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Essential Role of Macrophages and Macrophage-Related Proinflammatory
Cytokines in Indomethacin-Induced Enteropathy in Rats

Ken-ichi TARUMI

[Introduction] Intrarectal administration of indomethacin induces longitudinal ulcers of the small
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intestine in rats similar to those in Crohn’s disease. A recent study reported that lipopolysaccharide
from intestinal flora played a central role in this experimental enteropathy.

[Aims & Methods] The aim of this study was to investigate the role of macrophages in
indomethacin-induced enteropathy. In the first experiment, male Wistar rats were intraperitoneally
given liposomes containing 50, 200 or 400 mg/kg of dichloromethylene-bisphosphonate (C1,MBP ),
which is known to injure macrophages. Four days after the C[,MBP-liposome administration, the
number of macrophages in the small intestine was evaluated by the immunohistochemical method.
In the second experiment, the rats administered 400 mg/kg of Cl,MBP-liposomes were intrarectally
given 24 mg/kg of indomethacin. In the third experiment, the conventional Wistar rats were
intraperitoneally given anti-cytokine neutralizing antibodies against tumor necrosis factor-o. (TNF-
o), interleukin-6 (IL-6) and interleukin-1B (IL-1B) before indomethacin administration. In
the fourth experiment, after administration of Cl,MBP-liposomes, the macrophage-depleted rats
were given recombinant rat TNF-o, IL-6 and IL-1B before indomethacin administration. In all
experiments except the first one, small intestinal damage was macroscopically and histologically
assessed 24 hours after indomethacin administration.

[Results] In all the rats administered Cl,MBP-liposomes, depletion of macrophages in the small
intestine was observed. Indomethacin-induced small intestinal damage in these macrophage-
depleted rats strikingly decreased to 19.6%. Administration of anti-TNF-o, IL-6 and IL-18
neutralizing antibodies significantly ameliorated indomethacin enteropathy in a dose-dependent
fashion. Inhibition of enteropathy by a combination of the three antibodies reached up to 87.5%,
which was equal to that in the macrophage-depleted rats. Additional administration of recombinant
rat proinflammatory cytokines restored indomethacin enteropathy in the macrophage-depleted rats.

[Conclusions] The results indicated that macrophages play an important role in indomethacin
enteropathy in rats via the production of proinflammatory cytokines. (Accepted on October 24, 2002)
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(A) (B)

Macroscopic view of a typical longitudinal ulcer of the small intestine in
an indomethacin—treated rat (A).
ulcer of the rat small intestine in the indomethacin-treated rat (B). (X 40,

Microscopic view of the longitudinal
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Table 1. Histological damage score of the small intestine EVER LT v MCEERNERS L
Width of the ulceration ~ No ulcer 0 hy U R A %%f B
. Small ulcers < 3mm 1 HLawiEtEORKRORE &
Large ulcers > 3mm 2 FFo 7.
Depth of the ulceration =~ None 0
Shge, ) 6. Mg Kr:T » MZBIF % Indo
Muscularis propria 3 2 R P/ B R T SR A SR DR
Serosa 4 =t
Inflammation None 0 CLMBP &4V £V — A5 T
i ' gmUurMekET v M,
Severe 3 PBSEHURY =L k&5 L7
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Immunohistochemical staining for ED2 of the small intestine in rats
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Fig. 3.

liposomes (B). Arrows show ED2 positive cells. (X 200 ; inset X 400)

Means+S.D. n=5
*p<0.05 vs. PBS-liposome
**p<0.01 vs. PBS-liposome

[ .

PBS-liposome 50 mg/kg 200 mg/kg 400 mg/kg

Cl2MBP-liposome

In the rats treated with liposomes containing dichloromethylene
bisphosphonate (CLLMBP ), macrophage of the small intestine decreased in
number in a dose-dependent fashion.
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Table 2. Effect of CbMBP-liposome on indomethacin-induced enteropathy in rats

No. of Length of the Total Length of No. of Histological

Treatment Rats Small Intestine Longitudinal Spot Damage
(mm) Ulcers (mm) Ulcers Score
Indo alone 6 843.3 £ 101.0 127.2 £23.6 5228 83+0.5
PBS-liposome + Indo 6 843.3 +£36.7 121.6 £ 16.0 6.0+4.1 7.6+0.5
Cl2MBP-liposome” + Indo 6 960.0 + 90.1** 27.5£39.6%*  13.8+7.6% 4.7 £ 2.8*%

Indo, indomethacin ; PBS, phosphahte buffered saline ; Cl,MBP, dichloromethylene bisphosphonate #400 mg/kg ; Results are
mean = S.D. ; *p<0.05 vs. Indo alone ; **p<C0.01 vs. Indo alone

kg #¥5. L7729y MR L. Means+S.D. n=6
18 7 (A) *p<0.05 vs. Indo alone
& 16 [ **p<0.01 vs. Indo alone
2. MpIRET v MZBIT /M
55 DR &14 7
)Ry — Ao Fa— §12‘
VBE, Mo FERRERE, Mo FrZric £10 7 e
B BN EORE % Table 2 § 8 7
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THo7 (Fig. 4A). F7-, % 1(B)

FEEZATT H4.7T£2.8EHE
A TdH - 72 (Fig. 4B).
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Pt TNF-o Jufk & 2 ug/kg, 20
ug/kg, 200 ug/kg #&5-§ 5 &,
FRARAF N5 3 P S :
200 ug/kg ¥% 5-#F T ulcer index (% Indo alone  PBS-liposome Cl2MBP-liposome

9.0+ 4. 3P < 7- (Fig. 5A). Fig. 4. The ulcer index (A) and the histological damage score (B) were
¥ IL-6 ik T b AT, 250 ug/ significantly lower in the dichloromethylene bisphosphonate (CI,MBP ) -
-6 L 3 [FRET, U

treated rats than those in the nontreated or PBS-treated rats.
kg $% 5-# T 13 ulcer index A37.4 =
491294 L7- (Fig. 6A). $IL-1p itkTd  #lShiz (Fig 7A). 7, MAFAMICSH, &
fiad 2 Fl & AR SR BRI R 2 R L, TOPHA M A A ¥ HRIEHEARAA R E A
500 ug/kg ¥ 5-# T ulcer index 135.8 = 4. 8124 a7 %A S8/ (Figs. 5B, 6B, 7B).

Histological Damage Score
O = NDW HMOO N O© o
| RS
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& 5L INF-a Ptk (200 ug/ 20
kg) & ¥t IL-6 Hifk (250 ug/kg)
% PF 53 % L ulcer index (&
3.8+6.0ICWA L, ZHITHIIL-
1B Btk (500 pg/kg) #IMA B
ECL8=4d5L L), ¥ E—
W D8T.5% DRI AE S 7z
(Table 3, Fig. 8).

Ulcer Index (%)

4. MpkrEZ v MIBIFBH Y 2
YEFY A AL X BN

e AE T 5% O FE B 0
Mo 25 v M2 rTNF-a (10
ug/kg) & ¥z 59 % & ulcer index 10

37.6 x4.7L %0, MHpHEED
B 36 b7z, TNF-o (10
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Wkl =S UL A A2 £ TR
Eht: (Fig. 9). ME&¥EE
Z 27 % ulcer index DAL & [F Ak
THh -7z (Fig. 10).
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Histological Damage Score
O = DD W dH OO N 00 ©
|

L

(A) Means+S.D. n=6

*p<0.05 vs. Indo alone

*

Indo 2 20 200
alone
Anti-TNF- ¢ antibody (ug/kg)

T *
[ "
;
Indo 5 20 200

. N alone
B, 3MOTHA A A Anti-TNF- ¢ antibody (ug/kg)
EHGLTH, Indo 25L& Fig. 5. Intraperitoneal administration of anti-TNF-o. antibody inhibited
U/ NEEBE IR SN o indomethacin (Indo) -induced enteropathy in a dose-dependent fashion as

7 assessed by the ulcer index (A) and the histological damage score (B).
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107 CH5T 5L R EE L. LPS
g 97 DREWBEHMIA M Th %
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X i DREE B3 212 M 2
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Indo 1 50 250

WAHBHHE LT AT+ AT #

alone

Anti-IL-6 antibody (ug/kg)

Fig. 6. According to the dose of anti-IL-6 antibody, the ulcer indices (A)
and the histological damage scores (B) were gradually reduced in

indomethacin (Indo) -induced enteropathy.
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Fig. 7.
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Intraperitoneal administration of anti-IL-1B antibody inhibited
indomethacin (Indo)-induced enteropathy macroscopically (A) and
microscopically (B) in a dose-dependent fashion.
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Table 3. Reciprocal effect of anti-proinflammatory cytokine neutralizing antibodies on indomethacin-induced enteropathy in

rats
No. of Length of the Total Length of No. of Histological
Treatment Rats  Small Intestine  Longitudinal Spot Damage
(mm) Ulcers (mm) Ulcers Score
Indo alone 6 838.7+106.9 112.2+23.5 5627 8305
aTNF a#+Indo 6 868.3 + 81.1 783 +354 73+6.7 4.6 + 0.5%*
aTNF a#+allL-67+Indo 6 966.6 + 58.5* 36.7+£57.2%*%  7.6+3.0 3.3+ [.3%*

aTNF a@*+alL.-67+ alL.-1 8 "+Indo 6 1030.3 + 73.4*%*  16.7 +40.8** 10.8+4.9 2.3 £0.5%*

Indo, indomethacin ; aTNF o, anti-tumor necrosis factor alpha antibody ; alL-6, anti-interleukin 6 antibody allL.-1pB, anti-
interleukin 1 beta antibody ; #200 ug/kg ; '250 ug/ke ; 1500 ug/kg
Results are mean = S.D. ; *p<0.05 vs. Indo alone ; **p<0.01 vs. Indo alone

Means+S.D. n=6

1 T *p<0.05 vs. Indo alone
00 * **p<0.01 vs. Indo alone
Zor ] *
?
o)
°
c
T 50 —
o
o
D
3
o i

Indo alone  AR{i-TNF- & Ab 200 pglkg

Anti-IL-6 Ab 250 pg/kg

Anti-IL-1 8 Ab 500 pg/kg

Fig. 8. A combination of neutralizing antibodies against the macrophage-related proinflammatory cytokines inhibited
indomethacin (Indo)-induced enteropathy more strongly than administration of any single antibody did.
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25 — #MeanSiS.D. n=~6 -
p<0.01 vs. Indo alone
— *p<0.05 vs. Cl2MBP-liposome
50— **p<0.01 vs. Cl2MBP-liposome T

#*
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o
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Indo 24 mg/kg

Cl2MBP-liposome 400 mg/kg

rrTNF-« 10 pg/kg

rrlL-6 10 pa/kg
rrlL-1 8 10 pg/kg

Fig. 9. Administration of recombinant rat (rr) proinflammatory cytokines restored indomethacin (Indo) ~induced enteropathy
in the dichloromethylene bisphosphonate (CLMBP )-treated rats. The ulcer index in the C,MBP -treated rats given a
combination of the three cytokines was the same as that in the macrophage-preserved rats. However, these proinflammatory
cytokines did not induce small intestinal ulceration prior to Indo administration.
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Fig. 10. Histological damage scores in indomethacin (Indo) -induced enteropathy significantly increased following single or a
combined administration of recombinant rat (rr) proinflammatory cytokines even in the dichloromethylene bisphosphonate
(CL,LMBP ) —treated rats. Even when rr proinflammatory cytokines were administrated, enteropathy was limited to mildly

microscopic inflammation if Indo was not given.
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