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ABSTRACT Objective: To discuss the method for establishing the rat models of irritable bowel syndrome
(IBS) by chronic water avoidance stress (WAS) method, and to evaluate its feasibility. Methods: Thirty
male Wistar rats were randomly divided into control group (n=10) and model group (2=20). The rats
in model group were induced by WAS method for 1 h everyday, lasting for 10 consecutive days; the rats in
control group underwent no interventions. After modeling, the general conditions and body weights of the
rats in two groups were observed and recorded. The elevated plus maze (EPM) test was used to detect the
percentages of the number of open arm entries (OE) and the time spent in open arms (OT) of the rats in
two groups; the abdominal withdrawal reflex (AWR) test was used to assess the visceral sensitivity of the
rats in two groups; electrocardiography was used to detect the heart rate variability (HRV ) of the rats in
two groups; electromyography (EMG ) of the external oblique muscle was used to detect the colorectal
pain sensitivity thresholds of the rats in two groups; multi-channel physiological signal recorder was used
to monitor the slow wave frequency of the colon of the rats in two groups. Results: There were no death
rats in both groups during the modeling period. After modeling, the rats in model group exhibited poor
mental status, reduced spontaneous activity, hypoactivity, disordered and dull fur, irritability, and unclean
anal areas; whereas, the rats in control group showed no significant changes in the mental state,
spontaneous activity, fur, and perianal area. Compared with control group, the body weight of the rats in
model group was significantly decreased (P<C0.05). The EPM test results showed that compared with
control group, the OE percentage and OT percentage of the rats in model group were significantly
decreased (P<C0.01). The AWR test results showed that 12 rats in model group scored =3 points,
indicating that the successful rate in creating the visceral pain models was 60%. Compared with control
group, the low frequency (LF) signals and the ratio of LF /high frequency (HF) of the rats in model group
were significantly increased (P<C0.01), and the HF was significantly decreased (P<C0.05). The EMG
results showed that compared with control group, the coloretal pain sensitivity threshold of the colon of the
rats in model group was significantly decreased (P<C0.01), and the slow wave frequency of the colon was
significantly increased (P<C0.01). Conclusion: The WAS method for establishing the rat model of IBS
effectively demonstrates the changes in behavior and mental state, increased the visceral sensitivity,
accelerated colonic slow wave frequency, and autonomic nervous system imbalance; the WAS method can
serve as an effective modeling approach for observing and evaluating the related drugs and interventions on
treatment of IBS.
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A: Control group; B: Model group.
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Fig. 1 IBS rat model induced by WAS method

1.4 EPM &% #mM 24X A#ANFHE KK
(open arm entry, OE) & & & fo 3t X FF 28 & & 1)
(open arm time, OT) & £~ % & LA Al i 151 45 o8
Ja, xR RBRIEST EPM S8 . LRI IRHT, W
PR B 2~3 min, W/DIIER RN . L5 I
Iy, S FRRRL, A XS A B, R H
TEFF R RN A B 25 G A vt DX, il KBS TED R
W, HL A 52 B AT KRR T R — RO . i
EFREE, S8 AREITE, KE#EAEPM
By E S, 53— 45 98 N GUOUEEALAR, 18 5% 5 min N
KEAEEPM NG s 00 . KWl 545 . DOE;
@OT; @it AM'EKE (close arm entry, CE);
@ A WA (close arm time, CT). i+
OEH R MOT H4r% ., OE=O0OE/ (OE+CE) X
100%; OT=O0T/ (OT+CT) X100%.

1.5 M E¥ e B 4 (abdominal withdrawal reflex,
AWR) Z B4 2 R A A RS RAM  KRITH¥
TEEERIEH 2 K, XA K BT AWR 2 E
WIS S TF IR AT, b T R BSE I AR,
KEREEEAZEK 12 h, H A Gl A ek 2878 A 508 s
SFEREEANE, WEH6~7cm, KEET
375 W O P BB 23 (0] AH X B 28 i R4, A8 ) — il
FH =38 48 4 50 3% # 0i EF SRS, R K BRI W
FE IS N TS, T S AR 2R 18 ) R TS
S, BT RKREWE K 40 mmHg (1 mmHg=
0.133 kPa) ¥, WA K BAT N R NAE L, ] ff
5min 5 45 T F — I B ORNER B A 3R,
BCFH I AWRIES . AWRIEIF =373 HE K
B PR U e AR o] £ BT

S Z Sk [11] T AWRPEARifE: X545

Pk RBICAT A RN, PR 04 4 T RIS KR



RURCS

5 e sl 7K R S8 ST R UM B W A T A B A 843

A AW W B Sk i s sh AT, WO 14y
ST 1] R A R R L B W, Vo 2935 I
TR K A IR AR AT R, P 3455 A ] K
ROEHAHGE, IR MRS, Fh4h0.
1.6 ~HEBHELE 248K K5 R T F M (heart rate
variability, HRV)  AWR 435 ik H X 2 40 K Rk
A7 R A o R R s T 5 106 e 2 b Z i i AT
BRPERIE, 17 R BURR Y F5 o LA RS, R R BT
ETET ARG b, R LT B R B 43 51 48 A BCT i A0
A BB TT , FRRE O R A % X B R B, T
L EEIE R E . R Powerlab & 4t i 5% K B
Bl 1T B A0 18, I 40 #r 2 2H R B HRV Pk
Wif5 % (low frequency, LF) H1@&4if5 5 (high
frequency, HF) $F1E .

1.7 FESM4EILALE B (electromyography, EMG) #&
M2AXRALEHBREME OB EKA TR,
T K R E 4 5 RS b s A AT R LI R
By JIAT YN U 5 TF B R IT R B TT B TR, A
HEBEEN . ¥ 2R B 22 A B R
L.5emAb. FREHLRBULTTHH A 6~7 cm 4t
FERBEBMRMTE . MAEZEES, d@dET
B LRY 2 AR AR 51 L AR S, O AR
AD {55 i 40 245 3% 42 H ik Powerlab i >R 48 43 Hr &
g, WMEIFId 2 KRS B mesE. EEN
S5 T ok R UL R B G, R U R
WL W4, Anic i 45 S a4 9k s 1 E B o 45 B
S (mmHg) .

1.8 2BHEABRETREIMNKB2HAXALEH R
HIME EMGERN A RE, KB ERR, 57
THEFRILA, ZE T, TR R EM 1~2 cmit,
RIS s 45 i AL A — XS A7 e, Al 45 i By 2 AR
HL A AH BB 3~5 mm, 2 M3 HI i 22 3% 4 2 5 A B
G5 ek, St i e e g 30 min J5, &EZE
itsk 2 he RJH Powerlab 54 R %40 W1 R 4t
3min S —ANFE B, g3 BT 2 2R LA 48 i
(¥ - min™"),

1.9 %% 494 RH GraphPad Prism 9. 0 #
TG IR R . 2HRRLOT |40 %
25 gy 18 P AR R A HRV i LF B854 1E A5 1 B 5 22
. Blads #on, 2 41IREE A 2580 BOR Sz
FEAR K5 ; 241 KB OE B 433 . 45 1 9 0 (E
HRV " HE # LF/HF HAE AT & 1E &5 730 A (25 25 4
5, PR (%o [M (P25, P75) ] 3%

N, 2HNB B RHIESHKEE . L P<<0.05 0%
SHEGIFE L.

2 & B

2.1 2 XRA—BEAFERE 24 KHEEAN
AR TCAE T O, T 2 2 K BURS RS
R, AW, BOsss, HHRICH FATRE
BN . WA AR, BRI R B A R AR
BXRAE. AEWSEAD . Dsh . EBHELH O
B S BAERUILTT ORGSR 0 5 0 B R BRURG A
W& AEWED . KEMATH T B AL,
WARZE S, SXEY] (253.3¢+6.47g)
A, BRI KRR (243.8g+6.91g) W R
it (P<<0.05),
2.2 2AKXROEBTEEROTELF  HXHRA
(46.18% £3.49% M1 43.28% £5.56%) H#&,
BH K OET /% (19.41%+10.90%) MOTH
43 (18.03% +3.58%) WAL (P<<0.01).
WL 2,

wﬁiﬂ““ |
;&

Horizontal

Horizontal
i

Vertical
B

Vertical
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Fig. 2 Trajectory map of EPM of rats in two groups
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HE R =34 KRR 12 J, PR R BB R i
BER T RN 60% . 5 % B4 g, 5 A 4 KR
HRV 1 LF fI LF/HF A ¥ W] 8 I+ m (P<<0.01),
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Tab. 1 HRYV ofrats in two groups (n=6,r4s)
Group LF (/%) HF (/%) LF/HF
Control 1.8140.47 69.79415.05 0.02+0.01
Model 2.89+0.50" 46.65+2.65 0.06+0.01"

'P<<0.05, "P<C0.01 compared with control group.
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Fig. 3 Discharge diagram of rectus abdominis of rats in two groups during colorectal dilation stimulation phase
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