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[(HE] B WERZUMEZEAKEIRER(OB) WRIE 500, HIT AL 1€ 2 EL (L-DOPA ) 1697 X IR 4 £ 9%
(PD) KRS, ik RAMGEEELE SR vt Ik MEE £ B Z R E R OB iy RiE;6-52 2 Lk
(6-OHDA ) BUIMA: S & 37 PD K EBLEL A5 L-DOPA G¥7 X PD K B SE T A8 B 4 2 IR W PR il ( GAD ) 0 I Y o
L5 TR T (BNDF) k95 m, 455 WRERPN DI AN D2 PP 2 B2 R AL 3R &R . D1 A D2 ZE 55Uk 4N i
JZ(GCL) P9 GAD BHYER) v-23E T 2 (GABA) REMINZ 70 I K m 3635, B &R 2Ll ( TH) PHYE M LT LR 58,
PD KEL OB N GCL JZ TH % H 5 2 FF (0. 05£0. 01 vs 0. 01+0. 00, P<0.001) , L-DOPA J&¥7 )5 ,PD KRk 5
Y/ NERIT ) B RRAR [ (624. 4+113.4)s vs(312.4£79.35)s,P<0.05],0B P BDNF %35 B ZE T (0. 02£0. 01 vs
0.07+0.01,P<0.01), £t D1 1 D2 7£ GCL JZ GABA REMIZICRIEHEIE, L-DOPA JRY7 AT & PD K R4 %
5, TS50 OB N GABA fEMIZIC A9 D1 Fl D2 B4k, #E Mg BDNF £ihH %,

[XEER] U2 IR IG5 i 228 R T 5 6- 72 2 BN s WA AR 5 S BNl ik s R

[FE4ZES] R743.1 [XEAREE] A [DOI] 10. 16098/].issn.0529-1356. 2019. 04. 002

Expression of dopamine receptors in rat olfactory bulb and its
role in hyposmia of Parkinson’s disease rat model

ZHOU Li', ZHANG Da-wei*, WANG Zhi-yong' *
(1.Department of Anatomy, Xinxiang Medical University, He’ nan Xinxiang 453003, China;
2. Department of Pathophysiology, Xinxiang Medical University, He’ nan Xinxiang 453003, China)

[ Abstract] Objective To observe the localization and expression of dopamine receptors in olfactory bulb (OB) of
rats and explore the effect of L-levodopa ( L-DOPA) treatment on hyposmia in Parkinson’ s disease (PD) rat model.
Methods Western blotting, immunohistochemistry and immunofluorescence were used to observe the expression and
localization of dopamine receptors in the OB. PD rat model was established by bilateral 6-hydroxy dropamine (6-OHDA )
injection to detect the effect of L-DOPA treatment on the hyposmia and the expression of glutamic decarboxylase ( GAD)
and brain derived neurotrophic factor (BNDF) of PD rats. Results DI and D2 receptors were the major subtypes in the
OB.DI1 and D2 receptors were expressed by GAD positive y-aminobutyric acid ( GABA) ergic neurons in the granule cell
layer( GCL) which surrounded by tyrosine hydroxylase (TH) positive nerve fibers. The expression of TH in the GCL layer
of PD rats decreased significantly (0.05+0.01 vs 0.01+0.00,P<0.001). After L-DOPA treatment, the time of finding
food balls in PD rats was significantly reduced [ (624.4+113.4)s vs (312.4£79.35) s, P<0.05]and the expression of
BDNF in the OB was increased (0.02+0.01 vs 0.07+0.01,P<0.01). Conclusion DI and D2 are expressed in the
GABAergic neurons in the GCL layer of OB. L-DOPA treatment alleviates the hyposmia of PD rats, which may be related to
the D1-D2 receptor heteromeractivation and its downstream BDNF expression of GABAergic neurons.

[ Key words| Dopamine receptor; Olfactory bulb;Brain derived neurotrophic factor ; 6-hydroxydopamine ; Parkinson’ s

disease ; Western blotting; Rat
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ILER (olfactory bulb, OB) f& M5 {5 5 MR _E f7
Az 158 B L5 e R 1% T v k| MRS A L A AR s AE
OB N LTt NEHR ,— A B S5 2Rl 2238 57 S S AR 1)
PP FER " . ZEME(dopamine, DA ) FILGE X 5
HY), DA AL 5 RS2 AR (D1~DS) ZHEFET 18
H A I DA SZK7E OB R FE AL RGEWFIT

M4 %% ( Parkinson’ s disease , PD) 42 LA i 22
J5i (substantia nigra,SN) DA B8 28 7o %0 H s /> 0
LAY, MR8 B fi3d 76 PD FLI0H L, OB A
PRAE PR 5 PD R LR DA G 652
HZ 1} (6-hydroxydopamine , 6-OHDA ) 45175 SN #
SZAY PD KRBT (PD KR MU R TG-S SN 31 OB
N UKL A0 )2 ( granule cell layer, GCL) B 8 5
DEYIME . BERITHE T #sh OB N DA 21k
PRI PD K BUWRoE , {H H BAR B i) A7 Fr 2 — 20 i
FE ARSI SR G B | G e 5 N s
325 75 125, K I DA SZARTETE K OB (434 5
FIK AT Ry SRR AT 22 i€ 22 2 (L-levodopa, L-
DOPA) IRY7 X PD K BRUBHE Y 52 Wi S mT REAILTY, D
TR T i PD WUSE AT (4 & E AL B3R T S BB it
SE A

BRELR %

1. KI5 4

{FRIEYE Sprague-Dawley (SD) K 35 H A
(180+20) g,6 JEI% , W F Ht £ =2 Be 52 55 sh 4 v
(B HAES K 11400700262380) , ScE 1A , 34 E
MoK VRE  PRAF PR TR (22+1) CC A1 12 h B I
JiA . m 3% 3 d R B AR T R4 (sham, n =
12) ,6-OHDA 21 (6-OHDA ,n=15) Fil 6-OHDA il L-
DOPA J3J7 41 (6-OHDA+L-DOPA ,n=8) , HLAIH|{E
Ji 1 d,6-OHDA +L-DOPA 4% 100 mg/(kg-d) 7
RECV MR TS L-DOPA (Sigma AR, ), HA
N s T S A i AR AR K R 8 AL
2. IREVEMERIEE

SR 6] W71, FH 10% 7K A U I8 s v
55(0. 4 g/kg) BRI B, FFA44 L E 7E I S AR E
THRE R W UE TP 2 VT 1, 3% H,0, BeXI BT 4l
ZIREEHE X, K HT R s N E A, BT
ol &t 3k 2 77 X )5 ( anteroposterior, AP ) 5.6 mm
(AP=-5.6 mm) , 5% ( mediolateral ,ML)2 mm(ML=+2
mm) &b, TR S A 4 pl 6-OHDA (2 g/L,
Sigma 2w, ) | 4 RGBT (dorsoventral ,
DV)7.5 mm(DV=-7.5 mm) Lk 1 pl/min 343 5]
B 2 A P ik SN, A TSP E N 2 /L 1Y
6-OHDA 2 wl, Sham ZH A SRR P 4073 5 A= BEER 7K
2 pl, HABARAE SRR AR, KB SN NS 2 iR 2

AL (tyrosing hydroxylase , TH) &35 B I Jaf( /D> A 4 74U
HERSI
3. REARNEMERRN

Leica CM1900 ¥V ALYI R, )& 20 pum, V1
= A5 0.75%Triton [ PBS ¥ 15 min, %4141
1%%%@;3%&02 WE 10 min, PBS % 5 minx3
W PURIE R 15 min, RS H 30 min, LT
B4 30 min, 23 B0 A S HTK B D1 ~ D5 Hit A
(1:100, Alomone 23 A, LA 4. 51)) 5 /N B BT K B TH
P (1:5000, Sigma 237, & [H) | HoAfts 20 -2 M4
/N B G0 28 2 40 Ak 2 A T 3K 570 &5 ( SP-9001 &%, SP-
9002, At 5t P AZ &M AE M BER A BR A 7], i ) 1B
BHME, RIETOCYE  HEURIER 15 min, R
A1 30 min, 10% 9 M55 2B 1 b, 02U T IR
#—¥i: (1) TH il D1 8 D2 Hifk; (2) D1 AN L
KL D2 Bk (1:50, Santa Cruz A F), ) ; (3) /)
FRPT K LA &R I R I ( glutamate decarboxylase
GAD) 44 (1:100, Abcam 23 ], %2 [® ) F1 D1 5 D2
Pk, 4 CiLw, BiRJEH N Alexa fluor594 Fl1 488
AR IC Y B S/ /I B4 (125000, Invitrogen 2
Fl L, HE) FIREE 1 h, PBS HE 3 e H A, %okt
AU (Nikon E80i) N W% 4% 1, 45 Rk H
Image-Pro Plus 6.0 E& 2 BTk 41, A H KR
B 6 skUI R fEm i B T Bl 5 HLEY , 71
B BH I 20 it 58 % Y (absorbance, A){H
4. Western blotting #& il

HA T4 5K )G 4 C 12 000 /min B0 10
min, BCA 3 E & W Hil % 10% 50 B A 5%
AT , BEAL AR 50 pg. 300 mA R FUR 8 3
£ PVDF I, 5% B a i B 1 h, A bk
FL D1~D5(1:500) .GAD(1:1000) . fdt K KUK J&
P 22 %2 [ F ( brain derived neurotrophic factor,
BDNF) Hi44(1:1000, Abcam /A ], % ) 5% TH Hi ik
(1:10000) ,4 C iR, BEMEE AR 5T F i
PEPRHEDEHFE 1 h, ECL 206, BEI IR 0B R 52 4
i =IF T
5. IR ThRER T

Fi¢ IR SRR 8 19 77 125 R A7 ST ) /N BR S
( buried food pellet test, BFPT) " 7E 45 ¢cmx25 cmx
20 cm BIAEARNEIE 5 em IR, B9 (0.5 ¢) Bl
U TR T 1 em &b, 0 R BB AN
ZEHPTIE YR, 1] 70% P98 1 15 58, B 1k
XFREEIE T, A H R U R v, T & 6
h PR G R B 41
6. Bt R &1t 24018

KH Graph Pad Prism 6.0 ¥4 idE47 481124
Bro IERSATT SR DI E bR R (& +5)



Vol.50,No.4

JAISEAE. 22 T2 ARAE B, WRER A4 3 1k B AR IR 5 2R R UM o e o ) 1 - 413 -

T, WEMWZEFIVCRA KR L BRI 250
B, 2HL 18] 9 L0 58 ik 2 7 22 5% 19 2Rk T SINK K6z 36,
FERFEHIR I Dunnet” s T3 K56, LA P<0. 05 255
Atz L,

g5 R

1. DA ZEEKRRIRBRHIR XS

B N F B AR AZ AR Y B2 )2 (cortex, CX) 80K
& (striatum , ST) AR B #% ( accumbens nucleus, Ach)
FN7 5 ( hippocampus , HP ) #8477 X} # | Western
blotting % 7~ , D1, D2 £ 1E % K OB WA K&
ik,D3 7 OB P EA# /L, D4 D5 76 OB N K WA i
FiE (K 1A)

G k2 s, DI B D2 PEME 2 e %
fili Bk JZ ( glomerular layer, GL) . #F MR JZ (external
plexiform layer, EPL) EE 40 )2 ('mitral cell layer,
MCL) fil GCL JZ2 #4431, LA GCL J2 i % %, EPL
ZHe/0 ;D3 FHYEAIMEAE OB 4% )2 ¥4 /0 #i  (H K3k
59;0B )2 K WL D4 BH M40 i ; DS PHM 40 7F GL
JENA R, FIR RS, GCL JZ AR WLk (A
1B~1G) .

2. TH.D1.D2 #1 GAD 7 GCL EfI&R X

PEDEIUFR 45 R W 7%, GCL 2 N TH 47 4k &
MR BB R (2 A) ;GCL 2N
AR E DI FHMELNME, BiAEN, 2FE 82 AT
(K 2B) , TH BH: 4 28 27 2 X K 0,28 D1 BH A 40 g
(K 2C), TH £-4H1 D2 (347 1, D1 5 D2 7
GCL 2N KRBT (B 2D ~2F) . e 58 56 Wb 52
g2k R BN, GAD 1 D1 (33K KEAA7E T GCL
2, MCL JZ /) 58 40 i 2 %3k D1 (E 2G~21,2G" ~
21’ ), GAD Fil D2 WILRIA K EAFAET GCL J2,MCL
SRR N 3258 D2( Kl 2] ~2L,2)° ~2L.°)

3. PD X GCL A TH.D1 #1 D2 Rk 351k

MR VR 8 J& Ji, 5 % B4 L #%, 6-OHDA 41
SN P TH FH 1 20 JiL Fn 27 2 9 W Ol B 5 38 R IR,
(0.24+0.03vs 0. 1120. 02, P<0.01, 8 3A~3C,n=
8) , Ud AR B i 4 AL T, TH BHM: #h 28 o0 F 21 4
GL )2, SXFIRAL LA, GL )2 N B LET
TH FH: 20 B %5t W 3 R %, (49+8vs25+4, P<0. 05,
Kl 3D~3F,n=8), TH FATELF4E7E GCL JZ=NIE Jidk
HERAZ PR (8 3D) , 5 X IRZH AL, 6-OHDA
41 GCL JZ N TH PH M 2F 2 W o B 8 3% F F%,
(0.05+0. 01vs 0. 01+0. 00, P<0. 001, & 3G ~31,n=
8) ; 5 X% R4 Lk #% ,6-OHDA 4K FL GCL 2N D1 FH
PR FEEREAR , (0 22 F T80T 27 3 L (P>0. 05)
(E 3]~3L) ., XHRZHA 6-OHDA 41 K GCL )2
D2 PHMER WO 22 R TS B XL (P>0.05)

(K 3M~30),
4. L-DOPA Xt PD KR IR IhEE R OB N GAD K
BDNF Fix #5200

X IR H 32, 6-OHDA 2 K B3k 5 & ¥ /N Ek
A lE] B S ZE 4, [ (155.3+37.35) s vs (624.4 +
113.4)s,P<0.01, 8 4A, n=81;L-DOPA JAJ7 Al {ii
GBI D, 5 6-OHDA 4K R IbEi 2% S A B3
PE[ (624.4+113.4)s vs (312.4279.35)s, P<0. 05,
Kl 4A,n=8], 5% 4 HLEE, 6-OHDA 41 K OB
P GAD FIkFEAL, H 22 R it 2= L (P>0.05,
K 4B~4C) ; L-DOPA 97 4l GAD £ik5 6-OHDA
HHEEF TG I2#E X (P>0.05, K 4B~4C)
EXTHRAL L #,6-OHDA 41K OB 4 BDNF Rik i
K, (0.0620. 01 vs 0. 02+0. 01, P<0. 05, Kl 4B,
4D,n=8); 5 6-OHDA 4 [t %, L-DOPA i 97 4
BDNF 23k & THE, (0. 0220. 01vs 0. 07+0. 01, P<
0.01,& 4B,4D,n=8)

wo®

KWL ER h A1 ] Y AT 3 S BRORR 25 A 4t )2
( olfactorylayer, ONL) ., GL, EPL, MCL, § M\ ik JZ
(internal plexiform layer, IPL) , GCL IR ER et
AWF5E M, GCL JZ N GABA figt 2 It RIf %34 D1
A1 D2 WiFAz 44, PD KA 2] GCL JZ 1) TH 274k
WD TREIE L D1 AT D2 SZ K520 GABA 4B YT
BE, 4k 25 PD By RUSE RERS 1Y & A K T

DA REANI K B A7AET OB (19 GL 2, HoRg ik i
DA S AH R ZZ R4 0 EPL 208 8 & ik 35 R a5 |
EEIFA AR R OB INA DA ZikKIA,
DA ZMA 5 AL DI AN D5 38036 i T v 4 A i
cAMP ;D2 D3 il D4 BTG FEIRANMI P cAMP ™ R AT
&I ,GL EPL 1 MCL JZ2Z40 84 D1 F1 D2 3Z{k %
ik, HATA DI RE A S SRt T IR 22K . RATE
KIL,GCL JZN GABA figtf 8 G [l it ik D1 Fi1 D2
ZR, H5FA1H ] Western blotting Fl e 41 411k 2%
KoM A5 2 i 25 2500, Coronas 258 Sl k5 A 5%
JTEAE GCL JZ K ) K& D1 Fil D2 mRNA 335,
XETE A T 45 S L HF GABA 5 DA RGAEAE
ik LI R

Il PRERE R ,45% ~97% 1 PD 3 530 i Bi
MELE AR AR IR ) . 6-OHDA #5155 SN 1 sk 7l
PRHH B Y MRBE AT ) A KT X (subventricular
zone , SVZ) A 25 240 B 7= A 1 R 28 20 B
5 WEMIITFL U (rostral migration stream , RMS) i %% |
OB, 2 MG FH | oAb 55 3 B J5 B o IRk GL . EPL Al
GCL JZ 1Y [8] # 28 oG, # #% i SVZ-RMS-OB j#
B0 SN N DA RERINZ TSR] SVZ, Il SVZ
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P11 DA ALK BUIRER Y S5 R4 A7

A. DA ZIRTEIER N Y Western blotting 455 ;B ~G. DA ZIRTEMER 1Y T HZ b4 P 455 (FRRUR 100 wm) ;B1~G1.ky BEZRAE PO K (B
R 200 wm) ; H. DA ZAHIBTE (H1~HS) X E(HL ~HS”)  ARRIR 100 wm; X2, ST.SCIRMS ; Ach ARFA#% ; HP 755 EPL. AP
J2 s MCL. BB 40 L2 5 IPL. ]2 ; GCLBURL A 2

E 2 TH.D1.D2 Fl GAD 7£ GCL JZf3Eik

A~C. TH il DI B9 EOEEE R (FRRUR 25 pm) A7 L7 EEAE ORI (B 7R 50 pwm) s D~ F. D1 Al D2 B9 G2 €453 (F7 RUR 25
pm) , #i3k7 D1 B D2 FIPERAAE ; G~ 1. GAD #1 D1 B REF AR (AR RUR 50 wm) ;G ~17 2 G~ 1 FHEN B ECR B (AR R 25 wm) |, #i3k
7% GAD BIPE DI PHEERANME ;) ~ L. GAD 1 D2 (G5B R (AR RUR 50 pm) 517 ~ L7 24 I~ L AT HE N (ORI (B RUR 25 um) | 173k 7% GAD
[P D2 B4 40

Fig.1 The expression and distribution of dopamine receptor in rat olfactory bulb

A, Western blotting of dopamine receptors in rat olfactory bulb; B-G, Immunohistochemistry of dopamine receptors in rat olfactory bulb( Bar=100 pum) ,
B1-G1,The enlarged picture in the dotted line frame(Bar=200 wm) ; H, The negative( H1-H5) and positive control( H1’-H5” ) of dopamine receptor;
CX, Cortex; ST, Striatum; Acb, Accumbens nucleus; HP, Hippocampus; EPL, External plexiform layer

Fig.2 The expression of TH, D1, D2 and GAD in the GCL layer
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A-C. Immunofluorescence staining of TH and D1(Bar=25 pm) , the upper right frame is the enlarged picture in the dotted line frame ( Bar=50 pm) ; D-
F. Immunofluorescence staining of D1 and D2( Bar=25 pum) , the arrows indicate D1-positive and D2-negative cell; G-I. Immunofluorescence staining of
GAD and D1(Bar=50 pm), G’-I’ are enlarged figures of white frame in G-I( Bar=25 pm), respectively, the arrows indicate GAD-negative, D1-
positive cell; J-L. Immunofluorescence staining of GAD and D2 (Bar=50 pm), J’-L’ are enlarged figures of white frame in J-L (Bar=25 pm),

respectively, the arrows indicate GAD-negative, D2-positive cell
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3 PD KR GCLJZ TH D1 1 D2 My L b2 e o

A B.TH 7ER BN 15 , MR HELRAE Y A S ECRR (B RUR 100 wm) 5 C2RBT TH B EGETH T, 53T HE4T LLEL, #+ P<0.01;D E. TH 7&
KB OB WIYFRIE (B3 RR 100 wm) 5 F.GL JZ TH BN RS20, 5 %0 BRAH LLEL, + P<0. 05;G \H.D J¢ E BT HE N BYOR (AR RUR 25
pm) ; I . GCL 2 TH PHYELFHEGE T3 M, 5 X BRUL LL#R, ¢ P<0.001;] K.D1 #E KRBl GCL J2 33K (F3 )RR 50 um) ;L.GCL J2 D1 et #r,
5% AL HL A, P>0. 05 ;M N.D2 7E KBl GCL 2N IYRE (FRRUR 50 wm) ;0. GCL JZ D2 Giil4r#r, S5xF R4 gk, P>0. 05

Fig.3 The immunohistochemical staining of TH, D1 and D2 in PD rats

A, B, THstaining in SN, black dotted frame indicatespars compacta of SN(Bar=100 wm) ; C, Statistical analysis of TH absorbance in pars compacta of

SN, compared with control rats, ## P<0.0l; D,E, TH staining in OB(Bar=100 pm) ; F, Statistical analysis of TH positive neurons in GL layer,
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compared with the control rats, * P<0.05; G,H, Enlarged figures of black frame in D-E, respectively(Bar=25 wm); I , Statistical analysis of TH

absorbance in GCL layer, compared with the control rats, ##% P<0.001; J,K, D1 staining in GCL layer( Bar=50 pum) ; L, Statistical analysis of D1

absorbance in GCL layer, compared with the control rats, P>0.05; M, N, D2 staining in GCL layer ( Bar =50 pm); O, Statistical analysis of D2

absorbance in GCL layer, compared with the control rats, P>0. 05
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#% P<0. 01;D.BDNF G153 07, 5% IRAL LA, * P<0. 05, % 85 6-OHDA 41t , ## P<0. 01

Fig.4 Olfactory function and expression of GAD and BDNF in OB

A, Statistical analysis of olfactory function, compared with the control rats, #** P<0.01; Compared with the 6-OHDA rats, #P<

0.05; B, Protein expression; C, Statistical analysis of GAD expression, compared with the control rats, *#* P<0.01; D, Statistical
analysis of BDNF expression; Compared with the control rats, * P<0.05; Compared with the 6-OHDA rats, ## P<0. 01

(A 25T 4l MU 25 SVZ-RMS-OB il BT # 3 OB, 540
OB PBr e ™ PD I, 3 s i 52 403 1
AR S WL A A SR A (AR A
7R, SVZ-RMS-OB il i 5 W58 #8 % 43 B T B
K WA LB, SN i 45 E AR SVZ #E A /b
{HJE: OB P GCL 4l LAt L, AHF 5
GCL J2N GAD D1 F1 D2 ik iRk W&k 2s, ol
AEH T GCL WA M A7 R T | 28, PR E1E
I, SN P DA e il 4% 59 %] OB 1 EPL MCL
FGCL 2, LA GCL JZ I % 42 | SN 555 5 114 MR i
S R S DA X S ATIHE GCL 2
K 3B TH 2T 48/ D1/D2 2 ARk &, HIR
fISE% A9 PD KE GL )2 DA fEM & o i %
1K, 5 Hoglinger =30 R /A —3, T RE S
U5 ¢ 45575 SVZ-RMS-OB i 43 45 58 fin ™ & A
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D1 1 D2 WIERR IR Rk, B KR T4 58
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TRV IS 8 A 20 N 25 42 3 BDNF 23k Fl A
AU FERE SR GABA RERMIZTC A D1/D2
WEh 4 GAD #1 BDNF 93345 . BDNF Al {2
#E GCL 20 Ji A% 5 Bl n 24 i 7 90 57 5 34 % 2
fElol | FRATREZF], L-DOPA AT 2% PD A B

LR, OB N BDNF ik THE, #2875, L-DOPA 1 G
Wi sh GCL N GABA e 4t I 1 32 (2 i
BDNF B e 2 4 VR

AR SEE T DA ZAKLE OB IYIE2 03 A L
H, &I L-DOPA /Y7 AT 2 it PD KBRS B, 3X
g5 3% OB N GABA REMIZJCHY BDNF £k
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