cJ

BAE At

: http:/ /www .baishideng.com/wcjd/ch/index.aspx
: http:/ /www.wjgnet.com/ esps/helpdesk.aspx

DOI: 10.11569/wcjd.v23.i113.2091

2015 5 8

© 2015

; 23(13): 2091-2097
ISSN 1009-3079 (print) ISSN 2219-2859 (online)

HERIE B R SR B R L 51k

REVIEW

100053

100029
, No. 81173259
, 100053,
5,
tina_yai@126.com
: 010-88001166
:2015-01-31 : 2015-03-17
:2015-03-18 : 2015-05-08

Establishment and evaluation
of animal models of diabetic
gastroparesis

Jia-Xing Tian, Min Li, Zhong Zhen, Jun-Ling Li,
Yang Cao, Shao-Hua Yan, Xiao-Lin Tong

Jia-Xing Tian, Min Li, Zhong Zhen, Shao-Hua Yan, Xiao-
Lin Tong, Department of Endocrinology, Guang’anmen
Hospital, China Academy of Chinese Medical Sciences,
Beijing 100053, China

Jia-Xing Tian, Jun-Ling Li, Yang Cao, Graduate School,
Beijing University of TCM, Beijing 100029, China
Supported by: National Natural Science Foundation of
China, No. 81173259

Correspondence to: Xiao-Lin Tong, Professor, Chief
Physician, Department of Endocrinology, Guang’anmen
Hospital, China Academy of Chinese Medical Sciences, 5
Beixiange, Xicheng District, Beijing 100053,

China. tina_yai@]126.com

Received: 2015-01-31 Revised: 2015-03-17
Accepted: 2015-03-18 Published online: 2015-05-08

Abstract

The incidence of diabetic gastrointestinal
disease, one of the most common complication
of diabetes, is growing in recent years.
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Establishing an adequate animal model
of diabetic gastrointestinal disease could
effectively lay a solid foundation for the
exploration of its mechanism and treatment.
The rate of gastric emptying in diabetic
gastrointestinal disease varies from acceleration
to deceleration in different stages, and there is
a lack of objective indicators to evaluate it. The
establishment and evaluation of animals with
diabetic gastrointestinal disease is still in the
exploration stage. In this paper we summarize
the establishment and evaluation of animal
models of diabetic gastrointestinal disease. We
compare the advantages and disadvantages
of these animal models, in order to provide a
reference for further study and treatment of
this disease.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.

Key Words: Diabetic gastrointestinal disease;
Animal model; Evaluation

Tian JX, Li M, Zhen Z, Li JL, Cao Y, Yan SH, Tong XL.
Establishment and evaluation of animal models of
diabetic gastroparesis. Shijie Huaren Xiaohua Zazhi
2015; 23(13): 2091-2097 URL: http://www.wjgnet.
com/1009-3079/23/2091.asp DOI: http://dx.doi.
org/10.11569/wcjd.v23.i13.2091

2091

¥ 4 % #

E1@ 15 % 8K

2015-05-08 | Volume 23 | Issue 13 |



B4 44 78

JRaishideng®

13C_

© 2015

2015; 23(13): 2091-2097 URL: http://www.wjgnet.
com/1009-3079/23/2091.asp DOI: http://dx.doi.
org/10.11569/wcjd.v23.i13.2091

03I

B R 5 5 o A o — i LUKE PR 583 B LK
FERE S HE 2 2B IR I ZRAAIE, IX 2 W R & L
HI3FRAEZ —, 1958 %% Kassander B 3
H, HFERRAAER E K, o, Xk, BE
P, E — TRURE PRI SR I 104 fr) Ife PR W %
H, 5%-12% ) B A B s B Re k™, Bl bR
0 B WA — BT, R AR IR s o e DA
PR AR R B, TR AR T R A S R
B AR KRR v A B B, AR B AT A
IS B EMAETIREEAL. MLk, Bl
BRI RHE . TN IS A 5 800 i L
AR AT YR I i ER R ) G I PRRE
R, AEGE B w AL AR R R A IBAEALE, 1%
25 ZIREM G, AR MIRA Filis B iniE &
L, FEUR B RS, Btk B

WCJD | www.wjgnet.com 2092

(IR PR B P AL sh WA AR, IR N TR A
BL, K NI R BIIA A 3R B 4. A TR IE
SESRME BRI B I AL A 5% sh AR R ) 3 ST B
LA TTENE LI,

1 FEERIR B IR s IR BU R T
1.11 SCERRGE 2
FER BRI R B i A, B
HAVPAL J7 R BT OC. X T 1 8808 JR 5 K iR
RSB i) £, R IS K 25 ) A2 B IR A T R
(streptozotocin, STZ)F Y4 MENE (alloxan, ALX).
STZAALXE IR B Pk & pa ™, 18
e 2k o WA T fe, T RCAS W] T AR JR 5 2% A0
FRBE PR o, B A s R 10 32k e T2 UK PR3 1 W
AR, AR LG, STZXIRLM S 41 2
FETHAG. B R, MOFI 24 T
iR 2 M, STZIG I VE S5 77 8 7950-100 mg/kg
ANEE, H T N60 me/kg!™, Had A E A
B PRI AR 5 2-24 wk. T & i 1/ B &R
BHECSTBL/6 EEWI /N B S, STZEN 7 fE
100-200 mg/kg [A], & A Bt 5 4-24
wk!" AL X #% #7254 71 #°50-200 mg/
kg ANEE, G A 1O W PR R S 412 wk.
AR PR E Y AE R R, fEALXS
SRR B AL SRR BT T vk, KA
& AL FF S AR 2 wk, K3 B HE 2 R T
E N

FE 1] £ 1 BURE JR i 1 W3 28 K BRRE Y )
Wrgeh, ARFIRBIRR4. 8. 12 wkith B
SE U 81 1 95(postsynaptic density protein 95,
PSD95). R &E - I (synapsin- [ ) &R
K& (p-synapsin- [ )FJRIEEAC, HEEERE
o R T 3 ek, BN LE B R ek R i R R 1
TE gt & 2 4 (enteric nervous system, ENS)
IR i 4544 Dy e B IRGR BB B I M ES. A A
WF O T B PR K RSB S5 6 wk R
A= KB ER AR 4 WA 3R 2 R (growth-hormone
secretagogues, GHSs-R) %% [H 428 TR
B, Ghrelin 2 FARAIE R G+ Ghrelin®
PRFRIEKF TR, 2B NS TZ5 5 A R K
BRAEES wk /T 1 RS R P B 4 iR R e )35 1 &
R I GAR AT ST AR TE BT 7T, 45 B R R RE
2 N G2 0 10 A RA M DR Y 2 b, B
FER R BRAEIR B RO Z B L, B R0
%) T 24 i [ 5 4 R A s 3 P T e K G4 it

2015-05-08 | Volume 23 | Issue 13 |



()53 L8 HE S B 52 B — 8 AR BE R0, 17 2
IEEEZE . H R W E B
WE 7R BB PR KR 12 wki, BS54
(15-32 th Jle 52 R 25 36 22, 80 P9 70 b 4 R 1
B2-'5 LR E Ae AL NG TE YA /b, Cajallf]
J 40 B (interstitial cells of Cajal, ICC)5 HiAth
Y11 2 ] ) 28 B T 2 S 2 0/, T B R R ek
A LRRIRRTAK . I REARRY, B8 sy
AR EL, LB AAER. A ORE R B
e A sE g b, B4 O 2 5 SCEkRkoE
T WE PRSP B 0 AR 1 HE A AR A H i
FEIR [ R B2 Py 2 S I %
B BRI B S 1 w14 wk B HEZS XS HEJRE
W IR

1.2 2 ] 2% It B e i
TEME2-16 wks eI &, BIEERE . =R
W AR R, W B AL, BEA =
STZ(25-40 mg/kg)RH Ik & BAH I (1) 358 73 Dy RE,
IR/ R 5 2R 43 b, DT T F A 2 25 At e
PRI, B s A 2 i D PR AL s A
WILAR BN )iz, b R PAWistarFISD Ky
E, AR N R AR R 5, IR
B R R S 10-24 wk. TEREE 52k,
HHIBHSTZHA R HEE, WHASHAM
A e R R (1 W v T AL SR B i A
PRACN, 5 A R T P s O iR L B, %
e A R 2543 5 Sl AR I pE fR v £ 2 300,
bty R H B, WH FRAE
1, B0 T S B,

1] 24 2 U0 PR 15 9 A8 DR BRASE AR 1) 1t
FoH, A HRCGE R A ST A0 R IR T (stem
cell factor, SCF)FRIA/KFBE(K, A3 HICCH
P E MDA EL, W E 3h 7 R
BRI A, 24 wkIL N &, AR
W5 ORI A R I A R T, 4 R RO
4 wkizBETFiE, 24 wkiN 48 AR 35 0w IR
AR N OULEE I B AR A, LA i
W R FEAR S, U E AR I, B3
P, BER R R, I R E N, B A
I A p /b, B I A e, R A R A s gk
A, B IS, MR INHERE N B 738 P s
PRI 5N B i T R T P IR A 8 1R 1T 7,
B TR N2 BWE R R 520 wkH R
BAKES BB 2R AR R, BH
B F398 55,

Beishideng®  WCJD | www.wjgnet.com

1.3 %K)
PR R BN R ZAT T N TR, 75 3R
DL R ARE PRI, T R R AR PR 1
SRR, SCHlR %S PR A (1 R A
WA8-24 wkP P fE TR B R MRS
PRI S KRBT o A — N Z 5
7, IR REIR B R, R R P A, X
U Zh W) T AE R, R 2 ) S R A% PR RE AR,
AR L RURE R B s A i sh s L, 5 —
KON FARPUME O, L R
K, NEIFEELE, 2800 R B A2 sh
AL PINOD/)N il (non obese diabetes mouse)
AR, A R RUE RIS 1S W AR AR A )
R %2/ NERCOATCL-ICR & & /N BRATAE I
CTS(F W B 5 &V ) PRI /N BRI 5% 24 58
Mk, HAEREZRR, RUWELIK. LK.
T, MUE R TR, AR R BT, s
LEEANE T mo, 38 LT B MUAE, S50 1E i
75 AR 325 ] S 5 9 S AR ) R D S R
PAARIE B B 22 7= 4. db/db/)s B (diabetes
mouse) ] H Tl 2 2 BUbE JR s B W AR A A,
HHC57BL/K sJIfE 55 A8 BL bk 5 e o Rk B vk 183 4%
LTI oR, Sh7E T molt FF oA & L K Bk, 4k
T 7 A T TR e IO PG % 3R, B R I 2
THe, BHAE10 mo LT, ob/ob/INEL [AFE
AR A R S AR AR, LR AE ML
FEH Tleptin B RIAR 5, RANTHEIR A4, 51k
HURE T v, RIS SR 5 3% o Wl i 7 AR Jo 5 3
I, 5% F FHob/ob/s AR LU FR% B
PR R B22-27 wkitl B HEAR R B EKT
10-11 /5 #54,

1.4

OnomaZ A F k=S STZ(30 mg/kg).
ALX(50 mg/kg)iEA7 ¥ IR B M 28 RAR L )
HENT, SZO6 R B ORE BT S AR IS B HE
ZSGEIR, HARIAL R 11 ke e R IR e 2
BIEHE RMAE A4 E L. BREHE A
R L) 2 7 Ao £ D7) W7 A /0 B e ik 3 S e
o L 2 SR B 8 ) KB, Takeda
ST SR BT S TZ(30 mg/kg) i S b bR
RJG15 mo, ZI472/5M R ML T B HE 1EIR. 5K
RS FH R AR R R AR A,
H L300 pg/kgiE AT ALX 31K, BREA
FRAE A s i 2 wk R R A AR R A,
0zakiZ5P 3858 #minipig, LA300 mg/kg]

2093

A XA

2015-05-08 | Volume 23 | Issue 13 |



E1® 15 # 4

J3aishideng®

B KT ST S TZ 3 UM A =k i 80wkl 4%
minipighl /R 5 Wi AR AL, 2% R8BI AR |
PR TAE MR, H TSR 7T
MR AR 22 A58 R B A /0N B ) 4% PR 15 1 s A2
Rtk

2 RBIRRBIHRZ YIRS

2.1 BC- H201H 20804EA, PC-2¢
FRIP ARG TF 4R vz A T B HEZE, 8 H
T R A A T U AN A 4 A, s
HFshscieh Rl E5 . RN

F T3 BIREIE. S50 R R R 3R R Y
ERAEARIL, FRRAE H A SRR, T2
I I N TE T AR BRI P C o, M, X
AN AR Y BR D 2R B HE R B, APCOo,K
SPEAR AR SR S B B PR HE A Y, AR 2 ik
B, IR BRI A T AZKK/N R E T
chamber13& B == HE /N IEREE, H5 EC-
FERAE MR TN, LA FAL R b
BB 45 2 AT O AH S 45 24 5 IR W L SURE, 15
B X AR ECOL M, S0R A COMH 2 %
Iy iZ i AP CO, B, 421 C OB A (Al
I 1F) 5% R A 2k, T8 5 i 2 T AR IA 2R AR
— 2P ARG A], BRIy HE23 i A, BEN B
BCO, AU AE A 7 i ),

2.2 (single
photon emission-computer tomography, SPE-
CT) SPE-CT H R # i\ 2 ME B k2 )& hr
#E, FRBORAR B AR AR B HE DU
P-FEAA B R I E, BA REUTE. %
AT, EEMEA . G A I AR AR
HARBRAE 2 BN, BRRAE ALK, Ka
99mTe-DTPA R [ K ABRHEN B W JE, SLRIKG
PN R 2 sl D e o 5 e 2 T
THEALIBZ IR, PUK IR Y H AR IXATTR
SRR PR R AR, L BT B R HEA il 2
J% 4= B Ak R (GET1/2),

2.3 BT B R N T AR
BAZIK B S Y e B LLIEE R, 15
minJ5 458, FIEIFA LB IAEAT], B A
BRI E . 1 E KRBV, DK
B NED, B b Vel — I e fe = 0 T E 2,
I E ENaOHALHHR S0 B, DUE & B
MA=ZH R EEA, B0 R EHR, Dy

WCJD | www.wjgnet.com 2094

66 EE TN 5 S By 21RO A, ) BOE =
Py LI I NAR B LU R 25 087K . NaOHAN
SR OB RS, W WOt B B AR by
SIWROFEAE. BERLZhA I B HE 2 o (1-520 By
ST W FEE AR/ B 1 T3 2T W ' JEE 1) X 100% 14
Py LA I 3 VR ANE T 5 B, MOE DA A
TR S HLAT A 2410 SR PR A

24 45 TR R IR =
SN/ ARIKHEE, 15 minf5 A0S, HIREHH 4256/
Wt TR S /N Fa 3 = Rk i &
AT THE LR B (cm)/ A | 1HE LWL 2 /N R B RE
2 (cm) X 100%"7". /N it 5 R Wy 20 A 5
HEAETEENE.

2.5 Zorikizs G E D, B
PR ERAE Dy S50 B AR B Zh W B TR B N S
RIS, F B S shid s A0E S B g sl &,
DB BT 0 7 F 32 3 e FE O 2R 48 D IE 1,
T A5 AN [] B ) 000 1 5 2 M R AR 1)
RNIAE, B8 A SR RS R I T) AT  ARf 2R AR
A = GAPBE-1EH )/ 1EHE X 100%. A H
T FEA R A g B iz s g

3 &P

Choun g% " ilfs R W 5295 50 8 3k 104F ) 1 B 0
27U PR B, R IURE PRI B W0 7 1 R
EL A1 43 530 M 1.0%4110.2%, $#oR & A B ik Ar
{10 AU 13 v T2 B R 35 53 A BT X B R
I KR AP AE Y A R PR T HEAT 4 A
) = RS It T e, 1 RRT 2 TR B PR B (o) 3 AR
— S H AT FCHOE AU R B AR
PRI B 2 T2 2 A e PRV T 9 2 A4
T8, (I PR A 2 2B PR B 0 78 R 2R 2= B
5 BE NBERR ST =, AERE RO I R e A
Ak H B AL, R 5, 2BYHE R B
IR A DR B i S 350 A ) U 1 R R
BN RY AR, ELAAR AR AS ] 1) T4 it 22
MU FC 0 75 [ EAT 168, 38 B RORE A
(AR R TEAS B B R M R B A Y, 1% 254
RIS 5 VR0 JRpG KB ], B &8N
BRI K, (H BB AR 8 M i i AR ALY
B PR IDS ZN PRI JE A, BN K, Ak, H
BT AL TERRI B, MR V2 M. 78 AR R A
WEFE A, — 07 T SN0 R B 1996 22 7 EEATL
H IR ANAZ I 53— J7 A B ZAAS [ 2K B
PRI 512 B W A8 B AR S5 X ), AT 51 62 v

2015-05-08 | Volume 23 | Issue 13 |



(RG22 57, Xoh b — 20 ot 1k () BB A
ZiHA EEE L.

TESh R R s S i FE rp, A T AL XN
i % 73 W5 Dy B RH IR AR BE B R 7™ B, STZ X S 2
PR FETIRAR . B R R,
Tt E BRI % &, W2 HSTZAE
NIRRT BN Bl AR 2 g ST I R S
TG —hriE, CHRIRIE11.1-16.9 mmol/LANEE,
{HSEBREEAE B BB 1 e & ) e LA )
SR, B EYAE S RDIRAS T R
FEAR B 1 R JTE 1 R B ROE R IR, M
1] £ A TR B R IE 22 HE v FASE ITLRE F) E SUARTEE.
L A1 X 3 A 31 1) 0 AR SR A7 R R I 5
W, TEA 2R OB PR 1B s A2 A JE A
NWE R T ST R R12-24 wk, 43 2 R
K, fEAFRERR, AHICHRIE T30 UERE PR B
J¥ 03 S A5 2 o — A B S IR 2 A (AR
P FES L N B SR FUAE2-6 wk B B
A LVHEZE Ity X, 8 wkbA b B HEAS B i
IR E, WO DR 48 S50 B 9 i RS B 7
LR SO JE WS [A), DL g ST AR AN FF
AR I, A RV Al S
A PR 38 A ST SR 15 9 7 A5 B iff
e M B

FERRL VP4l 75 T, AH B 55— & DLABE TR
SRR A PR VB TT 45 B IR 0 B 1R
I 7K P B R AR 15 ST, B R S B AR
B ARG A VAl bR e, B AT 2
(7 VEALRE I 2135 /N HERE S 0 5, P ol
T 15 & A FEEN ) AR AN, AR TR A,
T B WHEZS BRI AT, A e E AL 2R
Wi 5 W A8 N S b 4 RS B iz L 7E 3 )
LR ISPE-CTJ7 i, %75 4 R LR B JR 9
3 A2 E AR R A W PR <A, AR
Wtk 240, TEE. fFadmdE
(RE R, AETE SR I AR AR A7 7E — 8 1 R R 1,
DA 0w Ay CRIE S B 342 B i i 20 P v A
AN ST RRZG, SRS B T P A BRI 3 420 (1) A
P ERAS, 8 T3 YE 4 B ) AR E,
IXFPAT b o0t S 45 = AR 22, MUZTT
WAz s AT R R I e 3. AT B
LRI 7%, P C- 2 BRI B A e 4
WREMFIA L, B TR AR
fEAAESE, WA Z AN, [N CRkiE
A%, & Jaht g el 22ikis A AR IR A T i

Beishideng®  WCJD | www.wjgnet.com

SE SN A AN

PRI P93 2 (0 s WA R AR 0 1 4
W PRI B FLALRE PR3 I A RE AR, I S T
PRI HR P B g —, BERRNE
Fradia A2 R R K3 e, HAOm SRR L 25 B
AR 7 ] o RN SR T R 53 A, B PR
B AR R 5% 2 PR RN, FRAT B )R AL A
LN EWE PRI P I A2 14 45 K0 Th RE 2U3E 14 77
R —E 2R, I, AT R B R LR
PRIGENIRER, DLSEAT S8 R 1B v 22 A0
A SRR, D e R R R R, A
Wi R N HBHIE FE B3 V6 B PR s A B AR AR
MS%.

4 ZEINE
1 Kassander P. Asymptomatic gastric retention in

diabetics (gastroparesis diabeticorum). Ann Intern
Med 1958; 48: 797-812 [PMID: 13521605 DOI: 10.732
6,/0003-4819-48-4-797]

2 Revicki DA, Rentz AM, Dubois D, Kahrilas P,
Stanghellini V, Talley NJ, Tack J. Development
and validation of a patient-assessed gastroparesis
symptom severity measure: the Gastroparesis
Cardinal Symptom Index. Aliment Pharmacol Ther
2003; 18: 141-150 [PMID: 12848636 DOI: 10.1046/
§-1365-2036.2003.01612.x]

3 Parkman HP, Hasler WL, Fisher RS. American
Gastroenterological Association medical
position statement: diagnosis and treatment
of gastroparesis. Gastroenterology 2004; 127:
1589-1591 [PMID: 15521025 DOI: 10.1053/j.gastro.
2004.09.054]

4 Maleki D, Locke GR, Camilleri M, Zinsmeister AR,
Yawn BP, Leibson C, Melton L]. Gastrointestinal
tract symptoms among persons with diabetes
mellitus in the community. Arch Intern Med 2000;
160: 2808-2816 [PMID: 11025791 DOI: 10.1001/
archinte.160.18.2808]

5 Bytzer P, Talley NJ, Leemon M, Young L], Jones
MP, Horowitz M. Prevalence of gastrointestinal
symptoms associated with diabetes mellitus: a
population-based survey of 15,000 adults. Arch
Intern Med 2001; 161: 1989-1996 [PMID: 11525701
DOI: 10.1001 /archinte.161.16.1989]

6 Jones KL, Russo A, Berry MK, Stevens JE, Wishart
JM, Horowitz M. A longitudinal study of gastric
emptying and upper gastrointestinal symptoms
in patients with diabetes mellitus. Am | Med 2002;
113: 449-455 [PMID: 12427492 DOI: 10.1016/S0002-
9343(02)01228-7]

7 Punkkinen J, Farkkila M, Midtzke S, Korppi-
Tommola T, Sane T, Piirild P, Koskenpato J. Upper
abdominal symptoms in patients with Type
1 diabetes: unrelated to impairment in gastric
emptying caused by autonomic neuropathy.
Diabet Med 2008; 25: 570-577 [PMID: 18445170 DOI:
10.1111/j.1464-5491.2008.02428 x]

8 Kashyap P, Farrugia G. Oxidative stress: key
player in gastrointestinal complications of

2095

2015-05-08 | Volume 23 | Issue 13 |



J3aishideng®

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

WCJD | www.wjgnet.com

diabetes. Neurogastroenterol Motil 2011; 23: 111-114
[PMID: 21226884 DOI: 10.1111/j.1365-2982.2010.
01659.x]

Chandrasekharan B, Anitha M, Blatt R, Shahnavaz
N, Kooby D, Staley C, Mwangi S, Jones DP,
Sitaraman SV, Srinivasan S. Colonic motor
dysfunction in human diabetes is associated
with enteric neuronal loss and increased
oxidative stress. Neurogastroenterol Motil 2011;
23: 131-138, 26 [PMID: 20939847 DOI: 10.1111/
j-1365-2982.2010.01611.x]

Szkudelski T. The mechanism of alloxan and
streptozotocin action in B cells of the rat pancreas.
Physiol Res 2001; 50: 537-546 [PMID: 11829314]

( ) 2006; 34: 17-20

SD

2006; 26: 52-55

Watkins CC, Sawa A, Jaffrey S, Blackshaw
S, Barrow RK, Snyder SH, Ferris CD. Insulin
restores neuronal nitric oxide synthase expression
and function that is lost in diabetic gastropathy.
J Clin Invest 2000; 106: 803 [PMID: 10995791 DOIL:
10.1172/]JCI8273C1]

2003; 9: 37-39
' ' PSD95
Synapsin-
2010; 18: 1417-1421
, . Ghrelin
2012; 20:
2665-2671
' , , . Ghrelin
2007;
15: 3617-3620
G . 1997; 5:
156-159
B2- 5-
2004; 12: 297-299
Cajal

2003; 23: 116-117
Ariga H, Imai K, Chen C, Mantyh C, Pappas TN,
Takahashi T. Does ghrelin explain accelerated
gastric emptying in the early stages of diabetes
mellitus? Am | Physiol Regul Integr Comp Physiol
2008; 294: R1807-R1812 [PMID: 18385464 DOI:
10.1152/ ajpregu.00785.2007]
Ariga H, Nakade Y, Tsukamoto K, Imai K,
Chen C, Mantyh C, Pappas TN, Takahashi T.
Ghrelin accelerates gastric emptying via early
manifestation of antro-pyloric coordination in
conscious rats. Regul Pept 2008; 146: 112-116
[PMID: 17913258 DOI: 10.1016/j.regpep.2007.08.
022]

2008;
13:35-38

2096

25

26

27

28

29

30

31

32

33

34

35

36

37

2004; 24: 98-100

2005; 14: 672-673
, . SCF
2006;
31: 824-891

’ ’ ’ 1 ’

2011, 31: 2260-2262
Osinski MA, Brown DR. Orphanin FQ/nociceptin:
a novel neuromodulator of gastrointestinal
function? Peptides 2000; 21: 999-1005 [PMID:
10998534 DOI: 10.1016/50196-9781(00)00240-0]
DGP
822-825
Choi KM, Kashyap PC, Dutta N, Stoltz GJ,
Ordog T, Shea Donohue T, Bauer AJ, Linden DR,
Szurszewski JH, Gibbons SJ, Farrugia G. CD206-
positive M2 macrophages that express heme
oxygenase-1 protect against diabetic gastroparesis
in mice. Gastroenterology 2010; 138: 2399-2409,
2409.e1 [PMID: 20178793 DOI: 10.1053/j.gastro.
2010.02.014]
Ordoég T, Takayama I, Cheung WK, Ward
SM, Sanders KM. Remodeling of networks of
interstitial cells of Cajal in a murine model of
diabetic gastroparesis. Diabetes 2000; 49: 1731-1739
[PMID: 11016458 DOI: 10.2337/ diabetes.49.10.
1731]
Crowell MD, Mathis C, Schettler VA, Yunus T,
Lacy BE. The effects of tegaserod, a 5-HT receptor
agonist, on gastric emptying in a murine model
of diabetes mellitus. Neurogastroenterol Motil
2005; 17: 738-743 [PMID: 16185313 DOI: 10.1111/
j-1365-2982.2005.00681.x]
Choi KM, Gibbons SJ, Nguyen TV, Stoltz GJ,
Lurken MS, Ordog T, Szurszewski JH, Farrugia
G. Heme oxygenase-1 protects interstitial cells of
Cajal from oxidative stress and reverses diabetic
gastroparesis. Gastroenterology 2008; 135: 2055-2064,
2064.e1-e2 [PMID: 18926825 DOI: 10.1053/j.gastro.
2008.09.003]
Asakawa A, Inui A, Ueno N, Makino S, Uemoto M,
Fujino MA, Kasuga M. Ob/ob mice as a model of
delayed gastric emptying. | Diabetes Complications
2003; 17: 27-28 [PMID: 12505753 DOI: 10.1016/
51056-8727(02)00198-8]
Onoma M, Ozaki K, Yogo K, Monnai M,
Muramatsu H, Kamei K, Kawabe Y, Hayashi S,
Shiga T, Matsuo S, Suzuki M, Itoh Z, Omura S,
Takanashi H. Mitemcinal (GM-611), an orally
active motilin receptor agonist, improves delayed
gastric emptying in a canine model of diabetic
gastroparesis. Clin Exp Pharmacol Physiol 2008; 35:
788-796 [PMID: 18346169 DOI: 10.1111/j.1440-
1681.2008.04924.x]

i ’ ’ ’ ’ i

2008; 29:

. 2003; 23: 267-270
Takeda M, Mizutani Y, Yamano M, Tsukamoto
K, Suzuki T. Gastric emptying in diabetic
gastroparetic dogs: ffects of SK-951,a novel
prokinetic agent. Pharmacology 2001; 62: 23-28

2015-05-08 | Volume 23 | Issue 13 |



38

39

40

41

42

J3aishideng®

[PMID: 11150919 DOI: 10.1159/000056068]

2008; 46: 36-37
Ozaki K, Monnai M, Onoma M, Muramatsu
H, Yogo K, Watanabe T, Oda Y, Katagiri K,
Arakawa H, Itoh Z, Omura S, Takanashi H.
Effects of mitemcinal (GM-611), an orally active
erythromycin-derived prokinetic agent, on
delayed gastric emptying and postprandial
glucose in a new minipig model of diabetes. |
Diabetes Complications 2008; 22: 339-347 [PMID:
18413164 DOI: 10.1016/j.jdiacomp.2007.03.005]
Bennink R]J, De Jonge W], Symonds EL, van den
Wijngaard RM, Spijkerboer AL, Benninga MA,
Boeckxstaens GE. Validation of gastric-emptying
scintigraphy of solids and liquids in mice using
dedicated animal pinhole scintigraphy. | Nucl
Med 2003; 44: 1099-1104 [PMID: 12843228]
Symonds E, Butler R, Omari T. Noninvasive
breath tests can detect alterations in gastric
emptying in the mouse. Eur | Clin Invest 2002; 32:
341-344 [PMID: 12027874 DOI: 10.1046/j.1365-
2362.2002.00991.x]
Schoonjans R, Van Vlem B, Van Heddeghem
N, Vandamme W, Vanholder R, Lameire N,
Lefebvre R, De Vos M. The 13C-octanoic acid
breath test: validation of a new noninvasive

WCJD | www.wjgnet.com

43

45

46

47

48

method of measuring gastric emptying in rats.
Neurogastroenterol Motil 2002; 14: 287-293 [PMID:
12061914 DOI: 10.1046/j.1365-2982.2002.00334.x]
Choi KM, Zhu ], Stoltz GJ, Vernino S, Camilleri
M, Szurszewski JH, Gibbons SJ, Farrugia G.
Determination of gastric emptying in nonobese
diabetic mice. Am | Physiol Gastrointest Liver
Physiol 2007; 293: G1039-G1045 [PMID: 17884976
DOI: 10.1152/ ajpgi.00317.2007]

Parkman HP, Harris AD, Krevsky B, Urbain JL,
Maurer AH, Fisher RS. Gastroduodenal motility
and dysmotility: an update on techniques available
for evaluation. Am | Gastroenterol 1995; 90: 869-892
[PMID: 7771415]

1 ’ ’ ’

2010; 18: 975-980

Ando K, Takagi K. Solid gastric emptying mediated
by the serotonin (5-HT)3 receptor in mice is a simple
marker to predict emesis. | Toxicol Sci 2011; 36: 23-29
[PMID: 21297338 DOI: 10.2131/jts.36.23]

1998; 7:
242-244
Choung RS, Locke GR, Schleck CD, Zinsmeister
AR, Melton L], Talley NJ. Risk of gastroparesis in
subjects with type 1 and 2 diabetes in the general
population. Am | Gastroenterol 2012; 107: 82-88
[PMID: 22085818 DOI: 10.1038/ ajg.2011.310]

4 W, s

2097

2015-05-08 | Volume 23 | Issue 13 |



Jnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton,
CA 94588, USA
Fax: +1-925-223-8242
Telephone: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

ISSN 1009-3079

9771009307056 |”|H|

© 2015 Baishideng Publishing Group Inc. All rights reserved.




