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2.1 Zhdhde R AR

FERRBfC S sl 2R B PR R Sk, RE
NERD #1 BE i gh ¥ L 73 90 Bz 6 F . 3 FhAn 4 F
Wik % ; 7F RE R NERD 58t , SD K BlL& %
UL, HROE Wistar KB, 1 C57BL/6 /)N R 7E BE Bff
FER IR UL, TEULER 1. A 161 5 SCHk B 12 22 51
By tEs, b s Y e e, Wk 2.
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Table 1 Distribution of animal strains in reflux esophagitis
(RE), nonerosive reflux disease (NERD), Barrett's esophagus
(BE) animal models based on 182 articles

RO (SCHRETED EIE/RER WK (%)
RE (148) SD KR 88 (59.46)
Wistar K B 50 (33.78)

E TS 4 (2.70)

Fisher 344 K i) 1 (0.68)

JA B 1 (0.68)

K 1 (0.68)

NERD (14) SD KB 9 (64.29)
Fii /N 3 (21.43)

Wistar K il 2 (14.29)

BE (20) C57BL/6 /)Ml 11 (55.00)
Wistar K il 4 (20.00)

SD AR 3 (15.00)

CB6F1 /MR, 1 (5.00)

PN 1 (5.00)

e RE, RORMEE%; NERD, JEBERMERG; BE, [
HREE
R2 T 161 FSCHKEIRE, NERD ., BE 2!
SR o A DL
Table 2 Distribution of genders in reflux esophagitis (RE),
nonerosive reflux disease (NERD), Barrett’s esophagus
(BE) animal models based on 161 articles

RER (SCHRE 20 ikl

WK (%)

RE (135) TPk 111 (82.22)
WA S A 24 (17.78)
NERD (14) Tt 11 (78.57)
W 3 (21.43)
BE (12) Tt 10 (83.33)
WM 1 (8.33)
W 1 (8.33)
F: RE, RMME®ER; NERD, JEEERVER GG ; BE, &
THREE,

2.2 #EFEREAM

AHFE 5 LR 28 Fl (FLHI PR 158 K) RE,
S5Fh (LM 14%) NERD A3 F0 (3 25 %)
BE M EE SRR A T o X 45 WAL AT AR =2 1
SYBITEHEAT T, #3785, RE. NERD flI
BE ZhWA5 R 73545 6 Flr . 3 FhFN 4 Fh 32 B RE A5 1%
B S5 FL+HA TR 245 (42/158, 26.58%) . 34
PIEE M (OVA) A &AL B s S+ B4
TEMAMET: (8/14, 57.14%) FIFGHE 40/ 2 2-
A 2 18 (L2-1L-1B) #53LE /NEL (7725,
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Fz3 HETIS2FCHAYRE, NERD ., BESIBEEI FH GZEATIIIR =2) i 72 R #s ) T A0 43 A 1%

Table 3 Distribution of main (subtypes frequency = 2) modeling methods and modeling cycles in reflux esophagitis (RE),

nonerosive reflux disease (NERD), Barrett’s esophagus (BE) animal models based on 182 articles

FAL (i) TR TEASJE 1 WK (%) HIHRR (%)
RE (158) B S5 L+ T TR EE L 4 /N 1 (0.63) 42 (26.58)
2~3K 4 (2.53)
5~7K 3 (1.90)
10K 2 (1.27)
14~16 K 12 (7.59)
21~22°K 11 (6.96)
28~30°K 8 (5.06)
=35K 1 (0.63)
BET TR DI+ ) AR 2 254 3~4 K 3 (1.90) 36 (22.78)
7~8 K 14 (8.86)
14~16 K 5 (3.16)
18~21°K 8 (5.06)
28~30°K 3 (1.90)
=35K 3 (1.90)
A 45 L+ 1] 58 2454 4~6/NAF 23 (14.56) 23 (14.56)
TS+ BE-T R AR (RE ) 8~9 K 2 (1.27) 9 (5.70)
12~15K 2 (1.27)
17K 1 (0.63)
=35k 4 (2.53)
- IR AR (REE) 21K 1 (0.63) 5 (3.16)
28K 3 (1.90)
224K 1 (0.63)
BT IR+ R R 2~5 K 2 (1.27) 5 (3.16)
17K 3 (1.90)
NERD (14) X 51T AR A S A R R R I TR S+ R BT 14K 8 (57.14) 8 (57.14)
R AT K+ B[R] 29 ORI 28 K 2 (14.29) 2 (14.29)
B S5 L+ T TS5 5 /N 1(7.14) 2 (14.29)
7R 1 (7.14)
BE (25) L2-1L-1B B RIS B+ 75 5 360K 6 (24.00) 7 (28.00)
390 K 1 (4.00)
=23 B4 AR 12K 1 (4.00) 4 (16.00)
180 K 3 (12.00)
- iy E AR (REE) 224K 1 (4.00) 3 (12.00)
364 K 1 (4.00)
420K 1 (4.00)
wE-Ehuim e AR (E42) 180K 2 (8.00) 2 (8.00)

H: RE, RFMEEER; NERD, JAREERVERFN; BE, LUESFE; 12-1L-18, AN R 2-H4IN % 18,

28.00%) 43 9lJ&i% S RE, NERD il BE Zh## 7l i
W ULRY T . 55 RE FINERD 3l R ) 3 54 1)
WP B2 14 K, BE 3l A5 R A5 1 v 47 45
2 180 K .
2.3 BAFMIFAE

£ #9 # GERD (4 8 Wy B A v, 23 3 4 11 (11
148, 7.43%) 5 U REWFSE . 3 (3/14, 21.43%)

F Lo NERD #F 52 #1120 (20/20, 100. 00%)
T BEWFSE 25 5 B X R RUHEA T T 30 E, K24
T 5 38 3 B 490 B4 — AR 0 AT 17 250 A DRI 7 g 3
54, Hr, HE RGOS RFRZ R GAER
i 240 B IR T 2 PP ) RE SR J2 15 1 ) o5 5 DL ) o B
ik (9711, 81.82%) "7 YENERD shifsil
h, HE U TS B AR Z AR (273,
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66. 67%) "™ J& A VIRV HA . A LA NERD Fl
RE, FAPEM7E R EE BE 09 3h A5 Y cp 5 4 0L,
AHFFE AN B 20 e SCHRB HEAT TALCRLTEANY, B
o HE G4 (000058 848 B IR A B - AR L R A
b, UK MBS F B CDX2 A .
MUC2 2 1 Fl Ki-67 #5145 L 2 Ak . A AR R
BRI, & FRIEH BE sh PR 2 5 il
DI I o
2.4 JRIELESAER 6y My L
fEREFMINERD 1, 23050475 (5/148, 3.38%)
B USRI (1/14, 7. 14%) B U SCRRER SR EER
WEZS G YRR, ESL ke B 7 RTEV S REJF B A
FESh PR v f 5 FH, T 02 N ] A o 8 e
HIR5 'S NERD FFARS A IE sh A AL, R RO
T 0] B T S GERD 2h #5550 JIFAR 2 TE ek
W4 (PRI EGEI 1K) .
3 iFig
3.1 ERshthirniF
KEREG/NREA AR 12 . BHWFE. L5
W EERFS 5 A KBS, NRE T
TPREILN g5 F A, W CSTBL/6 /NP 2 F T4
7 BE 3h 4 B R L2-1L-1B8 #5 3L /N Bl . 76 RE F1I
NERD [ sl KB H, Xl a5 K
BURBE K, 5 TIFRFARMALMESR K., SD
K Wistar K BIF &k, MEAEERK LT R
BE . B Re SR A R R R AR ST T T T e 2%
5, HBFIE &I SD K U HE Wistar K B P56 10 %
W, AREh Ty T e R R
P51 Wistar K FUE 5 BUAE REAR AR, 1A e B
FoE Bl & AT N ', #78 SD K EUH iE
HHFBER W7 AL, 1 Wistar K 50T 58 B
A HITHRGE LR IR R g B ) i SATL 1

R s R R, XT
e ME R e R LA PIRAEH, T RE S s AR Al
PRI L Y,
3.2 #BAEGE®F

RE. NERD #iI BE gl #5554 (%) ¥4 £ J5 75 1] 43
FAREBAEAEF AR GBI, 5T E 54+ A%
SEHL. AU E LTSS AL . e TR A VI IT + 1
MR, a%-+ B aRmEE-=
WA AR R E W AR . BT 25 L3 1T FR 61
HNAEYEE, HINEWES, W5 E gLt
FTHLR - D R B A FHOR AL 218 M RE Sh AR . By
FIARAEE L KRBT LS A 280, SB—F R A
[ KA 11 45 PR O il ) R L T AR /N, AR
Omura 55 Y X2 % RE sh ¥ BLRUIT R I 0F 58, 1
16-Fr, 18-Fr 1 20-Fr 4 F 1 18-Fr T 45 PR 4 /1N Hl
T H R G B sh ) R 2% (100%) ik g %
(100%) ffmr, PG HRTUFSE 2k H 18-Fr 94535 .
B AR O AT W IS 88 B A BE AR A T
7 RS TR —8obE, X R X
VE&E I EE A HARFIRG ANAR 2ok, B B TR
5% 22 R AR —Fh O vk o 76 S PR AL 1) 1F 5%
b, ARFEE Y e R AP AR R (A SR R ]
SEAEEHL, WENTE AL AR e s R Ak
RE ZhWtiRl, A [RI7E 4~6 /1N

TE-T /A RMEE-Z YA AR
WL AESER TR, irEFANEZOEM
R R EANEYRARE, J58 MR i K
FTE W& DR, B0k 48 M EL ki i in
HRKBRERRASE . Barw e -1T 18
ez AR KRBT LIS g =Fh H— B
Pl B &8 5 8 Wl as b A 1O Xt 0w ity
XHUwE =, BHRRS1S H WA YRR RIE &

F4 FLTSCHRG RE. NERD. BEJRGUFSS AT (44 L 00 453 H7

Table 4  Construction of disease-syndrome combination model of reflux esophagitis (RE), nonerosive reflux disease (NERD),

Barrell’s esophagus (BE) based on literature

B EIL/ETES B TIE A Ay i L
RE SD KR IFEARIE A B S5 FL+ TR AL+ g T
BTN AL+ R 4R
JALHE Uk BT INLER A UIIT + B TR A4, 1) s
Wistar KRl IRKETE T G541+ TR g Lk e i 2K
MENZHE TN R s L PRI e R i o 1Y 2T

NERD  SDKH

JIFHRACHAIE RSP 8 A U AU SRR A BB s S+ 0T B 1+ A ] 0 DL g 21K

e RE, RWMESR; NERD, JEBEMERWMN; BE, LHRFESR.
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Analysis of Animal Model Construction Methods of Different Subtypes of Gastroesophageal Reflux Disease
Based on Literature

LYU Mi', HUANG Kaiyue', WANG Xiaokang', WANG Yugian®, QIAO Xiyun', LYU Lin', CHE Hui', LIU
Shan', WANG Fengyun'

1. Xiyuan Hospital, China Academy of Chinese Medical Sciences, Beijing, 100091; 2. Beijing University of Chinese Medicine
ABSTRACT Objective To collate and compare the characteristics and differences in the methods for constructing
animal models of different subtypes of gastroesophageal reflux disease (GERD) based on literature, providing a refer-
ence for researchers in this field regarding animal model construction. Methods Experimental studies related to
GERD including reflux esophagitis (RE) , nonerosive reflux disease (NERD) and Barrett's esophagus (BE) model
construction from January 1, 2014 to January 27, 2024, were retrieved from databases such as CNKI, Wanfang,

VIP, Web of Science, and Pubmed. Information on animal strains, genders, modeling methods including disease-
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syndrome combination models, modeling cycles were extracted; for studies with model evaluation, the methods of
model evaluation were also extracted ; then analyzing all those information. Results A total of 182 articles were
included. SD rats were most frequently selected when inducing animal models of RE (88/148, 59. 46%) and NERD
(9/14, 64.29%). For BE, C57BL/6 mice were most commonly used (11/20, 55.00%). Male animals (RE: 111/
135, 82.22%; NERD: 11/14, 78.57%; BE: 10/12, 83.33%) were the most common gender among the three sub-
types. The key to constructing RE animal models lies in structural damage to the esophageal mucosal layer, gastric
content reflux, or mixed reflux, among which forestomach ligation + incomplete pylorus ligation (42/158, 26. 58% )
was the most common modeling method; the key to constructing NERD animal models lies in micro-inflammation of
the esophageal mucosa, visceral hypersensitivity, and emotional problems, and intraperitoneal injection of a mixed
suspension of ovalbumin and aluminum hydroxide combined with acid perfusion in the lower esophagus (8/14,
57.14%) was the most common modeling method ; the key to constructing BE animal models lies in long-term inflam-
matory stimulation of the esophageal mucosa and bile acid reflux, and constructing interleukin 2-interleukin 1 trans-
genic mice (7/25, 28.00%) was the most common modeling method. Adverse psychological stress was the most com-
mon method for inducing liver depression. Conclusions The construction key principles and methodologies for RE,
NERD, and BE animal models exhibit significant differences. Researchers should select appropriate models based on
subtype characteristics (e. g. , RE focusing on structural damage, NERD emphasizing visceral hypersensitivity ) .
Current studies show insufficient exploration of traditional Chinese medicine disease-syndrome combination models.
Future research needs to optimize syndrome modeling approaches (e. g. , composite etiology simulation) and establish
integrated Chinese-Western medicine evaluation systems to better support mechanistic investigations of traditional
Chinese medicine.

Keywords animal models; gastroesophageal reflux disease; reflux esophagitis; nonerosive reflux disease; Barrett's

esophagus; model evaluation; literature research
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