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SUMMARY 

An investigation of the metabolism of [1,2-aH]-progesterone by human proliferative and secretory 
phase uterine tissue and the subcellular localization and metabolism of progesterone showed that 
in the endometrium and the myometrium progesterone was mainly converted to 5a-pregnane-3,20-dione 
and 20cl-hydroxy-4-pregnen-3-one. Smaller quantities of 20a-hydroxy-5x-pregnan-3-one, 6p-hydroxy- 
progesterone and unidentified polar metabolites were also formed. Qualitatively this metabolism did 
not appear to vary significantly in the human endometrium and myometrium. However, quantitative 
variations between the endometrium and myometrium were apparent in both the proliferative and 
secretory phases of the cycle. Conversion of progesterone to 5a-pregnane-3, 20-dione was higher in 
the endometrium than in the myometrium, while more of 20a-hydroxy-4-pregnen-3-one was formed 
by the myometrium. More 2Oc+hydroxy-4-pregnen-3-one was formed in the secretory than in the proli- 
ferative phase. 

Localization of progesterone in the subcellular fractions of the endometrium and myometrium showed 
that progesterone and its metabolites are mainly localised in the cytosol fraction, wherein they bind 
specifically to receptor protein. The nuclear uptake was considerably lower than that of the cytosol 
fraction. The subcellular metabolism of progesterone in the individual fractions, in the presence of 
co-factors, revealed that the conversion of progesterone was higher in the cytosol fraction. The major 
metabolite formed in the nuclear fraction of endometrium and myometrium was 5a-pregnane_3,20dione. 
In the mitochondrial fraction Sa-pregnane-3,20-dione, 2Ck+hydroxy-5a-pregnan-3-one and some highly 
polar compounds were formed. 6/3-hydroxy-progesterone was formed to a considerable extent by the 
microsomal and mitochondrial fractions. In the cytosol fractions of both the endometrium and myome- 
trium, 20a-hydroxy-4-pregnen-3-one was the major metabolite with small amounts of 6fl-hydroxy-pro- 
gesterone, 5a-pregnane-3, 20-dione and 2&c-hydroxy-5a-pregnan-3-one. 

INTRODUCTION 

Steroid hormones are considered to act by selective 
localization in the hormone-sensitive organs. Early 
attempts failed to provide any evidence for the speci- 
fic uptake of progesterone by the uterus or other tar- 
get tissues [l]. Laumas and Farooq[2] showed that 
progesterone is retained in the rat uterus after an in- 
itial rapid disappearance. This was later confirmed 
by other workers [3-71. Cellular and subcellular 
metabolism of progesterone in the rat uterus has been 
investigated extensively C&12], but little information 
is available on metabolism of this steroid in the 
human uterus [13-171. Progesterone was shown to be 
metabolized mainly to the Sa-reduced and 20c+re- 
duced compounds in the human uterus [1>17]. It 
has been suggested that certain metabolites of steroid 
hormones play an important role in the action of the 
parent hormone [12,1f3-211 and it has been proposed 
that progesterone acts by binding specifically to the 
human uterine cytosol fraction [22-261. However, the 
metabolic fate of progesterone in human uterus and 
cellular fractions is not fully known. 

The present study describes an investigation on the 
comparative metabolic potential of the human endo- 
metrium and myometrium during the proliferative 
and secretory phases of the menstrual cycle. The 
enzymes responsible for the metabolic conversions of 
progesterone at the cellular and subcellular levels 
have been studied. The molecular mechanism of 
action of progesterone has been discussed in relation 
to its metabolism. 

EXPERIMENTAL. 

Radioactive hoid. [1,2-3H]-progesterone (S.A. 
47.8 Ci/mmol) was obtained from New England Nu- 
clear Corp., Boston, Mass., U.S.A. and purified by 
t.1.c. using chloroform-acetone (9: 1 v/v). 

Tissue preparation. Normal uterine tissue was col- 
lected during hysterectomy operations from the All 
India Institute of Medical Sciences Hospital, New 
Delhi. The tissue was brought to the laboratory on 
ice and the endometrium was scraped from the myo- 
metrium under ice-cold conditions. Both tissues were 
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X, / ic:.’ :md incubated as described 
<( ‘. l~‘~~~~,~)l~~~tion was carried out by 

-it :it~p:~t~n as described previously 
‘a ~tlilic;ition. 

3 .~ ,a A J:u~~~~~N p&t. The 800 g nuclear 
, LI! III Pris-HCl buffer (pH 7.4, 

” .,(/ i:~~~;n~/~:d in a Teflon homogenizer. 
I/,. :!:ntly layered on the top of 

L : c~~I!~.~II !n the TrisHCl buffer and 
‘(’ 2 ! ,- ‘it!\) $1 ior 60 min. The nuclear pellet 
‘/. .Y: 1~ ~I(~UII was used for subsequent 

IIC !i\w minces in 25ml capacity 
I j.. ., : ‘. loctthated at 37’C with [1.2-3H]- 
/I -, ,, 4 ‘!! i!! Krebs ‘Ringer phosphate 
,‘,/ II ;I_ i 5 .:O. 60. 90 and 120 min. At 

1. f. ,i,ci!l)<iti<in. the contents of the flasks 
.l:,: ‘!,:;:_ I ~~i~rn~iiatcly in a refrigerated Inter- 

.II:ii i.ti i ::*ir~!::+ Motiel PR-2 at 4-C. The superna- 
,:1: ,’ ,I. ..i ‘. ii‘li I ,1w1 the tissue pellet was washed 
.,X4 L ‘1: i!! :.’ L! tu ICC with cold buffer to remove 
11.. -:.. 1:” :.~it:i:~. The tissue was homogenized 
4 : :,.,I : _’ ,i 1‘11~ steroid was extracted from the 

i! ,, ,r,*‘!i’ :h .ICY~CWC. An aliquot of the acetone 

I 1” :. :’ .: ~:~~!cD-L~~! to counting vials and dried 
,“.; ,’ ‘I/ ii!ll’ Xl1 at 45’C. 

‘: ,’ .&r:.! j : ~.~~~~r~~~~z. The minced tissue 
,.,1,:; .>’ &/: 11 ~ndcirnctrium and about 500 mg of 
” / ;‘I f :;> I i- $5~. ~iii:cellular fractions (prepared 
ji4 : : <:: ’ cii~lc~n~;tr.ium or I g of myometrium) 
i\ : ,, : ;cj 11110 3 ml flasks containing 

1 .-, .!, ,.:c~r( WC md Krebs-Ringer phosphate 
(1: !,, ‘\ i I it I!II i mg glucose/ml. The ratio of 
;:.;,, .< ‘.. I : I( j ;w v). For studies on subcellu- 
i,l.I ,..IL h Ii;i\i\ contained 22 iirnol of glu- 
ci I’,,’ nisi (11 glucose-6-phosphate, 2.3 pmol 
,j ,/ !_, I .: :~nwl d NADPH in the buffer. The 
‘ii,“’ ! ~‘1-c ._AI; red out at 37’C with constant 

,.:?,.iki: :i .*i in li>r v. iwlc tissue and for 1 h for the 
1~~:: ‘,“’ ‘~.i~t~~iu~ fhc reaction was stopped by 

lli! : 5 \<)I. $11 distilled acetone and the flasks 
:.*. ,,... i !rx+m t~l~l~~~i.ature for 24 h with occa- 

.;‘~I:* 3 1 L’ 
‘ K I, ; --I lx i\tl;iction of radio:, :tive steroids 

~1 I : WI ,I \ dcscribcd by Pearlman rt al. [ZS] 
,, I’ :icrdilic,iti~~n. The aq. extract was adjusted 

I till ! 1. N:IOH before solvent extraction 
I-I~II~Y \\ crc removed as described by 

! k ~l~l~pdizcd extract wa:, dried under 
;:lt~.t :‘1 at 50--C and subjected to t1.c. 

,\il ,ncubation and extraction the 
<it‘:*, \I;ere separated by t.1.c. on silica 
i ;,.!ii; iilichncss) plates using the following 
<‘.:‘i-,_ 

:!IICL ~xtl,:l <icefate (5:2v/v) 
~~;‘ioli:im acetone (9:l v/v) 

~r~~i;?rtri ,nethanol (99:l v/v) 
L, iii‘ <ii<%! Ii: 1 ether (8:2 v/v) 
:a>l~fi~ ~:yclohsxanone (9:I v/v) 

and by paper chromatography on Whatman No. 2 
chromatogl-aphy paper using hexane forl~dmide sol- 
vent system 1301. The radioactive steroids were 
iocated with a chromatogram scanner (Packard 
Model 7200) and quantitated in a liquid scintillation 
spectrometer. The mobility of the steroids was gener- 

ally indicated by Ri When the ~llromatograms were 
overrun, mobility of the steroids was indicated by R,, 

(relative to the mobility of progesterone). The identity 
of the steroid metaholitcs was confirmed by acetyla- 
tion, saponification of acetylated compounds and oxi- 
dation as described earlier [21] and recrystaliizatioll 
to constant S.A. [31 J. 

R~~~~u~~tj~jt~, cotrrrtirx~. Radioactivity was measured 
in a liquid scintillation spectrometer (Packard Tricarb 
Model 3314) using 1Oml of scintillation fluid (4g of 
2.S-diph~nyloxazole and 0.1 g of 1.4 bis-2~4-inethyl-5- 
phenyloxazolyl)-benzene dissolved in 1 I of toluene). 

RESI:LTS 

The radioactivc steroids. extracted from the endo- 

metrium and myometrium when chromatographed in 

system I, resolved into E:, ,&. 7. ci, I: and 1 peaks. Each 
peak was rechromatographed and identified as 
follows. 

The r-peak. In the initial t.1.c. system I this peak 
had mobility identical with authentic Sx-preg- 
nane-3,20-dione (R, 1.57). The radioactive steroid in 
the a-peak was extracted and rechromatographed in 
System V, where 5a-pregnane-3,20-dione separated 
well from the 5/j epimer. The former had an R, of 
0.51 and the latter 0.6. These two steroid epimers 
could not be separated when chromatog~phed in sys- 
tem II, III and IV. The major amount of the radio- 
active steroid had mobility (R, 0.51) identical with 
~~-pr~gnan~-3,2O-dioile in system V. Both sample and 
the standard steroid could not be acetylated and oxi- 
dation produced no change in the mobility of the 
sample. Finally crystallization to constant S.A. of the 
sample confirmed the identified sample as Sr-preg- 
nane-3.2~dione. 

The [I + 7 pruk. In the initial t.1.c. system I a single 
peak which had a mobility similar to that of pro- 
gesterone was designated as /j $ ;’ peak. This peak 
was resolved into /j and 7 peaks by further t.1.c. in 
system II. In this system (I peak moved with authentic 

progesterone and 7 peak with pregnanolone isomers. 
After acetylation and further chromatography the 
steroid in the Ppeak had a mobility identical with 
that of progesterone (RF 0.76). Recrystallization to 
constant S.A. confirmed that the radioactivity in this 
peak was due to progesterone. 

The y-peak moved with an R,. of 0.57 and was iden- 
tical with 20x-hydroxy-5r-pregnan-3-one. This was 
rechromatographed in system III, in which it had the 
same mobility as the authentic sample. 

The 6 peak. The d peak of the initial t.1.c. system 
I consisted mainly of 20cr-hydroxy-4-pregnen-3-one. 
Rechromatography of this region on paper in hexane 
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formamide, indicated that it was 2Oc+hydroxy+preg- 
nen-3-one. On acetylation, the acetate of the sample 
and the standard sample had identical mobility 
(& 05) in system I. Saponification of 20cc-hydroxy-4- 
pregnen-3-one-20-acetate yielded a compound with 
RF 0.42 in the hexane-formamide system identical 
with that of authentic standard 2&z-hydroxy-4-preg- 
nen-3-one. Oxidation of the sample with chromium 
trioxide yielded progesterone which was identified 
chromatographically. Recrystallization to constant 
S.A. confirmed it to be 20u-hydroxy-4-pregnen-3-one. 

The E peak. The E peak in system I had a very 
low chromatographic mobility corresponding to auth- 
entic 6fl-hydroxy-progesterone. Radioactive steroid in 
this peak was extracted and rechromatographed in 
system II when it moved with an RF of 0.31; authentic 
pregnanediol isomers also had the same mobility. The 
radioactive steroid in this region was acetylated and 
chromatographed in system I where it moved with 
the acetate of 6/Chydroxy-progesterone with an RF 
of 0.13. The I& of authentic pregnanediol acetate was 
greater than 0.5 in this system. Saponification of the 
sample gave a product with the same mobility as 
6/?-hydroxy-progesterone. The compound was tenta- 
tively identified as 6/?-hydroxy-progesterone. 

The x peak. The x peak consisted of the radio- 
activity starting from the origin up to the base of 
the E peak. It constituted the highly polar compounds. 
On rechromatography in system I, the radioactivity 
again remained near the origin suggesting the high 
polarity of the metabolite(s). This region was not 
investigated further. 

Metabolism by the proliferative endometrium. After 
2 h of incubation, the endometrial tissue (300mg) in 
the proliferative phase converted, on an average, 
26.2% of progesterone to its metabolites (Table 1 and 
Fig. 1). Amongst the identifed metabolites 20cc-hyd- 
roxy-4-pregnen-3-one was the major metabolite, being 
7.1% of the total metabolites. 5a-pregnane-3-20-dione 
constituted 4.7% of the metabolites. Formation of the 
pregnanolone isomers was not very fast, since, even 
after 2 h of incubation, only 2-3% of 2&z-hydroxy-Su- 
pregnan-3-one was formed. Polar metabolites consti- 

Table 1. Metabolism of progesterone in the human 
endometrium 

Steroids Proliferative Secretory 
phase phase 

5..pregnane-3,20-dione 4.7 2.7 

progesterone 73.8 79.2 

ZOu-hydroxy-So-pregnan-3-one 2.3 1.1 

ZOa-hydroxy-4-pregnen-3-one 7.1 6.8 

66.hydroxy-progesterone 1.7 0.9 

polar compounds 7.6 7.9 

Results are expressed as per cent of the total steroid 
per 300mg of endometrial tissue. The values are mean of 
three experiments. 41.8 picomol were used for each incu- 
bation and the incubations were continued for 2 h at 37°C. 
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Fig. 1. Representative radiochromatogram v:: i, L)( the 
metabolism of [1,2-3H]-progesterone in thC IIJ:WU ,: ;%I~ 
metrium. 

A: Chromatogram developed in hc~an~~~ill. : I:~ 1.::~ 
(5: 2) representing G( = ,f(z-pregnane-?.7O-dIoi~.,. ,: :- 
progesterone + 20cc-Fydroxy-ir-pregnan-.i-::~i, i: : 
20cc-hydroxy-4-pregnen-3-one, E = 6/1-hydra\) -;>I v+Y~,:I - 
one and x = polar compounds. 

A’: fi + y peak rechromatographcd III cl!!,,: I,~, $1 !P, .IW 
tone (9: I) to resolve in10 /j = prope;::1 iff~i ‘1Wi 

y = 20cc-hydroxy-ja-pregnall-i-oll,, 

tuted about 7.6”/, of the total metabolitc. i II~~~~III:.- 
formed progesterone constituted 73,8”,,. 

Metabolism by the xcrerory domerl-iri!,r in trle 

secretory endometrium metabolic prokl !‘.‘I ., g’., c s-t’ 
qualitatively similar to proliferative phase. !?::I L; UN- 
titative differences were apparent (Table I i ?‘I;.: ;:ml 
amount of progesterone converted ~‘8’. !IX,~~L i T 
times more in the proliferative than in t1;,: .,Y;~vI-.~ 

phase. Secretory phase endometrium WII~ ;rrle? 1: ss 

progesterone to 5c(-pregnane-3.20-dio!lc ii (4: I ,!I {II,. 
proliferative phase, but more 2Od1q:i;~ JJ -1-r : 2. 
nen-3-one was formed in the secretor! I: <ii. 11, 1:): 
proliferative phase. The pregnanolonc- V. b: ,J :I :4 :I\: 
formed to only a small extent. 6/LHytir~~~;~ .,II’~~!Y~I~.Y- 

one was formed to a greater extent b! TI;I, ‘-;.lijlj :~-:i- 
tive phase tissue while polar compountl~: :L~ :# 1. :I:I~~ !<YI 
more in the secretory phase tissue. 

Metabolism of p~oyesfcror~~ hl. r/Jl’ !I:PJ,~~., ; ‘:.+I, 

trium in the proliferc~tiw trrd 5ccwo~~~ -i ,i\< ‘. I!IC 
metabolism of progesterollc in the h!~!-~~:l I> I!ji~~,i~;i’- 

trium is shown in Fig. 2. The malor :!JcL!x~!~::‘. i~l 
progesterone formed in the myometril:m YC. i!~i,li~- 
tatively similar to those in the endortlei~-!!I!;; ‘Y .+ble 



UKMILA VERMA and KESHO R. LAGMAS 27x 

90 

80 

70 

60 

50 

40 

30 

20 
: 

90 

80 

70 

60 

50 

40 

30 

20 

IO 

Fig. 2. Representative radiochromatogram scan of pro- 
gesterone metabolism in the human myometrium. Peaks 

#3,)‘.6.~, and x represent steroids as in Fig. 1. 

2 shows the amount of metabolites formed during 
the proliferative and secretory phases of the cycle. 
About 15qlp,; and 12~4% of progesterone was con- 
verted to its metabolites in the proliferative and secre- 
tory phase respectively. Conversion of progesterone 
by the proliferative myometrial tissue, was about 1.2 
times higher than in the secretory phase. 

Comparison of the metabolic potential of endome- 
trium with that of myomet~um in the two phases 
revealed that on unit weight basis, endometrium con- 
verted about 2.9 times more progesterone in the proli- 
ferative and about 2.7 times more in the secretory 
phases than the myometrium. In the myometrium 
20~-hydroxy~-pregnen-3~ne was formed more than 
in the endometrium (Table 3) while less of Scc-preg- 
nane-3,20_dione was formed in the myometrium when 
compared to the endometrium. 

S~bcei~u~ar uptake of progesterone. To investigate 
the fate of progesterone at the subcellular level, the 
localization of progesterone in different cell fractions 
of endometrium and myometrium was studied. Table 
4 shows that 45.9% of progesterone and its metabo- 
lites were present in 105,OCOg cytosol fraction after 
90 min of incubation. The nuclear fraction contained 
about 37.4y.L of the total steroid. The mitochondrial 
and microsomal fractions contained nearly 167< of 
progesterone and its metabolites. 

Subcellular distribution of [1,2-3H]-progesterone 
and its metabolites in the myometrium was studied 
at different time intervals (Table 4). The 105,ooOg 

cytosol fraction contained 44.3”,, of the total radio- 
activity at 15 min. At 170 min the uptake increased 
to 565”,. The mitochondrial and the microsomal 
fractions contained rather low amounts of progcster- 
one and its metabolites. The nuclear fraction con- 
tained about 37”;, of the steroid at 15 min ;rnd Z,, 
at 120 min. In general the cytosol fractions contained 
more progesterone and its metabolites than the other 
subcellular fractions. 

Sz~bce~lz~l~r ~~etabo~is~?z of‘ p~ogt~.~te~[)~?~~ h_y the t~7ttr)- 

metrium. The metabolism of progesterone by the 
nuclear fraction showed that on an average IM’,, 
of progesterone was converted (Table 5). The rn;k,jor 
metabolite formed was 5~-pregnane-3,~0-dione and it 
constituted about 45”,, of the metabolites which is 
about 330*,, of the products formed (Fig. 3). Other 
metabolites like 30u-hydroxy-%-pregnan-3-one. 
2Ou-hydroxy~-pregnen-3-one and 6/?-hydroxy- 
progesterone were formed in considerabIq lower 
amounts. 

In the mitochondrial fraction about lW’,, of the 
incubated progesterone was converted to its metabo- 
iites. Small amounts of 5~-pregnane-3.~O-dion~, 
20cc-hydroxy-5a-pregnan-3-one. ?Or*-hydroxy-4-preg- 
nen-3-one and 6/Ghydroxy-progesterone were found. 
The polar compound constituted a considerable 
amount of the me~bo~ized progesterone. A similar 
picture was obtained from the microsomal fraction. 
In this fraction about 17.6”,, of progesterone was con- 
verted to its metabolites. Polar compounds consti- 
tuted the major amount of biotransformed sreroids. 
6/GHydroxy-progesterone was formed considerabi! in 
the microsomal fraction and made up about l4,?‘,, 
of the products formed. 

Among the subcellular fractions the cytosol fraction 
converted the maximum amount of progesterone. On 
an average 20.8”,, of progesterone was convcrtcd to 
its metabolites. In the cytosol fraction 2Occ-hydroxg-4- 
pregnen-3-one was the major metabolite, constitLiting 
about 10*79; of the total metabolites and it was 490’,, 
of the products formed (Fig. 3). In the cytosol fraction 
small amounts of Sti-pregnane-KO-dione an d 
2O~-hydroxy-5~-pregnan-3-one. 6~-llydroxy-proges- 
terone and the polar compounds were also found. 

Table 2. Metabolism of progesterone in the human 
myometrium 
- 

Steroids Proliferative %CTet”r\ 
Pi-lace Ph3bL. 

-- 

So-pregnane-3.20.dione 1.3 1l.h 

progesterone g-t.9 ‘1.” 

ZOo-hydroxy-Sn-pregnan-3-one 0.5 n 2 
Z0a-hydroxy-4-pregnen-3-one ii 3 5.7 
6B-hydroxy-progesterone 1.1 /I, 7 

polas compounds 3.8 4.3 

Results are expressed as per cent of the total steroid 
per 5GOmg of myometrial tissue. The values are mean of 
3 observations. Amount of the steroid used and the incuba- 
tion time as in Table 1. 
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Table 3. Comparative metabolism of progesterone in human endome- 
trium and myometrium in the proliferative and secretory phases 

Endanstrim !dvometrim ,~ 
Metnbolites Formed 

Prolif- sscre- Prolife- SeCTe- 
erative tory rative tory 

5.-pregnene-5.20-di0ne 17.9 12.9 9.3 4.8 

ZOa-hydroxy-Sa-pregnan- 
S-one 8.7 5.2 3.3 1.6 

IOa-hydroxy-4-pregnen- 
3-one 27.0 

66-hydroxy-progesterone 6.4 

polar compounds 29.0 

32.6 41.7 42.7 

4.3 7.2 5.6 

37.9 19.8 38.4 

The results are expressed as per cent of the products formed. 

Subcellular metabolism of progesterone by myo- 

metrium. The pattern of progesteone metabolism by 
the subcellular fractions of myometrium was similar 
to that of endometrium. In the nuclear fraction on 
an average 12.9% of progesterone was metabolized. 
As in the endometrium, 5a-pregnane-3,2O-dione was 
the major metabolite in the nuclear fraction constitut- 
ing about 3.8% of the metabolites and 29.40/, of the 
products formed (Fig. 3). However, it was less than 
that in the endometrium. In the cytosol fraction 
2Oa-hydroxy4pregnen-3-one was the major metabo- 
lite being about 61.2% of the products formed. More 
20u-hydroxy4pregnen3-one was formed by the 

myometrial cytosol fraction than by the endomettial 
fraction. 

DISCUSSION 

The results presented on the localization and meta- 
bolism of progesterone in the human endometrium 
and myometrium in their proliferative and secretory 
phases showed that in both the phases endometrium 
had a higher metabolic potential than myometrium. 
Further, the proliferative phase endometrium and 
myometrium were able to metabolize higher amounts 
of progesterone than their corresponding secretory 
phase tissues. 

Table 4. Uptake of [1,2-3H]-progesterone and its metabolites in subcellular fractions of the human endometrium and 
myometrium 

Tissue 

Time of 
incubation 
in minutes 

Endometrium 90 
Myometrium 1.5 
Myometrium 30 
Myometrium 60 
Myometrium 120 

Per cent of progesterone and its metabolites 

Nuclear 
8OOg 

31.4 + 2.3 
36.9 f 3.2 
22.2 + 2.8 
25.0 k 4.1 
22.6 f 2.6 

Mitochondrial 
10,000 g 

8.9 f 3.1 
2.0 * 1.0 
2.5 + 0.8 
1.5 k 0.8 
8.5 k 1.3 

Microsomal 
105,000 g 

1.6 & 2.4 
16.3 i: 1.6 
6.9 f 1.0 

11.1 k 2.6 
12.3 k 1.6 

Cytosol 
105,000 g 

45.9 + 2.4 
44.3 + 4.0 
68.2 f 8.0 
62.2 It: 6.5 
56.5 f 3.8 

Results are expressed as the mean k S.D. 

Table 5. Subcellular metabolism of progesterone by human endometrium 

Subcellular fractions 

Steroids 
Nuclear Mitochondrial Microsomal Cytosol 

8009 10,000 9 105,000 g 105,000 g 

5x-pregnane-3,20-dione 4.5 1.1 1.6 0.2 
progesterone 86.4 84.6 82.4 79.2 
20a-hydroxy-5a-pregnan-3-one 1.2 2.5 1.5 2.1 
2Oa-hydroxy-4-pregnen-3-one 0.8 1.2 2.2 10.7 
6fi-hydroxy-progesterone 0.3 2.3 2.5 2.1 
polar compounds 3.5 5.0 7.5 2.6 

Endometrial tissue (300 mg) was fractionated into nuclear, mitochondrial, microsomal and 
cytosol fractions. Each incubation was carried out in the presence of glucose 33 pmol, glucose- 
6-phosphate 11 pmol, ATP 2.3 pmol, NADPH 1.3 pmol and [1,2-3H]-progesterone 20.9 
picomol for 60 min. The data is the mean of three experimental values. 
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‘Table 6. Subcellular metabolism of progesterone in the human myometrium 

Subcellular fractions 
.__~ 

Nuclear Mitochondrial Microsomal QiOSOl 
Steroids gm!7 1 O,~O g 105,000 cj IOWOO g 

5a-pregnane-3.20-dione 3.8 0.4 1.x 0.5 
progesterone 87.1 83.9 80.1 76.X 
ZOa-hydroxy-5x-pregnan-3-one 2.8 I.6 I.0 3.3 
2Chx-hydroxy-4-pregnen-3-one 0.6 3.1 3.4 14.2 
6jr’-hydroxy-progesterone 0.1 1.5 18 1.8 
polar compounds 2.5 6.2 8:o 2.4 

Myometriai tissue fractions were prepared and processed as described under Experimental 
and Table 5. The results represent mean values of three observations. 

So-Pregnane-3,2~dione was formed in larger 
amounts by the endometrial as compared with the 
myometrial tissue. Its formation was higher in the 
proliferative phase than in the secretory phase both 
by the endometrial as well as the myometrial tissues. 
The results suggest that the enzyme See-reductase 
which converted progesterone to 5x-pregnane-3.20- 
dione was either activated or present in higher 
amounts in the proliferative phase. This suggests that 
the saturation of the C-4-c-5 double bond of pro- 
gesterone and consequent formation of Scc-preg- 
nane-3,20-dione may be an estrogen dependent 
step [32,33]. A higher activity of the human prolifera- 
tive uterine tissue to metabolize estradiol[20] and 
norethynodrel[21] supported the concept that 
estrogens in proliferative phase influence the meta- 
bolic activity of the uterus. The concentration of 
20a-hydroxy-4-pregnen-3-one showed a different pic- 
ture. More of it was formed by the secretory phase 
uterine tissue as compared with the proliferative tis- 
sue. A higher concentration of ?Oor-hydroxy-steroid 
dehydrogenase in the secretory as compared to the 
proliferative phase has recently been reported [34]. 

The localisation of progesterone in the endometrial 
and myometrial cell fractions, clearly showed a prefer- 
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Fig, 3, Subceflular metabolism of progesterone in the nu- 
clear, mitochondrial, microsomal and cytosol fractions of 
human endometrium H and myometrium 0. 

I : 5x-pregnane-3,20-dione. 2: 20a-hydroxy-k-preg- 
nan-3-one. 3: 20a-hydroxy-4-pregnen-3-one and 4: 

6/Ghydroxy-progesterone. 

ential concentration in the cytosol fraction and next 
in the nucleus with very low amounts in the mito- 
chondria and microsomes. The two major progester- 
one metabolites 5a-pregnane-3,20-dione and 20x-hyd- 
roxy-4-pregnen-3-one were formed mainly in the nuc- 
leus and cytosol fraction. In the mitochondria and 
microsomes, 5a-pregnane-3,20-dione, 2&-hydroxy-5x- 
pregnan-3-one. 6~-hydroxy-progesterone and some 
highly polar compounds were formed. 

The cytosol fractions of both endometrium and 
myometrium converted major amounts of progester- 
one when calculated on a per cent conversion basis. 
However, if one considers the number of enzymes in- 
volved in the metabolism of progesterone, the mito- 
chondrial and the microsomal fractions, which con- 
tain less protein, might convert relatively more pro- 
gesterone than nuclear and cytosol fractions in terms 
of unit protein. The total concentration of metabolites 
formed by the mitochondrial and microsomal frac- 
tions may not contribute much, since total amount 
of steroid taken up by these fractions is very low as 
compared with the cytosol and nuclear fractions. 

A higher concentration of 5a-pregnane-3,20-dione 
in uterine nuclei suggested the nuclear localization 
of the enzyme .5x-reductase. The nuclear concen- 
tration of this enzyme was demonstrated in rabbit 
myometr~um and hypothalamic nuclei [32] and in the 
rat uterine and hypothalamic nuclei [S, 351. Further 
significance of the nuclear localization of Scr-preg- 
nane-3.20-dione is indicated by its high ability to 
compete with progesterone for its receptor [X,33]. 
This suggests that different concentrations of Sa-preg- 
nane-3.2~dione formed during different phases of the 
cycle may be responsible for the manifestation of pro- 
gesterone action. Like 5a-pregnane-3,20-dione in the 
uterine nuclei, dihydrotestosterone, a biologically 
more potent metabolite than the parent compound 
testosterone forms in the pr-ostate nuclei [36]. 

The other major me~boIite, 2~“hydroxy-4-preg- 
nen-3-one in the human endometrium and myome- 
trium was localized in the cytosol fraction. The pres- 
ence of the enzyme 2&x-hydroxy steroid dehydrogen- 
ase in the cytosol fraction has been shown in the rab- ” 
bit myometrium and hypothalamus [32] and in the 
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rat uterus and pituitary [S, 333. 5c(-Pregnane-3,20- 
dione appears to decline in favour of 20c+hydroxy-4- 
pregnen-fone in the post ovulatory uterine tissue. It 
is not clear what specific progestational event is facili- 
tated by this alteration. 

The higher concentration of progesterone has been 
suggested to inactivate its own receptors [23,37], 
while estradiol facilitates the progestrone receptor 
synthesis [38]. In the proliferative phase progesterone 
receptors may be protected from degradation or inac- 
tivation by faster metabolism of progesterone at the 
site of action and also by the higher conversion of 
progesterone to 5a-pregnane-3,20-dione. Thus Scc-preg- 
nane-3,20-dione, although not very active in the 
bioassays for progesterone [39] and in maintaining 
pregnancy [40], may have a different role in the 
mechanism of progesterone action than progesterone 
per se. The nuclear formation of 5u-pregnane-3,20- 
dione suggested that the action of progesterone at 
the nuclear level may probably be modulated by the 
competition of 5cl-pregnane-3,20-dione for the nuclear 
receptors. In the secretory phase, however, a different 
picture may prevail. Along with progesterone, a 
higher ~n~ntration of 2~-hydroxy4pregnen-3~ne 
may also decrease the progesterone receptor concen- 
tration which may be the action of 2Occ-hydroxy-C 
pregnen-3-one. An increase in the 20cl-hydroxy-ster- 
oid dehydrogenase enzyme in the rat uterus has also 
been reported from day 11 to day 22 of preg- 
nancy [41] when progesterone receptor concentration 
is decreasing [42]. 

Evidence presented in this communication suggests 
that the metabolism of progesterone in the uterine 
tissue is an important event in the mechanism of its 
action and the metabolites of progesterone may bear 
a specific role in the sequence of the physiologi~l 
events at the molecular level. The different metabolic 
potential of endometrium and myometrium in the 
two phases of the cycle is of special significance in 
maintaining the required hormone milieu in the hor- 
mone sensitive tissue. The metabolism of progester- 
one may thus be a local regutator of the molecular 
events initiated by progesterone for the steroid to 
exert its action. 
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