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[ Abstract] Objective Through a systematic literature search, we collected, organized and analyzed the existing
method for preparing animal models of functional dyspepsia and commonly used assays to improve model research method.
Methods The search terms “functional dyspepsia, animal model” and “functional dyspepsia, animal model” were search
CNKI, WanFang, VIP and SinoMed, PubMed, Web of Science, Cochrane Library, and Embase databases, and the search
time was from the establishment of the database to June 21, 2022. Results A total of 71 articles were included, including
63 articles in Chinese and 8 articles in English. The subjects of the study were all rats, with male and female selection, and
the age ranged from 1 day to 84 days. There were 32 modeling method, including 7 single-factor modeling and 25 multi-
factor modeling. Modeling cycles ranged from 6 to 98 days. Test indicators covered the general situation, gastrointestinal
function and mental state and other major aspects. Conclusions (1) For animal models of functional dyspepsia, male
SD rats of 6 ~ 8 months old are mainly used for modeling, and the modeling method are mainly single-factor tail-
clamping stimulation and multi-factor irregular diet+tail-clamping stimulation. The most selected detection indicators are

gastric emptying/residual rate, general conditions of the experimental animals and small intestinal propulsion ratio,
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respectively. (2) There is no unified regulation on modeling standard, and the selection of modeling factors needs further

investigation.
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Figure 1 Document retrieval flow chart
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2.1 EIGh¥nEF

71 S SCHRYS B s B sh My R 2 1 oy iR LR
3L A A HE SD KB (40 1K, 56. 34%) | Wistar K
BL(27 ¥%,38.03% ) 1 KM /INEL(4 ¥%,5.63%) , B4k
W 1, S PEn E 2B rEvE (34 1K,47.89%) ,
R (25 1K, 35.21%) , AR WK 2, S 41
LA 6 ~ 8 A (12 ¥K,16.90%) ,{HA 33 ji SCHik
KX I BNV AE S AT AR (33 1K ,46.48%) , HAK
W3,

R 1 FD BRSNS KK
Table 1 Species and frequency of functional dyspepsia

model animals

ES WLV WL KL (%)
Strain Frequency( Times) Frequency/Total( % )
Sprague Dawley K [, 40 56,34
Sprague Dawley rats
Wistar KL 27 38.03
Wistar rats
KM /M
KM mice 4 563
A
&it
Total 71 100. 00
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&2 FD BRSPS BB
Table 2 Sex and frequency of functional dyspepsia

model animals

2l U 4879) SR BB (%)
Sex Frequency( Times)  Frequency/Total (% )
ﬁﬂi 34 47.89
Fﬂiﬂie 3 4.23
Half maiﬁzﬁgcﬁhﬁf female 2 35.21
Both rﬂ:if jﬁfﬁ female 4 5.63
Notﬁﬁfincd 3 7.04
il 71 100. 00

Total

&3 FD BRIGPAER AR
Table 3 Age and frequency of functional dyspepsia

model animals

I (W) WL BH(%)
Age Frequency ( Times ) Frequency/Total ( % )
1d 2 2.82
3d 1 1.41
6d 2 2.82
7d 7 9.86
10d 2 2.82
21d 1 1.41
21 ~284d 2 2.82
30d 2 2.82
42 d 1 1.41
42 ~ 56 d 1 1. 41
56 d 10 14. 08
60 d 1 1.41
56 ~ 84 d 1 1.41
70 d 1 1.41
70 ~ 84 d 2 2.82
84 d 2 2.82
o)
Notﬁiﬁﬁned 33 46.48
ait 7 100. 00

Total
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Table 4 Model factors and method of functional dyspepsia animal model

BE(R) B BE(%)

iﬁﬁlﬁ? iﬁ*ﬁﬁf‘ Frequency Frequency/
Modeling factors Modeling method (Times) Total (%)
Sz BB il
. %EIJ‘}% 19 26.76
Tail clamping stimulus
T Z, PR e PR
. . 3 4.23
lodoacetamide sucrose mixture
L7 E N FIE ! | a1
Physical stimulation Folium sennae intragastrically ’
RVSIES .
. FIT BB
Single Intraneritoneal infection of . 1 1.41
factor ntraperitoneal injection of reserpine
ﬁﬁﬁ 1 1.41
Table vinegar
(s S eI s iR AR , L4l
Chemical stimulation Dilute hydrochloric acid ’
I e 1 o
Early life events Separation of mother and child ’
AN TSR AL+ DK R DK + AR5+ 7K Y72 7+ S R84+ T 5 1 £
i Irregular diet+iced water swimming+hot environment+horizontal 1 1. 41
LA T B AR oscillation+tail-clamping stimulation+light and dark reversed
Chronic unpredictable )
stimulation AT R + i BERE 55 + RS + (88 58 + I R
Irregular diet+excessive fatigue+restraint+upside down 1 1. 41
shaking+tail stimulation
TR £+ 2 o %
. S . 11 15. 49
Irregular diet+tail stimulation
AN+ R A+ oK B
. a Lo . 1 1.41
Irregular diet+tail stimulation+iced water to drink
AT ER £+ S 8+ 2 1 L 41
Irregular diet+tail stimulation+running ’
RHIR S FERI e+ 1 o
L BE S b Irregular diet+tail stimulation+restraint+swimming ’
Physical stimulation TR B + 3 B 38 + T vk ' ot
Irregular diet+tail stimulation+swimming ’
AR o+ 1 o
Irregular diet+restraint+swimming ’
ZHE ASHLIN TR+ W
; . . . . 1 1.41
Multiple Irregular diet+noise stimulation
factors
e e R A+ . Lal
Tail clamping stimulation+running ’
HM 4 ; -
Irregular diet+dilute hydrochloric acid ’
AR o+ et 2 1 o
Irregular diet+L-arginine '
B+ S I TAZ, B R £ 1 o
Trregular diet+tail clamping stimulation+iodoacetamide sucrose mixture ’
KR L+ e+ T 5 it ! L4l
T K] 22 ) 9+ 2 TR 2 Irregular diet+tail irritation+folium sennae ’
Physical Sti.mulati.on+chemical TRHLI k£ + I B+ s b i 5 5%
stimulation Trregular diet+tail stimulation+dilute hydrochloric acid ’
AR+ 2 B TR TR G+ N A
Irregular diet+iodoacetamide sucrose mixture+standing 1 1.41
on a small platform
ARHLI K £+ B 2 B AR 4 B+ R 20 1 o
Irregular diet+iodoacetamide sucrose mixture+swimming+L-arginine ’
i 7 1|y
Tl 2 P g+ R ) ) 8

lodoacetamide+tail-clamping stimulation
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gxR4

TR R

Modeling factors

TR
Modeling method

W (UC)
Frequency

(Times)

WK BE (%)
Frequency/
Total (%)

ZHE
Multiple
factors

41t Total

B PR 2R+ T PR ORI

Physical stimulation+chemical

stimulation

B IR 2R+ A A

Physical stimulation+early life events

Wy 2 SRR+ P DR R i+

BRI TR FE

Physical stimulation+chemical

stimulation+early life events

UL Z, T e TR 3 Y+ 2
lodine acetamide sucrose mixture+tail stimulation
P PR BEEHRIR 5 W+ NP 15 3 5L
lTodoacetamide sucrose mixture+standing on a small platform
Y5 I+ 1o i ERCR + R+
Senna+high-fat diet+restraint+swimming
o0 P+ DR TR + R + K
High fat+rhubarb decoction+bound+swimming
Ly st
Separation of mother and child+restraint
B B+ L L e+ /NP 5 3 ST
Separation of mother and child+iodoacetamide+standing on a
small platform
RRELy B+ 2 TSE M TREARHR B W+ TP K
Maternal and infant separation+iodoacetamide sucrose
mixture+swimming

2

71

2.82

4.23

1. 41

1. 41

1.41

100. 00

RS Iy AR

Table 5 Modeling time, method and frequency

TR ]
Modeling
time

W)
Frequency
(Times)

B BB %)
Frequency/
Total (%)

TR
Modeling method

B (W)
Frequency
(Times)

6d

7d

8d

10d

13d

14 d

2

2.82

25.35

1.41

7.04

1. 41

21.13

T2 Bt P E MR TR 5 VR
Todoacetamide sucrose mixture
SRR
Tail clamping stimulus
ASFLN LR+ R A

Irregular diet+tail stimulation

ST ER £+ 2L P TRE R W+ oK + ZE BT 2R

Irregular diet+iodoacetamide sucrose mixture+swimming+L-arginine

AR+ R IR
Irregular diet+dilute hydrochloric acid
G+ IR IR+ R+ K
Senna+high-fat diet+restraint+swimming
g
Table vinegar
AL R+ B+ B 2
Irregular diet+tail stimulation+running
KRB+
Pinch tail stimulation+running
ALK Fr + 2 ToEhs R
Irregular diet+L-arginine
) .~ JR 2
Intraperitoneal injection of reserpine

Tl 2 T e I 9+ 2 R 8

Todine acetamide sucrose mixture+tail stimulation

AR B+ e FR A

Trregular diet+tail stimulation

AN KRN ER L+ e S o8+ S PR

Irregular diet+tail stimulation+dilute hydrochloric acid

AR L+ R IR
Irregular diet+dilute hydrochloric acid

ANHII PR+

Irregular diet+noise stimulation

2

17
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gks
AT SR ( Ve L \ R TR
JEE':EH:@ AR B/ (%) b BRI
Modeling Frequency Frequency/ Modeli thod Frequency
time (Times) Total (%) odelng metho (Times)
AT ER £+ T + e DK )
Irregular diet+restraint+swimming
AL R+ e R A+ TS 1
14d Is 2113 Irregular diet+tail irritation+folium sennae
’ ANHILI B A+ e B R+ Dk |
Irregular diet+tail stimulation+swimming
FthiR 1
Dilute hydrochloric acid
En
15d I 1.41 i I
Folium sennae
e ML 5
Tail clamping stimulus
AN LR+ KK UK+ RIS + 7K - 5235 + I 2 ) i+ D I i)
Irregular diet+iced water swimming+hot environment+horizontal 1
oscillation+tail-clamping stimulation+light and dark reversed
ANHUINER £ + e J o e+ TR + ek '
Irregular diet+tail stimulation+restraint+swimming
21 d 8 11.27 ASHLII B+ T Rl i+ DR O] |
Irregular diet+tail stimulation+iced water to drink
AR EL + i BE 4 55 + RS + (88 S8 + I R A !
Irregular diet+excessive fatigue+restraint+upside down shaking+tail stimulation
il AR el K 1
High fat+rhubarb decoction+bound+swimming
AR+ SR 1
Trregular diet+tail stimulation
AT TR \
Trregular diet+tail stimulation
28 d 5 7.04 - < LA
AR LR+ R IR )
Irregular diet+dilute hydrochloric acid
AN R+ R+ 2 I e TR R {
Trregular diet+tail clamping stimulation+iodoacetamide sucrose mixture
42 d 2 2.82 e Ao
WL kI REWR TR AR 1
Iodoacetamide sucrose mixture
BB + I R T TR G R+ Tk 1
Maternal and infant separation+iodoacetamide sucrose mixture+swimming
T2 Tt e TR 5 Y+ R !
lodine acetamide sucrose mixture+tail stimulation
46 d 4 5.63 N ;
T2, Bt e + ) PR % i
Todoacetamide+tail-clamping stimulation
BT RN E 9+ /N 653 3 3L |
Todoacetamide sucrose mixture+standing on a small platform
T 2 P BRI 59 +/ NP 15 9 ST
47 d 1 1.41 . . . 1
Todoacetamide sucrose mixture+standing on a small platform
L PR MR IR A5 W+ NP 15 B 5L |
lIodoacetamide sucrose mixture+standing on a small platform
49 d 2 2.82 . .
B 2PV + I FR AL 1
Todoacetamide+tail-clamping stimulation
BELGY B+ LT+ NP 15 9 ST
. Lo . . 1
Mother-infant separation+iodoacetamide+small platform standing
56 d 2 2.82 I
BRI )
Mother-infant separation
60 d | 141 ANFRIER L+l 2T REAHR G W+ /N B whinr |
’ Irregular diet+iodoacetamide sucrose mixture+standing on a small platform
YA Vi
98 d I 1,41 RN . I
Separation of mother and child+restraint
it
71 100. 00 71

Total
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Table 6 Classification and frequency of test indexes

LRI LAY B R B (W) Hi k(%)
Detection Indicator Specific indicators Frequency( Times) Frequency/Total (% )
BARE —JBIE B General run of things 40 11. 56
Overall situation P Food-intake 14 4.05
B KK Food and water 18 5.20
WK FE LI Sugar water consumption experiment 6 1.73
35255 Open field experiment 5 1. 45
3 h # & 3 h food consumption 2 0.58
PMJIBF ] Grabbing time 2 0.58
S YK A E] Forced swimming time 1 0.29
I % #E Routine blood test 1 0.29
JF'E ) Liver and kidney function 1 0.29
B W hfie iz /5% B % Gastric emptying rate/residual rate 41 11.85
Gastrointestinal function /N HfERE L Small intestine propulsion ratio 28 8.09
15 F- 1 WL ZE 45 % Gastrointestinal smooth muscle contraction frequency 3 0.87
A LHL & Gastric electromyography 3 0.87
B BN TK 17 Gastric isolated muscle strip tension 2 0.58
H+ 38153 Gastroduodenal electrical activity 1 0.29
H UBE Gastric sensitivity 4 1. 16
H Rk Gastric compliance 1 0.29
B RG E R B K B FRFE Free acidity and total acidity of gastric juice 1 0.29
2 BT Y Pepsin activity 1 0.29
e 2FKAT HHLURPEAIEZ Pathological morphology of gastric tissue 11 3.18
Morphological examination B IHAH LUK BZATE A Pathological morphology of gastrointestinal tissue 7 2.02
T ZHE A1 LU LA JE S Histopathological morphology of duodenum 1 0.29
T BN ZUR EE2#TE 2 Histopathological morphology of duodenum 1 0.29
i) sy gy ICCs 4 1.16
Cytologic examination R PRI Eosinophilic granulocyte 2 0.58
Cx43 2 0.58
CDh3* 1 0.29
AER 2l Mast cell 1 0.29
PR Goblet cell 1 0.29
5§ AL A AR MTL 13 3.76
Serum biochemical indexes GAS 13 3.76
CCK 5 1.45
VIP 4 1.16
D-ABEHEME R D-xylose excretion rate 3 0.87
Sp 2 0.58
LA 2 0.58
IL-2 2 0.58
IL-6 2 0.58
NO 2 0.58
SS 1 0.29
AMS 1 0.29
PGE2 1 0.29
IL-a 1 0.29
IL-4 1 0.29
IL-1B 1 0.29
LEP 1 0.29
NT 1 0.29
LDH 1 0.29
CNP 1 0.29
Ghrelin 1 0.29
WAL Digestive enzyme 1 0.29
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gxe6
LRl Lo BAkfEtR BB () Hi (%)
Detection Indicator Specific indicators Frequency( Times) Frequency/Total( % )
M AALRR MTL 8 2.31
Plasma biochemical indexes Sp 2 0.58
CCK 1 0.29
MOT 1 0.29
SST 1 0.29
Ghrelin 1 0.29
5-HT 1 0.29
CRF 1 0.29
COR 1 0.29
[EPSEARESN NO 3 0.87
Expression of related proteins mTOR 3 0.87
Ghrelin 2 0.58
CRF 2 0.58
LEP 2 0.58
CRF 2 0.58
IREI 1 0.29
TRAF2 1 0.29
AMPKa 1 0.29
MOT 1 0.29
SST 1 0.29
iNOS 1 0.29
NPR-B 1 0.29
cAMP 1 0.29
cGMP 1 0.29
MTL 1 0.29
CCK 1 0.29
MTL 1 0.29
CCK 1 0.29
MUC2 1 0.29
CRF 1 0.29
PGE2 1 0.29
p-P38MAPK 1 0.29
NF-kB65 1 0.29
TRH 1 0.29
HHE mRNA %3k VIP 7 2.02
Related mRNA expression CCK 5 1. 45
SpP 2 0.58
NF-xB 2 0.58
MTL 2 0.58
GAS 2 0.58
IREL 1 0.29
TRAF2 1 0.29
AMPKa 1 0.29
mTOR 1 0.29
p-P38MAPK 1 0.29
MuUC2 1 0.29
MLCK 1 0.29
EP1 1 0.29
EP4 1 0.29
TLR9 1 0.29

&1 Total 71 100. 00
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