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Abstract: B-endorphin is a kind of brain-gut peptide which plays important physiological roles. The
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distributive patterns of B-endorphin in the digestive tract and brain of Schizothorax prenanti were studied
using strept avidin-biotin complex (SABC) immunocytochemical method. B-endorphin-positive cells were
observed through Olympus microscope and the number and optical density of B-endorphin-positive cells were
measured using image analysis software and expressed as Mean +SD. The results showed that the positive
immunoreactions presented brown yellow color (Plate 1: 1 - 14), while negative control in the foregut
showed only hematoxylin staining (Plate 1: 15). There was no PB-endorphin-positive reaction in the
esophagus or hindgut. B-endorphin-positive cells were detected in the oropharyngeal cavity (Plate 1: 1),
foregut (Plate I: 2) and midgut (Plate I: 3), with various shapes including round, ovoid, tadpole-like,
spindle-like and cone-like cells. The density of B-endorphin-positive cells in the digestive tract was the
highest in the foregut (13.10 #4.50 number/mm?), medium in the midgut (10.08 +2.96 number/mm?) and the
lowest in the oropharyngeal cavity (8.52 #3.72 number/mm?) (Table 1). B-endorphin-positive reaction was
located in the neurons of diencephalon (Plate 1: 4 - 9), mesencephalon (Plate I: 11 - 13) and
metencephalon (Plate 1: 14), and the nerve fibers of mesencephalon (Plate I : 10). The density of
B-endorphin-positive neurons in the brain was the highest in the eminentia medialis (248.42 + 84.25
number/mm?), medium in the nucleus anterior tuberis of medium lobe of hypothalamus (150.42 =+ 15.08
number/mm?) and inferiors lobes of hypothalamus (141.80 = 45.36 number/mm?), lower in the nucleus
geniculatus lateralis (98.44 #28.34 number/mm?), nucleus prerotundus (86.21 +18.45 number/mm?), nucleus
subrotundus (92.81 =+ 11.19 number/mm?), side of fasciculus longitudinalis medialis (95.10 =+ 8.23
number/mm?) and layer of purkinje cells of cerebella valvula (88.73 41.20 number/mm?), and the lowest in
the corpus mammillare of inferiors lobes of hypothalamus (60.72 +10.39 number/mm?) and upper area of
tegmentum (47.27 +11.95 number/mm?) (Table 1). The distribution patterns of B-endorphin-positive cells in
the digestive tract of S. prenanti are greatly related to its feeding habits, intestinal functions and structures as
well. The distributive characteristics of B-endorphin-positive cells in the brain may be relevant to
neuroendocrine activities in different areas of the brain. B-endorphin was widely distributed in the digestive
tract and brain of S. prenanti, further suggesting that this molecule is a kind of brain-gut peptide. This study
has provided morphological evidence for regulation of digestive and neuroendocrine activities by
B-endorphin.
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B-P Mk (B-endorphin, B-EP) J& P4
BRI AR T B iE R R, kA
HLZFEEIIRE GYESC 2004), B-NHERKLE
B i e mE ISR, TS I
FHELCHE R (1) 4 AR (Oyama et al. 1982)
NSNS, WM, R,
TN R EAL. T AN RS G
JE3C 2004) . B- A MESKTE I AGTE A IR € A7 53 A
W R P A Y, 75 KR (Rattus

norvegicus) (Orwoll etal. 1980). X (Cavia

porcellus) (Leander et al. 1984). 44K
(Stenella coeruleoalba) (Domenighini et al.
1997) ZEALTE AT B-NHERKFI RIS . %
WA 07 T RE R D, H AL I BEA
% (Squalus acanthias) (EI-Salhy 1984). #&filf
(Salmo trutta) (Dezfuli et al. 2002) M fiffifa
(Mugil cephalus) (145 2003) WfkiEH
AFAE B- A HERRFH 4L, 1K 2 B 2R Ak
R INAN S B- A MEITRBH 2% (Rombout et al.
1986, WEE A4 1996, MRBIHLAE 2003, Mola
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et al. 2004) . B- P MEJRAE i o 18 5 o7 73 A ik 50
MK E, (Zakarian et al. 1982). Wil% (Lacerta
muralis ) ( Vallarino 1986 ) . #k i# ( Rana
temporaria) (Doerr-Schott et al. 1981). 4-[IK i
(Boops boops) (Vallarino 1985). #[f# (Salmo
gairdneri) (\allarino et al. 1989) MAKZE5h4)
52 AR (Penaeus vannamei) (H-E#E4S 2004)
HISC Efa (Branchiostoma belcheri) (5451744
2002) %,
F 24Ji5 40 (Schizothorax prenanti) Y44

“HMeta”, JEEEEL (Cyprinidae) Z4J5 AV R}
(Schizothoracinae), %5041 T K. HA
KRN, R REFaIE, bEESHE
FRVRRZ DA K At 455 o PS8 (R 14 DR, LR st S ) I B
HHT, AL B- P HEIRAE 55 11 215 £ 9 A3 A i
AL A I IF IR o A SO FH 5 7 SR Rl 2R -
Y EE AW Cstrept avidin-biotin complex,
SABC) 35 41 2 2 B AN 55 11 2418 £ 7 4k
TER R B- P MERR 38 7 73 A AT RIEIE, A
AIRES ST A, B N IS SRR
2R

1 MREThE

1.1 HEESHA

FARGEM 5 B QAR KT, kK
BFHARIT) , K 30 ~ 40 cm, 1A 600 ~
12009, FHE/KPEFE 240 5, A, B
IR &iE Jras T loa, SEEHE
Bouin ¥l &, AEIF, R 6 pm. [FIE,
WA, -20°CPRA7, ESKGEYI, KR
20 pmo,
12 HWERNE-HYESEY (SABC) A%
HENFGA

AT S KA 5, B 3% Ho0p KN
PPk AE AL YIEE 10 min, BT E R L SRS CT
YRR 10 10, WU HEAM TRARAFD
I E 20 min, FREEAN BT CRpT B- A HE
K2 wekEpUAR, TAEMRAE 10 100, Ll
AW TREER AT ACHE 17 h, XHHEdE

WA P COARKREE 10100, sl id 18
Y TREA R D AT SABC CTAERSE 1 0 100,
B A TRARARD | 37CHE
20 min , & JA LL & A OBE K %
(3,3’-diaminobenzidine, DAB, I {8+t
WIRARARD B, HARREEEY, L
IR PBS i, AFEAE 28K EC I 14
ST . UKD REE LA 0.6% H,0, FEE
WA 3% Hy0, AEHAZEY, Hap
BRI AR o X LA PBS B —t, 1L
SRS
1.3 WKW E
R HAENLE 5 kY, 1
Olympus 2 75i T ¥%¢, H NikonDS-Ril #hd
DG ARG A VL IREES 801 AT
A PG B- P RS 2 400 i e 5 N
JeE R il Rbr, BEBIEE 801 JEZS ik
fF, B BEIRR G S ) B- A HEITRBE
PEAIM, sidh “OFE R AR AT
HR T 36 BH I 440 B P s FE R85 ) o Bl PR
71N G 95 BEV R 200 A 3 B2 s DM P R f %
P SN R 5 %8RB ORS H FH  Js  B
AR LM + bRk 22 (Mean £SD) &R

2 g3

2.1 B-N AR PH 0 B AR T AL TE P B A AR

IE . JE Wk B-MEIRBI A SR, 1R
A S A B~ IR R B . IR T = 1~
3o FIVERURLEN T-40 T, SEFimE . B-N
EIKBH PRS0 M 22 73 A T RS B2 ], B2
FEo 72 2 R RETESONETE (BT = 1),
T 1 BP9 ME SR BE P 40 A7 1) SRR, v] W40
KA B AR KRG, T,
P S EL A3 A T R s s A R HETE,
MAAROR, SR/ A2 ETE R R TE,
TMSE (BRI : 2). H g - HEREBA 40 i
A SHTmAERL (BRI T . 3D B-PIMERKF 1
A AT s, TR, R RS S A1
(R Do
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Table 1 The number density and optical density of B-endorphin-positive cells in the digestive tract and

brain of Schizothorax prenanti

g3 At

Location

M (A~/mm?) Dt
Number density (number/mm?) Optical density

WA % Oropharyngeal cavity 8.52 £3.72 0.20 +0.03
Yﬁ.{‘b\% A% Foregut 13.10 +4.50 0.27 +£0.02
Digestive tube
i Midgut 10.08 +2.96 0.25 +0.04
4% Nucleus geniculatus lateralis 98.44 +28.34 0.18 +0.02
AT A#% Nucleus prerotundus 86.21 +18.45 0.26 +0.03
N IE4% Nucleus subrotundus 92.81 +11.19 0.27 +0.02
1) ki I fi o i R A
X 150.42 +15.08 0.17 =0.01
Diencephalon  Nucleus anterior tuberis of medium lobe of hypothalamus
N Efii R Inferiors lobes of hypothalamus 141.80 +45.36 0.24 £0.01
S R LS
PERFRASE =~ 60.72 +10.39 0.25 +£0.03
Corpus mammillare of inferiors lobes of hypothalamus
LR 2% Upper area of tegmentum 47.27 +£11.95 0.29 +0.01
" rhEEZ Eminentia medialis 248.42 +84.25 0.19 +0.01
Mesencephalon
TR 5% Side of fasciculus longitudinalis medialis 95.10 +8.23 0.28 +0.03
AN AR T AL 88.73 £41.20 0.27 +0.02

Metencephalon  Layer of Purkinje cells of cerebella valvula

2.2 B-POHERKRH P40 AL B0 AR

P NESY XN NI TN R NN
GBS s N DN S
L3 Lt N 7 N ol S L -0
(SN 227 %< Pl L A Rl w1 A TR
TEAMER Witz . ik, ~
B Ja ik, LR BAZAL T &,
[ PRV TR S 5 IR ARIEK, - T DA i [
%, BRI . SR s,
£ ALY NV STLT N S ST L S iR VDN
PR ERAZ, R TR R S I
Hh TR RS AR A LS o P T A i A A S
L RN RS i S P 00 5 M
FHIRALSAT— 50, PN, P ez A R
BE; AR ES R W ALY,
% AN YA il T ) S N T RS o (e B
(AR IO, /INIOE 2> = )2, F AR AR
Ny TR R AR SRLZ . SEINL
F M B Je il o

B- P MR BH A S5 W A7 T T« FR S /s

e oo b ke e 2T e, BHMERORLE 2 T
B, SREEE. R, R -
IREAPEAN RS e, R R P ATER R
Fefidi Rk, Mg, BB, PR, $
IS KN 1 B Al M2 A, T
LA RIS SRR (R 1D,

1% UREAZ A B- AR B 1 40 i 1A 2
BHEOE. =M (BT 4. wrEEZ B- ik
PREAPEA SRR, Mtk RIEDE . TRE; A
(5 A% e AT AN PR 2 T, AR AT B
A% (ERRT = 5)0 FIEIEZ B- P HEARBHE4 g
BOK, MutkZ WAL MHEIE, E 40 B
K (BT : 6). T st ek -
HERKFHPEAR AL, AR RIERTE . BRIE, B
e A (R L 2 7)e R R R B-PAHERRH
AN, Mtk 2 RAEEESAYE, HE A
CIETRR T 8D R R LSk AA B- P HEAKFH
AR, MAZ R=AMIE. MilRDE, ZH
AR M (IR T : 9,

s A R AT UK B- P B
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SRR, M HES, 2 ) SRt )
Heglo AEZIRIZE B- A MEITRBH 1 21 4 o Ll v 2R
K AHPATERRGL, e X ek AR B i o 4
IEFYER (BT : 10). RNEERE 2 B-
MEKBHPESH Mg, Mufk 58 B a5 (&
i T 2110 BT B- A HEIK BH 1 40 i /N 2 4
MfkZ AR B HER (BT : 12). H
PR Y, LA D& - HEIKEH
PRI, MARSEETE, MEEE. A8 s
B (ERT: 13).

ZINHIR /0N i B T B A PR B- A TR BH
PEIMUECR, Mk SEAGEDE . HEESALE (&
i 1: 14).

3 iTig

3.1 B-PWHERRZETE B 5 KB X

A RASE e B- P MERK AR i 53 A AR
EED . AP ENAL T iR R I B- I HEK
FHPEARI, SR, AIFRAL (El-Salhy
1984), il i h A7/ 1% 2K 41 i (Dezfuli et
al. 2002) ., T4 (2003) KB £ iz B-
P P S 2 40 52 B9 [ B IR T, A EL
SGE, ATE R s ATk . i
/b, My DLEE (Barbus conchonius)  (Rombout et
al. 1986) . fit (Hypophthalmichthys molitrix).
filf  C Aristichthys nobilis ) . 4R il ( Carassius
gibelio). H3kfy; (Megalobrama amblycephala)
(B 445 1996) « H Afig fifi ( Anguilla
japonicus ) C Ak B # &F 2003 ) J Wk fird
(Dicentrarchus labrax) (Mola et al. 2004) Ji7
TE AR B- HERR P40 . A TR %2
P55 HIZE A TR dT i AR A B- ik
JREAYEL oA, miim e e, ik,
IR i e fIG,  3X oy A 8 S fif £ (4074
2003) ANfAl. VWA FRAEAEGR WA, X
— NG AR W, o U S 1 21 A T s A
PORHIE YT, LA B- A HEAkt n]
62 ST RE SO OCHLRE R, R v o
P HITUESE o B- P HEITRAE— 2840 1 4L

TERE AT IN R, AR S et SRR AL TE R A
Mz, ZATReLshMIEA S, Bl P
W LSNP B- PN MER BT 5 Ayl T oA
IS TR (1) A 5 WA A0 AN T A 2 S A K

AHGERN], - A MEIE AR T i
2 R4 P IR A2 R e i P S A I
()33 (Bueno et al. 1988), [A]IN L2 B HEAS &
NaEiE (R 1995, JH B 1999)
AL R R, 55 DG AHT 7 B-P HEKEH
PR 0 %85 B Ay, AR LS Wby w4 i i T
BREL, IE B, Y
A, ORI RGBS AL Sk T
Gy ARSCWEERIE B- P MR RH A 40 i 7
A2, FLEAWEPR, KRB, 8. BIE
MRS, =M ERSE, R, s e
FRCMISE, AR, X5 EREH 2RI
A (El-Salhy 1984). fiffitt 4=k 3 IR (Hi9hTT
& 2003) ANfFl. XUREEE (2004) kK, AN[FTE
AR B- A ME DR BE 4 4 vy e aa o B 3 WA RN 55 4y
WIS 5T E A Bl 68 S
3.2 HK B-PHEBRZER )5 KR X

A KB N HE R AR HES) i v 1K) 5 A 53 AT
O LU . B 1) 3 5 Al B- Y A
() 43 A DX SAH Y TR i (91755
2002). {ENCATZhY) s, B-AHERKE L T 1
Fr 0 5 55 A% 1 Jo M 8 PN N Jre 38 b I B
SR AP 2 A% SO 5T, /N i T I
0 A% F 44 K e (Vallarino 1986). 7EE5S,
B- PN ME K BH A 40 3= 22 53 A T 1 i 1 A
P RN S5 TR % 52 AT K 40
Mtz CHiaiE 1994). 7EmEmisLs, B-AmE
AR EE TR AT T Bl 5 IRAZ RN ZERE IOR
s ALTN i SRR X ) B- A HERR AR 227G,
JLETAEBLI 2 P i K T R AR5 i )
BEKZAIBE 584 (Oyama et al. 1982), L fiieg
(Petromyzon marinus) (Nozaki et al. 1984) Jii
thB- A MEJDR P MR R I 32 B4 T el s AR
10 P B- AT JEA 23 A7 TR i AZ 5 I, 0044515 %
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ZIN el T PG A A A A A I AE A &2 7y 2 P )
Sk (Vallarino 1985); B- P Ik fey2 BH A4 41 o
I3 A T 7+ (Clarias batrachus) WAfiZs,
WA, IR, l45754% (Sarkar et al. 2000,
2001 T [ o B- A I JDRISF 14 o 48 e = A7 T
T EEkA%  (Vallarino et al. 1989) . 7F &%
Y, B-WHEIKAEOKE B4 2 5 R
% (prolactin, PRL). fi& VIR 2 B it &
(gonadotropin-releasing hormone, GnRH). 4=
K% (growth hormone, GH). YNl
(follicle-stimulating hormone, FSH). Fl{i¢
A2 (luteinizing hormone, LH) ZfEfA i
15> WA R (Oyama et al. 1982). Vallarino
(1985) 7E/F-HREHBFFE 32 it - A MEIIRAE
SRy — PR A4 Y DR Bloeh 22 R BT A HEAE
E—IRe e s KRG K G h B E AR E
Pk, fE4xfh (Carassius auratus) HiiEsep-py Mk
RIS TR & (Pedro etal. 1995). 7 i - fif
IR FT B 7R B- I MEITR T BE 2 5 Al e 5 AR5
A IS S (Sarkar etal. 2001). A WL, B-
P MR AEAR SR e S s h 32 oA, TR
EZ R EFLT)RE .
AHFFTMEEF] B- N MR AE 55 1 2R £ 1]
NS S P RN MR TR S5 VN SN = W L S
RS EA A . HU, S5 D RIE A
(R B- A TP I 428 A 28 5 A v i v e e 2 2 e
B, PRI AT ERZ . R Rz, il
R WA FERE AR S5 RN R
IR 5 5 [ G N Ul Ny 21 R NN B 7
HEHR ek, XMy A A 5 s (Vallarino
1986). X Efh (F4hT4F 2002). iE-Lhhe
(Nozaki et al. 1984). ZF-fR i (Vallarino 1985) .
7l (Sarkar et al. 2000, 2001) %55, &
& CHERIE 1994) KA (Oyama et al. 1982)
AN o A SCUEE RN 2R T B i b T ER
P P FHARZ B-AHEIKEIE4E i, R
Fe i B FLSk AR AT b 1 B- A HE TR BH 2 4 e,
TEFR AP ATRF i A B- PN R PR 2R e AU 2R 1) R
RO TS, RN R, B-AEk

fE5F 3G F i i E S EiRsh)
EAE— 22 5. AP 2 R AP i,
F5 R A b i b B N B- P IR BT 1 4
FEfrm, AR SE. P B g — e Ak
T B-PMERERHE MR T, [, AP R
EFREEA R B-NHERRFH LT 4E R, 3R B-
WHEIK T eSS EaR A G h Dy Rer Y. 5
AR (Vallarino 1985) ZRAbl, 5% H 4G
/N F e 7 B P M Mt S B~ P M SO BH 2 e B
HEW V] 582 5 AP RIE 2 D) B IR 1

gr bpTiR, B-PIMERRT Tz A T RS
g SN, BE— PRSP EE S A
(IR o ARAS SCRIF FTANN B- P ME KA T A
S R AR B AR, & T T)
e T dE— 29T
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Explanation of Plate

The distributive patterns of B-endorphin-positive cells in the digestive tract and brain of Schizothorax prenanti, as revealed
by streptavidin biotin peroxidase complex (SABC) immunocytochemical staining

1. B-EP-positive cells in the oropharyngeal cavity; 2. B-EP-positive cells in the foregut; 3. B-EP-positive cells in the midgut; 4. B-EP-positive cells
in the nucleus geniculatus lateralis; 5. B-EP-positive cells in the nucleus prerotundus; 6. B-EP-positive cells in the nucleus subrotundus; 7.
B-EP-positive cells in the nucleus anterior tuberis of medium lobe of hypothalamus; 8. B-EP-positive cells in the inferiors lobes of hypothalamus; 9.
B-EP-positive cells in the corpus mammillare of inferiors lobes of hypothalamus; 10. B-EP-positive nerve fibers in the deep zone of stratum
opticum; 11. B-EP-positive cells in the upper area of the tegmentum; 12. B-EP-positive cells in the eminentia medialis; 13. B-EP-positive cells in
the side of fasciculus longitudinalis medialis; 14. B-EP-positive cells in the Purkinje cells layer of cerebella valvula; 15. Negative control in the

foregut showing only hematoxylin staining.


http://www.iciba.com/superficial_zone
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