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Comparison of pathological conditions in two methods for
preparing experimental colitis model rats

Kohki Okadal), Kano MatsuOZ), Miku Amada]), Saki Kashihara”, Koto Katsuragil),

Miharu Doumael), Masaki Moriwakil), Ryouhei Yamauchi”, Jun Yoshida"

Summary Inflammatory bowel disease (IBD) is an intractable disease characterized by
persistent inflammation in the colon. Animal experiments have been conducted to analyze the
pathogenesis of IBD. The effectiveness of two methods that induced IBD in rats treated with
dextran sulfate sodium (DSS) or 2.,4,6-trinitrobenzene sulfonic acid (TNBS) were compared. A
peak disease severity index (DAI) score of IBD was noted for DSS-treated rats on the final day of
the experiment (2 weeks after initiation). Meanwhile, the DAI scores of TNBS-treated rats peaked
a few days after the experiment was initiated and then gradually decreased. Microscopic
examination of colon tissues revealed severe mucosa dehiscence and immune cell infiltration in
DSS-treated rats, whereas these findings were mild in TNBS-treated rats. The serum concentrations
of three inflammatory cytokines were higher in DSS-treated rats than in TNBS-treated rats. The
TNBS and DSS animal models would be preferable for short-term (<1 week) and long-term (>1
week) colitis studies, respectively. Because each IBD animal model has different pathological
conditions, the appropriate method should be selected for the experiment.

Key words: Animal experiment, Dextran sulfate sodium, Inflammatory bowel disease,2,4,6-
trinitrobenzene sulfonic acid
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Table 1  List of primers used.

Gene Forward Reverse Size (bp)
B-Actin 5-TGTGTTGTCCCTGTATGCCTCTG-3' 5'-ATAGATGGGCACAGTGTGGGTG-3' 85
IL-18 5'-CACCTCTCAAGGAGAGCACAGA-3' 5-ACGGGTTCCATGGTGAAGTC-3' 81
IL-6 5-ATATGTTCTCAGGGAGATCTTGGAA-3' 5'-GTGCATCATCGCTGTTCATACA-3' 80
IL-10 5'-GCCAAGCCTTGTCAGAAATGA-3' 5-TTTCTGGGCCATGGTTCCTCT-3' 75
TNF-a 5'-GTGATCGGTCCCAACAAGGA-3' 5-AGGGTCTGGGCCATGGAA-3' 71
TGF-8 5'-ACCTGCAAGACCATCGACATG-3' 5'-CGAGCCTTAGTTTGGACAGGAT-3' 85

#: (ELISA) i#ll%E % v b, Anti-Neutrophil Elastase
(NE) IgG. ¥ > /37 flitHiPRO-PREP™|E 1 A E -
A GRS ORE0) 225 AF L7z @E Tl
i #{TRIzol™ reagent. SuperScript™ II Reverse
Transcriptase. PowerUp SYBR Green Master Mix.
B L U6, IL-18. TNF-@. IL-10. Transforming
growth factor- B (TGF-) ®7°F A < —(XThermo
Fisher Scientific, Inc. (Waltham, MA, USA) 7° 5 A
Flizo HaTL727 74~ — ORFNLBE M
HL72b O LT, Table 10 ) TdH 5"
Horseradish peroxidase (HRP) -labeled anti-rabbit IgG
(H+L) goat-poly IgGlE 7 7 = ¥ B a4t ()
PO AT L7ze Z O3 L4 THIFSERK
£ OXHB) &2 WiEF 5 74 7 A 7 Rt
(5UHR) A HHEA L 720

3. Hi&
1) BsEERo 7o b an

B FEERI S5 B . DSSHR & 5 KI23% D
B CHEM L. F 72, TNBSZI/KHIMY % 100 mg/
mLOERNZ R D L H50%T 5 J — VIZER L
720 WTEN=6F DL T OO-DD 7 )V — 71254
L 720 (D Normalff — SEERIIRI > 14 H [, 55 0
DICETE L72IER T v M. @ DSSEE — EERi
14H M T, ZBAKOR DY IZ3%DSSE HEL L
7-#E. (BTNBS 50% — #H (0H H) (Z3FHEA M
fe (B AT N 2T 015 mgkg+ 24T 42
mgkg+BABET MV T 7/ — V25 mgke) *
JEEST L. I T C50 me/kg D TNBS % /4%
lem® 7 7 1 » WEW AR OS5 2 — 7 CTHL
FIER 2> & KGNS, RIS F T
BT FIER 2 B X2 L CRE 7y — VICHE
L. KIGWICTNBSH 73 % i130% S & 7214 CTl4H
fil 7 L 728, @WTINBS100%#E — TNBS 503 & [6 1
OBETHEGEZ100 mgkglZZH L-HEE L
720 723, DSS&TNBSIZ#F: 0Tk THRA A%
WS R IZREE L 72, SEICTNBSIZ RS 12 &

DHA TH B2, RIfFE TG E*Z2 22
B e Lz, EREHT, £9 v FokEZ
HEE L. BRRMEESEE (DAI) A 27 % Table
TR AL H DN TO-4D il TET L 721
FERO14H H ISR N CfFE 2 555 L, OBk
MHORIMEER L 720 512, Kz 31E%
L, ZoRS%MELL,

Table 2 Criteria used for disease activity index (DAI)

scoring.
DAI scores
Scores  Weight loss (%) S.t ool Occult/gross bleeding
congistency
0 None
Normal Normal
1 1-5
2 6-10 .
Loose stool Occult bleeding
3 11-20
4 >20 Diarrhea Gross bleeding

2) WAROIRIL & FHH

MR Gml/7 v b)) (ZEERE &R L 724 T
e UV EE (3,500 rpm. 1073) L. S N7ciiiE %
Fa—TIB L., T 5 F T80T CTHRAF L7

KGRI L2t T35 a3l L, il
VZAE A S TERSER . R TS LA & T 7,
MR RYEHI O 729012 KIG &AL 2 10% RV~
) 200.0MY) 2 TRFEEE (pH7.4) THEIZEL. 2D
BNT 7 4 VUL 7o REE ORI
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% Z 2110 mL @ TRIzol™ 3T 10 5 A
YFaANR—FL, KEFEOTT P I VIiE- T
KA OmRNAZ fillH L 720 DSSIZmRNAZ* 5
cDNAND WL G S & BE S % 729, SMEE L
VF o AT LT, ZORELZIY 72

SuperScript™ II Reverse Transcriptase & H \» T A<
IO T 0 b TV IZHEVmMRNAD HcDNA% &
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Table 3 Criteria used for Histological severity (HIS)

scoring.

HIS Scores

No activity (no extravascular neutrophils)

Normal biopsy or inactive colitis 0

Mild activity (lamina propria neutrophils
only)

Scattered individual neutrophils

Patchy collections of neutrophils

Diffuse neutrophilic infiltrate 3

Moderate activity (cryptitis/crypt abscesses)

25% of crypts involved 4
25%—74% of crypts involved
75% of crypts involved

Severe activity
4) ELISA

MER O RIEME A b 7 4 2 JE % ELISALZ
THME L 720 IL-6.1L-18. B LU TNF-a & %,
ZNENDELISA¥ v M & AT, #F7 o b
TIVAZHE S THEIE L 720 F8ta RS O LR 1%
Bio-Rad Laboratories, Inc (Hercules, CA, USA) @
iMark™ ~ A4 7 07 L — b)) =& —%HTH
£450 nm THIE L 726

5) Real-Time PCR

Real-Time PCR(Z. StepOnePlus Real-Time PCR
System (Thermo Fisher Scientifictt #¢) % fv> T,
BWEOWE L FEROTHETH A b A A > SHH
(IL-6. IL-18. TNF-a@. IL-10. TGF-B) % ifll5E

L7z ArstRHzIE, %5 v MEOEREE A
5l L 72mRNAIZ H12K 9 5 cDNA% $:H L 726
)77 L v A 1d B-actin& L, Normal#f D
HIGIC B 2 £ A 7 4 VmRNAFSH =
w [1]) &L EsEsHi L7z (AACTE),

6) T MMEFIZRT B A b

F ) I 7 OVEERE TR St IR T3,
BltS A4 794 T A5 KS b)Y — (@-) 124t
HL. T MLEOE AR5 H % 54T L
720 BUELE LT BHEN=6D T v ML % ik
AL, B ofAE L FIL L 7. e
13ICA-BM6050 (H AR FHRASHL ) TH Y
HEIE B IZKOEY Th D, #EH (TP). 7V
73 v (ALB), 7 )V a— A (GLU), RFEXEH
(BUN).Z L' 7F =~ (CRE). Jki# (UA).#k (Fe).
TANRGEUVBETI /) PT AT 2T —F
(AST). 79=73I /) 972725 —%
(ALT). 7 VA ARAT 74 —+¥ (ALP), FLEET
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LT7FrF*F—¥(CK). v-Z V¥ INVET LA
RTFF—=E (yGD, ) Y ITATT—¥
(ChE), W /¥—+¥ (Lip). I VAT H— )
(T-CHO). "8l (TG). LDL-2 L A7 1o —)L
(LDL-C), HDL-2 L A7 1 —)V (HDL-C)o

7) AT

EREM OB EAEITHEENT Y 7 b = 7 Easy
R 4.3.1% Jl\»"C, Mann-Whitney URZE 2 £ V) &
fliL72% ECOHMET— 5137 T 7WIFY
fifi = {2 (SD) T/R L7z. PE<0.05% ftaT
MICEE L L7,

m. #3R

1. AEE DAl X7 DOEH)

TNBS 50#f X120 HIAELHAD S &5 D
O, 3H H LB 2 128 L 72 (Fig. 1A).
TNBS 1005 132-6 H H IZAE ML ETIZH -
7o TH B LLREIZ R 4 1248 L 72 (Fig. 1A
DSSHETIX3H H F TIEENIEIN L 725, R4
WA L Twvo 7z (Fig 1A) . =B, TREI O,
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Changes in the body weight and DAI scores of rats. (A) The y-axis represents the percentage

fluctuation in the body weight of Normal (white circle), DSS (black square), TNBS 50 (light gray
triangle), and TNBS 100 (dark gray inverted triangle) rat groups. The x-axis shows the days after
initiating the experiment. (B) DAI scores were assessed based on the established criterial”. The

y-axis represents the fluctuations in DAI scores for Normal (white circle), DSS (black square), TNBS

50 (gray triangle), and TNBS 100 (gray inverted triangle rat groups. The x-axis shows the days after

initiating the experiment. All data values are presented as the mean * standard deviation ( * SD). *P
< 0.05 (TNBS 50 vs DSS), **P < 0.05 (TNBS 100 vs DSS); N=6.

2 27 |3TNBS 505 & TNBS 1008 CT2H HIZ ¥ —
7 2 7RI R A SHA L 725, DSSHET 34
H H AR % 1288 L 72 (Fig. 1B)o

2. XKBEOREDEL

KGO E & 13 Normal#E 12, DSSHE TR X
HAE L Tz (Fig. 2A)s — /i, DSSEEL D
TNBS 50% 3 £ O°TNBS 100#: T & 5 12 F ¢
LAERNZH > 72 (Fig. 2A) s KIFOE S DFY
lEHEHRLZE A, DSSHE (162%14) L)
L TNBS 508 (152+1.7) B X U'TNBS 100%#
(13.7+1.1) CTHEMET AEIAZ RO -0, A5
#1137 H > 72 (Fig. 2B) o

3. KIGHEBORIBMEEER

Normal#f: D Ry TR T 5z 2539458 1236 O
MR 23586 S 72 A%, DSSHETIL R iz 247
ML OBEDEZETH ) . KGRI Rzl
DR A EECTH - 72 (Fig. 3A)o —F. DSS
T & b#id % & TNBS 508 L U'TNBS 1008 T
VR B R MR O Y& (X8R T A 1) . TNBS
1008 TE A O R EMIaiR % 2o 72 (Fig. 3A) -

GBI X D IFPEROR MR L2 2
5. RITYDSSHETE < OB IR & #EFR L 72
(Fig. 3B) o

4. HIS Za7OFHli & MEPREMY 1 D
1 > DBIEHER

HISA I 7 13TNBS 50 (1.67 +1.63, P=0.048)
B L U'TNBS 1008 (2.50+ 1.05, P=0.041) (2 T34
L7255 2612~ E 5 IZDSSHE (6.00+
0.89) T.E5 L 72 (Fig. 4A)o I OIL-1 81X
DSS#E (19.4%5.67) & TNBS 508 (13.8+6.12) T
A& O & 72 > 7255, TNBS 1005 (4.59 +0.46,
P=0012) &£V HIHS 2 LS L7z (Fig. 4B), Ifl
THHIL-612F8 LT b [MARIZ. TNBS 1005 (6.51+
224, P=0.018) X 1) & A ZIIDSSH (284 =4.29)
THIIML T/ (Fig. 40) o MLEHFTNE-a 12B L
TIIDSSHE (41.9+4.79) TTNBS50% (7.66+2.05,
P=0.010) 3 & O"TNBS100%# (16.6+5.51, P=0.022)
X HAEREIZEL Tz (Fig. 4D)o
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SR /I

RIEEY A4 A A ¥ 3FEFEOW, IL-1 B 12
B8 L Cld. TNBSS0 # (1.79 £ 0.78, P=0.020) & 1)
b DSS % (6.37 = 1.37) T mRNA OFEH &2
BIZEA L7 (Fig. 5). 72, IL-6 12BAL T,
TNBS100 # (227 = 0.56, P=0.018) & V) & DSS
# (7.07 = 2.17) T mRNA OFHENIEHEIZ E
FL72 (Fig. 5) TNF- ¢ 2B L Cid 3 BMICHE S
IO SN o7z (Fig. 5)0 PLAEMY 1 b
# A TdAIL-10 1X, TNBS 50 # (1.72+0.69,
P=0.019) XV % DSS # (628+1.21) THEIZ I
FLTw/: (Fig. 5)o TGF- B b [A#EIZ TNBS 50
# (2,17 £ 051, P=0.029) &£V % DSS#: (501
1.09) THEIZ EH LTz (Fig. 5)

6. ELFHEHDBIERER

F oy MEISH LT, B RS20 H % 1
E L7, MIFHTPHE X FALBIZTNBSH: X 1) $DSS
HECTIAE % 78 L 72 (Table 4)o JT 4% € (AST.

A Normal

DSS
“ i 21 YL

i

TNBS 50

B

Colon Length (cm)

Table 4  Measurement results of clinical chemistry
parameters in rats.

Normal DSS TNBS 50 TNBS 100
TP (g/dL) 7.1 5.6 6.7 6.7
ALB (g/dL) 5.1 4.2 4.8 4.6
GLU (mg/dL) 208 163 244 232
BUN (mg/dL) 23.9 28.0 22.7 18.6
CRE (mg/dL) 0.34 0.33 0.33 0.36
UA (mg/dL) 2.0 1.3 1.3 1.7
Fe (ng/dL) 117 163 118 144
AST(IU/L) 191 164 173 107
ALT (IU/L) 39 37 43 33
ALP (IU/L) 189 85 148 162
LDH (IU/L) 3291 2120 2258 977
AMY (IU/L) 1269 1384 1306 1227
CK (TU/L) 1681 1926 1482 598
r-GT (IU/L) <3 <3 <3 <3
ChE (IU/L) 9 8 11 6
Lip (U/L) 10 9 11 11
T-CHO (mg/dL) 70 96 58 73
TG (mg/dL) 114 85 137 55
LDL-C (mg/dL) 5 8 3 5
HDL-C (mg/dL) 27 33 23 26
B
25
[J Normal
W Dss
20l [] TNBS 50
{ [ TNBS 100
ol | u
|
10+ 4
50 i
0

Fig. 2 Changes in the colon length of rats. (A) Images of the representative colon tissues in the Normal,
DSS, TNBS 50, and TNBS 100 rat groups from top to bottom. (B)The y-axis represents the
colon length (in cm) of the Normal (white), DSS (black), TNBS 50 (light gray), and TNBS 100
(dark gray) rat groups. Values are presented as the mean * standard deviation (= SD); N=6.
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Normal

Fig. 4

(x200)
Evaluation of histological severity in colonic tissues of rats. (A) Microscopic H&E staining images
of colon tissues of the Normal, DSS, TNBS 50, and TNBS 100 rat groups. (B) Results of
immunohistochemistry staining with DAB to visualize neutrophil elastase (dark brown) in the
colon tissues of the Normal, DSS, TNBS 50, and TNBS 100 rat groups. Nuclei were stained blue
with hematoxylin. All microscopic images were observed using a BIOREVO BZ-9000 microscope
(Keyence Co. Ltd., Osaka, Japan). High power magnification was used for all panels ( X 200).
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Analysis of HIS scores and serum inflammatory cytokines. HIS scores on day 14 after initiating
the experiment were assessed based on established criterial”. The y-axis shows the HIS scores
in Normal (white), DSS (black), TNBS 50 (light gray), and TNBS 100 (dark gray) rat groups.
(B-D) The y-axis indicates the IL-1 f (B), IL-6 (C), and TNF- a (D) concentrations (pg/mL)in
the sera of Normal (white), DSS (black), TNBS 50 (light gray), and TNBS 100 (dark gray) rat
groups. Values are presented as the mean * standard deviation (£ SD). *P < 0.05 (TNBS 50 vs
DSS), **P < 0.05 (TNBS 100 vs DSS); N=6.
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Fig. 5 Alterations in colonic mRNA levels of rat

cytokines. The y-axis represents the mRNA
expression levels of IL-1 /3, IL-6, TNF- a , IL-
10, and TGF- f in the colon tissues of Normal
(white), DSS (black), TNBS 50 (light gray), and
TNBS 100 (dark gray) rat groups, relative to the
Normal rat group. Values are presented as the
mean = standard deviation (*SD). *P < 0.05
(TNBS 50 vs DSS), **P < 0.05 (TNBS 100 vs
DSS); N=6.

ALT. ALP. LDH) & #fE (BUN. CRE) Of§
BB L CRRRBEBIEDEEZITL A ERD
T2 72 (Table 4) o

V. E%

R8T BAFTET AIBDE 7V EIY OE
kDTS, DSSH S &£ TNBSH G- D2 F- i %
L7z KO REF L0 L. Ko
EZ2RE1ZITETOMEEE T, DSSH5 72
TNBSH G- 12T T v b ORI % % FEIELT
5 ENIRENT, REEDAIA 2T O~
5. DSS¥ G- TIEKRIG R 4 1TEAL L T 5
BT MR TE L, TNEHAKIZEEND
DSSEEHARMIZEIT 5 2 &2 6, 2N
KRR Z 2 1B LT el e Bb
N —H. AT —% %235 &, TNBSH
A2 X BRI FEBRENEAL L 22l R 2 12
EREL CWERTFAMAZ 50 2HUE, WIHIC
TNBS % EIGALMEE A 855 5 DA T, 0D
BOBIRGIZ W S, FEHICIZER
B SHEATWIZEE 2 57z, TNBSO#HEK

o A

[ H 5% FEfE 5 A 32132 L%, DSSIE A1 ~
5 — NV % 22 72t TR 0¥ 5 %2 47 ) WFgE
7O AP LHESN TN LYY, 22k
&, TNBS & 1) HDSSOPLHMEAE L | 18K
W 9eE T IMAFEIZ O RN TH DL T L EIRL T
W5, TNBSOAWKRIGO RS DOEME RO S
JFIRIEAREATH 5 25, TNBSOHEBEIZMEH St
HILY )= VIIGHIRE LRI BT E 54 My
Yo aroEEETIERIT O, ZoE
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