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min, , PR
L (1:200),4°C 12 h, PBS 3 X5 min
IgG, 377C 25 min,
1.1 PBS 3 X5 min -
, 37°C 20 min PBS 3 x5
5-6 min DAB 5~10 min, ,
, BSA PR >
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Khan 17 °
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1.2
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DAB
=+ (x +£SE)
13 ANOVA , P<
, 30 mg/L MS-222 0.05 :P<001
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4°C Bouin 3
8~12 h, , , (olfactory sac, OS) (olfactory nerve, ON)
5 um, 4°C (olfactory bulb, OB) ( 1a)
14 HE (peripheral olfactory organ),
> ) 10 16
, , , (primary olfactory lamellae, POL) ,
Leica DM 4500B (olfactory lamellae, OL)
15 (SABC) , (secondary ol-
, 40°C factory lamellae, SOL) (  1b)
, 3% H,0,, 10 min, ,

PBS (pH 7.4) 5 min BSA 10 ,
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Fig. 1  Structure of olfactory,sy‘stem of Bostrichthys sinensis BC: . CN: . CR: . De:
(Lacépede)
a. Dorsal view of olfactory system. b. Horizontal section of ; SC: :
olfactory sac. c. Horizontal section of the coupling olfactory Fig. 2 Structure of olfactory lamellae of Bostrichthys sinensis
nerve and olfactory bulb. d. coronal section of olfactory bulb. (Lacépede)

OS: olfactory sac; ON: olfactory nerve; OB: olfactory bulb;
T: telencephalon; A: anterior of olfactory sac; P: posterior of
olfactory sac; OL: olfactory lamellae; POL:primary olfactory
lamellae; SOL: secondary olfactory lamellae; D: dorsal field;

L: lateral field; M: medial field; V: ventral field.

( 2
R 17 cm ,
1 cm
(sessile olfac-
tory bulb) , 3 :1)
(olfactory nerve layer, ONL),
;2) (glomerular
and mitral cell layer, G&ML),
( )
, ;3)

(granule cell layer, GL),

a. HE staining of cells in olfactory epithelium. b. HE staining of
axon in olfactory epithelium. Ax:axon; BC:basal cell; CN: cili-
ated non-receptor cell; CR: ciliated receptor cell;

De: dendrite; SC: supporting cell.
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a. ; b. .D: ; G ; GL: ; G&ML: ; GC:
s L: s M: ; MC: ; ONL: ; Ve .
Fig. 3 Structure of olfactory bulb of Bostrichthys sinensis (Lacépéde)
a. Coronal section of olfactory bulb. b. Magnification image of coronal section through ventral lateral field of olfactory bulb.

D: dorsal field; G: olfactory glomeruli; GL: granule cell layer; G&ML: glomerulus and mitral cell layer; GC: granule cell; L: lateral
field; M: medial field; MC: mitral cell; ONL: olfactory nerve layer; V: ventral field.

a. ; b. . C. .d. .e.
. f . I-CR: ; I-C: ; I-MC: ; VM:
Fig. 4 Distribution of PR positive cells in olfactory system of Bostrichthys sinensis (Lacépéde)

a. PR positive immunoreactivity of olfactory epithelium. b. PR positive immunoreactivity of olfactory nerve. c. PR positive immuno-
reactivity of olfactory bulb. d. negative control of olfactory epithelium. e. negative control of olfactory nerve. f. negative control of
olfactory bulb. I-CR: positive immunoreactive ciliated receptor cell; I-C: positive immunoreactive cell; I-MC: positive
immunoreactive mitral cell; VM: vascular wall.
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(P<0.05),
( GSI
4a 4b  4c)
2.3 (P<0.05 P<0.01)
1 b b
(GSI) (P<0.05)
: (P> 0.05)
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Tab.1 Variation of GSI value and PR positive cells in olfactory system of mature and immature Bostrichthys sinensis (Lacépede)

n=5; X +SE
indicator immature mature
3 0.0435 +0.0143 0.164 + 0.0480 "
1% GSI )
Q 7.654 + 1.181 15.881 + 6.406
OF 3 101.954 + 15.243 186.262 +37.401"
Q 91.497 +27.728 245736 + 61.531"
3 0 4.496 + 4.0217
positive cell ON .
number Q 0 9.803 + 8.646
OB 3 10.893 + 8.151 17.982 + 11.619
Q 18.597 + 11.454 32.501 = 20.608"
: OE: ; ON: ; OB: ;* (P<0.05); **

(P<0.01).
Note: OE: olfactory epithelium; ON: olfactory nerve; OB: olfactory bulb. * donates significant differences between immature and immature
group (P<0.05), ** donates extremely significant differences between immature and immature group (P<0.01).
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Progesterone receptor immunoreactivities in Bostrichthys sinensis
(Lacépede) olfactory system
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Abstract: We evaluated the morphology and structure of the olfactory system in the Chinese black sleeper,
Bostrichthys sinensis (Lacepede) using histology. The olfactory system consisted of the olfactory sac, olfactory
nerve, and olfactory bulb. The olfactory sac (the rosette) was fusiform in shape and located inside the olfactory
chamber, which had two openings that allow water to flow through the rosette as the fish moves. There were
10-16 primary olfactory lamellae radiating from the wall of the olfactory chamber. These lamellae were longitu-
dinally arranged and parallel to each other. The primary olfactory lamellae differed in their height and some pos-
sessed secondary olfactory lamellae. Olfactory lamellae were composed of the olfactory epithelium and central
core. The olfactory epithelium consisted primarily of ciliated receptor cells, ciliated non-receptor cells, supporting
cells, and basal cells. The axons of the primary olfactory receptor neurons in each rosette converged to form a pair
olfactory nerves that exceeded 1 cm in length in a 17 cm fish. The paired olfactory nerves extended from the pos-
terior ventral base of each rosette to the ipsilateral olfactory bulb. The two olfactory bulbs, in close contact with
the telencephalon, were slightly oval and sessile. Each olfactory bulb consisted of three, roughly distinguishable
layers, in order from the surface: (1) the olfactory nerve layer, containing the axons of the olfactory receptor neu-
rons, (2) the glomerular and mitral cell layer, where the axons of the olfactory receptor neurons arborized into
glomeruli and the secondary neurons (mitral cells) were scattered around glomeruli, and (3) the granule cell layer,
consisting of densely-packed small size cells. Afferent fibers of nerve bundles reached the anterior bulb, spread
along the periphery of the bulb and terminated on the dendrites of mitral cells in the glomerular and mitral cell
layer. The olfactory nerve layer extended more caudally in the ventral lateral field than in the dorsal medial field.
The glomerular and mitral cell layer was thinner in the medial field than in the lateral field of the olfactory bulbs.
Using immunocytochemistry SABC, we determined the distribution and numbers of progesterone receptor im-
munoreactive cells in the B. sinensis olfactory system. Progesterone receptors were present in the olfactory system
of the fish, with the largest number of PR immunoreactive cells occurring in the olfactory epithelium, followed by
the olfactory bulb and the olfactory nerve. PR immunoreactivity was confined to the cell nucleus in the olfactory
epithelium. We only observed a few neurons that were immunostained with antibodies against PR in the olfactory
nerve in mature fish. In addition, we noted the presence of some PR immunoreactive cells on the vascular wall
during the spawning season. We observed a higher density of PR immunoreactive cells in the olfactory bulb. The
immunoreactive intensity in the bulb was higher in the lateral field and ventral fields than in the mid and dorsal
fields, respectively. In the sections that were immunostained with antibodies against PR, we observed immunore-
active mitral cells in the glomerular and mitral cell layers. The numbers of immunoreactive cells were linked to the
reproductive status of the fish. In the olfactory epithelium, the numbers of immunoreactive cells in mature males
and females was significantly (P < 0.05 or P<0.01) higher than in immature males and females. Similarly, immu-
noreactive cells were not detected in the olfactory nerve in immature fish. The numbers of immunoreactive cells in
the olfactory bulb was significantly (P < 0.05) higher in mature females than in immature females. To our knowl-
edge, this is the first report documenting the distribution of immunoreactive progesterone receptor cells in the ol-
factory system of a teleost.
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