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Effects of caffeine intake on pathogenesis of experimental
ulcerative colitis in rats

Kohki Okada]'z), Ruku Sasaki 2), Shintaro Noborio 2), Yugo Taokaz), Kaito Yamamoto®

Summary The study examined the effects of caffeine on the pathogenesis of ulcerative colitis
(UC) in rats. UC was experimentally induced by administering dextran sulfate sodium (DSS) orally
for 10 days, after which the rats were maintained for 10 days on distilled water, 0.3 g/L caffeine, or
1.0 g/L caffeine solution as drinking water (N, 0.3 CAF, and 1.0 CAF groups, respectively). Rats in
the N group gained weight, while those in the 1.0 CAF group lost weight. UC severity scores
significantly increased in the 1.0 CAF group. Neutrophil infiltration in the colon tissue was more
severe in the 0.3 CAF and 1.0 CAF groups compared to the N group. The proinflammatory cytokine
interleukin-6 increased in the serum and colon of rats in the 1.0 CAF group. These findings suggest
that caffeine consumption may aggravate UC progression.
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(Completely watery stool)

Table I  List of primers used in this study.
Gene Forward Reverse Size (bp)
B-Actin S-TGTGTTGTCCCTGTATGCCTCTG-3' 5'-ATAGATGGGCACAGTGTGGGTG-3' 85
IL-1p 5'-CACCTCTCAAGGAGAGCACAGA-3' 5'-ACGGGTTCCATGGTGAAGTC-3' 81
R 11: c; 1IL-6 5ATATGTTCTCAGGGAGATCTTGGAA-3' 5'-GTGCATCATCGCTGTTCATACA-3' 80
c€al-11me
PCR IL-10 5'-CCCTCTGGATACAGCTGCG-3' 5'-GCTCCACTGCCTTGCTTTTATT-3' 69
TNF-a 5'-GTGATCGGTCCCAACAAGGA-3' 5'-AGGGTCTGGGCCATGGAA-3' 71
TGF-p 5'-ACCTGCAAGACCATCGACATG-3' 5'-CGAGCCTTAGTTTGGACAGGAT-3' 85
Table 2 Criteria used for DAI scoring.
DALI scores
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)
Diarrhea Gross bleedin
4 >20 >

(Mucous and bloody stool)
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2B) o
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and B) o
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72 (Fig. 4A) JHFHHEROEHEFEREL 72 2AHNFEL 5. MERREMD D1 DBRIERER

D10.3 CAFREL 1.0 CAFRED KGR TRy T AL MEHOIL-1 13 NFF: (31.56+14.08 pg/mL) £0.3
(Fta ) 3% sz (Fig. 4B) o CAF# (35.58+13.70 pg/mL) IZxF LT, 1.0 CAFHE

(23.00=11.80 pg/mL) TR ME )& 7257225 A
B IO o7 (Fig. 5A) o M HIL-612 LT
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Fig. 1 Water and feed consumption: (A) Y-axis represents daily intake of distilled water
consumed for N group, distilled water containing 0.3 g/L caffeine for 0.3 CAF group,
and distilled water containing 1.0 g/L caffeine for 1.0 CAF group. On the x-axis, the rat
groups are arranged from left to right as follows: N, 0.3 CAF, and 1.0 CAF. (B) Y-axis
shows amount of food consumed per day. On x-axis, rat groups are arranged from left
to right as follows: N, 0.3 CAF, and 1.0 CAF. Data are shown as means * standard
deviations (£ SD); N=8.
A B
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m 18 b oo 1 (ll/l
20 05 l/'”')
1 b
-25 0
5 10 15 20 0 5 10 15 20
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Fig.2 Changes in rat body weights and DAI scores. (A) Y-axis shows percentage changes in
body weight for N (white circle), 0.3 CAF (black square), and 1.0 CAF (black
diamond) rat groups. X-axis represents number of days after experiment initiation. (B)
Y-axis represents fluctuations in DAI scores, assessed using established criteria”, for N
(white circle), 0.3 CAF (black square), and 1.0 CAF (black diamond) rat groups.
X-axis represents days after experiment initiation. Data are shown as means  *
standard deviations ( * SD). *P < 0.05 (N vs other groups); N=8.
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23.00 pg/mL) IR LT 1.0 CAFHF (207.20+24.10 pg/
mL) 25 B @S Tdh -7z (Fig. 5B) o L H
TNF- o [ ZBIL TIZ N (71.33%19.20 pg/mL) £0.3
CAF# (75.88%26.60 pg/mL) IZxfLC. 1.0 CAF#
(89.65%15.30 pg/mL) A3 PR H R JE T 72 h .
IO -7 (Fig. 5C) o
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6. KEGHEBIh REMY (M1 DAIERER
KRR OIL-1 B 13 NFF: (240.0£106.0 pg/mL-
2) £0.3 CAFHF: (268.80=94.20 pg/mL-g) { 2R L"C. 1.0
CAFH (183.90+138.00 pg/mL-g) TRV M) &
Lol S B2 LRRD % h o7 (Fig. 6A) « KEGHL
i HPIL-61ZBI L ClE N (347.20+93.60 pg/mL-g) &
0.3 CAF#¥ (429.0+123.0 pg/mL-g) 12/ LT, 1.0 CAF
1 (630.0=128.0 pg/mL-g) 75 A B & i E Tdh-o7z

20

0.3 CAF 1.0 CAF

Fig. 3 Changes in rat colon lengths. (A) Representative images of colon tissues from N, 0.3
CAF, and 1.0 CAF rat groups (top to bottom). (B) Rat groups are arranged left to
right as N, 0.3 CAF, and 1.0 CAF on x-axis. Data are shown as means * standard
deviations (* SD); N=8.

A
B
(200x)
Fig. 4 Evaluation of histological severity in rat colonic tissues. (A) H&E-stained

microscopic images of colon tissues from N, 0.3 CAF, and 1.0 CAF groups (left to

right). (B) Immunohistochemical staining using DAB to visualize neutrophil elastase
(dark brown) in colon tissues from N, 0.3 CAF, and 1.0 CAF 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 (200 X ) was used for all panels.
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(Fig. 6B) o KIGHBEHTNFE- o IZBIL TIL N
(265.80%67.20 pg/mL-g) £0.3 CAFH# (316.40=88.5
pg/mL-g) \Z&LC. 1.0 CAFE (231.30£77.40 pg/mL-
g) R NE N 2 TR L B AT RROR o7
(Fig. 6C)
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BER
JAEME A A 23T D IL-64 TNF- o 12
LC.1.0 CAFHE CTmRNADISH B =128
7z (Fig. 7) o 7272 HUSSEME T A M1 2 THHTGE-
BIZBL TLFARIZ1.0 CAFEE TR B N 12
-7 (Fig. 7)
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8. H{LRIBHDAIERE R

M{ETPBEIUALBIZ. 0.3 CAFH:BLUN.0 CAF
FECIRME% /R L7z (Table 3) o — 5. B HEAE (BUN.
CRE) BLU T HEHE (AST.ALT.LDH) D&1ZIZFg
LCI3.0.3 CAFEBLU1.0 CAFEE T TH o7
(Table 3) o i Feif £1£.0.3 CAFFEBLUT.0
CAFH CIRMECTH -7z IR E A DIEHE (T-CHO.
LDL-C.HDL-C) X°PABLULAD.0.3 CAFHEBL
UM1.0 CAFHE T i Td o7z (Table 3) o
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Serum IL-1B concentration (pg/mL) J>

Serum IL-6 concentration (pg/mL)

0
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Fig. 5

0.3 CAF 1.0 CAF

Serum TNF-a concentration (pg/mL) O

N 0.3 CAF 1.0 CAF

Analysis of serum inflammatory cytokines. The y-axis indicates IL-1 f (A), IL-6

(B), and TNF- a (C) concentrations (pg/mL) in the sera of N, 0.3 CAF, and 1.0 CAF
rat groups (left to right). Data are shown as means % standard deviations (= SD). *P

< 0.05 (N vs other groups); N=8.
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Colonic IL-6 concentration (pg/mL - g)

N 0.3 CAF 1.0 CAF N

Fig. 6

0.3 CAF 1.0 CAF

Colonic TNF-a concentration (pg/mL - g) O

N 0.3 CAF 1.0 CAF

Analysis of colonic inflammatory cytokines. Y-axis indicates IL-1 £ (A), IL-6 (B),

and TNF- a (C) concentrations per gram of colon tissue (pg/mL - g) from N, 0.3

CAF, and 1.0 CAF rat groups (left to right) in each graph. Data are shown as means
+ standard deviations (+ SD). *P < 0.05 (N vs other groups); N=8.
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Fig. 7

TNF-a

IL-10  TGF-B

Alterations in colonic mRNA rat cytokine levels. Y-axis represents IL-1 f, IL-6,

TNF- a , IL-10, and TGF- f/ mRNA expression levels (left to right) in colon tissues
from N (white bar), 0.3 CAF (light gray bar), and 1.0 CAF (dark gray bar) rat groups
relative to the N rat group. Data are shown as means * standard deviations (£ SD).

*P < 0.05 (0.3 CAF vs 1.0 CAF); N=8.
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Table 3 Assay items of clinical chemistry in rat serum.
N 0.3 CAF 1.0 CAF
TP (g/dL) 8.1 55 5.8
ALB (g/dL) 55 3.8 3.8
GLU (mg/dL) 279 224 202
BUN (mg/dL) 33.1 18.9 19.4
CRE (mg/dL) 0.53 0.29 0.34
T-Bil (mg/dL) 0.04 0.03 0.02
UA (mg/dL) 33 1.8 1.9
Fe (ng/dL) 233 120 61
AST (IU/L) 287 132 166
ALT (IU/L) 156 48 46
ALP (IU/L) 173 115 118
LDH (IU/L) 2658 1653 1367
CK (IU/L) 2841 1257 1484
ChE (IU/L) 18 10 7
T-CHO (mg/dL) 94 61 82
TG (mg/dL) 107 82 80
LDL-C (mg/dL) 6 4 5
HDL-C (mg/dL) 37 26 31
PA (mg/dL) 3.16 1.77 1.10
LA (mg/dL) 113.7 77.0 66.9
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