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Fig. 1 Operative procedure. A segment of the
ileum was interposed in the distal colon.
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[17 ; MNNG B8 BXEiReon

#iH£10, 20, 30, 40:BEHICEBHRLTLO 4 BHAE-
Yoolt

@ 10:8% HHEBHRIE

@ 20:8% BHHBHELE

@ 30:8% HHEHE20T

@ 40:8% BHBHHIIT

4. MNNG 0o# 55

MNNG (Aldrich Chemical Co. Inc. Milwaukee #t
8 i, 5 1RHIMMCEXRF TEEKCEBERL
0.25% (MNNG 2.5mg/ml) K&K EL, NEDOS »
FI% 2B X V148K 1 B 1 Elml #6Fr. 7t
AFa2—TRAGTF 2 — FOEEIEECEBRER
P2 IEBEETOE cE TSI 5% L V10
cm FCHALWY - D EBHS Lic. MNNG ofa#
EEX1EEH35mg TH 5,

IHDO 7y PIZX LR L AR TETERYERBR
17,

5. WEEERIBREFE

I8, [BEDOTF v M, TR LT & BRICE
BLItR, SRLEBEYREE L, BECBHER
CEGCEREY 2 TARNCBEE LESOREREE,
HERMC S L UCHRVEYES L, £0%, MED
BrEtENER L RBR - YWEHL 95em ofllo
EIBEEOH L A<y vCEEL.AT 7 1« vUIBE
H-E LA TRBEBFHICRE L, REEBOW
BOER I UEBREWHER, KBEREVCHEH
ELTfT- 7.

6, 1dU, BrdU #% f\ 7 double labeling method =

NE D RFEEHE BT 5 KREIIF R

BRI 26% 125

& 2 HRAENRE O R

Shibui 58D F k¥ L, IdU & BrdU # BB
B EgMlao Mg LT L, B 3R
IdU (20mg/kg) *, & 512 2 BE# i BrdU (20mg/
kg) &7 » F EREAIICHE A L double labeling %17 »
fe, A=) VEEROBHBEAYHAVTE1IERR
BrdU © % % 32 3 7 % Br-3% i \» Avidin-Biotin-
Peroxidase Complex (ABC) &1z Xk b, XLt 2
B EHKBrdU & IdU » & % 88 # T % anti-BrdU
Mab # B\ T Alkaline Phosphatase-Anti-Alkaline
Phosphatase (APAAP) &'V X b REEB¥N_&F
AT L (Fig. 2).

BrdU # B h A A EMBRER%L 1 H B ABCIEIZ X
h@EBEIZEDHh, IdU F720X BrdU #l Y R AR
M2 BRI APAAPRIZI W H REB I I S,
Lictdo THIRR A F B O THRE X h - Ml IdU
FH5EHBrdU i 5 2 h 5 T 2 BMOMI IdU
PR OAALEBEZMIE (Nuclei stained blue
only) TH Y, MRAKLAFRABCEEIhMER
BrdU # 5 %12 IdU % 7c3 BrdU % B b & A 72 B3
#fz (Nuclei stained blue) &# 2 LhMEZERNT
5 EMRIEETH -~ o (Fig. 3).

MRS TAERTRIUTO L Y ckot, R
BEIVRER B E COEELREDOEE (Crypt
depth), BEE X v BEfLizH 5 BrdU EH o ig
BELYOERYHMETORI L LREORI L0

Fig. 2 Double labeling method

1. intraperitoneal injection(ip) of 20mg/kg 3 hours
before sacrifice
2. ip of 20mg/kg Brdu 1 hour before sacrifice
3. fixed in 10% formaline
4. deparaffinized
5. denatured with 2N HCL for 30 minutes
6. rinsed with 0.1M Na2B4O7(pH 8.5) for 10 minutes
7. immersed in methanol containing 0.3% H202
8. rinsed in PBS
9. 1:50 normal goat serum for 30 minutes
10. 1:200 BR-3(CALTAG Lab. San Francisco,CA) for 2 hours
11. rinsed in PBS
12. 1:50 biotinylated goat anti-mouse IgG(TAGO,Burlingame,CA)
13. rinsed in PBS
14. ABC solution(Vector,Burlingame,CA) for 30 minutes
15. rinsed in TBS
16. 3,3"-diaminobenzidine tetrahydrochloride(DOTTIE, Tokyo,Japan)
17. rinsed in TBS
18. left overnight in 5.0% acetic acid to inactivate Br-3
19. rinsed in TBS
20. 1:50 anti-BrdU Mab.(Becton Dickinson,Mountain View,CA)
for 2 hours
21. rinsed in TBS
22. 1:50 rabit anti-mouse [gG(DAKOPATTS,Denmark) for 1 hour
23. rinsed in TBS
24. 1:10 APAAP complex(DAKOPATTS,Denmark) for 30 minutes
25. rinsed in TBS
26. substrate solution
0.1M Tris buffer(pH 8.6) 10ml
Naphtol-AS/MX phosphate*  2mg
Fast blue BB salt* 10mg
Levamisol* 0.24mg
( * Sigma Chemical Co.,London,England)
27. embedded in glycerol geratin
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Fig. 3 Double labeling stain. (Interposed (G-zone ratio) #RK» -, BHELEZMHROBEE X
ileum, x150) h IR & L8 ¥ T oI Migration time (MIG.)
Labeled cells were. observed ifl the lower third of 12, 1dU & BrdU o SEEA t (AEETIT 2 BEED
the. crypt. Nuclei looked light tone, actualsf DRI N EE L Er bR oERd (=1dU
stained blue, were labeled by 1dU only. Nuclei -
looked dark tone, actualy stained blue and top—BrdU top) %L, REOREZ d TED A
brown, were labeled by BrdU or IdU. t I EE L7, Labeling index (L.I) ¢%, BrdU ®

42, o3 BEEEICL hRD e, ¥ 7% DNA & B S-phase

transit time(Ts.), Mg EF/E Turnover time(To.)
i, AtEOIdU & BrdU oEBE0ZES S L I2BE
LR, LEL6EDAFA -8 —%, F 5 b 1ED
LEfE, BEEE, BENERO 3TN TREERET
BETZHIBEC O ZHERT RO L DOEHETE
bl (Fig. .

7. RERMEE
BEAEIEH L DICMEIEMI LB L, ©
DHBO4ABEIZ 2B LT, LBI4BT LTy,
KEIFHETRL .

8. HETEMBREE

B X Mean+SD. TEbL, BEFRORER x°
test &, F7-EIHEOKREIL Student’ t-test 1TV,

Fig. 4 The parameters of epithelial cell kinetics.
Q E 1 C = Crypt depth (« m)
%{ G = G - zone depth (u m)

d = IdU top - BrdU top (x m)

I t

Mig. : Migration time

Y Mig. =C/d X At
Cells stained for [dU only. (At=2hr)
(Nuclet stained Blue only.)

Cells stained for IdU. L.1: Labeling index
(Nuclei stained Blue.)
LI= cells stained for BrdU

crypt cells X 100
Ts. : S - phase transit time
+
Ts. =a_ab_ X At
(At =2hr)

To. : Turn over time

To. =Ts. /L1
a : Cells stained for IdU only. © 4

(Nuclei stained Blue only.) (To. = cell generation time.)

b: Cells stained for IdU.
(Nuclei stained Blue.)
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p<0.05%HFRBEDD LHEL L.
g =R
1. #EZL
FMEEHHERTERE L MNNG BB LM O
BEOHBIL, ERIGBOERRT CTLEEYRELE

Fig. 5 Effect of MNNG instillation on body
weight. There is no significant difference in
weight change between both groups.
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B D FREESUE BT 5 KBREIBT R

B 26% 12%

BOEXEDLI - (Fig. 5).

2. BEBERLEE

TRTCOT » b CHEMER EB~-ZEBEAT) <
BEOREIARLRITH - T,

A REBAEBEDI6IE & MNNG EB10:E8 0 10T
CREEORE IR Oh -, BEORLER
MNNG EB20B8BLUE T 60, 208 TlIEF6
T (54.5%), 30:EBET200EF120E (60.0%), 40:8EF
TI9PEH13PE (68.4%) iR, BEDOFAIL20E
B CLIE R 6 T (54.5%), 308 B T20EF T E
(35.0%), 40:BEETILAIONE (52.6%) Kb,
BRIE D R (2208 R T 11ue 3 U (27.3%), 30EEET
20/EF 9L (45.0%), 40BBETIIEAF 7K (36.8%)
Thote, TRAEO R A TI0GEFITE F 2 T
(10.5%) &% 7 (Table 1),

MNNG BB CREBE B &Rk B o MRl E
B BEORERVHETHE, A TEMEBOE
BRERINGEFIT (51.7%) TH-DIEIL,
BRI T360E+ 2 It (3.3%) LHEBRBOERER
HRIFECERTH -7 (p<0.01), T, EBED
RAEFRICR T HEMEBO60IEFH23E (38.3%) @
XL, BELRB 60T 2t (3.3%) L EERE
FEERERIFBCERTH -7 (p<0.01), 20,8,
308, 40BDOZBEINCH T bRMIEB I HE~NBEDE

Table 1 Tumor incidences in this study

NO.(%) of rats | NO.(%) of rats | NO.(%) of rats | NO.(%) of rats
Groups NO. of rats with noeoplasms with cgrcinomas with ;denomas with ;arcomas
Saline 40w | 16 0 0 0 0
MNNG 10w | 10 0 0 0 0
20w 11 6(54.5) 6(54.5) 3(27.3) 0
30w 20 12(60.0) 7(35.0) 9(45.00 0
40w 19 13(68.4) 10(52.6) 7(36.8) 2(10.5)

Table 2 Tumor incidences in MNNG treated group (comparison between Interposed Ileum

and Distal Colon)

NO.(%) of rats with neoplasms

NO.(%) of rats with carcinomas

Groups NO. of rats
Interposed Ileum Distal Colon Interposed Ileum Distal Colon
MNNG 10w 10 0 0 0 0
20w 11 1(9.1 - Y - 6(54.5) 19.D < % =  6(54.5
30w 20 0 12(60.0) 0 7(35.5)
40w 19 1(5.3) — % — 13(68.4) 1(5.3) «— % - 10052.6)
Total 60 [ 2083 — % —  31(51.D) 2(3.3) < % — 23(38.3)

¥ p<0.05 * p<0.01
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TREE, BEORERIFEIERTH - o (Table
2).

3. EBERAEMEHK

MNNG EBRCRTRELL1ED ) DEE
BE10E5E 0 8, 208F11E (1.00/E/L), 3088
1848 (0.90fE/0u), 40:EFE34ME (1.798 /) D EH631H
(1.05M8/0%) Th-1t, FEEEBIR20:EFEIME (0.82
fE/I8), 30:8%1218 (0.60ME/IL), 40:8FE23(E (1.21
f8/05) DFt44fE (0.7308/I) TH -7z, BEBLL
20;8% 318 (0.27M8/1%), 30:8F10E (0.50f8 /L),
40:B 71218 (0.6318/7%) D F 258 (0.4218/IK) T -
o, ABEERGWEFEC2HEH O.11F/ cho7k
(Table 3).

MNNG EBF R\ CHEER & Efr BT 1K
Hich OFEBEMEE LY TS &, BB, 0208/
THoleorX L, MEBEEBT20.03E/T L EEEE
THBRA e o7 (p<0.0D), ¥ HEEERC I
Th, ENMFEBTO.70E/IETH - DD L, HE
B CH0.03E/IE L BBEBE CHEBIEETH - -
(p<0.01), 20:8, 308, 40EDOBBICAHTH 1EH
T DRELLCESS L OCBEBERRGELER
~, FEEB TRAERCA s -7 (p<0.01) (Table
4,

MNNG EBFC B CEGLR, E8RcESR
BB T2 L, BREOREGECEBCL2ETH-
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oot LEIBEB T3 2 L MBRB cERIA
Dot (p<0.01), HREE & WIEBEE B 3Rt e
PTINGEMEBRCREL T e, £HEBREOBERE
Er2Th, BEMNEBTIREIETH - o LEE
BB TR 2EEMBEBTCERRC D b ot (p<
0.01), ErEBRE L -EEEREBEICLRS
&, BEEBO /<398, EFMc3MEchy, &
HBE e 5T HEEE O ol & AL ot &5
THEDZERZ BRI -7 (Table 5),

4, 1dU, BrdU % A\ 7z Double labeling #iZ & %
B RO BT R

FEZBELCHERR, BB%«YWaEEE H5em 0
BB s X USER SRS O BB 5 b fr e o Miia B RS
YERERAGEE L B L LT MNNG BB&R L
HBELUTOREX B,

ER% -« WEME »5em nfloEE (UUF, EE)
CEEBHELAHBEOBOLE T, BEORX
(Crypt depth) BT XRCoOPCEB L »MEOBCE
BIHALHME EEOBEREELL RS, BRLE
EEOFREE R Bic MNNG EB20#EHF k¢, [
BB CEBIc b~ #EER L (G-zone ratio), LI®
FERENSRON, BB LEMROREE X
YBELREEESHOHE TS CoBERKRE
(MIG.) TiREIBD57.7+13 4B LB B ©
3554 3R L FRCHEBERB O MIG. EMHL T

Table 3 Number of tumors per rats in MNNG treated group

NO. of neoplasms . NO. of carcinomas | NO. of adenomas I

NO. of sarcomas

[
Groups | NO. of rats (per rat) per rat) | (per rat) ! (per rat)
MNNG 10w 10 0 0 | 0 | 0
20w 11 11(1.00) 9(0.82) 300.27) 0
30w 20 18(0.90) 12(0.60) | 10€0.50) 0
40w 19 34(1.79 23(1.2D | 12(0.63) 2(0.1D

Table 4 Number of tumors per rats in MNNG treated group (comparison between Interposed Ilem and

Distal Colon)

NO. of |

NO of neoplasms(per rat)

NO. of

& NO. of carcinomas(per rat)
TOups — : _—
neoplasms Interposed Ileum Distal Colon Sarcinomas Interposed Ileum Distal Colon
MNNG 10w 0 0 0 0 0
20w 11(1.00) 100.09) < % —  1000.9D) 9(0.82) 100.09) < % — 8(0.73)
30w 18(1.90) 0 18(0.90) 12€0.60) 0 12(0.60)
40w | 34(1.79) 10.05) < % —  33(1.74) 23(1.20) 100.05) <« % —  22(1.16)
Total 63(1.05) 200.03)  «~ % —  61(1.02) 44(0.73) 2(0.03) <« % —  42(0.70)

* p<0.01
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Table 5 Number of neoplastic tumors according
to histological type (comparison between Inter-
posed Ileum and Distal Colon)

histological type

Locate . [ | Total
adenocar- i e G o o
lcinomas aden._m..-..|~.ar\_.,.n.1.

Interposed Ileum I 2 0 | 0 i 2
Distal Colon 42]* 25 2 69]*
Oral side 24 14 1 39
anal side 18 1 1| 30

% p<0.01

V7 (p<0.01), MNNG BBB30:B5 CiX, WA LA
BB~ EBOEB CTEEICEETH-%. MNNG
BREEsATHE TS L, BBk LEERE TR

Table 6 Cell kinetic results by Double labeling

Ileum)

NG O R 1 BT 2 SERREVET AR

BMAREE 26% 128
WOEX, WL LI 0B E M MIG. &Mk
o RERTH D To. OFELEME RO (Table
6).

RIBEIRE & BB & T, BEOEI T
hoBRLHBERB Y EVNER L VEBETH L,
MNNG EB20;8F 2k % S CHEBAL MR
HEEOERDD Lok, EHLICHERBO
MIG. (EAHEBICENERICEL, B MNNG &
BE-CREBMAD MIG. 0EZXEREBHOZICTL
EHIEE L e -17(p<0.01). MNNG EBE#H£&D
MIG. &5 &, EMER DI 421, 1R % LR
B O T140.6+8. 2858 & B E B o MIG. 289
TECHDTH -7 (p<0.01). MNNG B L4 T
DNA &RBER(Ts. )% &5 &, MEEEK10.2+1.0

method (Comparison between Ileum and Interposed

Ilocate Crypt depth G-zone ratio MIG. LI Ts. To

Saline 40wI I 562.3+ 87.8 0.21+0.03 63.5+ 8.0 9.1+1.4 9.4+1.1 107.4+18.1
II 627.8+ 81. 0.23+0.03 52.4+ 9.8 10.5+2.5 9.9+1.1 | 100.4£25.1

MNNG 10w [ 496.8+ 40.8 0.20%£0.01 45.1+ 5.2 8.0+0.6 10.8+2.2 | 141.8+20.5 -
Il 599.2+ 62. 0.21+0.02 45.1+11.2 7.9+0.6 9.8+0.8 122.1+ 9.2

20w [ 481.9+ 79.4]* 0.1910.02]* 57.7:*:13.4}:{ 7.8+0. | 10.3+1.2 135.2+27.0

11 590.1+108.3 0.22+£0.03 35.5+ 4.3 8.8+0.8 10.3+1.1 117.5+13.5

30w I ‘455.3t 31.8 0,17i0‘04]* 46.1+ 9.6 8.7+1.7 10.6+0.9 127.7+£33.7

I 525.3+ 40. 0.21£0.02 42.2+ 8.2 9.0%£1.7 10.0+0.8 113.9+16.9

40w | 430.4% 37. 0.18+0.03 43.0x 9.2 7.1+2.2 9.9+1.2 149.9+33.8

11 573.3x 79.2 0.21%0.01 42.2+ 4.2 8.3+1.6 10.7+0.7 131.9%+20.7

10~40w 1 465.6 % 59.2:| 0.18i0.03}ﬁ{ 48‘9112.2}& 8.0L1. 10.4+1.4 |137.1i31.4}:{
11 568.1+ 85.2 0.21£0.02 40.6+ 8.2 ‘ 8.6+1.4- |10.2£1.0 | 120.1+17.4

1; Ileum from oral side, Il ; Interposed lleum  p<0.05 + p<0.01

Table 7 Cell kinetic results by Double labeling method (Comparison between Interposed Ileum and

Distal Colon)

locateI Crypt depth | G-zone ratio MIG. | L1 Ts. To.
Saline 40w 11 627.8+ 81.9 ‘0.23'*_‘0.03 | 52.4% 9.8,/10.5+2.5 9.9+1.1 100.4+25.1
DC ‘ 317.1+ 89.6 0.21+0.04 ‘ 103.8+16. | 7.9%0.9 9.440.6 123.5+16.0
MNNG 10w | I |599.2% 62.0 | 0.21+0.02 45.111.24, | 7.9+0.6 9.840.8 | 122.1% 9.2
DC |312.0% 23.2 0.24£0.02 83.1i17.9}ﬁ 8.5+2.8 | 9.1+0.9 121.3+25.8
20w | II |590.1+108.3 0.22i0.03]* 35.5+ 4.3] 8.8+0.8 10.3%1.1 . 117.5+13.5
DC | 284.9% 30.0 0.18£0.03 95.9+24.1 7.9%£1.0 9.0+0. 116.94+14.0
30w | 11 |525.3% 40.6 | 0.21:%0.02 42.2% 8.2, 9.0%1.7 10.010.8] 113.9£16.9
DC |270.9+ 23.7 | 0.1940.05 91.7+20. 8.1+1.1 9.3+0.71" | 116.3+11.6
40w | I |573.3% 79.2 | 0.21+0.01 42.2+ 4.2] | 8.3+1.6 10.710.7] 131.9+20.7
DC |279.7+ 48.5 0.22+0.07 91.1+13.8- | 7.6+0.9 8.5+1.2 112.6+19.8
10~40w | I ‘573.31 86.8 | 0.21%0.02 40.6% 8.2}__; 8.6+1.4 |10.2%1. 120.1%17.4
DC |279.7+ 53.1 0.20+0.05 | 91.4%21.1 8.0+1.5 9.0+0. 116.6+17.8

1I; Interposed Ileum, DC; Distal Colon  p<0.05 ¢ p<0.01
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Table 8 Transitional changes of the Migration
time (MIG.)(Comparison between Interposed
Ileum and Distal Colon)

Distal Colon

Interposed Ileum |

Saline 40w | 52.4+ 9.8 -

103.8:+16.9

MNNG 10w | 45.111.2 | 83.1+17.9
20w | 35.5% 4.3- |7k 95.9+24.1

30w | 42.2+ 8.2 91.7+20.9

40w | 42.2+ 42— 91.1+13.8

* p<0.05 ¢ p<0.01

RERENIC R LR AE S 39,01 0. 9B RT E BRI L
Twvie (p<0.0D),

LL, To. Tk, MEER - EVEBCEEEIED
7shs» 7 (Table 7).

BB ER &R BT MIG. OB % BRI e
LTa%E, MERBTCRNBECH D EATEE40:8
B D52.4+9.8K B 1w ¥ L MNNG & 352058 B ©
35.514. 3K [l (p<0.01), 3038 B T42.2+8 285 RS
(p<0.05), 40:BFT42.2+4. 208 (p<0.05) 108
AR Z20BHLET MIG. BAZICEMRL T 72,
FREHL, BEEBO MIG. 3R EEDEIL
Fd iz s 7 (Table 8).

¥ =

BRI R N EEE YRR T 5 - L ED
TERTHO, ABREZED0.002~0.008%V & v boh
T3, Bk CREHEGID0.05~0.5%, LM baEs
EED0.5~6.0%% o513 302, KT d Ll
B>0.23%'?, EHAEERELED1.5~3.1%P L
HFEEINTEY, EREEIBESAESORAFEEIZL
CEETHD, AR RT 5/ NEEAEE L
EHER (WE) »4< LEEEE U8 oX4E
ERE-EZuwbhTsh, EREPBEOHEERBY
EEOREED0.84~2.9% L ME I LT\ 51, B
2EEDOHWTRBDOESEHLECREL MBI
DIEKEREEAYHF LT3R BEHLHF, NEEM
B0 REHEIKGOFREEEEBED1/20~1/40
LIELY, MBEREMBERE KT 2MGBHt Y
FoTw2dniBbhs, 20k ABCHA~N
B ERBEOREEEN I GER E LT, MEE
Bdfeno &, BBV, 7oAV ETHBE L,
% DGR RBRR 258 < YA, LEaoR B i
ZEREPNEORNNBERT OBERE 2 bR T
O FEEHER DA H T T,

67(2799)

% 2T/ IR RIS B R R
AF oA T 50Tk <, NEORE i
BRSO RFE BRSSO TRV E
E 2N & KG % i 5 EREBIS 2 1T - 1.

Narisawa &!¥tX MNNG EBIC & 5 ERABE +
FARfERL, EHEELKBEREORE CRENCER
LTV ERELTED, LA ATIIF S
fED, BEMAEN LI KBS, —oEBABIC
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Carcinogenresistance Mechanism in the Small Intestinal Tracts

Yoshiyuki Kurosaka
The Second Department of Surgery, Kanazawa University of Medicine

The small intestine is unique in its high resistance to tumor formation. To clarify the organ specificity of the
carcinogenresistance of the small bowel, a segment of the ileum was interposed in the distal colon in male Wistar
rats. The rats were administered MNNG at a dose of 2.5 mg/day via the rectum for 2 weeks from the second
postoperative week. The rats were then intraperitoneally injected with IdU and BrdU at a 2-hour interval, and
sacrificed 10, 20, 30, and 40 weeks after the operation. Control rats were given saline in a similar manner. Cell
kinetic analysis of intestinal epithelium was performed by the double labeling method. The following carcinogenic
rates were achieved: 0% for the saline group; 0% for the MNNG-treated group at 10 weeks, 54.5% at 20 weeks, 35.0%
at 30 weeks, and 52.6% at 40 weeks. There was a significant difference in the site of cancer occurrence between the
MNNG-treated groups. The carcinogenic rate in the interposed ileum was 3.3%, significantly lower than the 38.3%
in the distal colon. Also the number of cancers per rat was 0.03 in the interposed ileum, significantly lower than
0.70 in the distal colon. The migration time of the MNNG-treated group was 91.4 + 21.1 hours in the distal colon
and 40.6 + 8.2 hours in the interposed ileum. The epithelial cell migration time from the bottom of the crypt to the
surface in the interposed ileum was significantly shorter than that in the distal colon. From these results, it was
concluded that the rapid renewal rates of the small bowel epithelium cells was the principal carcinogenresistance
mechanism of the small bowel.
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