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Summary-The metabolism of progesterone by the submandibular and sublingual salivary 
glands of female (nonpregnant and pregnant) and male rats was studied. 

The metabolism was in both sexes significantly greater in submandibular than in sublingual 
glands. Sex differences were not seen in sublingual glands but less metabolism was found in 
homogenates and microsomal fractions of female (nonpregnant and pregnant) submandibular 
glands compared to that of males. The metabolism did not differ between pregnant and 
nonpregnant female rats. The metabolites were mainly 5a-pregnane-compounds. 

On the basis of the metabolites identified it can be concluded that rat submandibular and 
sublingual glands contain at least 3a-, 3/?-, 20a- and 20fl-hydroxysteroid dehydrogenase, 5a- 
and @-steroid hydrogenase and 17a-steroid hydroxylase activity. Sa-steroid hydrogenase 
activity was significantly higher in all preparations of male submandibular glands than in 
females. In sublingual glands some enzyme activities showed pregnancy-related decrease. 

INTRODUCTION 

The anatomy and biochemistry of the submandibular 
salivary glands of rodents have been extensively 
studied since Lacassagne[l] found that the sub- 
mandibular glands of mice show androgen-dependent 
sexual dimorphism. In sexually mature mice the 
granular tubules are larger and more numerous 
in male than in female submandibular glands. The 
synthesis of some peptides and enzymes have been 
shown to be under the control of androgens [2-51. 
Steroids perform many of their biological actions 
by binding to specific receptors. Mouse and rat 
submandibular glands are considered to be target 
organs for steroid hormones, especially testosterone, 
as there are specific receptor proteins [6--Q Steroid 
hormones apparently have a specific role in the main- 
tenance of the normal morphology and physiology of 
these glands. Testosterone is in this respect much 
more effective than estrogens or progestins [9, IO]. 

Many reports have been published concerning 
the steroid metabolism of submandibular glands. 
Progestins, estrogens and androgens are metabolized 
by the submandibular glands of various 
species [I l-141. Steroids have even been said to be 
synthesized in the submandibular glands of male 
rats [15]. 

*Correspondence should be addressed to: Dr M. Laine, 
Department of Cariology, Institute of Dentistry, Univer- 
sity of Turku, Lemminkiiisenkatu 2, SF-20520 Turku, 
Finland. 

In contrast to the relatively well explored 
metabolism of steroids in rodent submandibular 
glands, very little information is available about the 
sublingual glands. Only one study has been published 
concerning sterols in the sublingual gland [16], in 
which the authors found that the major sterol in 
male mouse sublingual gland but also in the sub- 
mandibular and parotid glands is cholesterol, appar- 
ently synthesized in the glands. 

Progesterone is the major precursor for androgen 
and estrogen biosynthesis. Rat submandibular 
glands, in both sexes, exhibit higher amounts of 
progesterone than of testosterone and estrogen [ 171. 
The progesterone content in rat submandibular 
glands also rises significantly during pregnancy [ 171. 
We have now examined in detail the metabolism 
of progesterone in female and male rats, and the 
possible effect of pregnancy on the metabolism. 

EXPERIMENTAL 

Preparation of tissues 

Ten nonpregnant and nine pregnant female and ten 
male Long Evans rats (Turku strain), aged 6-9 
months, were used. The animals were housed in a 
controlled environment (12 h light-12 h dark, tem- 
perature 23”C, humidity 50%) with free access to 
food and water. The stage of the estrus cycle of 
female rats was not checked. Female rats were placed 
overnight with males and the following day was 
called the first day of pregnancy, if pregnancy oc- 
curred. On the 19th to 2lst day of pregnancy the rats 
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were killed with ether. The submandibular and sub- 
lingual salivary glands were removed and weighed. 
The weights of the submandibular glands in non- 
pregnant, pregnant and male rats were 353 i 27, 
391 + 42, and 490 + 62 mg respectively. and the cor- 
responding values for the sublingual glands were 
66 + 9.76 & 7, and 83 + 5 mg respectively. The tissues 
were cleaned of adjacent tissues, rinsed with cold buffer 
(0.067 M KH2P0,-Na,HP04 containing I .O mM 
EDTA and 0.25 M sucrose, pH 7.4) and weighed. 

The glands were homogenized in 10 ml of 
this sucrose buffer with a homogenizer of the Potter- 
Elvehjem type with a rotatory Teflon pestle using 15 
strokes. After homogenization the IO ml-samples 
were divided into two parts. The first 5 ml-portion 
was called the homogenate fraction. The other 5 ml- 
portion was first centrifuged for 15 min at 10,000 g to 
remove cell debris and large particles. The super- 
natant was then centrifuged for 60 min at 100,000 g. 
The obtained pellet was resuspended in the phosphate 
buffer without sucrose and called the microsomal 
fraction. The supernatant from this centrifugation is 
referred to as the soluble fraction. 

Radioactive steroids 

[4-14C]Progesterone with a specific activity of 
51 Ci/mol was purchased from New England 
Nuclear, Mass. U.S.A. It was purified before use with 
bidimensional thin-layer chromatography on silica 
gel using methyl acetateedichlorethane (1: 4, v/v) as 
the first and I-hexanol-hexane (7: 13. v/v) as the 
second solvent system. 

Incubations 

The salivary gland homogenates and (microsomal 
and soluble) subcellular fractions were incubated in 
the buffer solution without sucrose with an NADPH- 
regenerating system consisting of 2.3 pmol NADP, 
18.8 pmol glucose-6-phosphate and 3 units glucose-6- 
phosphate dehydrogenase (Boehringer Mannheim, 
Mannheim. F.R.G.). The reaction was started by 
adding 2-3 nmol of the radioactive progesterone dis- 
solved in 1 ml of the buffer solution. [t4C]Pro- 
gesterone was incubated without tissue (blank) in 
every incubation. The background activity was sub- 
tracted from the radioactivity values found after 
salivary gland incubations. The total volume of the 
incubation mixture was 10 ml. The incubations were 
carried out aerobically for 30 min at 37’C in a water 
bath. The reaction was stopped by placing the incu- 
bation tubes in an ice bath and adding, with shaking, 
4ml methyl acetate. 

Extraction and chromatography of steroid metabolites 

The reaction mixture was centrifuged and the 
methyl acetate phase removed. The procedure 
was then repeated three times with 4ml of methyl 
acetate. The combined methyl phases (4 x 4 ml) were 
evaporated under a stream of nitrogen, at a tempera- 
ture not exceeding 50°C. 

5 ml ethanol was added to the lower aqueous 
phase. After evaporation at 100-105-C the radio- 
activity of the residuum was determined with liquid 
scintillation counting. Steroid conjugates (sulphates 
or glucuronidates), if present, remain in this fraction. 

The residuum after combination and evaporation 
of the upper phases was redissolved in 1.7 ml 
methanol and 0.8 ml hexane. After shaking and 
centrifugation the upper (hexane) phase was removed 
and examined for the presence of lipoidal metabo- 
lites. The lower phase, containing unconjugated 
steroid metabolites. was used for bidimensional thin- 
layer chromatography. This fraction was the only one 
to be examined further. since most of the radio- 
activity was found there. About 10% of the added 
progesterone was metabolized, which confirmed the 
linearity of the reaction. 

Non-radioactive steroid standards were added 
to this free steroid fraction, which was then applied 
to the corner of a silica gel plate. The plate was 
first developed in one direction with dichlor- 
methane-methyl acetate (9 : 1, v/v) and, after a short 
drying period, in the second direction with hexane-l- 
hexanol (3:1, v/v). The running distance was about 
10 cm in the first and 16 cm in the second direction. 

In order to further characterize one metabolite 
found in the submandibular glands, tentatively 
identified as 3a, 17a-dihydroxy-5a -pregnan-3-one, 
additional thin-layer chromatography was performed 
after acetylation. The free steroid fraction was kept 
overnight at room temperature dissolved in a small 
amount of pyridine-acetic anhydride (1: 1). After 
evaporation this material was run bidimensionally, 
together with acetylated steroid standards, with the 
following solvents: dichlormethane-methyl acetate 
(98: 2, v/v) in the first direction and hexane-l- 
hexanol (92.5 :7.5, v/v) in the second direction. The 
chromatographic mobilities of this metabolite were 
further characterized by additional thin-layer chro- 
matography on magnesium silicate [18]. The area 
containing this metabolite on a silica gel plate was 
scraped off when the plate was still wet and extracted 
with ethanol. The extracted material was applied on 
a magnesium silicate plate and developed one-dimen- 
sionally with hexane-t -butanol (9 : 1, v/v). 

The thin-layer chromatography plates were auto- 
radiographed with X-ray films with an exposure time 
of about 30 days. The radioactive metabolites were 
identified by comparing the spots on the film with 
steroid standards on the plate after staining with 
ethanol-acetic anhydride-sulphuric acid. The radio- 
activity of different areas of the plates was determined 
by liquid scintillation counting. 

Two metabolites, 20fl-hydroxy-5a-pregnan-3-one 
and 3r-hydroxy-5/I-pregnan-20-one, were quantified 
together as these compounds partially overlap on the 
chromatography plates. Several metabolites desig- 
nated as nonpolar and most of the polar ones were 
quantified together, due to the unavailability of refer- 
ence steroids. Most of the reference steroids were 
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Table 1. Metabolism of progesterone (sum of all metabolites) by homogenates, microsomal and soluble fractions of 
submandibular and sublingual salivary glands of nonpregnant female, pregnant female and male rats (pmol of 

metabolized substrate/min/g of tissue k SE) 

Submandibular Sublingual 
Nonpregnant Pregnant Nonpregnant Pregnant 

Cellular female female Male female female Male 
preparation (N = IO) (N =9) (N=9) (N = 10) (N=9) (N = 10) 

I l ** _ 

r-‘*’ - 
Homogenate 1025 f 108 894 f 70 1569 f 109 204+31 167 + 13 152 f 19 

I l ** _ 

r---*** - r---*7 
Microsomal fraction 239 + 56 178 f 23 484 f 80 67+ 15 47& 10 55 + 7 

-** - 
Soluble fraction 166 * 19 124+ II 198 + 28 29 f 4 26 f 4 21+4 

(N=9) 

Wilcoxon-test-level of significance: *2a < 0.1; **2c( Q 0.05; l **Za ,< 0.01. 
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gifts from Professor D. N. Kirk, Steroid Reference 
Collection, Westfield College, London. 

The activities of different enzymes were calculated 
by summing the metabolites having relevant molecu- 
lar structures; e.g. the metabolites with a S/I-hydro- 
gen were summed for the assessment of S/I-steroid 
hydrogenase activity. 

Statistical analysis 

The statistical analysis of the results was performed 
with the Wilcoxon-test. 

RESULTS 

The total metabolism of added progesterone by the 
homogenates and subcellular preparations of the rat 
submandibular and sublingual salivary glands is pre- 
sented in Table 1. The total metabolic activity in the 
submandibular glands was about 5 times as high as 
in the corresponding female sublingual glands, and 
about 10 times as high as in the corresponding male 
sublingual glands. In both cases the soluble fractions 
were relatively inactive, contributing only about 
13-16% to the metabolic activity present in the 
homogenates. 

Pregnancy did not significantly affect the 
metabolism, although pregnant rats had lower 

metabolic activity in all preparations in both glands 
than nonpregnant females. 

Sex differences were found in the total metabolism 
by homogenates and the microsomal fractions of 
submandibular glands. The metabolic activity in 
homogenates and microsomes of male rats was 
greater than in nonpregnant and pregnant females 
(2x < 0.01). 

The individual metabolites found after the incuba- 
tion of [i4C]progesterone with homogenates and sub- 
cellular preparations are summarized in Tables 24. 
The metabolites were mainly Sa-pregnane-com- 
pounds. Small amounts were found of a compound 
which cochromatographed in several solvent systems 
with authentic 17a-hydroxy-4-pregnene-3, 20-dione 
(17a-hydroxyprogesterone), produced by both 
glands. Its identification was strengthened by the 
presence of similarly identified 3a, 17o! -dihydroxy- 
5a -pregnan-20-one after submandibular gland incu- 
bations. This compound is a logical metabolite of 
17a -hydroxyprogesterone. 

DISCUSSION 

Our results indicate that progesterone is extensively 
metabolized by the rat submandibular glands and to 
a lesser extent by the sublingual glands. The reason 
for the lower metabolic activity in the sublingual 

Table 2. Formation of metabolites of progesterone in homogenates of submandibular and sublingual salivary glands of nonpregnant female, 
pregnant female and male rats (pmol/min/g of tissue f SE) 

Submandibular Sublingual 
Nonpregnant Pregnant Nonpregnant Pregnant 

female female Male female female Male 
Metabolite (N = IO) (N=9) (N-9) (N=9) (N =9) (N = 10) 

Polar compounds 
17a-bydroxy-4-pregnene-3,20-dione 9.6 i 1.6 9.4 * 2.2 12.9 k 1.7 1.9 f 0.2 1.1 f 0.2 1.6kO.Z 
3a,l7a-dihydroxy-5-pregnan-20-one 5.7 * 1.4 3.9 * 1.3 5.2 f 0.6 0.0 0.0 0.0 
unidentified 70.1 F 27.8 23.3 + 7.8 78.1 f 41.4 14.6 + 2.4 9.7 + 3.6 12.2 * 1.9 

20a-hydroxy-4-pregnen-3-one 51.9 f 5.7 36.5 + 5.6 28.6 f 3.1 16.7 +_ 2.5 19.0 + 2.3 10.5 f 1.5 
5a-pregnane-3,20-dione 83.2 f 15.0 101.5 k 24.6 116.3 f 13.0 45.4 + 6.5 47.0 * 5.9 37.5 f 4.7 
5,!7-pregnane-3,20-dione 4.0 + 1.4 3.3 f 2.6 4.8 + 1.4 0.7 f 0.2 0.6 f 0.2 1.1 f0.3 
3a-hydroxy-5c-pregnan-20-one 691.1 k94.5 633.3 k 55.6 1119.4~91.0 104.3 + 23.7 72.5 + 9.6 73.8 f 14.9 
3/Z-hydroxy-5a-pregnan-20-one 3.4 * 1.3 4.9 f I .8 6.1 F 0.2 4.8 f 0.6 3.7 * 0.5 3.5 f 0.7 
20a-hydroxy-5a-pregnan-3-one 2.9 f 0.8 2.9 f 1.3 5.5 f 1.2 I .8 k 0.4 3.0 f 0.6 1.6kO.2 
208-hydroxy-5a-pregnan-3-one 3a-hydroxy-5fi-pregnan-20-one > 67.1 If: 8.8 45.4 f 4.4 85.0 5.7 f 7.7 1.0 f 4.6 0.7 f 5.0 0.7 * 

5a-pregnane-3a,20a-diol 34.2 f 8.5 29.0 + 6.0 25.1 k 3.9 4.9 f 1.3 6.2 f I .4 3.8 + 1.1 
5b-pregnane-3a,ZOg-dial 2.1 + 0.8 0.9 + 0.4 2.0 f I .o 0.4 * 0.2 0.0 0.3 f 0.2 
Nonpolar compounds 0.0 0.0 5.6 +_ 2.8 I .O f 0.6 0.0 0.6 k 0.2 
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Table 3. Formation of metabolites of progesterone in microsomal fractions of submandibular and sublingual salivary glands of nonpregnant 
female, pregnant female and male rats (pmol/min/g of tissue 5 SE) 

Metabolite 

Submandibular 
Nonpregnant Pregnant 

female female 
(N = 10) (N=9) 

Male 
(N=9) 

Sublingual 
Nonpregnant Pregnant 

female female Male 
(N=9) (N=9) CN = 10) 

Polar compounds 
17u-hydroxy-4-pregnene-3.20-dione 
unidentified 

ZOcr-hydroxy-4-pregnen-3-one 
5a-pregnane-3,20-dione 
58-pregnane-3,20-dione 
3a-hydroxy-5a-pregnan-20-one 
38-hydroxy-5cc-pregnan-20-one 
ZOfi-hydroxy-Sa-pregnan-3-one 
30 -hydroxy-58 -pregnan-20-one > 
5a-pregnane-3a.20a-dial 
5p-pregnane-3a,20,5’-diol 
Nonpolar compounds 

6.7 f 1.5 
36.2 + 9.8 

3.9 It. I .o 
154.3 + 47.4 

4.5 + 0.9 
26.8 f 10.1 

0.0 

3.1 * 1.0 
62.7 i 21.3 

3.5 f 0.8 
79.3 f 15.8 

3.1 f 0.8 
20.8 f 6.4 

0.0 

4.8 ?r 1.0 2.9 f 0.9 

0.0 0.0 
0.0 0.0 
0.0 1.3 f 1.0 

9.5 + 1.8 
123.9 + 31.0 

6.1 + I.! 
246.1 k 37.4 

8.7 + 2.6 
62.2 f 16.6 

4.1 + 2.3 

7.5 * 1.4 

1.3 * 0.9 
I .4 f 0.9 

13.6 + 4.5 

0.9 * 0.1 
21.6 k 6.1 

1.2 * 0.2 
35.1 it 15.8 

1.2 * 0.3 
5.2 k 2.5 

0.0 

0.8 i 0.2 

0.0 
0.2rtO.l 
1.0 f 0.5 

glands may be their anatomy. In rat sublingual 
glands, striated ducts are few and granular tubules 
are absent [19]. During puberty the striated ducts of 
rodent submandibular glands are transformed to 
granular tubules, which are sexually dimorphic [20]. 
The steroid metabolizing enzymes are mainly found 
in the duct area both in humans and animals [21,22]. 
The time of the estrus cycle was not checked, which 
may explain the slightly larger variations found in the 
total metabolism in nonpregnant females. The 
weights of both glands of pregnant females were 
slightly higher than in nonpregnant females. This 
agrees with the findings of Travill[23], who found that 
the weight of mice submandibular glands was greater 
immediately after pregnancy than in virgin females. 

The proposed metabolic pathways of progesterone 
in the rat submandibular and sublingual salivary 
glands according to our results are presented in 
Fig. 1. The reductive 5c( -pathway predominates over 
the S/l-pathway. The metabolites formed suggest that 
at least the following steroid metabolizing enzymes 
are present: 5c(- and S/?-steroid hydrogenases, 3u.-, 
38 -, 20~ - and 20/I-hydroxysteroid dehydrogenases 
and I~cY-steroid hydroxylase. The presence of other 
hydroxylases could not be confirmed because of the 

1.1 f0.3 
25.9 f 10.0 

0.9 f 0.1 
15.6 + 3.6 
0.8 f 0.3 
2.2 f 0.6 

0.0 

0.6 f 0.1 

0.0 
0.0 

0.1 io.1 

1.0+0.1 
21.8 It 3.8 
0.9 + 0.1 

23.1 k 4.2 
1.2 * 0.3 
5.0 5 1.5 
0.4 * 0.2 

0.4 * 0. I 
0.0 
0.0 

1.5 kO.5 

unavailability of reference steroids. Several metabo- 
lites, which in two-dimensional chromatography 
moved to the general area of steroids with more than 
two functional groups (hydroxyl and/or keto) were 
found. These polar metabolites are not, however, 
necessarily hydroxylated [24]. Sex differences were 
also found in some of the progesterone metabolizing 
enzyme activities in the submandibular glands. The 
homogenate and microsomal 30: -hydroxysteroid de- 
hydrogenase and the soluble fraction 20/I-hydroxy- 
steroid dehydrogenase activity were greater in males 
than in females (21x < 0.01). In all preparations from 
the submandibular glands Sa-steroid hydrogenase 
activity was significantly greater in males than in 
females (2a < 0.01). Similar results concerning 
androgen metabolism and SLY-steroid hydrogenase 
have been published by Katsukawa et a1.[25], who 
found that in the submandibular glands of male mice 
Sa-steroid hydrogenase activity is greater than in 
females. In addition this enzyme activity was found 
to be androgen-dependent. 

In the sublingual glands no sex-related, but preg- 
nancy-related changes were found in some enzyme 
activities. In nonpregnant rats the S/I-steroid hydro- 
genase, 20/l-hydroxysteroid dehydrogenase and 17% - 

Table 4. Formation of metabolites of progesterone in soluble fractions of submandibular and sublingual salivary glands of nonpregnant 
female, pregnant female and male rats (pmol/min/g of tissue + SE) 

Metabohte 

Submandibular Sublingual 
Nonpregnant Pregnant Nonpregnant Pregnant 

female female Male female female Male 
(N = 10) (N=9) (N = 9) (N =9) (N=9) CN = IO) 

Polar compounds 
17x-hydroxy-4-pregnene-3,20-dione 
unidentified 

20cz-hydroxy-4-pregnen-3-one 
5a-pregnane-3.20-dione 
5fl-pregnane-3.20-dione 
3a-hydroxy-5a-pregnan-20-one 
3p-hydroxy-5~.pregnan-20.one 
ZOa-hydroxy-5x-pregnan-3-01~ 
20/I-hydroxy-5a-pregnan-3-0~ 
3a-hydroxy-5~-pregnan-20-one > 
5a-pregnane-3cc,20cl-diol 
5fi-pregnane-3a,20~-diol 
Nonoolar comoounds 

5.3 & 1.9 
17.8 + 8.6 
43.9 f 10.5 

6.6 f I .6 
3.2 k 1.1 

16.6 * 3.5 
0.0 

I .2 k 0.8 

65.7 i 10.2 

1.1 & 0.7 
3.5 + 2.4 
1.4 f I .o 

4.1 * 1.3 
10.2 _+ 3.0 
41.2 + 8.8 

3.0 f 0.9 
2.7 It 1.4 
9.2 + I.9 

0.0 
0.0 

51.2 * 2.7 

0.0 
2.4 + 1.0 

0.0 

3.3 + I.1 
12.1 * 3.4 
30.5 f 5.0 

8.7 + 2.1 
7.3 f 2.5 

26.4 f 5.2 
2.8 + 1.6 
I .4 + 0.9 

102.2 i 20.7 

0.7 + 0.7 
0.7 * 0.7 
2.0 f I .o 

0.7 + 0.2 
3.2 + 2.0 

II .o + 2.0 
1.2 * 0.2 
I.1 + 0.2 
l.Zi 1.1 

0.0 
0.0 

9.5 i 1.6 

0.2 * 0.2 
0.3 + 0.2 
0.4 * 0.4 

0.8 + 0.1 
2.7 + 0.9 

14.3 f 2.9 
1.1 + 0.4 
0.4 i 0.1 
0.9 i 0.2 

0.0 
0.0 

5.7 + 2.0 

0.0 
0.0 
0.0 

0.7 f 0.1 
3.2 k 0.9 
8.6 f 1.1 
0.9 * 0.2 
0.7 + 0.2 
0.8 + 0.2 
0.1 +0.1 

0.0 

5.6 k 1.3 

0.0 
0.2 & 0.2 
0.3 f 0.2 
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1 / \ 

Fig. 1. Proposed metabolic pathways of progesterone in the submandibular and sublingual salivary glands 
of the rat. (3~,17ff-Dihydroxy-5~-pre~~-2O-one was not detected in sublingual glands.) %-pathway -*; 

S/I-pathway - - -. 

hydroxylase activities were greater than in pregnant 
rats. 

The relationship between the submandibular 
glands and the endocrine system is complex. The 
submandibular glands of rats have been shown to be 
target organs for male hormones. The morphology 
and excretion of some enzymes and growth factors 
are under the control of androgens and thy- 
roxine 126,271. The submandibular glands are mainly 
exocrine in nature, but they have endocrine features, 
although specialized endocrine cells like those in the 
pancreas do not exist. Endocrine functions have, 
however, been reported. Banejee et a1.[28] found that 
removal of the submandibular glands of immature 
female rats is followed by a 3-fold increase in weight 
of the uterus. On the basis of increased plasma 
estradiol and uterine peroxidase levels, they suggested 
that estrogen was responsible for the changes. They 
also suggested that rat submandibular glands have a 
factor which acts either on the ovaries or through the 
pituitary gland. Boyer et a/.[291 found that removal 
of the submandibular glands from male rats de- 
creased the weight of both the testes and the total 
body. Since no changes in plasma testosterone were 
found, they suggested that factors of salivary gland 

origin, probably Epidermal Growth Factor (EGF) 
and Nerve Growth Factor (NGF), act directly 
through the pituitary gland. 

Baldi and Charreau[30] found that testosterone 
is metabolized in male submandibular glands slower 
than in female glands. In our study 20a-hydroxy4 
pregnen-3-one, which is a biologically active 
progestin [3 1), was metabolized more rapidly by male 
submandibular glands. The greater formation of less 
active metabolites of progesterone and the retention 
of the active form of androgen may provide a control 
mechanism for progesterone and testosterone action, 
Small amounts of l7a-hydrox~rogesterone were 
formed. This compound, which is an intermediate for 
androgen and estrogen biosynthesis, is not normally 
formed by other than steroid-synthesizing tissues. 

To summarize, the pattern of metabolites in 
the salivary glands studied appears to be similar, 
although the submandib~ar gland was much more 
active in converting progesterone. In the sub- 
mandibular glands of males, progesterone is rapidly 
metabolized to several metabolites with less progesta- 
tional activity. 

In contrast to some other parts of the mouth and 
the alimentary tract, e.g. gingiva and small intes- 
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tine [32, 331, salivary glands did not show marked 
pregnancy-related metabolic changes in the total 
steroid metabolism. It should be noted that in vivo the 
supply of progesterone to the tissues is increased. In 
the present study, the effect of substrate concen- 
tration on the metabolism was not studied. The major 
metabolites were the same as those formed in vitro by 
the uterus of nonpregnant and pregnant rats [34]. In 
submandibular glands sex-related and in sublingual 
glands pregnancy-related changes were found in some 
enzyme activities. In conclusion, it seems that the role 
of the salivary glands in steroid metabolism is more 
extensive than thought earlier; although they are 
probably not organs where only peripheral steroid 
catabolism occurs. 
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