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SUMMARY

[2,4,6,7-*H]-estrone and [1,2,6,7-*H}-progesterone were found to be metabolized by saliva of patients
with chronic gingival inflammation. No metabolites were detected in saliva of subjects with clinically
normal gingiva. By paper and thin-layer chromatography, isotope dilution, and the preparation of
acetates and methoximes, the following metabolites were identified: estradiol-178 as the only metabolite
of estrone; 5a- and Sp-pregnanediones as metabolites of progesterone.

INTRODUCTION

Rodent submandibular glands have the capacity to
metabolize steroid hormones. Rat submandibular
glands have been shown to convert progesterone
to Sa-pregnane-3,20-dione and 4-androstene-3,17-
dione {1,2]. Mouse submandibular gland homo-
genates fortified with NADPH converted 4-andros-
tene-3,17-dione predominantly to androsterone and,
to a lesser extent, testosterone, 17f8-hydroxy-58-
androstan-3-one and S«-androstane-3¢, 17f-diol [3].

When [4-14C]-testosterone was infused into the
blood supply of the submandibular gland of an adult
male dog, fourifths of the metabolite radioactivity
was associated with a simple product, 4-androstene-3,
17-dione [14].

Since the saliva constitutes the external environ-
ment of the teeth and mucosa and its significance
in the maintenance of health and disease of these tis-
sues has been established, it seemed of interest to
study the metabolism of representative steroid hor-
mones, progesterone and estrone in normal human
saliva and in saliva collected from patients with
chronic gingival inflammation. To our knowledge, the
metabolism of hormonal steroids in saliva has not
been reported in the literature.

MATERIALS AND METHODS

Chemicals. [2,4,6,7-*H]-estrone (114 Ci/mmol) and
[1,2,6,7-3H]-progesterone (80-100 Ci/mmol) were pur-
chased from New England Nuclear Corp. and puri-
fied by chromatography on paper in solvent systems
number 2 and 3. Coenzymes were products of Sigma
Chemical Co. The reference steroids were purchased
from Sigma Chemical Co. Reagents used were of ana-
lytical grade.

Saliva. Whole saliva samples were collected from
four subjects. Two subjects with normal healthy teeth
and gingiva, and two subjects with chronic gingival

inflammation and advanced periodontal disease.
Saliva was collected by means of spitting in sterilized
15 ml glass vials with screw caps.

Incubation. Three ml of saliva were added to 3ml
of Krebs-Ringer phosphate buffer (pH 7-4) with the
following additions: NAD, 1 umol; NADH, 1 umol;
NADP 1 umol; glucose 6-phosphate, 12 umol; glu-
cose 6-phosphate dehydrogenase, 2 units; penicillin,
100 units; streptomycin, 1000 ug; and Fungizone
25 ug. Immediately prior to incubation the saliva,
buffer, cofactors and antibiotics were added to 50 ml
Erlenmyer flasks containing 50 uCi of [2,4,6,7-*H]-
estrone or 25uCi of [1,2,6,7-*H]-progesterone dis-
solved in 0-2ml of propylene glycol. Control exper-
iments were carried out by incubating radioactive sub-
strates in buffer medium with boiled saliva and cofac-
tors.

Extraction. The incubation media were extracted
with a mixture of diethylether—chloroform (3:1, v/v).
The organic extracts were evaporated to dryness at
45°C under reduced pressure.

Chromatography. The residues were subjected to
paper and thin-layer chromatography. Four solvent
systems were used in paper chromatography: Solvent
System No. 1: Ligroin—propylene glycol [5]. Solvent
System No. 2: Benzene—formamide [6]. Solvent Sys-
tem No. 3: Hexane-formamide [6]. Solvent System
No. 4: 2,2 4-trimethylpentane-methanol-H,O
(100:91:9, by vol) [7].

Thin-layer chromatography was performed on
20 x Scm. glass plates coated with Merck silica gel
GF-254 (thickness 3/8 mm). Two solvent systems were
used for thin-layer chromatography: Solvent system
No. 5: Chloroform-ether (9:1, v/v). Solvent system
No. 6: Benzene-ethyl acetate (185:15, v/v).

After development, the distribution of radioactivity
on paper and thin-layer chromatograms were moni-
tored by a Packard Radiochromatogram Scanner
7201.
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Reference compounds of estrogens were detected
by treatment of paper strips with 1% ferric chloride
and 19, potassium ferricyanide [8]. Estrogens on thin
layer chromatograms were detected by subjecting the
chromatograms to iodine vapor. Progesterone was
detected by examining paper and thin layer chroma-
tograms under a mineral light UVS 12 lamp. The
diketones were stained with 24-dinitrophenylhydra-
zine in HC1 [9].

Isotopic dilutions. In addition to comparison of
chromatographic behaviors, identification of metabo-
lites was established by dilution with carrier steroids
and crystallization to constant specific activity [10].

Measurement of radioactivity. Tritium was deter-
mined in a Packard Tri-Carb liquid scintillation
spectrometer Model 3320. Samples were counted in
toluene containing 5g PPO and 03g dimethyl-
POPOP/I. The efficiency for counting *H in the
toluene scintillator was 45%,.

Preparations of derivatives. The acetates were pre-
pared by reaction of steroids with a mixture of acetic
anhydride-pyridine {1:1v/v) at room temperature
overnight and then recrystallization from suitable sol-
vents. The O-methoximes were prepared by reaction
of steroids with methoxyamine hydrochloride as des-
cribed [ 117, and then recrystallized from suitable sol-
vents.

RESULTS

Incubation with [2.4,6,7-3H1-estrone. Incubation of
[2.4,6,7-3H]-estrone with saliva of a clinically healthy
subject did not result in any transformation products.
On the other hand estradiol-17f was the only conver-
sion product of [2,4,6,7-3H]-estrone in saliva of a
patient with chronic gingival inflammation Table 1.

Identification of unmetabolized [2.4,6,7-3H]-estrone.
The radioactive extracts of incubation media of
[2,4,6,7-3H]-estrone with normal and inflamed saliva
were chomatographed on two strips of Whatman
filter paper No. 1 in solvent system No. 2 with refer-
ence standards of estrone, estradiol-17f, and estriol,
on a separate paper strip, for two and a half hours.
A major radioactive peak corresponding to a stan-
dard of estradiol-178 (R, 0-3) was detected only on

Table 1. In vitro conversion of [2,4,6,7-*H]-estrone in
saliva of a clinically healthy subject and a subject with
chronic gingival inflammation

Normal Inflamed

Experimental step saliva saliva
Saliva volume (ml) 3 3
Radioactivity incubated (uCi) 50 50
Radioactivity recovered (uCi) 489 473
Percentage of recovery 97 94
Radioactivity corresponding

to estrone standard (uCt) 479 44
Radioactivity corresponding

to estradiol-17# standard (uCi) none 182
Radioactivity corresponding to

estriol standard (¢Ci), and

which remains in first chromatography

in solvent system No. 2. i3] 05
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Table 2. Radiochemical purity of estradiol-17f in saliva
of a subject with chronic gingival inflammation

Specific
Activity
(d.p.m./pmol)
Crystallization Mother
Solvents number Crystals  Liguor
Acetone- pentane 1 2814 2884
Acetone--hexane 2 2729 2751
Acetone-water 3 2748 2741
Methanol-water 4 2796 2734
Dichloromethane-hex-
ane 5 2774 2679
Ethanol-pet, ether 6 2808 2718

Estradiol-17f-diacetate (25 mg) was added to an aliquot
containing 353,550 d.p.m. of *H from the area of silica
gel thin layer radiochromatogram, corresponding to estra-
diol-17p-diacetate. The calculated specific activity was 2901
d.p.m./umol. The data indicate that 95% of the *H exam-
ined could be in estradiol-17f-diacetate.

the radiochromatogram of the extract of saliva col-
lected from a patient with chronic gingival inflamma-
tion. Traces of radioactivity were detected on the ori-
gin of each radiochromatogram and corresponded to
a reference standard of estriol. The radioactive peaks
corresponding to estrone reference standard were
eluted, acetylated, and the acetates were chromato-
graphed on silica gel thin layer in solvent system No.
6 for 45 min. One single peak of radioactivity which
corresponded to a reference standard of estrone ace-
tate (R, 0-3) was found on each chromatogram. The
radioactive peaks were eluted with methanol and ali-
quots were examined by reverse isotope dilution with
estrone acetate.

Identification of metabolites of [24.6,7->H-estrone in
inflamed saliva. The radioactive material from the area
corresponding to a reference standard of estradiol-
178 in the first chromatogram was eluted, acetylated
and chromatographed on silica gel thin layer in sys-
tem No. 6 for 45 min. A single peak of radioactivity
corresponding to a reference standard of estradiol-
17B-diacetate (Ry 0-5) was detected. The radioactivity
was eluted and final identification was accomplished
by means of reverse isotope dilution technique as
shown in Table 2.

The diffused pattern of radioactivity remaining on
the origin and which constituted 1-5% of the chroma-
tographed radioactivity did not warrant its further
identification.

Incubation with [1,2,6,7-*H-progesterone. [1,2,6,7-
3H]-progesterone was incubated with saliva of a clini-
cally healthy subject and a patient with chronic
gingival inflammation (Table 3). The radioactive
extracts of incubation media were chromatographed
on two strips of Whatman filter paper No. | in sol-
vent system No. 3 for a period of 3 h. Reference stan-
dards of progesterone and So-pregnanedione were
chromatographed simultaneously on a separate paper
strip. The radioactive extracts of incubation media
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Table 3. In vitro conversion of [2,4,6,7-*H]-progesterone
in saliva of a clinically healthy subject and a subject with
chronic gingival inflammation

Normal  Inflamed

Experimental step saliva saliva
Saliva vol. 3 mi 3ml
Radioactivity incubated (uCi) 25 25
Radioactivity recovered (uCi) 239 22:4
Percentage recovery 95 90
Radioactivity corresponding to

unconverted progesterone (uCi) 22-4 196
Radioactivity corresponding to  no conver-

Sa-pregnanedione (uCi) sion 027
Radioactivity corresponding no conver-

5p-pregnanedione (uCi) sion 1-77
Ratio of Sa-pregnanedione to

total radioactivity chromato-

graphed 0012
Ratio of 58-pregnanedione to total

radioactivity chromatographed 0-079

of normal saliva showed only one peak of radioacti-
vity which corresponded to a reference standard of
progesterone (R 0-5). The radioactive extracts of incu-
bation media with inflamed saliva showed, in addi-
tion to a progesterone peak, a second peak which
corresponded to a reference standard of Sa-pregnane-
dione (Rf 0-7). The amounts of radioactivity incorpor-
ated into the radioactive peaks of progesterone and
its metabolites in paper chromatograms, are shown
in Table 3.

Identification of unmetabolized [1,2,6,7->H]-proges-
terone in normal and inflamed saliva. The radioactive
peaks, on the two chromatograms, which corres-
ponded to a reference standard of progesterone were
eluted with methanol and the eluates were chromato-
graphed on paper in solvent system No. 4 for 3h.
One radioactive peak corresponding to a standard
of progesterone (R 0-3) was detected. The radioacti-
vity, corresponding to progesterone, was eluted, ace-
tylated and rechromatographed on silica gel thin
layer in solvent system No. 5 for 45 min. One peak
of radioactivity corresponding to a reference standard
of progesterone (R 0-5) was found. The final identity
of progesterone was established by means of reverse
isotope dilution technique.

Table 4. Radiochemical purity of metabolites of progester-
one in inflamed human saliva

Calculated
No. of SA. SA.

Solvents Crystns  (d.p.m./umol) %
Sa-Pregnanedione

Acetone-pentane 3 7331 94
Dimethoxime

Cl,CH ,-hexane 3 5680 89
5p-Pregnanedione

Acetone-hexane 3 45646 87
Dimethoxime

Cl,CH ,~hexane 3 35009 96
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The identification of metabolites of [1,2,6,7->H]-pro-
gesterone in inflamed saliva. The radioactive peak cor-
responding to a reference standard of Sa-pregnane-
dione (Rp 0-7), on the initial paper chromatogram, and
which contained 9%, of the chromatographed radioac-
tivity, was eluted and rechromatographed on paper
in system No. 1 for a period of 2:5h. Two radioactive
peaks corresponding to reference standards of Sa-
pregnanedione (R 0:6) and 58-pregnanedione (Ry 09)
were detected. The radioactive peaks were eluted and
further identification was done by reverse isotope
dilution technique of the free compounds and their
dimethoximes as shown in Table 4.

DISCUSSION

The in vitro metabolism of [2,4,6,7-3H]-estrone and
[1,2,6,7-*H]-progesterone in human saliva collected
from patients with chronic gingival inflammation was
mainly reductive. In presence of pyridine nucleotide
cofactors, the major metabolites detected were estra-
diol-178, and 5x- and 58-pregnanediones. The conver-
sion demonstrates the activity of 17f-hydroxysteroid
dehydrogenase, Sa- and 58-reductases.

The main source of metabolic activity in saliva is
associated with the oral leukocyte protoplasm [12],
the epithelial cell fraction [13] or due to the bacterial
content [14]. Leukocytes regularly found in human
saliva generally increase in number during develop-
ment of gingivitis [15].

The failure to detect, in current experiments, any
conversion products of [24,6,7-3H]-estrone and
{1,2,6,7-*H]-progesterone in saliva of subjects with
healthy gingiva might indicate, indirectly, the associ-
ation of the steroid enzymes, 178-hydroxysteroid dehy-
phogenase, 5¢- and 5f-reductases with the oral leuko-
cytes.

Further research on the efficiency of oral leukocytes
and epithelial cells to metabolize steroid hormones
is needed to explain the source for steroid metabolism
in saliva. The possibility of bacterial action on steroid
hormones metabolism is remote since antibiotics,
penicillin, streptomycin, and fungizone were used in
saliva incubations.
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