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Effect of Zuoguiwan on mRNA Expression of Orexin and Its Receptors in

Hypothalamus of Ovariectomized Rats
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[ Abstract | Objective: To observe the mRNA levels of Orexin and its receptors in the hypothalamus of
ovariectomized osteoporosis rats, in order to explore the pathogenesis of postmenopausal osteoporosis ( PMOP) and
the mechanism Zuoguiwan. Method: An osteoporosis model induced by ovariectomy was established in rats.
Totally 32 female Sprague-Dawley ( SD) rats were randomly divided into sham-operated group, ovariectomized
model group, 17B-estradiol treated positive group, and Zuoguiwan group, with 8 rates in each group. After 12

weeks of intragastric administration, the bone mineral density (BMD) and trabecular microstructural changes of
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femur were detected by micro-CT (u-CT), and the morphological changes of bone tissue were observed by
hematoxylin-eosin staining ( HE) staining. The markers of bone turnover in serum osteocalcin (OCN) , N-terminal
propeptide of type [ procollagen ( PINP) , tartrate-resistant acid phosphatase ( TRAP) were measured using
enzyme-linked immunosorbent assay ( ELISA). The mRNA expressions of orexin, orexin receptor 1 (OX1R) and
orexin receptor 2 (OX2R) were measured by Real-time PCR. Result; Compared with sham-operated group, the
u-CT showed that BMD, bone volume fraction (BV/TV), trabecular thickness (Th. Th) and trabecular number
(Th. N) in ovariectomized model group were significantly decreased (P <0.01), while Trabecular Separation
(Tb. Sp) was increased (P < 0.01), and the bone trabeculae were obviously sparse, and the spacing was
widened. HE staining showed that the trabecular bone was significantly rare, the structure was incomplete, the
arrangement was loose, and the spacing was widened. ELISA showed that serum osteocalcin ( OCN), and N-
terminal propeptide of type [ procollagen ( PINP) levels decreased, whereas tartrate-resistant acid phosphatase
(TRAP) content increased (P <0.01), and hypothalamic Orexin, OXIR, OX2R mRNA expressions were down-
regulated (P <0.01). After treatment, BMD, BV/TV, Th. Th, Th. N in Zuoguiwan group increased (P <0. 05,
P <0.01), while Tb. Sp decreased (P < 0.01), bone trabeculae became dense, void fraction decreased,
distribution was uniform, arrangement was acceptable, and the microstructure was significantly improved. serum
OCN and PINP increased (P <0.05, P <0.01), while TRAP content decreased (P < 0.01), the mRNA
expressions of Orexin, OXIR and OX2R in the hypothalamus were significantly up-regulated (P <0.05, P <
0.01). Conclusion: Decreased mRNA levels of Orexin and its receptors in the hypothalamus may be one of the
mechanisms of PMOP. Zuoguiwan may correct the imbalance of bone metabolism, improve the trabecular
microstructure and improve bone by up-regulating the mRNA expressions of Orexin and its receptors in the
hypothalamus, density, so as to show a therapeutic effect on PMOP.

[ Key words | Zuoguiwan ; postmenopausal osteoporosis ( PMOP) ; orexin; orexin receptor 1 (OXIR);
orexin receptor 2 (OX2R)
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M A2z 1 R AR, R P R 2R
FEES, G TP EL R RIERAREEY N
TE & FEALAAR Tt B2 25 KR AR . M —
(3£ [ Sigma 23 F] L5 E2758) s B e br 5 W B 55
Z (OCN) T BT e J5t 28 o v 5 Bk ( PINP) 407 A7 R
2 1 W T it ( TRAP) il 9% 4 932 W JBEE ) 3 ( ELISA) s
7 & (FA o A W o B, 415 35 5 20170103)
RNA 4 i8] &, 108 5 s a0 &, S8 i 220 0 i &R
& il % X (Real-time PCR) 300 & (bt 424
W) R A R 2 ) iS5 43 00 S ERSOT, AT341,
AQ131-03) ; R AR ZK -1 (HE ) e 53050 & (R a3
CEAEYRE AR A, H# S YFYFGL120-10) 5
trizol {&.57] ( 3¢ [# Invitrogen /A &) , It 5 15596026) ,
1.3 X8  Freezone-121 & ¥k T 2 AL (3£
Labconco 24 7] ) , micro-CT #1 /)N 3l ) WA X (7% =]
Bruker /A 7] ) , Eclipse 80i %I 5%2% i 455 ( H 4~ Nikon
/NE]) ,EnSPire BfigHR Y ( 3£ E Perkin Elmer {Y %54
BN Al ) . ABT 7500Veriti % PCR ( 26 [ APPlied
Biosystems 2\ H] ) .

2 FiE

2.1 259l ZERE TR H &2 R LU
ST A BT (480 g) L 1125 (240 g) L I BT
(240 g) , #AC 7 (240 g) , NI 4 1 (180 g) , % 22 1
(240 g) , o W KE (240 o) FEE AA IE (240 g) , BRE2E
ALK EZ5HK 10 L2y B AT 2 3k, 53K 120 min,
B 2 WA 4, i U8 JF W 4, 2% BE 500 mL (974
T ERHLE AR A A R B R, BV VR TR AL,
1 =50 CHY M TR T4 24 h DL E A A g
300 mL, DA% WA o 22 V% VR S 1) IS 52 I 1 AR A5 2Y
Kok 48.5% |

2.2 ZhYERIEIVE Moy 4n 25 40 L SD K RLFE
Lo AR T AR (10 H) AT ARH (30 H), % H 1w
FEE T R, A KRB 3% % B Z s )
(2 g+ L7") BRI , DT 30 43 5 X000 79 S48 5 4 o
SR FEIRG 0, DA 7 B R A R R R
3AdEFHERNTLABPIRG, | N5 2 HEEHLE
B8 AT % B D A DS TR S B i 2y o 3 AR A T
Ja AT ARAT 8 K, FARAER 24 2 4 FARABEHL
SRR HE TR R A AU A 8 K A
AL T 4.6 g- kg™ 22 FALIR T8 (K BURD &
4.6 g-kg M TF AL 60 kg & H 25245 81 g, 4800
WIS AE se N A R '), M RS T
25 pg-kg 'odUME W (5 K £ BE S AR
Uge L7 BEVR, 45 2000 FH 2R AR KR B8 ) , I T AR 48 A

BER A 2 T R B Al oK, g 2 R LS
10 mL-kg ™', AU ¥RHME B 4425, 8K 1 k,1 8 6
W 12 JJG, i A K R 3% 1% B 2 4% )
2 mL-kg ™" I T SRR B, SR IR 8 I 4k AE, BUR
105 1 L B AR it — 2B 5T o

2.3 febRAm

2.3.1  JReE I w-CT  HOK B A0 B 1, 50 B
Bl B & A A A LRI 3 3F Micero-CT 00 i 141 4
A7 BB (9 JR 3 BMID (g - em ) i /N B O = 4
AL . FHESH TR 60 kV, L 384 mA, )
PR 9 wm, CT )7 LA KAUAE 2 2% J2 1 vk #%
JELHR X 35 (ROL) k47 = 4t 5 12 4 A, 3K 15 25 )
S B RB A LRBL (BV/TV) B /N R
(TV. Th), B /N2 EH (TB. N), & /3 &) B
(TB. Sp) .

2.3.2 BEHALY R HE et BOR B MR E
S0 A PR BfE 36 (R A L L RL IS, FH 2 B U 2 TR %
W (EDTA) 5 10% W EENLES 4 J4, 58 )5 6 ¥ 7F A o
W KA R BB A ST 4 wm SRR RE AR
F HE Jefa . SRJ56 G 000 BB B F 2% B 3UBE L
%I+ ML

2.3.3 HEHbrEY OCN, PINP, TRAP &l 4R
P ELISA 3250 & ud B 45 0 % 1 3% +h OCN, PINP,
TRAP ) & &, {7 FH il 36 G 22 K DA AE 450 nm 1
JCRE A EPPAS BT A B e bR R R B

2.3.4 F i Orexin, OX1R,0X2R mRNA £ il
BT LU A vk e P BB SR g P, ] trizol
PAREUT B B RNA AT PCR 9738 . 519075 H
AP TR ) BROARAR G, R, P 1
%Ak :94 °C 30 5,94 C 55,60 C 30 s(40 FHIF)
48 SR T RE W S vk 2 Mg R, B E Ry R 7
0 b g B RSO0 R 4 F A T B R AR
(5 G

x1 31MF3
Table 1 Primer sequence
519 JF41(5'-3") PR /bp
Orexin 3% TCCTGCCGTCTCTACGAACT 133
T GGTTACCGTTGGCCTGAAG
OX1R [ i GACCCTCAGAGCAACTGGAA 120
T GCATCTTGGCAGTCTTCCTC
OX2R 3 CATCGTTGTCATCTGGATCG 124
T GCGTTCATCGCAGACTGTAA
GAPDH i TGAACGGGAAGCTCACTGG 307

T i TCCACCACCCTGTTGCTGTA
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2.4 itk SRHA] SPSS 19.0 B, $odk L
x xRN, T REFTRMPHE R T 2200 (Z40H) il
T K50 (WAL ) |, 5 25 A8 55 3R A7 4% dk A8 48 J R FH o
T 208 (Z4lm) M T K5 (FdimE) , Kb
Th. Sp #EAT XF %5 48 4 , PINP A7 F 5 AR A8 4, P <
0.05 WEFHGIT¥E L,

3 #R

3.1 XMEWERNEHERZRE SRFRHAK
B R ZH R BB BMD B3 R RE(P <0.01) 4%
NS B SRR S i, A2 I L
KRR A BMD & 3 T (P <0.01) 5 7 5 AL ZH Fi
TEHZEZERLLEITEE L R 2,

3.2 X ROPEKEBE S /NENEN  u-CT =4t
BGRB8 20 B /N B2 A G i T R 4 P el 7
B, BB AR TRIEE NG /N B2 R R
28 [ X8R, 28 22 U3 LA sRME — R AR T IS B /N
AR SRR RN, AF B N R TOW 25 A B

AT BRI B ME—BEZH ;D 22 A (1 2 )
Bl ZRAAMNENEXRRREBTNMNR=ZHEZEGHZM

®2 EFRAMEPEXREEZENHIM (v xs,n=8)
Table 2 Effect of Zuoguiwan on femoral bone mineral density in

ovariectomized rats(x +s,n =8)

21 5 Flt /g kg™ od ™! BMD/g-cm 2
BFAR - 0.27 +0. 03
A - 0.19 0. 02"
1 0. 025 0.23 +0.02%
£ 4.6 0.23 £0.03%

TS FEARMLE" P <0.01; SHAH LEY P <0.05,7 P <
0.01; 5 ALl LA P <0.01(F£3~5),

(K1), BhREEMEMSRGETTESERE R, 5
e FARH BB 2 B /N BV/TV, Th. Th, Th. N
R FBEA (P <0.01),Th. Sp 8% Jhm (P <
0.01); SR b, M RS2 A2 3 AL AL B /N2
BV/TV,Th. Th, Th. N ¥ 8] B # & (P <0.05,P <
0.01),Th. Sp BEEML(P <0.01), W33,

Fig.1 Effect of Zuoguiwan on three-dimensional reconstruction of femoral trabeculae in ovariectomized rats

x3 EHAAMEREXRRRE

BINRZEEHSHHZIE (2 £5,n=10)

Table 3 Effect of Zuoguiwan on spatial structure parameters of femoral trabeculae in ovariectomized rats(x +s,n =10)

41541 FlE/g kg™ -d ! BV/TV/% Th. Th/mm Th. N/4~/mm Th. Sp/mm
BFEA - 55.89 +8.23 0.07 £0.01 7.95£0.18 0.24 +0.03
LAY - 14.31 £2.97" 0.04 £0.01" 2.95£0.73" 0.55 +0. 10"
-yt 0.025 27.30 £1.95% 0.05 +0.01% 5.60 +0.29% 0.36 +0.01%
A ER 4.6 25.59 £1.90% 0.06 £0.01% 4.64 £0.32% 0.40 0. 02%

3.3 XEIWEAKRBEHALURHESNEN 5
i F AR L3, B A A R B /N B A 2, AR 4
SERYR SERE HEBN B AL, T BE AR 58 . 272 A ALl —
FELIE YT I, KRB /N 2 5 B A 4 b 5 B3 i B 3
Z sl e, WLE 2,

3.4 XFROPERE KRG F R EE 58
FARL e, BRI KRR TS OCN, PINP /K OF & 3%
TRe(P<0.01), TRAP i Z F+ 5 (P <0.01) ; 544
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RUZH LA, 22 A LA K R OCN, PINP 7K - B i
FhE (P <0.05,P <0.01), TRAP & & i & &L
(P<0.01) s Z2 0L 5 M — I 20 b3 22 v R4 it
FREX, Wk4,

3.5 XFEOPE KT LK Orexin K H A2 /& mRNA
FIkpysgm ST AR R, BEA A R BT i
Orexin, OX1R, OX2R mRNA FE LB E T (P <
0.01) ; HEIARIZH WAL, Z2 A FLAH R BUF e fiki Orexin,
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2 ERAMENEXRBRRBEARFERSHRM(HE, x100)

Fig.2 Effect of of Zuoguiwan on femur tissue sections of ovariectomized rats( HE, x 100)

F4 EPAMENEXRMFETRFEROZM(x£5,n=8)

Table 4 Effect of Zuoguiwan on serum bone metabolism in

ovariectomized rats(x +s,n =8) pg-L7!
==
215 "J,% . 0CN PINP TRAP
/gkg ™ -d
[PEN - 9.03+1.02  0.94+0.03 1.83+0.10
T - 7.62 £0.97"  0.84 +0.04" 2.26 0. 18"
Il 0.025 8.75+0.65% 0.88+0.02 1.70+0.17%
=b 4.6 8.87 +0.512 0.97 £0.05% 1.62 £0.27%

OX1R,0X2R mRNA £HEH BT & (P <0.05,P <
0.01); 5 Mff — B Ho A, 22 HALAH R BT B fik
Orexin,OX2R mRNA FEiE B F T (P <0.01), UL
ER

£S5 AFAXNEMEKXR T LM Orexin & EZ & mRNA Rk H
M (x+s,n=3)
Table 5 Effect of Zuoguiwan on mRNA expressions of Orexin and

its receptor in hypothalamus of ovariectomized rats(x +s,n=3)

billhs

gl Jarkged ! Orexin OX1R 0X2R
BF AR - 4.88+0.85 10.26+0.94 5.33+0.26
LAY - 1.24 £0.09"  0.88 +0.14" 1.34 +0.29"
W 0. 025 1.85+0.14  3.62+0.89% 0.78 +0.02%
ZEA L 4.6 7.40 0. 88%* 2.66 0.23% 2.41 £0.02%*
4 itig

PMOP 7E b [ 7 RS P 1 8 T B & “ B b7
CERTAEEE . P R BRI IACH W EORS E AT,
HHAER KT RIS S E R LR
Do (ENZ- R EERER) =" LT LEs,
B, IR e = B AR O S A
R UL, Al 0, A K, B AR e BB AT
JokORE , A bk g A R 56 il AN T BOR SR T
W (EHmNE - KRB -BiR) = "W EHZ
BB B R N2 R TR DR, O
e B KR, A KA K DU T A ¥

SERNBEAT B & R n L, B R TR ) B Ak
AR, BRSO T B RE RN R DL TR SR
R =R/}l N 2SR = o S = o [
W, RN ELE TR ERE TR, 8RR
AKX,

ZEVASLH B R A - 3 B - AR B
A B KON R, AN BRI E T, % 2 2 W, ok
FEAE SR, AT # T, SO OR SE B, AN JH 5, 557 46
Bl BB AN S SRR g, s IR AR E R, 5
T T, SR SR . LR B P 98, A T A IE R
HECHK 2 B, U AT 2 mMY . otk il
ALl 25 AR A D SRR R LT f RS A
JBE S 1L PRI 22, DR R A R e FR R A T R BT R
i1 I O T A0 BH, 78 A0 B 22 v A R PH 28, B B R
B Z 5 BIAS PH TR SR AN . A, L 22
BFRN B, JEORS 25 86 2 30

ZEF AR iR PMOP B £ 58 i, 2 88 4 (W T 1
e, HATH R B S 21500 . BEE M4 R gt a1t
I A B 5T OR W RO A7 58 & B, SP, CGRP,
NPY S5 25 ik T 55 8 21 20 v %) B 40 L, 1 15 4
JH, B A, BMSCs | i il 28 iRk 32 AR 45 &, X i 2H 4
9 A R, AR U A R R PR AR T T E
WU 4 5 M A 2 00 AL Ok RUBE R, & B SP,
CGRP 7£ K& B 5L 241 K BB 41 40 R K B K, NPY 7E
LORARREAAL T REF &, N HATES S
TEIEREE R R R, st
BL TR R A RIS MBS, KR M & k= 2
B T ARE K AR ) IR R 22— IRE B 22 A U LT LA
A T4 28 9 43 W il DT 38 5 B AR . Orexin £
Shy 0 i PR A 2 U, R T B ) 9 4 FE 0
KB, Orexin J& F i /MM P A= 1) 55 MR ARG, 5 52, 45k
1, BEEE I FE MO AT Ry S A DG I il 22 B, AL AR
% A(OXA) MIEHZE B(OXB)2 Fil &2 1]
Wk OX1R Ml OX2R & A/EH . H,0XA 5 OXIR
B BESE RN 7, OX2R & OXA il OXB iy 3E 1 £
Pz, Ao & B, AR Bk 2 Orexin 2%
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SECR AR BERT , £ WO IR , IR AE FIE B
I A IR 4 25 J5 A PR B R R T B A PR T R
R E LR N E T WG, A S ER
R R BP0 SCE R A T & B OXTIR mRNA 3%
ik, WET 57 4k i 38 5o 5 N i B K BUSE 36, & B
Orexin A 3 2 3 3% KM 0 AX 79 OX2R i 1 B AIK
A A v 98 22 9 7K ST SR 3G I BB B, Orexin 7] 55
K OX2R 25 G, 41 i) 5 i 28 2 B 19 5 5, (e ik
BMSCs [n] i1 4 Ml 43 £k, 38 I 98 5, x4 e 3
WE ] JE W OME L 0 Ah, Orexin 343G A0 JE B o
OXIR i 3o B AR AE 4 08 3 9 2Rk M bl 8 8 B, 12 i
F W, 3 5 5 86 b MSCs DL K BB 4n i 22 T
OXI1R 454, il MSCs U 434k , 38 5 g 43 4k,
R B WA, X B i A ) ) T B .k SR A
S F W Orexin AJ 3@ o Fp HX K 41 ) VR 8 35 B &
HOCAER R RRE . KBS B — 4 R
OXA AZ (A3 il 77 BE A 1k K B MSCs [n] Ji 1 48 A 75 i)
34k X AT fig 5 R 5 Wnt/B-1% 3 2K 11 ( B-catenin) {5
Sl A O, SR, LT R i OXIR 5 PMOP %
B 2 LA K 22 03 FL B 3R PMOP 5 HIL = 35 3 K
Orexin J¢ oAz Pt B FQ 1 09 45, [ 04 A0 SCik % R
AR

ARHFGE o R ZH K R BMD #5218 A 41 1
BEARG, AU B R R, B /NSRRI RE B E T R ) BE AR
Bi, HE B AN, 254 N 58, B E R 8RR R
PINP,OCN & & B & ™ B&, 1M i W U b &5 4 TRAP
RN E T, X BB KRG FEER™
T B WG NI TR R A B A R A 4
Jei T B P RE 7 FEOIR S A A o B 2K BT Fr il
Orexin,OX2R mRNA £k /K FEHKZ B FRA B EF
W, 2 T i Orexin K OX2R 1] 1E [ 3 5 & 1%
AR HEEIE R, Bl R, SRR SR AR AT .
A, F i OX1R mRNA F£iktg# 5 Orexin, OX2R
mRNA —F(, X 278 K BT i OXIR 25 1 Xt
H A IE R . 22 VAL ET R AR AR K
Kl Orexin, OX1R, OX2R mRNA 7K 3, & # 5 ¥ i% ,
00 B WM, W A e N R A R Al A 3 K R
B EEE R,

AR YW 5% 38 S R A B R R A E KRR A
R WER A I AL T e Orexin J2 H 27 & mRNA 3£
KW R W, B 5T 45 SR K BT B ik Orexin, OXIR,
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