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Progesterone in circulation can cross the blood-brain
barrier and accumulates in various brain regions and
cerebrospinal fluid (CSF) of several mammalian spe-
cies (11, 13, 15, 17). Progesterone is also synthesized
de novo from cholesterol by other sites including
nervous system, independent of gonads and adrenal
glands. Such steroids are called �neurosteroids� (2, 4,
21). Cholesterol taken up by cells is converted to preg-
nenolone by cytochrome P450 side-chain cleavage
enzyme (P450scc) in the inner membrane of mitochon-
dria. Pregnenolone is then transferred from mitochon-
dria to microsomal compartment where it is converted
to progesterone by the D5-3b-hydroxysteroid dehydro-
genase isomerase (3b-HSD). The enzymes 5a-reduc-
tase and 5b-reductase reduce progesterone further into
the 5a-dihydroprogesterone and 5b-dihydroprogeste-
rone, respectively (3, 8, 9). In the nervous system, glial
cells are primarily responsible for synthesis of neuro-
steroids; however, neurons have also been recognized
as a site of steroidogenesis (1, 2, 22, 26).

Neurosteroids including progesterone have impor-
tant roles in the central nervous system (CNS), media-
ting several brain functions and activities such as
sexual drive, behaviour, and adaptation to stress (5,
14, 16). A study by Frye at al. (1998) suggested that
progesterone and 3a,5a-tetrahydroxy-progesterone

enhance sexual motivation, receptivity, and procepti-
vity in female rats (7). Progesterone regulates foetal
and maternal behaviours in pregnant ewes (5).

As reported from different species including human
and rodents, neurosteroids including progesterone are
present CSF in various concentrations (15, 23).
Plasma progesterone is implicated as the origin of pro-
gesterone in CSF (20, 23); however, local production
of neurosteroids by other sites independent of gonads
is well recognized (2, 21). Importantly, data on sheep
CSF progesterone as well as its local sources were scare.
Thus, the objectives of the present study were to
investigate presence of immunoreactivity for 3b-HSD,
the key enzyme metabolizing pregnelone to progeste-
rone (8), in the choroid plexus as well as to measure
progesterone in CSF and plasma in the ewe and ram.

Material and methods
Animals and tissue, blood, and CSF samples. 1-2 years

old healthy ewes (n = 16) and rams (n = 16) of Akkaraman
breed were utilized in the study. All sheep used in the study
were those brought to the Kirikkale slaughterhouse. This
study was carried out in postpartum period of the ewe. Blood
samples were collected from the jugular vein in sterile
heparin-containing tubes. Plasma was isolated by centrifu-
gation at 1550 × g at 4°C for 10 min. Samples of CSF were
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Summary
The present study was conducted to immunolocalize 3b-hydroxysteroid dehydrogenase (3b-HSD), an enzyme

metabolizing pregnenolone to progesterone in the choroid plexus of the lateral ventricle in sheep, as well as to
measure progesterone concentration in cerebrospinal fluid (CSF) and plasma using radioimmunoassay (RIA).
Akkaraman breed rams (n = 16) and ewes (n = 16) were utilized in the study. 3b-HSD was immunolocalized in
choroid epithelial cells of the choroid plexus with an apparent cytoplasmic immunoreactivity. Progesterone was
detected in CSF with no significant differences between the ewes (0.76 ± 0.14 ng/mL) and rams (0.74 ± 0.13 ng/mL)
(p > 0.05). However, the plasma progesterone concentration in the ewes (0.27 ± 0.04 ng/mL) was significantly
higher than that of the rams (0.11 ± 0.02 ng/mL) (p < 0.001).  Consequently, CSF in sheep contains progesterone
in significant levels. As evidenced by 3b-HSD immunoreactivity, choroid epithelial cells may be a site of pro-
gesterone synthesis in sheep.
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obtained using a 20 gauge catheter from the subarachnoid
cavity during slaughter. Plasma and CSF samples were
stored at �20°C and �80°C, respectively until assayed. Sam-
ples were thawed at 21°C just prior to assay. The choroid
plexus of the lateral ventricle was collected and processed
for immunohistochemistry.

Radioimmunoassay (RIA) for progesterone. Progeste-
rone was measured using a commercially available pro-
gesterone RIA kit for ovine (Immunotech SA, Marseille
Cedex, France) in plasma and CSF according to the manu-
facturer�s instruction. All determinations were made in
duplicate. The recovery percentages obtained were between
95% and 122%. The intra- and inter-assay coefficients of
variation were 5.4% and 9.1%, respectively.

Immunohistochemistry. Cryostat sections of fresh
frozen tissues were cut at 5 µm and mounted onto organo-
silane (3-aminopropyl triethoxysilane)-coated glass slides
and immediately fixated for 10 minutes in ice-cold aceto-
ne. Frozen sections were prepared using a commercial uni-
versal LSAB2 horseradish peroxidase (HRP) kit (DAKO,
Carpinteria, CA). The frozen sections were immediately
air-dried, using a hair dryer (cold air) to avoid autolysis of
cells, and then kept at �20°C. Endogenous peroxidase acti-
vity was quenched by in 3% hydrogen peroxidase (H

2
O

2
)

in absolute methanol for 5 min. Sections were rinsed with
Tris-buffer (pH 7.4) three times for 10 min. between the
consecutive steps of the test. Non-specific bindings were
blocked with 5% normal goat serum for 5 min. and 1%
bovine serum albumin (BSA) in PBS containing Triton
X-100 (0.3%) for 30 min. at room temperature. Sections
were then incubated with the primary antiserum (rabbit anti-
mouse adrenal/gonadal 3b-HSD which cross-reacts with
ovine tissue (24) at a dilution of 1 : 512 overnight at 4°C.
Next day, sections were treated with the anti-rabbit secon-
dary antibody in PBS for 10 min. at room temperature and
with the streptavidin-peroxidase enzyme for 10 min. at room
temperature. Sections were incubated with 3-amino-9-ethyl-

carbazole (AEC) chromogen (DAKO, Carpentaria, CA) for
5-10 min. and counterstained very lightly with Mayer�s
haematoxylin. Finally, sections were mounted in aqueous
mounting medium (Shandon, Pittsburgh, PA). The ram
prostate was processed as positive control. The primary and
secondary antibodies were omitted in separate slides to
control the assay.

Statistical Analysis. Student�s t test was used to deter-
mine whether significant differences exist between the ewes
and rams for progesterone concentrations in CSF and
plasma. A p value of < 0.05 was considered significant. All
data are expressed as mean ± standard deviation.

Results and discussion
Progesterone was measured in significant levels in

plasma and CSF samples assayed (tab. 1). There were
no significant differences for CSF progesterone con-
centration between the ewe (0.76 ± 0.14 ng/mL) and
ram (0.74 ± 0.13 ng/mL) (p > 0.05). However, the
plasma progesterone concentration in the ewe (0.27
± 0.04 ng/mL) was significantly higher than that of
the ram (0.11 ± 0.02 ng/mL) (p < 0.001). CSF proge-
sterone con-
centration in
both ewes and
rams signifi-
cantly higher
compared to
that of plasma
(p < 0.001).

3b-hydro-
xysteroid dehydrogenase immunoreactivity was detec-
ted in choroid epithelial cells of the choroid plexus
with an apparent cytoplasmic staining (fig. 1).

Progesterone is present and locally synthesized de
novo in the nervous system and, in turn, involves many

functions including certain beha-
viours, adaptation to stress, and neu-
roprotection (19, 21). Progesterone
concentration in CNS regions is even
higher than plasma progesterone
levels (10, 12, 25). As found by the
present study the sheep CSF con-
tains a significant amount of proge-
sterone content, higher than the cir-
culating progesterone level.

Due to their lipophilic features,
neurosteroids including progestero-
ne can cross the blood-brain barrier;
however, active transporters such as
P-glycoproteins may regulate and
limit steroids passage through the
blood-brain barrier (18). In ovariec-
tomised ewes, administration of pro-
gesterone into the carotid artery
resulted in much lower progestero-
ne concentration in CSF compared
to plasma (20). Due to limitation of

sewE smaR

amsalP Lm/gn40.0±72.0 Lm/gn20.0±11.0

FSC Lm/gn41.0±67.0 Lm/gn31.0±47.0

Tab. 1. Plasma and cerebrospinal fluid
(CSF) progesterone concentration (ng/mL)
in ewes and rams

Explanation: * � p < 0.001

Fig. 1. 3b-hydroxysteroid dehydrogenase immunoreactivity in the sheep choroid
plexus. The choroid epithelial cells (arrows) of the choroid plexus are intensely
immunoreactive with an apparent cytoplasmic staining. Bar = 30 µm
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plasma progesterone passage to CSF, progesterone in
CSF most likely originates and is synthesized from
local sources. In this sense, 3b-HSD immunoreactive
choroid epithelial cells of the choroid plexus seems
a viable candidate for local progesterone synthesis.
The enzyme 3b-HSD is responsible for conversion of
pregnelone to progesterone (8).

Unlike plasma progesterone, CSF progesterone con-
centration is not significantly different between ewes
and rams as found in the present study, which sug-
gests that the influence of circulating progesterone on
CSF progesterone is limited at the most. Some phy-
siological conditions such as pregnancy and post-
menopausal state in women and photoperiod changes
in sheep and pathological conditions such as Parkin-
son�s disease have been reported to change CSF
progesterone concentrations (6, 20). In this respect,
further studies should be conducted to determine the
influence of physiological and pathological conditions
such as parturition, stress, central nervous systems dis-
orders such as enzootic ataxia, scrapie on CSF proge-
sterone concentration should be investigated.

In conclusion, sheep CSF contains significant levels
of progesterone. Importantly, choroid epithelial cells
of the choroid plexus are 3b-HSD immunoreactive,
which suggests that choroid epithelial cells are the
possible sites of progesterone synthesis.
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