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Effects of excess dietary monosaccharide on the pathogenesis of
acute colitis in rats

Kohki Okada1> , Ruku Sasakiz) , Shintaro Nobori02>

Summary
excess of monosaccharides. Rats were administered of 2,4,6-trinitrobenzenesulfonic acid rectally
to induce colitis, then fed either a normal diet or special diet containing a 62.95% calorie ratio of
glucose, fructose, or galactose (N, Glu, Fru, and Gal groups) for 10 days. Rats in the N and Gal
groups showed decreased body weight and atrophied colon length. In the colons of rats in the N
and Gal groups, goblet cells were shed and a high degree of immune cell infiltration was observed.
Mucosal structure was relatively preserved in the colons of rats in the Glu and Fru groups.
Cytokines were measured in colons and serum, and increases in interleukin-6 and tumor necrosis
factor- a were especially marked in Gal group rats. Galactose intake may be a particular risk factor
for exacerbating the pathogenesis of colitis.

We here assessed the severity of acute colitis in rat models fed a diet containing an
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sulfonic acid

I. #&

il

BRI AR 7 U — VIR &\ o 7 S E
FEH (IBD) (XBMEM R, TH. iz ik
NESHEER T BV, IBDOBE TR I KE
LI—T v STELENMLTWE25, HETYH
NS 72 ) DFHERDTRD T 2 E MR S
T3, IBDOEREMRFIZHIETOAHT

505, BNHTETEOZALIHE D e ispE R
PEEO—N & EZ BNTW5EY, ERBEL ek
FHENC B B BRI O EIRE O EHEE
FHERHIE OS2 ELT 2 EAVRINTE DY,
CNSIBDEZ B O I L LT AT RN
EEVe BOefs, FLER ISR S G TanNdg
T 77 ADERUIBNARFE DO /NT » A Uik
L. IBDOJREZ R RIICEGET 5 & s

URUEBIE R R R R

T 607-8175 HUHSHTF HCHR T LA XK 1L HTHT 34
Bt NN R T

T 607-8175 HUARIHT HUAB T LR X K= 1L FH T 34

WAESE I OGE

SRR AR R~ B R R A A~ A
Tel:+81-755-74-4486 (ex.4942)
E-mail : okada-ko@tachibana-u.ac.jp

I"\Department of Medical Technology and Sciences,
Faculty of Health Sciences, Kyoto Tachibana University,
34 Yamada-cho Oyake, Yamashina-ku, Kyoto-shi, Kyoto,
607-8175, Japan

¥ Graduate School of Health Sciences, Kyoto Tachibana
University, 34 Yamada-cho Oyake, Yamashina-ku,
Kyoto-shi, Kyoto, 607-8175, Japan

— 135 —



SR /I

ENTWEY, HHENREFEEICBNTD,
E¥IvReIrgVEEEICELREYREEL
B2 2 ENIBDOFERZUET 2 2 LIRS
NTwz% UEoBEz»b, HEOEFRIZE
FNDEERSHIBDOREICKNE 2 HEL I
T LI TH L. FEBEL BIENR &
5 X7 B OER A IR 258 L v &3k
LD, IBDOEMEAZRD L Z LT L7z
Bldd D7, ZDOLH)IZIBDE HALD BV ILE
FRIE S R OBEIXEETH), b
BERPFLFEFN TS,
TNVA—=A, TNVT hN—=A, TF7 =&
Vo 22 B, O T— RN SRR Th
Bo TN a— ALK I B O HARA AT
LRI S NI L. 7V b — AXEP3E
REMELEEND Y T2 b=k £
N TN IT—= A LG LI THETH LI L
2 FABIUCARGBIIEEEINTNLE Y,
CNOMEIZEREZRER S TH L0, 208
RO, MO, 2 BURERAG, A 7R v o7
VRO =L GIEREOSE & R BEE LT
WE O, IEETIE, IS B A A O H ROk
OEFIBEIAS, B 7~ F % &0 HORIER
BOFIERL A L T b 2 EASHILC
WL W, Fi, 77 b= AOKEBRIULY ¥
WEROBB 2B EELI L, 7V a—ADK
wEIUIA 5 —04 F 2 (IL)-6 DIFEHEALE T
ANV = 1T IO LR RET A L, el
HUBSE ORI AT B AR (S B A M T 3 0] REME
BRENT WD 29, FaldDhai, gk r ¥
AT v (DSS) FEMRIGREBIESE/2T v
My ZVI—ZAHDW0IE TG N — R % i
ZE YRR 2 5 2 B R B L7, A
HEOFE B 2 E L iR LT HEE
BWEN GG 2B L2 A I EICRG %)
HALTAZEEMEREL2 Y, LA L. TOW%E
TIXEAKRE 3%DSS ICE &z 5 2 L TR
REFEL T D720, EERABOFHEI R
JRREDEAL T 5, b N IBD iHETIL, JRfE
DOEALRFIC IS ERS EFHHIESER SN L 2 &
Ph. ZOMFEIZER IBD B HEL L
FEEBREFV LIS VEV, T2, ZOWRNT
X7 7 b — A EF EEDS IBD OFREEICE 2
LEBEBIZOWTHRFETETWAELo72s LTz

o A

HoT, INHDOFEELHE LI, FkiZeh
VBETH 5o U EOEFEBE 2 AWIETIE. T
MZ246- M) = bRy ¥y 2RV EE (TNBS)
BV 2% FE S 7B OB BRI BV
T, ZWVa—A, FWVIb=A, HENIHTI h—
A BRIE TR 52, ENOIRREIZG2 5
B . TNBS iFEMEKE %13, IBD ©
T 7 O—IROFRREICE 5 Z L AT
W5 9, BRIZ7 00— VIR0 BERRE TR B ok
FEMEVLEL S50, KON RITE %
TEHFAL L7209 Do

I. MEEHE

1. MREM

ARFZEIE AR A B R B R &
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Wistar7 v & (WT., % A, 9ifiF, 220-250 g) 1&.
EKFEBM R 4 OB 226 AF L7z,
EEIEV L EIEER (MF, ) 2 ¥ VEE
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SERRAEAE () B AT L7ze IL-6.1L-1 5 .
B & U'Tumor necrosis factor-a (TNF-a ) O
TGO RIERAE D (ELISA) HIE* v M. Anti-
Neutrophil Elastase (NE) IgG. % ¥ /37 i
PRO-PREP™|E T 2 E - /N4 et (H50)
Mo AF L7z, #IEFHLETRIZoI™ reagent.
SuperScript™ II Reverse Transcriptase. PowerUp
SYBR Green Master Mix., 8 & UML-6, IL-15.
TNF- a .IL-10, Transforming growth factor (TGF)
-B ® 7T A < —XThermo Fisher Scientific, Inc.
(Waltham, MA, USA) %5 AT L7z, #at L7z
TIA—ORINIBE T L2 b 0 L Ffk
T, Table 1O ) TdH 5'9, Peroxidase (HRP)
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-labeled anti-rabbit IgG (H+L) goat-poly IgGliL 7
Favikatt O 6 AF L7z, 2ol
DRIEF 4 THIFFERASAL ) H 2 i
FH T4 T AT HRREM (5 »oBEA L

3. Fi&
1) BWERO 7ok an

B SEERIZSET B TNBS ZKFI % 100 mg/
mLOPEEIZ R 5 £ H50% T8 7 — VITEHER L
7o &TOWT (N=24) |Z3FHE A FRM: (35
A7 M XY Y0375 mgkg+ ¥V T L2.0 mg/
ke+liAlE 7 M V7 7 ) — V2.5 mg/kg) & EE
WPEST L. REE T T100 mg/kg DTNBSTAEE %
N lemD 7 7 0 BB ARG T 2 — 7
THLFTERA & RS-, RIREA YIS £
THIFHNIIATMES 2 L SIS L CEr — 21

BEL., KGE2FEL 7z, BEOTHICED
&, TNBSHAHIZ T v MIAak K% % 380 &
WD 0DOFTFTEISHE LT ZDH. N=6
FTOUTOO-DD 7NV — T3 L7ze QN
- EBRE 0100 B, % OB EEE (AIN-
93G. AV Ty VT ERSSH) 2EA
L 78, @ Gluff — FEEHAM O10H M., 77 )V a2 —
A% (o) —162.95%) 12 & ek A A
BefEa L /-8, O Frolff - FEERE o 10H .
TNy h— A& (78 —H6295%) |2
GUMRFARZEAE LR, @ Gaff - FEiY
HOI0HME, 927 b—2A%z#E (ha) =1t
62.95%) W E LR A B AL, &0
KEEORER S & &7 w1 X Table 20038 1) TdH
bo EBMIET. &y bOKEZEEEL.
FRPRHYEERE (DAI) A 37 % Table 312783

Table 1  List of primers used in this study.

Gene Forward Reverse Size (bp)
B-Actin 5-TGTGTTGTCCCTGTATGCCTCTG-3' 5'-ATAGATGGGCACAGTGTGGGTG-3' 85
IL-1p 5'-CACCTCTCAAGGAGAGCACAGA-3' 5-ACGGGTTCCATGGTGAAGTC-3' 81
R ll: (’)Fr‘ IL-6 5'-ATATGTTCTCAGGGAGATCTTGGAA-3' 5'-GTGCATCATCGCTGTTCATACA-3' 80

eal-Time

PCR 1L-10 5'-CCCTCTGGATACAGCTGCG-3' 5'-GCTCCACTGCCTTGCTTTTATT-3' 69
TNF-a 5-GTGATCGGTCCCAACAAGGA-3' 5-AGGGTCTGGGCCATGGAA-3' 71
TGF-B 5'-ACCTGCAAGACCATCGACATG-3' 5'-CGAGCCTTAGTTTGGACAGGAT-3' 85

Table 2 Content and composition of experimental diets.

Ingredient Unit  AIN-93G Glucose diet Fructose diet Galactose diet
Casein % 20 20 20 20
Cystine % 0.3 0.3 0.3 0.3
alpha cornstarch % 39.75 -

beta cornstarch % 13.2 -

Sucrose % 10 - -

Glucose % 62.95 - -

Fructose % 62.95 -

Galactose 62.95
Soybean oil % 7 7 7 7
Cellulose powder % 5 5 5 5
Minerals % 35 35 3.5 35
Vitamins % 1 1 1 1
Choline bitartrate % 0.25 0.25 0.25 0.25
T-Butylhydroquinone % 0.0014 0.0014 0.0014 0.0014
Total % 100 100 100 100
Components Unit  AIN-93G Glucose diet Fructose diet Galactose diet
Water g 9 9 9 9
Crude protein g 18.1 16.9 16.9 16.9
Crude fat g 7.3 6.6 6.6 6.6
Crude ash g 3.1 2.8 2.8 2.8
Crude fiber g 5 4.7 4.7 4.7
Nitrogen free extract (NFE) g 57.6 60 60 60
Calorie keal 368 366.6 366.6 366.6
Protein calorie ratio %keal 19.6 18.4 184 18.4
Fat calorie ratio %keal 17.8 16.1 16.1 16.1
NFE calorie ratio Ykcal 62.6 65.5 65.5 65.5

per 100g diet
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OB 5

MUE R DRI A b h A 2 EE % ELISALC
THMISE L 720 IL-6.IL-1 8 . B & O'INF- a EE % |
FNZENDOELISAY v & T, g7 b
TIVIZHE S THEITE L 720 380 BSOS O W ERE X
Bio-Rad Laboratories, Inc (Hercules, CA, USA)
DiMark™ ¥4 7 07 L — M) — & —% T
W 450 nm CTHIE L 720
5) Real-Time PCR

Real-Time PCRI&. StepOnePlus Real-Time
PCR System (Thermo Fisher Scientifictl: #) #
AT, #EOHE L RFEOFFE T A Mo A
v 5fE%H (IL-6. IL-1 8 . TNF-q . IL-10, TGF-§ )
ZHEE L7290, SATEEHIE. K7 v MED
&R 7» & HlH L 72mRNAIZ 3£ 9 5 cDNA %
BH L7z N ZF— VY v 75113 B -actin
E L. NEEOBEBERIZBI A& bh 1 v
mRNAZEHEZ [1] & L ERl %z 5
L7 (AACTH).

6) T v MIEIZR$ 2 A b

T ) L2y OVERRE LR S, R LY,
BRI A THA Ty ASET M) — (FHE) 12
SHEL. T v b IEOE AR 19T H % 54T
L7z e LT, &8EN=60D T v MG % 5
wmiE L. et oMEEE FHL 7z, 2o
SRR R TIRERE 01E & 2 EATFHIT & 5,
HHEEBELAT THDH, —HT, ZOFED:
12 & 5 C19TH H O WRI5EIZ 55 7 i &SR T
&, ELISAICHEHT 272000 %5 v ik % 5%
FTIENTRETH 5o HIERKLIZICA-BM6050
(HAB S, W) ThH . MWEHEE
WZROMY) TH D BEH (TP). TVT IV
(ALB). 7' Va—2 (GLU). WR#ZF# (BUN),
7V 75 =~ (CRE). JRI (UA). & (Fe). T A
IRTGEVETI/ TV ATT—¥ (AST). 75
ZVTI/ NI VAT T—¥ (ALT). TIVA) R

4) ELISA A7 7% —+X(ALP) L7 & P15 ) —+E(LDH) |
Table 3 Criteria used for DAI scoring.
Scores Weight loss (%) Stool consistency Occult/gross bleeding
0 None Normal Normal
1 1-5 (Completely solid stool) (Stool that does not contain any blood)
2 6-10 Loose stool Occult bleeding
3 11-20 (Soft, but not watery stool) (Blood on stool surface)
4 20 Diarrhea Gross bleeding

(Completely watery stool)

(Mucous and bloody stool)
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Fig. 1 Changes in rat body weights and feed consumption. (A) The y-axis represents the
percent fluctuation in body weight in N (white square), Glu (gray circle), Fru (gray
triangle), and Gal (gray inverted triangle) rat groups. The x-axis shows days after
initiating the experiment. (B) The y-axis shows amount of food consumed per day.
On the x-axis N, Glu, Fru, and Gal rat groups are arranged in order from left to right.
All data values are presented as means * standard deviations (* SD). *P < 0.05 (N
vs other groups); N=6.
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Fig. 2 Changes in rat DAI scores. DAI scores were assessed based on established criteria'”.

The y-axis represents fluctuations in DAI scores for N (white squares), Glu (gray
circles), Fru (gray triangles), and Gal (gray inverted triangles) rat groups. The x-axis
shows days after initiating the experiment. All data values are presented as means *
standard deviations ( * SD). *P < 0.05 (N vs other groups); N=6.
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Fig. 3

N Glu

Fru Gal

Changes in rat colon lengths. (A) Images of representative colon tissues

from N, Glu, Fru, and Gal rat groups from top to bottom. (B) Rat groups

are displayed in the order N, Glu, Fru, and Gal (left to right) on the x-axis.

Values are presented as means

Glu

=+ standard deviations ( * SD); N=6.

Fru Gal

Fig. 4

(x200)

Evaluation of histological severity in rat colonic tissues. (A) Microscopic H&E

stained images of colon tissues from N, Glu, Fru, and Gal rat groups from left to

right. (B) Results of immunohistochemistry staining with DAB to visualize

neutrophil elastase (dark brown) in colon tissues from N, Glu, Fru, and Gal rat

groups (left to right). Nuclei were stained blue with hematoxylin. All microscopic

images were captured using a BIOREVO BZ-9000 microscope (Keyence Co.

Ltd., Osaka, Japan). High power magnification ( X 200) was used for all panels.
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THEIZEMHETH - 72 (Fig. 6B)o KL+
TNF-a (2 B8 L T 3. N# (175.80+17.20 pg/
mL-g) & FK L CGalfif (218.0 £ 15.20 pg/mL-g)
PHEEICEMTH o7 (Fig. 6C) o
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Serum IL-1B concentration (pg/mL)
Serum IL-6 concentration (pg/mL) w

=)

Serum TNF-a concentration (pg/mL) )
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Analysis of serum inflammatory cytokines. The y-axis indicates IL-1 § (A), IL-6 (B), and

TNF- a (C) concentrations (pg/mL) in the sera of N, Glu, Fru, and Gal rat groups from left to
right in each graph. Values are presented as means * standard deviations ( + SD). *P < 0.05 (N

[N
3]
S

N Glu Fru Gal N Glu

Fig. 5
vs other groups); N=6.
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2.6 Analysis of colonic inflammatory cytokines. The y-axis indicates IL-1 § (A), IL-6 (B), and

TNF- a (C) concentrations per gram of colon tissue (pg/mL - g) from N, Glu, Fru, and Gal rat

groups (left to right) in each graph. Values are presented as means * standard deviations (= SD).

*P < 0.05 (N vs other groups); N=6.
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Fig. 7 Alterations in colonic mRNA rat cytokine
levels. The y-axis represents IL-1 5, IL-6,

TNF- a , IL-10, and TGF- f mRNA expression
levels in colon tissues from N, Glu, Fru, and Gal
rat groups (left to right) relative to the N rat
group. Values are presented as means =+
standard deviations (£ SD). *P < 0.05 (N vs

other groups); N=6.
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—77. BREBEOIEIZE L TiE. B ICFuEED
BUN & CREDHE NN % #8872 (Table 4) o JEE %
® 3 H (T-CHO. LDL-C. HDL-C) (&, Fruff
L Galff TR RMNMER TdH > 72 (Table 4) o
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WEIEEDS, Ty FOKRGREEMT L2 L0
IRENTze ORI KB L REEHITR S 8
FOHE L TWHEIZE R > TWb, METoHE
IZEBE, KBEEEFVY AL Va— A%
XTIV b= A %L L UM RS 2 7R
BRIZTC, FRIZ TNV b= ADFETH L T &AF
IRENTWBEY, ZORFETIXIL-1025/ v 7 T
RSN APERSNTE D EEE
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WB, ZD7z0 . B s L O
FEO RN LB ENG 2 2 08 % B RECT

Table 4  Assay items of clinical chemistry in rat serum.

N Glu Fru Gal
TP (g/dL) 7.3 72 7.0 6.5
ALB (g/dL) 52 4.5 4.2 4.2
GLU (mg/dL) 246 361 299 291
BUN (mg/dL) 16.5 21.4 47.7 19.9
CRE (mg/dL) 0.29 0.32 0.67 0.21
UA (mg/dL) 0.7 1.3 1.0 1.1
Fe (pg/dL) 160 181 197 127
AST (IU/L) 102 130 82 98
ALT (IU/L) 45 31 32 41
ALP (IU/L) 97 133 119 606
LDH (IU/L) 773 2492 397 564
AMY (IU/L) 1697 1507 1545 1455
CK (IU/L) 627 1731 331 373
r-GT (IU/L) <3 <3 <3 <3
ChE (IU/L) 10 12 6 10
Lip (U/L) 13 9 16 17
T-CHO (mg/dL) 89 59 159 133
LDL-C (mg/dL) 5 4 15 10
HDL-C (mg/dL) 29 21 39 46
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