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Summary-3aOH-See-Pregnan-20-one (allo-THP), a steroid with strong anaesthetic properties, was found 
to be secreted by the adrenal gland of the rat in quantities similar to those secreted by the rat ovary. From 
the hypnotic potencies established for this and other endogenous steroids there can be little doubt that 
the total amount of steroids with anaesthetic properties produced in a female rat are sufficient to exert 
a depressant action on certain cells of the brain. 

In rats with intact adrenal glands a positive correlation existed between the adrenal secretion of 
allo-THP and pregnenolone or progesterone, whereas that between allo-THP and DOC was negative. This 
could be the result of a competition between the enzymes responsible for the oxidation and reduction of 
progesterone, the common precursor of allo-THP and DOC. 

The possibility that allo-THP could have hypotensive actions was suggested. 

INTRODUCTION 

During a study on the role played by adrenal steroids 
in the development of “adrenal regeneration hyper- 
tension” [l] the presence in most adrenal blood sam- 
ples of a lipophilic compound was noted whose 
chromatographic properties were different from those 
of pregnenolone and progesterone and of the 
C,,-hydroxylated corticosteroids. This compound 
had the same paperchromatographic mobilities as 
progesterone but gave on gas-liquid chromatography 
(GLC) a peak with the relative retention time (RRT) 
characteristic for 3c(OH-5c(-pregnan-20-one (allo- 
tetrahydroprogesterone: allo-THP). Allo-THP has 
previously been identified in ovarian venous blood of 
rats in quantities amounting to 5@90% of those of 
progesterone, depending on the phase of the oestrous 
cycle [2, 31. 

Because of the increasing interest in the strong 
central depressant [4] and anaesthetic properties [5,6] 
of the ring A-reduced progesterone metabolites, the 
secretion rates of allo THP by normal and enucle- 
ated, regenerated adrenal glands have been measured 
and form the subject of the present paper. 

EXPERIMENTAL 

Female Wistar rats (Canadian Breeding Labora- 
tories, La Prairie, Quebec) were given a solution of 
1% NaCl and 5% sucrose instead of drinking water. 
They were divided into 4 groups: the rats of the first 
group were sham operated controls. From the rats of 
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the second group the right kidney and adrenal gland 
was removed [unilaterally nephrectomized and adre- 
nalectomized (UAN)]. The rats of the third and 
fourth group were prepared as the UAN rats but in 
addition the left adrenal glands were enucleated and 
allowed to regenerate for 25-50 days. At the end of 
the experiment the mean weight of the regenerated 
glands was 14.2 k 0.7 mg (n = 25), that of the intact 
left adrenals of the UAN rats 16.9 f 1.2 mg (n = 10). 
The mean arterial blood pressure was measured by 
the tail cuff method. The values are given in Table 1. 
The rats with the regenerated adrenals fell into two 
groups, one normotensive group (AR-rats: adrenal 
regenerated) and one group which developed adrenal 
regeneration hypertension with final blood pressure 
values between 150 and 210mm Hg (ARH rats: 
adrenal regenerated, hypertensive). 

Adrenal venous blood was collected for 10-20 min 
under sodium pentobarbitone anaesthesia from the 
left gland (for details see [l]). The collection tubes 
contained small amounts of radio actively labelled 
steroids to enable the correction of the final results 
for losses occurring during the chemical procedures. 
For the correction of the values obtained for allo- 
THP the recoveries of radioactive progesterone was 
used. The whole blood samples were hemolized with 
water and extracted 3 times with ethylacetate. Each 
dried residue was first chromatographed on What- 
man No. 42 filter paper in the toluene-propylene 
glycol system [7]. This sytem, separates corticosterone 
(B) from 180H-deoxycorticosterone (180H-DOC). 
The overflow which contained deoxycorticosterone 
(DOC), pregnenolone, progesterone and also allo- 
THP was rechromatographed in the B, system of 
Bush [8] in which DOC had an R, value of about 0.6 
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Fig. 1. 3aOH-5a-Pregnan-20-one (allo-tetrahydropro- 
gesterone, allo-THP) and progesterone in rat adrenal 
venous Mood. Gas-liquid chromatography tracing of an 
eluate of the progesterone region of a paper chromatogram 
(E, system of Eberlein and Rongiovanni) on which a purified 
extract of a sample of adrenal venous blood was developed 
(see Experimental). Retention times of peaks relative to that 
of cholestane (RRT 1); peak I: RRT 0.6 = allo-THP, peak 
II: RRT 0.8 =progesterone. The shaded peak III at RRT 
I .45 is 1 i~OH-progesterone which was added as standard 

for quantitation. 

whereas pregnenolone, progesterone and allo-THP 
travelled near the solvent front. The eluate of the 
solvent front was re~hromatograph~d in the E, sys- 
tem of Eberlein and ~ongiovanni~91. The region 
containing pregnenolone and that containing 
progesterone + allo-TWP was eluted separately, the 
eluates dried in a stream of N,, the residues dissolved 
in 100 ~1 of ethanol and 10 ~1 removed for liquid 
scintillation counting to estimate the percentage of 

steroid lost. The remaining ethanol was again evapor- 
ated and the residue dissolved in 20 ~1 of a lo!;, 
solution of I IPOH-progesterone, the steroid used as 
internal standard for the quantitation by gas-liquid 
chromatography [GLC] (for details of GLC see [I])~ 

Figure I shows a GLC tracing of the eluate of the 
progesterone region from the E, chromatogram from 
a rat adrenal blood extract. The retention times given 
are relative to that of cholestane (RRT = 1). In 
addition to the progesterone peak (II, RRT 0.8) a 
smaller peak (I) can be seen at RRT 0.6, the retention 
time characteristic for allo-THP. The procedures for 
the identification of allo-THP in rat blood (including 
the formation of the trimethylsilyl ether and gas 
chromatography combined with mass- 
spectroscopy) [2,3] and the methods used to measure 
the other adrenal steroids[l] have been previously 
described [l]. 

RESULTS 

Allo-THP was detected in the adrenal venous 
blood extracts of 90% of the rats studied. In Table 1 
the secretion rates of allo-THP in different rat groups 
and the mean blood pressure values are listed. The 
average hourly secretion rates ranged from 0.4 to 
0.73 pg per gland, from 24 pg per 100 mg gland and 
from 0.28-0.93 pg per 100 g body weight. They were 
lowest in the rats with adrenal regeneration hyper- 
tension and increased in the order 
ARH < AR < UAN < controls. Table 2 shows the 
ratios of allo-THP secretion in relation to the secre- 
tion of the other steroids measured. The secretion 
rates of pregnenolone and progesterone were 3-7 
times higher than those of allo-THP and the ratio was 

Table 1. Adrenal secretion rates of 3ctOH-5a-pregnan-20-one 

Secretion rates Blood 
Rat ~ pressure 

group @g/left gland/h pg:iOO mg gland/h rg!lOOg b wt:h (mm Hg) ___- 
Controls (I 3) 0.73 f0.14 3.99 f 0.72 0.93* * 0.77 128*3(10) 
UAN (8) 0.64 + 0.21 2.81 _L 0.87 0.53 k 0.16 (7) 135i4(7) 
AR (10) 0.49+0.12 2.70 k 0.61 0.36 + 0.09 136k6 
ARH (13) 0.40+0.11 2.04 t 0.53 0.28 f 0.08 165+6 

Mean values -+ SEM; *Assumed that right gland secretes per mg tissue the same amount as left gland; 
Figures in parenthesis: number of observations; UAN: unilaterally adrenalectomized and nephrec- 
tomized; AR adrenal regenerated, normotensive; ARH: adrenal regenerated, hypertensive; Co: 
controls; b wt: body weight; si~ifican~ of differeuces in allo-THP secretion rates: (1) in #g/l00 mg 
gland/h: Co vs ARH: P CI 0.05; (2) in pgjlO0 g b W/h: Co vs AR: P < 0.02; Co vs ARH: P < 0.01; 
significance of differences in blood pressure values ARH vs Co, UAN or AR: < 0.01 or less. 

Table 2. Mean ratios of the adrenal secretion rates of various steroids over that of 3aOH-5x-pregnan-20~one 
(allo-THP) in individual blood samples of rats from different experimental groups 

Pregnenolone: Progesterone: DOC: I8 OH-DOC: Corticosterone: 
Group allo-THP ago-THP allo-THP allo-THP allo-THP .^~. ~______ 

Control 3.18 i 0.37(13) 4.31 +0.52(13) 14.92 f 3.86 (12) 116.5& l&0(13) 126.6 F IS.8 (13) 
UAN 3.62 + 0.94 (8) 3.93 Jr 0.51 (8) 11.11 Ifr4.40(8) 177.7 + 64.2 (8) 232.0 k 107.0 (8) 
AR 3.54 + 1.09 (10) 5.51 5 1.62(10) 29.03 i 7.25 (IO) 112.1 +_ 32.0(10) 124.8 + 43.2 (10) 
ARH 6.87 + 2.88 (13) 6.03 t_ 1.37(13) 31.01 19.10(13) 150.5+31.8(13) 215.2*49.5(13) 

For abbreviations see Table 1. Figures in parenthesis: number of steroid pairs 
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Table 3. Correlation coefficients for the relation between the adrenal secretion rates of 
3aOH-5a-pregnan-20-one (allo-THP) and various other steroids 

Rat Pregnenolone: Progesterone: DOC: 18OH-DOC: Corticosterone: 

group allo-THP allo-THP allo-THP allo-THP allo-THP 

Controls +0.66 (13) +0.48 (13) -0.57 (12) +0.38 (13) +0.05 (13) 
P < 0.02 P <O.l P < 0.05 P >O.l P >O.l 

UAN +0.89 (8) +0.84 (8) -0.14 (8) +0.72 (8) +0.65 (8) 
P < 0.01 P < 0.01 P 2-0.1 P < 0.05 P <O.l 

AR f0.73 (10) +0.35 (10) -0.01 (10) f0.21(10) +0.60 (10) 
P < 0.02 P >O.l P 2-0.1 P >O.l P <O.l 

ARH +0.39 (12) f0.43 (13) -0.17(13) +0.53 (13) f0.63 (13) 
P >O.l P>O.I P >O.l P <O.l P < 0.02 

Abbreviations for rat groups as in Table 1. P: Levels of significance of correlation coefficients. Figures in 
parenthesis: number of pairs. 

in both cases highest in the ARH group. The quan- 
tities of DOC secreted were l&30 times, the quan- 
tities of 180H-DOC and of B 100-200 times higher 
than those of allo-THP. Because of large individual 
variations the differences between the experimental 
groups were in no case significant. 

In Table 3 the correlation coefficients for the 
relation between the secretion rates of allo-THP and 
various other steroids are given. The secretion of 
allo-THP correlated positively with those of preg- 
nenolone and progesterone with P-values for the 
significance of r of < 0.02 or less on several occa- 
sions. In Fig. 2a the positive correlation between 
pregnenolone and allo-THP secretion in the control 
group is illustrated. Significant positive correlations 
were also seen between allo-THP and 180H-DOC or 
corticosterone. In contrast, there was a significant 
negative correlation between the secretion of allo- 
THP and DOC in the same rats (see Fig. 2b). In the 
other groups the r values for allo-THP/DOC were 
also negative, but not significant. 

DISCUSSION 

The endocrinologist sees the adrenal cortex primar- 
ily as a source of hormones capable of modifying 
carbohydrate metabolism, of controlling 
inflammatory processes and of conserving body so- 
dium. The extent to which this gland contributes 
hormones not confined to so-called gluco and miner- 
alo corticoid activities is much less readily considered 
and deserves attention. These include steroids com- 
monly associated with the ovary such as progesterone 
[e.g. 1, 1 l-141 or pregnenolone [e.g. 1, 11, 151 as well 
as other steroids devoid of gonodal or corticoid 
activity, which may nevertheless have a biological 
role, possibly related to their anaesthetic action. 

In the present paper the secretion by the adrenal 
gland of the rat of a ring-A reduced progesterone 
derivative, allo-THP, has been described, for which a 
median hypnotic dose of 2.5 mg/kg has been estab- 
lished in the mouse [S] and rat [6]. This compares with 
a median anaesthetic dose for thiopentone sodium of 
18 mg/kg in the mouse [16]. The detection of allo- 
THP in rat adrenal venous blood is not surprising as 
SLY-steroid-reductases have been demonstrated in the 
rat adrenal gland [e.g. 17, 18, 19,201. These papers 

also provide evidence that ACTH can inhibit the 
activity of the reducing enzymes. Kitay and his 
co-workers [21] put great emphasis on the regulatory 
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Fig. 2. Correlation between the adrenal secretion rates of 
3aOH-5a-pregnan-20-one (allo-THP) and of Fig. 2a: 
pregnenolone; r = +0.66; Fig. 2b: DOC; r = - 0.57. 

r = correlation coefficient. 
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effect of this phenomenon on corticosterone secretion 

by decreasing the formation of the ring-A reduced 

steroid metabolites in conditions of stress. 

Table 4 allows a comparison between the pro- 
duction of allo-THP by the rat adrenal gland and the 
rat ovary. The amounts of allo-THP secreted per mg 
adrenal or mg ovary are of the same order of 
magnitude when measured in anaesthetized rats un- 
der the conditions of the surgical stress of adrenal- or 
ovarian blood collection and the ratios progesterone: 
allo-THP are similar for both glands. There were 
significant changes in allo-THP production by the 
ovary during the oestrous cycle [2,22]. Investigations 
of cyclic variations of allo-THP by the adrenal gland 
are still to be carried out. Such variations may be 
expected because of the variations in adrenal pro- 
gesterone contents during the cycle [23]. Table 4 
shows also that the drinking of NaCl solutions for 
several weeks increases the adrenal secretion of pro- 
gesterone. 

Allo-THP secretion from the rat adrenal was mea- 
sured under conditions in which the ACTH concen- 
trations in the blood are elevated. In view of the 
inhibitory effect of ACTH on Sa-reductase it appears 
possible that under resting conditions the adrenal 
production of this steroid may be larger. 

The negative correlation between allo-THP secre- 
tion and DOC secretion (see Fig. 2b) could be the 
result of a competition between the enzymes re- 
sponsible for the reduction and oxidation of pro- 
gesterone, the common precursor for allo-THP and 
DOC. The choice of pathways may be determined by 
the redox state of the tissue and by the concentrations 
of co-factors. Thus, in cow adrenal preparations the 
optimal concentrations of NADPH for the con- 
version of progesterone to 5~ -allo-pregnanedione 
was 2 mM. The activity falls sharply at higher con- 
centrations favoured by oxidative enzymes [ 181. One 
way by which ACTH could effect the inhibition of the 
reductive steroid metabolism in the adrenal 
gland [ 17-2 1] is by control of NADPH synthesis, one 
of the earliest reported activities of ACTH [24]. In 
kinetic studies DOC has at times been found to 
behave as an end product rather than an intermediate 
metabolite[25], even though it is commonly con- 
sidered to be the main precursor of the more oxygen- 
ated adrenocortical hormones. It was shown that 
1 I@-hydroxylation [ 11,261 or 18-hydroxylation [27] 
of progesterone can precede 21-hydroxylation in the 
rat adrenal. 

It is tempting to speculate that the relatively low 
rate of allo-THP secretion in the hypertensive ARH 
rats reflects a role of this steroid in the homeostasis 
of blood pressure via an effect on the central nervous 
system. Experiments are therefore warranted to test 
for a prophylactic anti-hypertensive action of allo- 
THP or other ring A-reduced steroid derivatives 
which, in view of their lipophilic properties will 
readily cross the blood-brain barrier and exert their 
action at a central level. Other sites of action must 

also be considered. A decrease in the blood pressure 
of cats anaesthetized with Althesin, a steroid 
anaesthetic whose active component is 
3c(-OH-5c(-pregnane- 11,20-dione, was described [28]. 

The present observations have shown that, in the 
rat, steroids with central depressant actions are not 
only supplied by the ovaries [2,3] and formed in 
certain brain regions [29,30] but are also secreted by 
the adrenal gland. It appears likely that they are 
required for the physiological function of the brain. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Birmingham M. K., De Nicola A. F., Oliver J. T., 
Traikov H.. Birmingham M. L.. Holzbauer M.. Godden 
U. and Sharman D’. F.: Production of steroids in viuo 
by regenerated adrenal glands of hypertensive and 
normotensive rats. Endocrinology 93 (1973) 297-310. 
Holzbauer M.: In uivo production of steroids with 
central depressant actions by the ovary of the rat. Br. 
J. Pharmac. 43 (1971) 56&569. 
Ichikawa S., Morioka H. and Sawada T.: Acute effect 
of gonadotrophins on the secretion of progestins by the 
rat-ovary. Endocrinology 90 (1972) 1%&i 362. 
Dubrovskv B.. Williams D. and Kraulis I.: Effects of 
deoxycorticosterone and its ring A-reduced derivatives 
on the nervous system. Expl Neural. 78 (1982) 728-739. 
Gyermek L., Genther G. and Fleming N: Some 
effects of progesterone and related steroids on the 
central nervous system. I~I. J. Neuropharmac. 6 (1967) 
191-198. 
Gyermek L., Iriarte J. and CrabbC P.: Steroids CCCX. 
Structure-activity relationship of some steroidal hyp- 
notic agents. J. med. Chem. 11 (1968) 117-125. 
Burton R. B., Zaffaroni A. and Keutmann E. H.: Paper 
chromatography of steroids II: Corticosteroids and 
related compounds. J. biol. Chem. 188 (1951) 763-771. 
Bush I. E.: Methods of paper chromatography of 
steroids applicable to the study of steroids in mam- 
malian blood and tissues. Biochem. J. 50 (1952) 
37(t378. 
Eberlein W. R. and Bongiovanni A. M.: New solvent 
systems for the resolution of corticosteroids by paper 
chromatography. Archs biochem. Biophys. 59 (1955) 
9&96. 
Holzbauer M. and Newport H. M.: The effects of stress 
on the concentration of 38-hydroxypregn-S-en-20-one 
(pregnenolone) and pregn-4-ene-3,20-dione (pro- 
gesterone) in the adrenal gland of the rat. J. Physiol. 193 
(1967) 131-140. 
Heap R. B., Holzbauer M. and Newport H. M.: Adre- 
nal secretion rates of C-19 and C-21 steroids before and 
after hypophysectomy in the pig and the dog. J. Endocr. 
36 (1966) 159-176. 
Feder H. H., Resko J. A. and Goy R. W.: Progesterone 
levels in the adrenal plasma of pre-ovulatory and ovari- 
ectomized rats. J. Endocr. 41 (1968) 563-569. 
Fajar A. B., Holzbauer M. and Newport H. M.: The 
contribution of the adrenal gland to the total amount of 
progesterone produced in the female rat. J. Physiol. 214 
(1971) 115-126. 
Piva F., Gagliano P., Motta M. and Martini L.: Adre- 
nal progesterone: Factors controlling its secretion. En- 
docrinology 93 (1973) 1178-l 184. 
Hoizbauer M. and Newport H. M.: Secretion of 
3B-hydroxy-pregn-S-en-20-one (preanenolone) by the 
adrenal gl&l. Nature 217 (1968) 967-968. _ 
Figdor S. K.. Kodet M. J.. Bloom B. M. Aanello E. J.. 
P’& S. Y. and Laubach G. D.: Central activity and 
structure in a series of water soluble steroids. J. Phar- 
mat. exp. Ther. 119 (1957) 299-309. 



102 MAGARETHE HOLZBAUER et al. 

17. Schneider J. J. and Horstmann P. M.: Effects of in- 25. 
cubating deoxycorticosterone with various rat tissues. 
J. biol. Chew. 191 (1951) 327-338. 

18. Lantos C. P., Raman P. B., Graves J. M. H., 
Dorfman R. I. and Forchielli E.: The biosynthesis of 26. 
5a-pregnane-3,20-dione (allopregnanedione) by cow 
adrenal preparations. Steroids 6 (1965) 69-79. 

19. 

20. 

21. 

22. 

23. 

24. 

Lantos C. P., Birmingham M. K. and Traikov H.: 21. 
ACTH action on the reductive pathway in the quartered 
rat adrenal. Acta physiol. latini Am. lb (1966) 278-28 1. 
Lantos C. P.. Birmineham M. K. and Traikov H.: Effect 28. 
of ACTH on the metabolism of radioactive C-21 ste- 
roids by quartered rat adrenals. Acta physiol. latinoam. 
Am. 17 (1967) 42-54. 
Kitay J. I., Coyne M. D. and Swygert N. H.: Effects of 29. 
hypophysectomy and administration of cortisone or 
ACTH on adrenal Sa-reductase activity and steroid 
production. Endocrinology 89 (1971) 432-438. 
Holzbauer M.: Central depressant steroids in the 30. 
ovaries of rats during different phases of the oestrous 
cycle. J. Physiol. 234 (1973) 9697P. 
Holzbauer M. and Godden U.: Variations in the pro- 
gesterone content of the rat adrenal gland during the 31. 
oestrous cycle. J. steroid Biochem. 5 (1974) 109-l 11. 
Haynes R. C. and Berthet L.: Studies on the mech- 
anisms of action of adrenocorticotrophic hormone. 
J. biol. Chem. 225 (1957) 115-124. 

De Nicola A. F. and Dahl V.: Acute effects of SU-4885 
and its reduced derivative (SU-5236) on the adre- 
nocortical secretion of the rat. Endocrinology 89 (1971) 
12361241. 
Traikov H. and Birmingham M. K.: Tests for 
I lpOH-progesterone and other C-21 steroids. Can. J. 
Biochem. 44 (1966) 291-292. 
Ward P. J. and Birmingham M. K.: Hydroxylation of 
steroids by the isolated rat adrenal. Acta endocr., Co- 
penh. 39 (1962) 110-116. 
Dodds M. G. and Twissell D. J.: Effect of althesin (CT 
1341) on circulatory responses to adrenaline and on 
halothane-adrenaline cardiac dysrhythmias in the cat. 
Postgrad. med. J. 42 [Suppl. 23.(1972) 17-24. 
Karavolas H. J. and Herf S. M.: Conversion of oro- 
gesterone by rat medial basal hypothalamic tissue of 
5a-pregnane-3,20-dione. Endocrinology 89 (I 97 I) 
940-942. 
Kraulis I., Foldes G., Traikov H., Dubrovsky B. and 
Birmingham M. K.: The distribution, metabolism and 
biological activity of deoxycorticosterone in the central 
nervous system. Brain Res. 188 (1975) l-14. 
Holzbauer M., Newport H., Birmingham M. and Trai- 
kov H.: Secretion of pregn-4-ene-3,20-dione (pro- 
gesterone) in viuo by the adrenal gland of the rat. Nature 
221 (1969) 572-573. 


