes of adminis- 
tration. EE2 levels were much  lower than those of 
N E T O  or N E T  and therefore EE2 can be regarded as 
a minor  metabolite. Interestingly, the total availability 
of  EE2 (measured as AUC0_6¢ was higher after i.v. as 
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Fig. 1. Separa t ion  of  EE 2 f r o m  NET and  NETO by HPLC,  U V - c h r o m a t o g r a m  of  s t a n d a r d  compounds  (left) 
and r a d i o c h r o m a t o g r a m  of  s t anda rd  t racers  (right).  For  c h r o m a t o g r a p h i c  d e t e c t s  s e e  text. 

c o m p a r e d  to  i .g. t r e a t m e n t  ( T a b l e  1), w h i c h  m i g h t  be  

e x p l a i n e d  b y  t h e  p r e s y s t e m i c  m e t a b o l i c  d e g r a d a t i o n  o f  

N E T O  f o l l o w i n g  t h i s  r o u t e  o f  a d m i n i s t r a t i o n .  

C o n c e r n i n g  t h e  to t a l  E E  2 d o s e  g e n e r a t e d  f r o m  1 m g  

N E T O / k g  a s i m i l a r  e s t i m a t e  c a n  b e  m a d e  f o r  N E T .  

P r e v i o u s l y  p u b l i s h e d  d a t a  [42] s h o w e d  t h a t  t h e  i .v. 

i n j e c t i o n  o f  0.1 m g  E E J k g  to  N e w  Z e a l a n d  w h i t e  

r a b b i t s  p r o d u c e d  an  A U C  o f  46 .3  n g - h . m l - 1 .  T h u s  

1 m g  N E T O / k g  wi l l  d e v e l o p  an  EE2 d o s e  o f  a p p r o x .  

3.3 p g / k g  a f t e r  i .v. a n d  2 . 2 / ~ g / k g  a f t e r  i .g.  t r e a t m e n t s ,  

w h i c h  is < 0 . 3 5 %  o f  t h e  N E T O  dose .  T h e  d e m o n -  

s t r a t i o n  o f  EE2 as a N E T O  m e t a b o l i t e  c o u l d  s e r v e  as an  

e x p l a n a t i o n  fo r  t h e  e s t r o g e n i c  a c t i v i t y  o f  N E T  a n d  

N E T O  in  t h e  r a b b i t  [8, 9]. 

Table 1. Pharmacokinetic parameters of N E T O ,  N E T  (HPLC determinations) and EE 2 ( H P L C - R I A  determination) 
in female rabbits after a 1.0mg /kg dose of [3H]NETO by i.v. and i.g. administration 

i.v. (mean + SD) i.g. (mean __+ SD) 

Parameters NETO NET EE 2 NETO NET EE 2 

Cm~ , (ng/ml) 333 ___ 37 109 + 10 1.05 __+ 0.28 39.0 + 25.5 44.0 ___ 32.9 0.39 __+ 0.23 
Tma x ( m i n )  10 10 13.3 __+ 5.8 78.0 _ 18.0 110 + 62 130 ___ 87 
AUCo_6h (ng. h/ml) - -  - -  1.52 + 0.61 - -  - -  1.00 + 87 
AUC0~ h (ng.h/ml) 473 ___ 102 188 ± 5 - -  199 + 208 186 _ 165 - -  
AUCi~f. (ng' h/ml) 595+116 386+60 2.96+1.62 452+480 737___586  3.11+0.86 
CL (ml/min/kg) 27.2 _ 5.0 52.5 ± 8.6 37.5 ___ 9.9 31.9 + 8.8 48.5 + 4.2 36.4 ± 9.6 
tl/z ~-phase (h) 0.19±0.14 0.50__+0.17 0.46± 0.05 1.16+0.85 1.24±0.82 0.76+0.44 
tl/2 ]~-phase (h) 4.18 + 1.31 13.3 ± 8.7 3.31 + 0.5 12.2 ± 2.75 26.0 ___ 6.32 3.75 + 0.43 
MAT (h) - -  - -  - -  0.69 ± 0.43 1.15 ___ 0.53 5.41 __+ 0.62 
MRT (h) 4.6__+ 1.1 14.2-1-9.3 3.58 ± 0.96 14.8+3.0 34.4±9.2 7.79+2.21 
Bioavailability (%) - -  - -  77.9 + 80.1 - -  - -  
AUCNETo/AUCNE T (0-8 h) 2.52 + 0.58 0.98 ± 0.20 

- - ,  No measurement or calculation, NETO = norethisterone-3-oxime, NET = norethisterone, EE 2 = ethinylestradiol, 
MAT = mean arrival time, MRT = mean residence time. 
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Fig. 2. P a t t e r n s  of  p l a sma  metabol i t es  a f te r  in t ravenous  injection (A) and  in t ragas t r ic  admin i s t r a t i on  (B) of  
1 m g  NETO/kg in the female  rabbi t .  Sampl ing  t i m e s  a r e  given at the r igh t  and runn ing  t ime  f o r  H P L C  was 

30 min .  NETO = nore th i s t e rone-3-ox ime ,  NET = nore th i s te rone .  
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