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The excretion of progesterone metabolites 
in the urine of pregnant monkeys has1 not 
been extensively studied. Moreover, the lim- 
ited data, which are available, are conflicting. 
Early studies failed to detect SP-pregnane- 
3~,20~-diol ,  one of the major urinary metabol- 
ites of progesterone in pregnant women (1, 
2 ) ,  while more recently this metabolite was 
identified in the urine of both pregnant and 
progesterone-treated rhesus monkeys ( 3 ,  4).  
Further studies indicated that, in contrast to 
humans, androsterone rather than preg- 
nanediol was the major urinary metabolite of 
progesterone-injected Macaca mulatta and 
Macaca nemestrina (5, 6 ) .  

Although the primary purpose of this 
study was to determine if pregnanediol was 
present in the urine of pregnant rhesus mon- 
keys and if a specific excretion pattern ex- 
isted during gestation, pregnant monkey 
urine samples were also qualitatively analyzed 
and compared to the urine of progesterone- 
treated animals. 

Materials and Methods. Eight mature fe- 
male Macaca mulatta with uncomplicated 
pregnancies were used in this study. The ani- 
mals were housed, fed, and the urine was 

1 Publication No. 11-041 of the Wisconsin Region- 
al Primate Research Center. This work was sup- 
ported in part by Grant RR-00167 from the Na- 
tional Institutes of Health, US. Public Health Ser- 
vice, to the Wisconsin Regional Primate Research 
Center, and in part by Grant No. 63-505 from The 
Ford Foundation. 

2 T h e  following trivial names are used: andros- 
terone (3a-hydroxy-5a-androstan-l7-one), DHEA or 
dehydroepiandrosterone (3p-hydroxy-5-androsten- 
1 7p-ol), etiocholanolone (3a-hydroxy-Sp-androstan- 
17-one), pregnanediol (Sp-pregnan-3a,20u-diol), and 
pregnanolone (3a-hydroxy-Sp-pregnan-20-one). 

collected during the last 2 months of preg- 
nancy as previously described ( 7 ) .  To wp- 
port the identification of progesterone metab- 
olites, two ovariectomized animals were in- 
jected with progesterone (5 mg/kg im) for 7 
consecutive days; urine was collected daily, 
before, during, and after treatment and an- 
alyzed along with the pregnancy samples. 

Aliquots (50 ml) of urine samples were 
enzymatically hydrolyzed employing Keto- 
dase (Warner Chilcott, Laboratories) as rec- 
ommended by Cawley et al. (8), and then 
extracted with ethyl ether (3 X 75 ml). The 
pooled urine extracts were evaporated under 
reduced pressure after being washed with a 
concentrated solution of NaHC03 ( 3  X 50 
ml) and distilled water (3 X 50 ml). The dry 
residues were then dissolved in redistilled 
toluene (50 ml) and extracted with 1 N 
NaOH ( 3  X 20 ml) to remove the phenolic 
fraction. The toluene phase, containing the 
nonphenolic fraction, was washed with dis- 
tilled water (3 x 20 ml) and evaporated 
under reduced pressure. Ethanol (10 ml) was 
added and then reevaporated to remove any 
traces of water. The dry extracts were taken 
up in 15 ml of ethanol, divided into aliquots 
and evaporated under nitrogen a t  56". These 
aliquots were used for: qualitative thin-layer 
chromatography (TLC) , gas liquid chroma- 
tography (glc), and TLC followed by elution 
and glc of the eluates. 

Urine samples, water blanks, and aliquots 
of these, containing added quantities of 
Sp-pregnane-3~~,20a-dioI (Mann Research 
Laboratories), were treated in the same man- 
ner throughout the procedure. 

Extracts and standards, dissolved in 
ethanol, were spotted on thin-layer plates 
coated with Adsorbosil PI or PZ (Applied 

1123 



1124 PROGESTERONE METABOLITES IN MONKEY URINE 

A : 2 4  DAYS BEFORE PARTURITION 
8:4  DAYS BEFORE PARTURITION \ f i  5 C : l  DAY AFTER PARTURITION 

3 6 9 12 IS I8 & 
FIG. 1. Gas chromatograms of the TMSi deriva- 

tives of the urinary nonphenolic fraction during 
pregnancy and postpartum: (A, B, and C) 1/100 of 
24 hr urine samples. (1) pregnanediol; (2) an- 
drosterone; (3) etiocholanolone; (4) DHEA ; ( 5 )  
pregnanolone ; ( 6 )  Sa-pregnane-3p-o1,2O-one ; (7 ,  8, 
9, and 10) not identified. Column: Anakrom ABS + 
370 XE 60; temp, 215" ; argon pressure, 32 lb/cm2. 

Science Laboratories) or on silica gel F-254 
precoated plates (E. Merck, AG) which were 
activated at  100". The solvent systems used 
were: chloroform-acetone (9 : 1 ,  v/v) and 
chloroform-ethyl acetate (8: 2, v/v) (9) .  

The following detecting systems were em- 
ployed sequentially using the same plate: UV 
light, phosphoric acid reagent spray, fol- 
lowed by phosphomolybdic acid. The spot- 
ting, as well as the detecting procedures, have 
been previously described ( 7 ) .  

The TLC and elution system described by 
Brooks et al. ( lo) ,  employing the sylil- 
derivatives of steroids and chloroform as 
solvent, was used for elution and further glc 
quantification. 

A Barber Colman Model 10 gas chromato- 
graph equipped with a Sr-90 argon ionization 
detector and glass U-shaped columns (6  ft 
long x 5 mm i.d.) was used for glc. The 
metabolites of progesterone were qualitative- 
ly analyzed as free steroids on columns 
packed with Gas Chrom Q coated with 3% 
QF1 (Applied Science Laboratories) (Gas 
Chrom Newsletter, 1964), and as trimethylsi- 

lyl (TMSi) derivatives on Anakrom ABS 
coated with 3% X E  60 (Applied Science 
Laboratories) (1 1, 12), or on Gas Chrom 2 
coated with 2 %  X E  60 + 1% SE 30 (13). 

Quantitative studies were performed using 
Anakrom ABS + 3% XE 60 columns. The 
pregnanediol concentration was calculated by 
triangulation and comparison with preg- 
nanediol standard curves (area vs pg),  and 
then corrected for the proper dilution factors. 
Recoveries throughout the different steps of 
the procedure were: hydrolysis and extrac- 
tion 94 t 0.7%, TLC elution 82 t 4% and 
77.5 t 2.8% for the entire procedure. 

Results. Ten different steroids were detect- 
ed in the urinary nonphenolic fraction of 
pregnant monkeys by both TLC and glc. The 
concentration of these steroids increased 
throughout the last month of pregnancy, 
started to decrease close to parturition, and 
on the day following delivery the levels were 
essentially the same as those found in early 
pregnancy (Fig. 1).  The peak area of some 
of these steroids increased significantly dur- 
ing gestation, while in others only moderate 
increases were observed. 

The parallel study, in which the urine of 
progesterone-treated ovariectomized animals 
was analyzed along with the pregnancy sam- 
ples, showed that the TLC and glc data were 
analogous in both cases (Fig. 2 ) .  The only 
exception was the absence of one compound 
(peak 5 )  in the urine of the progesterone- 
treated animals. 

A partial attempt to identify the proges- 
terone metabolites was made. The combined 
chromatographic data distinctly revealed that 
one of the 10 steroids had the same mi- 
gration ( r F )  and color characteristics of au- 
thentic 5P-pregnane-3~,20a-diol in each of the 
different TLC systems, as well as identical 
retention time ( R t )  in glc. Other compounds 
chromatographically behaved as andros- 
terone, etiocholanolone, DHEA, 5P-pregnane- 
3a-ol ,2 O-one and 5u-pregnane-3P-o1,2 O-one 
(Fig. 1) when compared with the authentic 
steroids. 

Quantitative analysis revealed that the dai- 
ly excretion of pregnanediol increased during 
the last 6 weeks of pregnancy, declined mod- 
erately 72 to 24 hr before parturition, fol- 
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FIG. 2 .  Gas chromatograms of the urinary non- 
phenolic fractions of pregnant and proggasterone- 
treated monkeys: Each chromatogram represents 
1/10 of 24 hr samples. Peak 1 has the Rt of 
authentic pregnanediol; peaks 8, 9, and 10 are not 
shown. Column: Anakrom ABS + 3% XE 60; temp, 
207" ; argon pressure, 32 lb/cm2. 

lowed by a sudden decrease on the day of 
delivery and remained low thereafter (Fig. 
3 ) -  

SP-Pregnane-3~,20~-diol, however, did not 
represent the most important progesterone 
metabolite (Figs. 1 and 2 )  but it had an 
excretion curve which paralleled most of the 
other metabolites. A1 t hough pregnanediol 
levels were different among the eight monkeys 
and the peak values close to parturi'tion 
varied from 100 to 900 pg/24 hr, the same 
excretion profiles were seen in all animals. 

Discussion. In  contrast to some previous 
reports (1,  2 ,  14), but in agreement with 
more recent studies (3, 4), the results of this 
study revealed that S@-pregnane-3~,20~-diol 
is present in the urine of both pregnant and 
progesterone-treated Macaca mulatta. 

The urinary levels of pregnanediol and 
other progesterone metabolites increased dur- 
ing the last weeks of pregnancy and in those 
animals injected daily with progesterone. In  
addition to pregnanediol, four of these metab- 
olites were identified as androsterone, etio- 
cholanolone, DHEA, and 5p-pregnane-3~01, 
20-one, which were also detected in pregnant 
monkey urine by Chamberlain et al. (3) .  A 
sixth metabolite, S~-pregnane-3P-o1,20-one, 
was also identified by Ainsworth et al. (15)  
in in vitro studies. 

The low urinary pregnanediol levels proba- 
bly reflect the low concentration of proges- 
terone in peripheral blood (16) and in the 
placenta (14). Furthermore, the pregnanediol 
excretion pattern during the last weeks of 
pregnancy was similar to the circulating pro- 

FIG. 3 .  Daily urinary pregnanediol levels during pregnancy and postpartum (mean values of 
eight animals r+SE). 
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gesterone pattern; both were moderately ele- 
vated toward the end of pregnancy and de- 
creased suddenly to nonpregnant values on 
the day of, or following, delivery (16). The 
pregnanediol excretion, however, started to 
decine gradually 72  to 24 hr prior to parturi- 
tion. 

In  contrast to humans, pregnanediol did 
not quantitatively represent one of the major 
urinary progesterone metabolites. Irrespective 
of the stage of pregnancy, other metabolites 
were excreted in equal or higher amounts. 

I t  has been reported that some subhuman 
primates (pig-tailed monkey and baboon) ex- 
creted androsterone as the major urinary 
metabolite of progesterone ( 5 ,  6, 1 7 ) .  Our 
study demonstrated that androsterone was 
also an important progesterone metabolite in 
the urine of rhesus monkeys (Figs. 1 and 2 ) .  

Comparison of the available data regarding 
urinary pregnanediol levels in pregnant 
subhuman primates indicates that the excre- 
tion in the rhesus monkey is similar to that 
of the baboon (18) and the pig-tailed mon- 
key (Liskowski, unpublished information) ; 
but is significantly lower than that of the 
pregnant chimpanzee (19).  In contrast to 
these species, it is of interest that neither 
5P-pregnane-3~,20~-diol nor androsterone can 
be detected in pregnant squirrel monkey 
(Saimiri sciureus) urine (Liskowski, unpub- 
lished information). 

Summary. Ten different steroids were de- 
tected in the nonphenolic fraction of preg- 
nant monkey urine. Of these 5P-pregnane- 
3~-20~-d io l ,  androsterone, DHEA, etio- 
cholanolone, SP-pregnane-3~-01,2O-one, and 
S~-pregnane-3~-01,20-one were identified. 

Corroborating evidence that these steroids 
represent urinary metabolites of progesterone 
was obtained by analyzing the urine of 
ovariectomized progesterone-treated rhesus. 
Both pregnant and injected animals excreted 
the same metabolites with the exception of 
one, which was present only in pregnant 
monkey urine. 

The excretion of 8 of the 10 steroids in- 
creased during the last wekks of pregnancy; 

however, a t  no time did SP-pregnane-3~, 
2 0 ~ d i o l  represent the major progesterone 
metabolite. Although the individual preg- 
nanediol levels in eight monkeys were differ- 
ent, the peak value in each monkey was 
reached 72 to 24 hr before parturition (100 
to 900 pg/24 hr),  then decreased to trace or 
nondetectable amounts on the day of parturi- 
tion, and remained low thereafter. 
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