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Signaling Pathway*

CHEN Xue-huan'?, WANG Cheng', GUO Fei-fef, SUN Xiang-rong', XU Luo'®
(1 Dept. of Pathophysiology, Medical College of Qingdao University, Qingdao, Shandong, 266021, China;
2 Shandong Chengwu People's Hospital, Heze, Shandong, 274000, China)

ABSTRACT Objective: To investigate the effect of ghrelin on the feeding of rats and the regulation of orexins signaling pathway.
Methods: Immunohistochemical staining was used to observe the synaptic connections of ghrelin immunoreactive neurons axon terminals
and orexin-producing and the expression of c-fos in hypothalamic lateral area (LHA). After intracerebroventricular injection of anti-orex-
in-A IgG and anti-orexin-B IgG, anti- melanin-concentrating hormone (MCH) IgG, NPY-1 receptor antagonist, food intake was measured
to observe its effect on ghrelin-induced food intake. Results: Ghrelin-immunoreactive axonal terminals made direct synaptic contacts with
orexin-producing neurons. Intracerebroventricular administration of ghrelin induced c-fos expression in orexin-producing neurons but not
in MCH-producing neurons. Pre-injection of anti-NPY IgG antibody, ghrelin still induced c-fos expression in orexin -producing neurons.
Pretreatment with anti-orexin-A IgG and anti-orexin-B IgG, but not anti-MCH IgG, attenuated ghrelin-induced feeding. Administration of
NPY receptor antagonist further attenuated ghrelin-induced feeding in rats treated with anti-orexinA-IgG and anti-orexinB-IgG. Conclu-
sion: ghrelin may interact with the orexins system to participate in the regulation of feeding behavior and energy homeostasis.
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-orexin-B IgG 2 ; (4)ghrelin+ 4 -MCH IgG 4. 7E 9:00 ], j#1:f
Ay 2 453 501 1) 5 2H K BRE ST -orexin-A IgG (0.25 ng) i
Pt -orexin-B IgG(0.25 ng) PRI G . Bt -MCH IgG Hi44(0.5
pg),3 h = 35T ghrelin(200 pmol), Xif B 4AN AT AT 2y
Py 0BRSS 2 h R

5 3805330 LR RBENLA A 6 4, 4 5 H (DI 1gG
20 i % ST L 18G(0.5 wg)s QINPY-1 2 MAEHTFH] + 1Ly
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HiF 1229U91(30 pg); (3)ghrelint Il 775 1gG 20 « M fiki 2 v 4 i
% 12G(0.5 pg),3h J5 4T ghrelin(200 pmol); (4)ghrelin+ NPY-1
SZARFEYU + 1MYE 1gG 41 Mk %= 3 5 I E 18G(0.5 pg),3h J5
5 ghrelin (200 pmol) ) [R] B i {3 5% NPY -1 32 444 471 7
1229U91 (30 wg); (5)ghrelint+ #i -orexin-A IgG Fl$i -orexin-B
IgG 4H: M= FESTHT -orexin-A IgG (0.25 pg) FIHT -orexin-B
1gG(0.25 pe)iR A7 3h J5 , FE 5T ghrelin(200 pmol); (6)ghrelin+
NPY-1 ZARFEHL 57 + $i -orexin-A IgG FIH{ -orexin-B IgG 4 :
i 28 1 St -orexin-A 1gG(0.25 wg) FHT -orexin-B 1gG(0.25
p)i AW 3 h )5, TEST ghrelin(200 pmol) A [R] I i8 14 NPY -1
SZARFEUR] 122909130 g). R Bl S A0 R 1 2459 D0l
KB 2h#Eah,
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1.6 FitF3H Ghrelin # 2850 3 50 75 T [l 5 R4 (ARC), R
BARMGETT T # ] Prism5.0, 525 h 44 L X+ SEM % orexin #1460 E B 404 7E LHA(] 1A), ARC PR HLK =
7, PRZHIRIE T 4G50, LA P<0.05 S A 22 e geit = 5 3 ghrelin #iZ2F4ERI/DiE orexin MIZZFHE(E] 1A), 7E LHA Pl

S B ghrelin #i 227 4E(1&] 1B). i LHA 1 ghrelin 405 B f
ZIUHZEA N orexin M2 IC HIEHAM(A 1B).

2 &R

2.1 Ghrelin FA orexin BJEAL

[ 1 Ghrelin S5 PR IEAHE2 TSR 5 orexin #AZTTRAMEX R
A F1 B:ARC # LHA HJ# ghrelin #8142 STl SR RAH (L1 B 585 ) 0 orexin MEZ TR BR KM . ARC: TEMSRKZ; . EEEAX; VMH: TE
FERE P A% I S8 =l =2
Fig.1 Ghrelin immunoreactive neurons axon directly contact with orexin neurons
A and B: Neurons (red fluorescence) and orexin-producing neurons (green fluorescence) are localized to the ARC and LHA. ARC: Arcuate nucleus; f:

fornix; VMH: ventromedial hypothalamus; III: third ventricle.
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ZITH c-fos RIXHIRMT N c-fos ik (B 2B). A TSCTESBL -NPY 1gG HLIR A ML
WA 2= FE 4T ghrelin J&, 76 LHA PRI IREEE] c-fos HBEfH  1gG Hifk, {HJE ghrelin {/5X 55 orexins GuE FHAE I ZE T

PEMZTT, W AU a0, RATEM: M= cfos Fik(& 2 C,D).

ghrelin A[1755: orexin G A Z 0 B c-fos (3R (A
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St A b S Gae TN N * ¥ By \); ATy RS

=3 N 72 g i -~ - ' 5 = e - S -, &
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[ 2 fMlf 22 iF 5 ghrelin X LHA [ c-fos FRikBI550m
A: ghrelin #55 orexin #12JT K c-fos Fi%k ;B: i 5t ghrelin J§ MCH #Z T AT c-fos FTik; C: T FiE 5T -NPY IgG Hiik /g ghrelin %5 orexin
HEZITTH c-fos ik ; D: FsEE S M iE 1gG HLARJT ghrelin 55 orexin #LZTT K c-fos Fik,
FIG. 2. C-fos expression determined by immunohistochemistry in the LHA following icv administration of ghrelin
A: Co-stainingof c-fos and orexin in the neurons of rats. B: c-fos is not expressed in MCH-containing neurons following ghrelin administration. C:
Co-staining of c-fos and orexins neurons in ghrelin-treated rats following anti-NPY IgG administration. D: Co-staining of c-fos with orexin in

ghrelin-treated rats following control IgG administration.

2.3 orexins ,MCH.NPY X} ZrER B K RIBERIZNE 2.4 Orexins #1 MCH X ghrelin 5 S5 & B 240
i -orexin-A IgG Fl4ji -orexin-B IgG #i {4 1E & ¥k 7T BH. Wt P TE— W5 T N IEAE orexins  MCH X ghrelin 75545

orexin-A Fl orexin-B )i, $1 -MCH IgG Hif& Hi -NPY IgG BRI, 555 IRZHAH Lo , K BRI % 1 5 1M 7 1gG $ifk,3 h
P 43 ) AT BT MCH FT NPY M/E A . RATE WA HT  JEHEST ghrelin, KR 2 h #8238 (&l 4,P<0.05), 5l
-orexin-A IgG FIHT -orexin-B IgG $ilAIE S . PT -MCH IgG #ii ¥ IgG+ghrelin ZHAH [, FiJeiE ST -orexin-A IgG Fli -orex-
RN KRB E A2 . 51055 16G AL, M EESPT  in-B lgG HiRIR G WG, FES ghrelin, SLEEEREH, bt
-orexin-A IgG FIf -orexin-B IgG HiiKIE-S W Pt -MCH IgG $i  -orexin-A IgG FI¥t -orexin-B IgG Fiii iR 41 n] & Z M ghre-
T AT -NPY IgG HofAR S8 a] pai I SR 05 254 7 (19:00-07:00) K EL  lin fRE& T VEHI(&] 4,P<0.05), {HZ, FSeiE 44t -MCH 1gG Xf
HE (R 3,P<0.05), ghrelin {245 & 1E FJC B E 5 m(E 4,P>0.05),
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O serumIgG
30 B8 anti-orexin-A and -B IgGs
B anti-MCHIgG
B8 anti-NPY IgG

w Dark-phase food intake (g)

& 3 flfd £ 5T -orexin-A IgG F0$i -orexin-B IgG iR & $1 -MCH
IgG. B -NPYIgG MW BEE&HFT AR 120 BEEHHMN
*P<0.05, 5XtERAMLL
Fig. 3 The effect of icv administration of anti-orexin-A and-B IgGs,
anti-MCH IgG, anti-NPY IgGon 12-h dark phase foodintake

*P<0.05, compared with the control group.

[%,]
J

1 4

Two-hour food intake (g)

0 =
Ghrelin - + + +
serum anti-orexin-A anti-MCH
and-B
& 4 Orexins #1 MCH % ghrelin FSE R B0
*P<0.05, SXtBRLAHE L ;#P<0.05, 5 ghrelin+ I & TgG ZH48LL
Fig. 4 Effect of Orexins and MCH on ghrelin-induced feeding

IgG =

*P<0.05, compared with the control group; #P<0.05, compared with the
ghrelin+ control 1gG group
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5 1miE 1gG AL, BSe S NPY-1 2R3 H07), KR 2
h &8 T W E N (B 5,P>0.05), 5 ghrelint+ i IgG,
ghrelin+NPY-1 SZ {45507 + 111375 1gG 41 1 ghrelin+ 7 -orex-
in-A FIHT -orexin-B IgG 21 K RIE & 15 W g /> (B 5,P<0.
05). 45 ghrelin+ NPY-1 SZ&F5H05H] + 1 1gG 41K BRAHLL,
ghrelintNPY-1 &Z K415 + $i -orexin-A IgG HI${ -orexin-B
IgG R A WA K BB =R 80%(# 6,P<0.05),
3 ik

AHFRAERRYIRELT Fefilih ghrelin M2 e 5 5 orex-
in MZICAFTER IR R . HAh, ghrelin 55 orexin 22 [B] A EAEH]
HFS5HEEE ., MGG ghrelin 7] {23F GH 43I FE
B4, Ghrelin i75 SR & GH 43 WA B AH B M S Y 72
FHOCERRGE , 7E A &M GH 43I B R R, 000G 2= v 5
ghrelin {/3$R TR R EIE ™, Ghrelin jfi NPY \AgRP DL
fL T ARC #2870 N B4R £ Bk b 28 K A il R # FEaR e /R
Bl HHFFRERY, £ ARC ) NPY/ AgRP M ZITNFFAE ghrelin
ZZ AR mRNA (933520, 3045 SCHkHGHE TP X 4T ghrelin 7J75:
40% NPY/ AgRP #Z T HiBE c-fos 1363k , [RIRHE NPY F
AgRP mRNA 7K 14, ARC 77 Ghrelin #1275, [FH}
NPY AgRP 7E4E T- ARC A1, Ghrelin #1 28 TC R 22 47 4 ] 1

5 9 %
4 4
3 4 & 2
2 4
1 A
0 4
Ghrelin - - & i + *
Y1 antagonist — + _ & &= +
IgG serum serum serum serum  anti-orexin-A anti-orexin-A

and-B and-B

& 5 Orexins 1 NPY X ghrelin i SB R HI#00
* P<0.05, 517 1gG ZB4ALL ;4P<0.05, 5 ghrelin+ & 1gG ZA#ALL;
£ P<0.05,5 ghrelin+NPY-1 Z 55 + M5 IgG AL
Fig. 5 Effect of Orexins and NPY on ghrelin-induced feeding
* P<0.05, compared with serum IgG group; “P<0.05, compared with
ghrelin+serum IgG group; * P<0.05, compared with ghrelin+ NPY-1R

antagonist+serum IgG group

JH NPY \AgRP #fiZe, nHIBCH RS iR B b i B B9 o

LAH HL{77E ghrelin Z {15, LHA EES5EEM
RE AT AR . FRASs LHA BRI H B sk, e g
RN, M LHA AR 9F R BB A A SRR E | orexin I
MCH ¥ /278 LHA NG R B AR IRI>110729 - Ghrelin A
LA PR HAE T orexin GaRE FHYERIZ 0 R 28 M, ARSI
o, FRATT R BN AN % TE ST ghrelin T 55 orexin #1282 I Hi )
c-fos ik, [HEAR LB MCH #IZI0 K c-os YL, XA
B8 S 55 B 3 R AR5 45 R — 3, B == 34 5 GHRP-6 ]
BHEFRUMLITTIN c-fos Fik, GHRP-6 & —Fp N T & BIAE K
B RIUIK, 5 ghrelin SZARE5 50, X LERFFTLE RN ghrelin
PEFE R AT fgid ) orexin I NPY/AgRP i .

NPY #2474 ] FAEAR S IFAE T orexin #i1 28 758 il figi
FEWEES -orexinA HUIRSE, AT W EWEE NPY B3 AEE
B DL BIRIRSE G SR 2] NPY Fll orexin REAE7E M H12FHE R ,
TEAETNREIR R o AR IR ghrelin Sl HH0E NPY R4:i2 5
R, RATKERTY ghrelin #{0E orexin )1 28 T0 & A&t /&l
1 NPY R4, FATWEE T4 -NPY IgG Hifkxt ghrelin 75 51
orexin I ZTT N fos FRIKMFLM, SLINEEH W R B Sed S an-
ti-NPY IgG, ghrelin {/34& 1] %55 orexin #1Z: 50N fos Rk, %
i ghrelin 7% orexin #2205 NPY #2238 BAHM AT

Orexin AMYZ HHEHEMEERTH, 557 IEIR /
SRR IIABERRAS L B B LT ARAESA, Ghrelin A 5[
orexin PZTL N H B fos )73k . Ghrelin ffEH &AEH AT B g
e 27 A ) 9 ZE M, 33%HY orexin i PHP: A0 42 0 /2 3 4
TERUEAN 22 0P XS 2 Tt A8 R 2 ARRY, I EL7E g s 4
MLP P AR 5, orexins 1280 A BETE B IR Pl A
TR IEE EEAEH.,

TEAWIFEH, A THF5E ghrelin 1 orexin 8 MCH z 8] 3
REBCR , FRATTILEE T 1 -orexin-A IgG 14 -orexin-B IgG Hifk
Pt -MCH IgG Hifx ghrelin if FHE R . AF5EH, HidE
ST -orexin-A IgG F4{ -orexin-B 1gG Hi{A ] i 2855 ghre-
lin fE S & AE M, HJ2H0 -MCH IgG Hit{A*} ghrelin i 395 &
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YERITCHI AR X S50 KOs 2 ] ghrelin W] i@ i orexin £

52 HiaERE ., S IR, CELIM NPY Z4(Y1-Y6)

JEZUA 6 FhPU, NPY f i £ 2R Y1 SZ2 RS, M)

2 T4 NPY-1 A2 (4 B0 ) b 35 [ AIK ghrelin 75 S A0 BEEL
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NPY (orexin A A HIFLFZ SRR
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IR SE R, MK % 5T ghrelin AT B B3 12T B0, I+ 74

N c-fos (YRIAPT, HAXTESS ghrelin 253845 ik £ AL

orexin I NPY i 221 BTG , Al AEIC AL 5200 27 > FIICAZ |
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K2 B R MRE 07 AR AL AT ST 4R B — 1 ) S i

& # 3L #k(References )

[1] Kojima M, Hosoda H, Date Y, et al. Ghrelin is a novel growth hor-
mone releasing acylated peptide from stomach [J]. Nature, 1999, 402
(6762): 656-660

[2] Cieszkowski J, Warzecha Z, Ceranowicz P, et al. Therapeutic effect of
exogenous ghrelin in the healing of gingival ulcers is mediated by the
release of endogenous growth hormone and insulin-like growth fac-
tor-1[J]. J Physiol Pharmacol, 2017, 68(4): 609-617

[3] Toshinai K, Mondal MS, Shimbara T, et al. Ghrelin stimulates growth
hormone secretion and food intake in aged rats[J]. Mech Ageing Dev,
2007, 128(2): 182-186

[4] Thomas MA, Ryu V, Bartness TJ. Central ghrelin increases food for-
aging/hoarding that is blocked by GHSR antagonism and attenuates
hypothalamic paraventricular nucleus neuronal activation [J]. Am J
Physiol Regul Integr Comp Physiol, 2016, 310(3): R275-285

[5] Makris MC, Alexandrou A, Papatsoutsos EG, et al.Ghrelin and Obesity:
Identifying Gaps and Dispelling Myths [J]. In Vivo, 2017, 31 (6):
1047-1050

[6] Toshinai K, Mondal MS, Nakazato M, et al. Upregulation of ghrelin
expression in the stomach upon fasting, insulin-induced hypoglycemia,
and leptin administration [J]. Biochem Biophys Res Commun, 2001,
281(5): 1220-1225

[7] Banks WA, Tschsp M, Robinson SM, et al. Extent and direction of
ghrelin transport across the blood-brain barrier is determined by its
unique primary structure [J]. J Pharmacol Exp Therap, 2002, 302(2):
822-882

[8] Janiuk I, Kaleczyc J, Kasacka I. Ghrelin-immunoreactive cells in the
gastrointestinal tract of hypertensive rats[J]. Folia Histochem Cytobiol,
2016, 54(4): 181-185

[9] Rau TT, Sonst A, Rogler A, et al.Gastrin mediated down regulation of
ghrelin and its pathophysiological role in atrophic gastritis[J]. J Physiol
Pharmacol, 2013, 64(6): 719-725

[10] Guan XM, Yu H, Palyha OC, et al. Distribution of mRNA encoding
the growth hormone secretagogue receptor in brain and peripheral tis-
sues[J]. Brain Res Mol Brain Res, 1997, 48(1): 23-29

[11] Ge T, Yang W, Fan J, et al. Preclinical evidence of ghrelin as a thera-
peutic target in epilepsy[J]. Oncotarget, 2017, 8(35): 59929-59939

[12] Sharko AC, Fadel JR, Kaigler KF, et al. Activation of orex-

in/hypocretin neurons is associated with individual differences in
cued fear extinction[J]. Physiol Behav, 2017, 178: 93-102

[13] Caron A, Richard D. Neuronal systems and circuits involved in the
control of food intake and adaptive thermogenesis [J]. Ann N'Y Acad
Sci, 2017, 1391(1): 35-53

[14] Kamegai J, Tamura H, Shimizu T, et al. Chronic central infusion of
ghrelin increases hypothalamic neuropeptide Y and agouti-related
protein mRNA levels and body weight in rats [J]. Diabetes, 2001, 50
(11): 2438-2443

[15] Sakurai T, Amemiya A, Ishii M, et al. Orexins and orexin receptors: a
family of hypothalamic neuropeptides and G protein-coupled recep-
tors that regulate feeding behavior[J]. Cell, 1998, 92(5): 573-585

[16] Karlsson C, Aziz AM, Rehman F, et al. Melanin-Concentrating Hor-
mone and Its MCH-1 Receptor: Relationship Between Effects on Al-
cohol and Caloric Intake [J]. Alcohol Clin Exp Res, 2016, 40(10):
2199-2207

[17] Paxinos G, Watson C. The rat brain in stereotaxic coordinates [M].
San Diego, CA: Academic Press Inc, 2007

[18] Perez Sirkin DI, Suzuki H, Canepa MM, et al. Orexin and neuropep-
tide Y: tissue specific expression and immunoreactivity in the hy-
pothalamus and preoptic area of the cichlid fish Cichlasoma dimerus
[J]. Tissue Cell, 2013, 45(6): 452-459

[19] Kanatani A, Mashiko S, Murai N, et al. Role of the Y1 receptor in the
regulation of neuropeptide Y-mediated feeding: comparison of
wild-type, Y1 receptor-deficient, and Y5 receptordeficient mice [J].
Endocrinology, 2000, 141(3): 1011-1016

[20] Lishaochun, Malina, Lifengjie, et al. Comparative Study on Anesthetic
Role of Chloral Hydrate on Rat [J]. China Pharmaceuticals, 2014, 19:
22-23

[21] Nakazato M, Murakami N, Date Y, et al. A role for ghrelin in the cen-
tral regulation of feeding[J]. Nature, 2001, 409(4617): 194-198

[22] Kanatani A, Ishihara A, Asahi S, et al. Potent neuropeptide Y Y1 re-
ceptor antagonist, 1229U91: blockade of neuropeptide Y-induced and
physiological food intake[J]. Endocrinology, 1996, 137(8): 3177-3182

[23] Krashes MJ, Shah BP, Koda S, et al.Rapid versus delayed stimulation
of feeding by the endogenously released AgRP neuron mediators GA-
BA, NPY, and AgRP[J]. Cell Metab, 2013, 18(4): 588-595

[24] Willesen MG, Kristensen P, Romer J. Co-localization of growth hor-
mone secretagogue receptor and NPY mRNA in the arcuate nucleus
of the rat[J]. Neuroendocrinology, 1999, 70(5): 306-316

[25] Cone JJ, Roitman JD, Roitman MF. Ghrelin regulates phasic
dopamine and nucleus accumbens signaling evoked by food-predic-
tive stimuli[J]. J Neurochem, 2015, 133(6): 844-856

[26] Takaki A, Aou S, Oomura Y, et al. Feeding suppression elicited by
electrical and chemical stimulations of monkey hypothalamus [J].
Am]J Physiol, 1992, 262(2): R586-R594

[27] Parks GS1, Wang L, Wang Z, et al.Identification of neuropeptide re-
ceptors expressed by melanin-concentrating hormone neurons [J]. J
Comp Neurol, 2014, 522(17): 3817-3833

[28] Mavanji V, Perez-Leighton CE, Kotz CM, et al. Promotion of Wake-
fulness and Energy Expenditure by Orexin-A in the Ventrolateral Pre-
optic Area[J]. Sleep, 2015, 38(9): 1361-1370

(THeSE 2297 TT)



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol18 NO.12 JUN.2018

- 2297 -

gaScience, 2015, 4(1): 62

[12] Kim H G, Oh M S. Protective Effect of Lycii Radicis Cortex against
6-Hydroxydopamine-Induced Dopaminergic Neuronal Cell Death[J].
Journal of Food Biochemistry, 2015, 39(3): 281-288

[13] Wang G, Qu F Z, Li L, et al. Necroptosis: a potential, promising tar-
get and switch in acute pancreatitis [J]. Apoptosis An International
Journal on Programmed Cell Death, 2016, 21(2): 121-129

[14] Wang C, Zhao R, Li B, et al. An in vivo and in vitro study:
High-dosage Danshen injection induces peripheral vascular endothe-
lial cells injury [J]. Human & Experimental Toxicology, 2015, 3(4):
17445-17458

[15] Peng W B, Zeng Q H, Li D P, et al. Multiple on-line HPLC coupled
with biochemical detection methods to evaluate bioactive compounds
in Danshen injection [J]. Biomedical Chromatography, 2016, 30(11):
1854-1860

[16] Cacciapaglia R, Mandolini L, Reinhoudt D N, et al. Alkaline earth
metal ion catalysis of alcoholysis of crown ether aryl acetates. Effect
of the base-solvent system[J]. Journal of Physical Organic Chemistry,
2017, 5(9): 669-670

[17] Liu Z, Xu S, Huang X, et al. Cryptotanshinone, an orally bioactive
herbal compound from Danshen, attenuates atherosclerosis in
Apolipoprotein E-Deficient Mice: role of LOX-1[J]. British Journal of
Pharmacology, 2015, 172(23): 5661-5675

[18] Yin Q, Lu H, Bai Y, et al. A metabolite of Danshen formulae attenu-
ates cardiac fibrosis induced by isoprenaline, via a NOX2/ROS/p38
pathway [J]. British Journal of Pharmacology, 2015, 172 (23):
5573-5585

[19] Wang L, Zhang X, Chan J Y, et al. A Novel Danshensu Derivative
Prevents Cardiac Dysfunction and Improves the Chemotherapeutic
Efficacy of Doxorubicin in Breast Cancer Cells[J]. Journal of Cellular
Biochemistry, 2016, 117(1): 94-105

[20] Li D, Shao F, Lu S. Identification and characterization of mRNA-like
noncoding RNAs in Salvia miltiorrhiza [J]. Planta, 2015, 241 (5):
1131-1143

[21] Li S, Shan L, Zhang Z, et al. Pharmacokinetic and Metabolic Studies
of ADTM: A Novel Danshensu Derivative Confers Cardioprotection

by HPLC-UV and LC-MS/MS [J]. Journal of Chromatographic Sci-
ence, 2015, 53(6): 872-878

[22] Zhang D, Duan X, Deng S, et al. Fingerprint analysis, multi-compo-
nent quantitation, and antioxidant activity for the quality evaluation of
Salvia miltiorrhiza var. alba by high-performance liquid chromatogra-
phy and chemometrics [J]. Journal of Separation Science, 2015, 38
(19): 3337-3344

[23] Xiaorong Hu, Weibing Dong, Rui Liu. Effects of the Addition of Se-
lenium on Trace Element Concentrations in Danshen (Salvia miltior-
rhiza)[J]. Analytical Letters, 2015, 48(3): 513-525

[24] Gurses K M, Kocyigit D, Yalcin M U, et al. Enhanced Platelet
Toll-like Receptor 2 and 4 Expression in Acute Coronary Syndrome
and Stable Angina Pectoris[J]. American Journal of Cardiology, 2015,
116(11): 1666-1671

[25] Mygind N D, Michelsen M M, Pena A, et al. Coronary microvascular
function and myocardial fibrosis in women with angina pectoris and
no obstructive coronary artery disease: the iPOWER study[J]. Journal
of Cardiovascular Magnetic Resonance, 2017, 18(1): 76

[26] Blum A. New oral nitric oxide-dependent medications for patients
with coronary artery disease who have persistent angina pectoris [J].
Coronary Artery Disease, 2015, 26(8): 639-641

[27] Kume T, Akasaka T, Kaji S, et al. Relation between Angina Pectoris
and Coronary Flow Reserve in Patients with Aortic Stenosis and Nor-
mal Coronary Artery [J]. Analytica Chimica Acta, 2016, 912 (2):
165-168

[28

=

Yildiz B S, Bilgin M, Zungur M, et al. Manual Thrombus Aspiration
and the Improved Survival of Patients With Unstable Angina Pectoris
Treated With Percutaneous Coronary Intervention (30 Months Fol-
low-Up)[J]. Medicine, 2016, 95(8): €2919

[29] Prasad M, Wan A W, Sukmawan R, et al. Extracorporeal shockwave

[}

myocardial therapy is efficacious in improving symptoms in patients
with refractory angina pectoris--a multicenter study [J]. Coronary
Artery Disease, 2015, 26(3): 194-200

[30] Maag R, Foy A, Maag R, et al. Post prandial angina pectoris: an un-
common presentation of severe coronary artery disease [J]. Journal of
the American College of Cardiology, 2017, 69(11): 2437

(#2252 1)

[29] Habeeballah H, Alsuhaymi N, Stebbing MJ, et al. Central leptin and
resistin combined elicit enhanced central effects on renal sympathetic
nerve activity[J]. Exp Physiol, 2016, 101(7): 791-800

[30] Horvath TL, Diano S, van den Pol AN. Synaptic interaction between
hypocretin (orexin) and neuropeptide Y cells in the rodent and pri-
mate hypothalamus: a novel circuit implicated in metabolic and en-
docrine regulations[J]. J Neurosci, 1999, 19(3): 1072-1087

[31] Kotagale NR, Upadhya M, Hadole PN, et al. Involvement of hypotha-
lamic neuropeptide Y in pentazocine induced suppression of food in-
take in rats[J]. Neuropeptides, 2014, 48(3): 133-141

[32] Murakami M, Ohba T, Kushikata T, et al. Involvement of the orexin

system in sympathetic nerve regulation [J]. Biochem Biophys Res
Commun, 2015, 460(4): 1076-1081

[33] Rorabaugh JM, Stratford JM, Zahniser NR, et al. A relationship be-

[y

tween reduced nucleus accumbens shell and enhanced lateral hy-
pothalamic orexin neuronal activation in long-term fructose bingeing
behavior[J]. PLoS One, 2014, 9(4): €95019

[34] Inui A. Transgenic approach to the study of body weight regulation
[J]. Pharmacol Rev, 2000, 52(1): 35-61

[35] Wieland HA, Engel W, Eberlein W, et al. Subtype selectivity of the
novel nonpeptide neuropeptide Y Y1 receptor antagonist BIBO3304
and its effect on feeding in rodents [J]. Br J Pharmacol, 1998, 125:
549-555



