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Effect of Dietary Fiber and Fat on Tumor Incidence and Cell Proliferation
of Colonic Mucosa in DMH-Treated Rats

Choi, Joo-Sun - Kim, Chae-Jong - Park, Hyun-Suh
Department of Foods and Nutrition, Kyung Hee University, Seoul 130-701, Korea

ABSTRACT

This study was designed to observe the effect of dietary fiber and fat on colon tumor
incidence and cell proliferation. Male Spraue Dawley rats(n=225), at 7 wecks of age, were
divided into 3 groups depending on the type of fat(beef tallow, corn oil and DHA-rich fish o)
and each group was again divided into 3 groups depending on type of fiber(fiber-free, pectin
and cellulose). The experimental diet containing dietary fat at 15%(w/w) and fiber at 6%(w/w)
levels was fed for 25 weeks. At the same time, each rat was intramuscularly injected with DMH
two times a week for 6 weeks to give total dose of 180 mg/kg body weight. Cell proliferation
was measured by in vivo incorporation of bromodeoxyuridine (BrdU) into DNA. Fish oil
decreased the tumor incidence(9.67%) compared with beef tallow(22.39%) and corn 0il(21.21%).
Tumor incidence was decreased in all groups that fed cellulose(11.67%) compared with those of
fiber-free(21.74%) and pectin(19.70%). Most of tumors was distributed at the site of the distal
colon. The rats fed both fish oil and cellulose significantly decreased the number of tumors and
tumor incidence compared to other groups. Fish oil was more effective in preventing cell
proliferation by dccrcasmg crypt length and labeling index(LI) compared with beef tallow( (p<0.
05). Cell proliferation in distal colon was more developed to the upper part of the crypt
compared to proximal colon. Overall, tumor incidence and cell proliferation were more affected
by dietary fat. But the effect of dietary fiber was different depending on type of fat in the
experimental diet. These results suggest that a DHA-rich fish oil may has more decisive effect
in inhibiting the cell proliferation in colon. (Koreal? J Nutrition 31(4) : 697~707, 1998)

KEY WORDS : colon cancer - biomarker - tumor incidence - cell proliferation - labeling;in‘dcx
- crypt length - docosahexaenoic acid - pectin - cellulose.
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1. A¥HY

A% 739 Sprague Dawley® 5737 & AFo) u}
2} dayol ojsie] 250214 9702 etk & A
P2 Hojxwte] Fol wrebd 4)7]E (beef tallow
'BT), Sf(corn oil : CO), oF(HALTF
fish oil : FO, TH94FATAR)TLE Yy, Zz9
T8 THA] 3702 o] HR4E A7slA ¢& 73
7HE(BT-F, CO-F, FO-F), B84 4449 cel-
lulose® #7138t F(BT-C, CO-C, FOO)3 -84 A
2290 pectin #7138 Z(BT-P, CO-P, FO-P)o.2 1}
o] zizhe] Moz 2555t ALt} 3hehy
werd o 2 1,2-dimethylhydrazine dihydrochlo-
ride(DMH, 99%. Aldrich Chemical Co, Wis)& 3
284 AT kgD 15mege 657 TSFAKEY 254
#o] 180mg/kge] HEZ s},

A4 ol= Table 19149} 2o] & I35 T Fo]
oF 20%, F2 o] oF 509%, AHEol 30%(15%.w/w)E
TR, AW Hfae FFT 024 sz o



celluloseE 6%, soluble fiber2 pectin& 6% 242t
AAF Hl&E 4o} Fashe WHE ol&3t.
AgAole] F@ Ao Z n9 oleic acid, n6
linoleic acid 2 n-3 a-linolenic acid, EPA, DHA4
e Table 209412 2o}, o] f9) 3715ol= 2

Table 1. Dietary formulations of fiber-free basal diet
Dietary groups

Ingredients BTF COF FOF
g/100g diet
Corn starch 57.40 57.40 57.40
Casein 22.00 22.00 22.00
L-methionine 0.30 0.30 0.30
Fat or 0Ol
Beef tallow” 12.47 - -
Comn oil 2.53 15.00 2.60
Fish oil* - - 12.40
Mineral mix' 4.00 4.00 4.00
Vitamin mix’ 1.00 1.00 1.00
Choline bitartrate 0.30 030 .. 030
Total 100.00 100.00 100.00
% nutrients of calculated as calorie
Total calorie, kcal/100g diet 453.00
- Protein, % 19.43
Fat, % 29.80
Carbohydtate, % 50.77

BT-F : Beef tallow+Fiber-free CO-F : Com oil+Fiber-free
FO-F : Fish oil +Fiber-free

YAIN 76 Mineral mixture ; ghkg of mix : Calcium phosp-
hate,dibasic 500 : Sodium chloride 74 . Potassium citrate,
monohydrate 220 : Potassium sulfate 52 ; Magnesium ox-
ide 24 ;: Manganous carbonate(43 — 48% Mn) 3.5 ; Ferric
citrate(16 - 17% Fe) 6 ; Zinc carbonate(70% ZnO) 1.6 ;
Cupric carbonate(53 - 55% Cu) 0.3 : Potassium iodate 0.
01 ; Sodium selenite 0.01 ; Chromium potassium sulfate
0.55 ; Sucrose, finely powdered 118.03

2 AIN 76 Vitamine Mixture(Modified without vitamin E and
vitamin A) ; g/kg of mix : Thiamine hydrochloride 0.6 :
Riboflavin 0.6 : Pyridoxinehydrochloride 0.7 : Nicotinic
acid 3.0°; D-calcium pantothenate 1.6 ; Folic acid 0.2 ;
D-biotin 0.02 ; Cyanocobalamine 0.001 : Cholecalciferol
(400,0001U/g) 0.25 : Managuinone 0.005 ; Ascorbicacid
0.2 : Sucrose, finely powdered) 992.824

*Supplemented 54.55mg DL-a-tocopherol/100g beef tal-
low

*Supplemented 145.46mg DL-o-tocopherol/100g tuna oil.
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Aapato] REHDE FAB 2.6% FE0 HET &
F5HE ArElglen, o BTt EobA At
7} golstng o2 Jsly) Y5t 7 715 EX
3l=9o) Aol sl dl-o-tocopherol F7latod

FAch

2. NEZEY R Beey B2y

Ag7|zte] Bue @ FEAHCAN HE 3T
1A17F Aol AF kg9 5mg9] bromodeoxyuridine
(BrdU)< phosphate buffered saline(PBS buffer,
pH 7.4)0 Ho) BRI A83] 1A Fo &
B2 Ry, oS A F AeES *1]7']5}3’—
PBS buffer2 Hopdc}, dige] Zel& & F prox-
imal 253} distal 202 WHrolA] Z+ B89 FF

FE Ao, 5"&4 27l EAIYS. S
prox1mal¢+ distald] BEEo2RE Icm Goid =
A& AHste BrdU test® 319} cell proliferation
ALE vud 5 Y=S 0%, 80%, 95%. 100%
ethanol &0 &g the xylene &4 FTAch
7} paraffin A23l9 blocks W50} 4pm FAZ
section3l9 albumin coated slidesoll 2AAZ1E A
AzA8A g9 9jsle] BrdU7} DNAOI Z3td
AR E At ,

‘Tissue section® xylenedl 33 ©7o] deparaf
finize® THE 100%9014 70% ethanol® 23t
dehydrationA1ZIth. Tissue sectiong 10¥%<t 3%
H.0: in methanol €%o] @70 FATt o] 2AAF

A& Thg 2N HCl €90 15217 5 2701 &
t}. Sodium borate(0.IM Na,B,O;, pH 8.5) £l
5R7F B7olA AR F312) thy 22 E Wl normal
goat serum blocking agent® Eojx=d F 2083t
humid chamberdl] #x3t}, Anti-BrdU MOAb &
Ag go] =AF 1X7HE<¢t humid chamberel X ¥
2% TS ‘goat antimouse linking reagent& %3
AHe| Bojx#} humid chamberollX 2087t X5t
t}. ‘Mouse IgG peroxidase labeling reagentE %
2AdAe| "= & humid chamberd] 20852t
u+x] 3} kS Tris buffered saline(40mM, pH 7.6)2

Table 2. Content of n-6 and n-3 polyunsaturated fatty acid in experimental diets

Dietary groups Fat source C18:1 (n9) C18:2 (n6) - Ci8: 3(n-3) C20:54+C22:6 (n-3)
g/100 g diet % kcal
All BT groups” bt 12.47+co 2.5 11.84 3.72 0.05 -
All CO groups  co 15 . 7.05 18.04 0.28 -
All FO groups” fo 12.40+4co 2.60 3.92 3.39 0.59 8.16

1) Extra corn oil was added to beef tallow and fish oil at levels of 2.6% w/w) to provide adequate amount of linoleic acid.

bt : beef tallow co : corn oil fo : fish oil
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2 7o} W} DAB-Cobalt plus imidazole rea-
gent(0.05% DAB in 0.04M Tris, pH 7.6 with 0.
01M imidazole and 0.1% CoCl)E Eol=g 583t
WA 3 3% HO.8 "ojaA 327 FolA Brdu
7} incorporation®= 9A]ellA polimerization®] &
O|EE 3} o] 24Z A1l Eosin® 2 3027 g
t}g 2ol2E PTF1 ethanold?} xylened ©]L3}
o} &A1Z] o permount 3t cover slipS B
t}. F&du|3 22 BrdU7F DNAY A%td A9 =
Ao MPAH TG AAJI}

3. sHNe

BE A¥Ane EAXEE SAS A programe
o] 83}%l 2™ A= mean standard error(SE, &
FLAZ A ST Aojxte] FF9 iy H
7ol 93 dgke AZ3] 98 two way-anovas
LAY, Bty #9942 general linear
model9] duncan’'s multiple range testoll 23} 8]
atHon, p<0.05 FEAAM FI4 S HAE)

3 1

DMHE HelshaA 77} e Jolast Y
2 748 A8He|E 25575 FostedA] Fgo
e g3 4334 biomarker2 HEZFAL
Hl L s

1. 0739 5Y4¥s

1) AoXIgel 3%

AY ARGl 2 2ol 25vkE]e] SEERE A
gt oLt A Ftell BT-CollA 7ete], BT-PaollA
19}e], CO-FZolA 19}2], CO-ColAl 4mta], CO-
PadlA 4ute], FO-F#& 59tg], FO-C#& 49,
FO-PTAAN 4uteg)7h SoiM 2 $EBS 7|§o=

Table 3914 &% LAL-L AE3

FU Y FETS LS BY Hix 73
7He FdAE FO-Fel vjsle BT-F&3 CO-FL
oA Eston, 345} nlRld FEFUYSE 22
AFRE AU Cellulose H7Hr7)2] vag&w BT-
CTAAME T%& 71 FEo] §loIA wlmslr) 7t oy
gt FO-Coll Hl8) CO-CTol $%& 77 58<l ¢
Boton, FW¥LAEY 2395 2 v B 29
7} B%Th. Pectin #7k7)8] wwsle] nH BT-P
o] CO-P$} FO-PFol vlate £42 717 52471
gorow FgwAge BT-PFe] CO-P$} FO-PF
o} n]3lo}, CO-PZe] FO-PZdll w3l of %A ek
gt 23Y4E 2H BT-PEo] CO-P8t FO-PTol
Histed R @gkon, nelg 7 TIFE o B2
Aoz Jepgot wEk BT Hls] CO9 FO7L
COdll ¥l3l FO7F 4] A4S o JAlsig.

2) Moy f29 I

BTE AH#A#78 vlasied 2@ BT-Col nla}o]
BT-F¢ BT-P7t %48 710 5859 % 248,
FF%T 9 vleld HaEdsrt 2%t (Table 3).
COE H3AE &7 vuslA TS 7 585, §
FagI FFYFE EA CO-PT vlstkd CO-
Fs} CO-Col o 2%ttt FOE 43% @73 vl
AEYE ol Hid FF A7 J3Fe U A
TAE AT 2ol vid] dia FHMTANAN %2
Agol oy BTE HHT A9 cellulosert,
COE HHAT A9t pectino] & LS A5}
Ao}, FOE H3% A 9ole 2 o7t gyt w
ZhA Aol dfrart Y LAL) vAE JEFe o
Ake] 70 wa} v ggo] e Ao E el
o F99 7|9 BXE AHEW(Table 4) 99
371 1~3mm =277} 7V 292, CO% FOd
Hla] BTolA 349 A9 B $U95E o B2 A

Table 3. Colon tumor incidence in rats fed different dietary fats and fibers”

Groups (n) Rats with tumors Frequency(%) Total tumors Avg tumors per rat
BT-F 25 7 28.00 1 0.44

BT-C 18 0 0.00 0 0.00

BT-P 24 8 33.33 14 0.58

CO-F 24 6 25.00 10 0.25

CcOo-C 21 5 23.81 1 0.52

CO-P 21 3 14.29 4 0.19

FO-F 20 2 10.00 2 0.10

FO-C 21 2 9.52 2 0.10

FO-P 21 2 9.52 3 0.14

¥ Tumor incidence was observed at 25 weeks of feeding. n : number of rats.
DMH : Inject 15 mg 1,2-dimethylhydrazine dihydrochloride/kg body weight intramusclarly 2 times a week for 6 weeks.
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Table 4. Size and distribution of tumors in rats

“Tumor size Number of tumors in - " - Site of tumors in
Groups (mm) tumor-bearing rats large intestine
< 1-3 4-6 7-9 >10 12 3 4 5 Proximal distal
BT-F - i 6 3 1 5 1 - 1 - 1 10
BT-C - - - - - - - - -~ - - -
BT-P - 8 4 1 1 5 2 - - 1 2 12
CO-F 1 6 1 1 1 3 2 1 = = 4Rt
Cco-C - 5 5 1 - 3 1 - - - 3 8-
CcO-p - 2 2 - - 2 1 - - - 1 3
FO-F - 1 - - 1 2 - - - - 1. 1
FO-C - 1 1 - - 2 - - - - 20 -
FO-P - 2 - 1 - 1 1 - - - 1 2
Table 5. Effect of different dietary fats and fibers on cell kinetic indices in proximal colon in rats.
. ! Dietary fats ‘
Dietary fiber Beef tallow Corn oil Fish oil p value
Crypt circumference no. of cell - _ , e o
Fiber-free 2203+ 1.36° 19.04 + 0.93° 1835 £ 035° Oil <0.0001
Cellulose 19.71+ 037° 1946 + 0.63° 17.14 + 1.02° Fiber NS
Pectin 2226+ 0.72° 19.75 + 0.84° 1870 £ 096 Oil xFiber* <0.0407 -
Crypt length no. of cell :
Fibr-free 37.83+ 3.49° - 2277 £ 123 2407 + 1.49° Oil <£0.0015
Cellulose 2296 £ 2.02° 2434 + 1.66° 33.06 + 6.35° Fiber NS
Pectin 2719+ 2.07° 26.13 + 3.43° 2511 = 247° il x Fiber *<0.0001
Tf)tal no. of cells no. of cell ’ '
in crypt
Fiber-free 819.99 + 53.17° 437.41 + 45.14° 44194 + 29.76° Oil <0.0000
Cellulose 453.51 + 43.47° 476.49 + 44.08% 640.17 +129.29° Fiber - <£0.0000
Pectin 606.43 + 56.57° 522.67 + 86.49% 47665 £ 6379 OilxFiber - <0.0000
Labeling index % ‘
Fiber-free 1749+ 1.74 16.22 + 249 1318 +  1.63 Oil NS
Cellulose 1177+ 216 1325+ 1.41 1329 £ 212 Fiber NS
Pectin 1591+ 0.98 13.06 + 1.52 1239 £ 2.13 Oil x Fiber NS
Proliferative zone %
Fiber-free 55.67 + 3.02 51.81 + 2.80 4126 + 2.49 oil NS
Cellulose 41754+ 759 4862+ 577 4165 + 747 Fiber NS
Pectin 49.24 + 3.27 48.88 + 5.12 4893 + 220  OilxFiber NS
Labeling index in %
proliferative zone ,
Fiber-free 3055+ 2.52 31.26 + 525 3224 + 3.87 Oil NS
Cellulose 2535+ 3.55 2588+ 308 2696 + 2.00 Fiber NS
Pectin 3447 + 194 2552+ 176 2511+ 3.60 QOil x Fiber NS

Mean+SE. n=5. NS : not significant.
Means sharing common superscripts in the same column or row are not significantly different at p <0.05.
Crypt circumference=+# of cells in circumference of each crypt.
Crypt length=total # of cells in each crypt.
Total cells per crypt=crypt length x circumference.

Labeling index=total # of labeled cells/crypt lengh) X 100.
Proliferative zone=(position of highest labeled cell/crypt lengh)x 100.
Labeling index in proliferative zone= (total # of labeled cells/position of highest labeled cell) x 100.
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o2 Yepton, FOE 438 A9dde 49 ¢4
£ A =& JAA7IE Sy ol AgEHE F
%9 A7|= 71 AUk, o] LS 91X (Table 4)
£ X9 proximal colon®lA Bt} distal colonolA o
5o ool EAsFE, HiaBrke 2olAe]
tgete} el o] & @& v AL B

2. [REYY N ZF2(cell proliferation)

AolArat A2t AEFA) BlAE IS ¥
237 Slato] The ) 2ol Eaalel BT

1) AoINgy 9%

(1) Crypt circumference

HolAel FRE w9 BE H4LE AT
T7)2) ¥|wsf] Bua}pgitt. Proximal colon(Table 5)
A Ak FH7R2(BT-F, CO-F, FO-F)ol4} pec-

ting& 71 ¢ (BT-P, CO-P, FO-P)7)8] 2478 ]
FFRHE CO% FOol vlsh BToll <34 circumfer-
ence’t FAAUA F7HER Y cellulosed 78I
& W= A FF w2 Aol RolA| 3t} Di-
stal colon(Table )0l A= Alo1A ) FHo WE <
el alolg AT F AU,

(2) Crypt length

Proximal colon(Table 5)o4] 444 FA7kolA
= CO% FOol 8j] BTl 9314 crypt length7} #
AUA F7FEIeY, cellulose #7MAdl= BT
CO°l H|3] FOol &3 o 30A AoiA L, pec-
tin A7He FAAE AAWFFl el 2kolE YehA
gkt Distal colon(Table 6)olM = HF4E H7}
8% o4& 7 vlwE] B CO% FOdl )3t BTol
A FAAUA F7HEIRN2H, cellulose H7bzel

Table 6. Effect of different fats and fibers on cell kinetic indices in distal colon in rats

. . Dietary fats
Dietary fiber Beef tallow Cornryoil Fish oil p value
Crypt circumference no. of cell
Fiber-free 2702 £ 344 2442 + 3.38 2335+ 266 Qil NS
Cellulose 2613 + 5.16 25.06 + 545 2496 + 3.85 Fiber NS
Pectin 2442 + 331 2555 + 4.03 2366 £+ 4.56 Oil x Fiber NS
Crypt length no. of cell
Fibr-free 3730 + 3.64° 30.08 + 3.54¢ 2686 + 1.01° Oil <0.0006
Cellulose 3449 + 4.57% 33.25 +  6.46™ 3091 + 5.56™  Fiber NS
Pectin 3596 + 2.54® 30.19 +  7.69¢ 3318 = 4.16™  OilxFiber NS
TPtaI no. of cells no. of cell
in crypt
Fiber-free 1007.63 +169.52° 735.11 +136.34" 627.13 + 75.01° Qil <0.0308
Cellulose 904.19 +215.66®  857.38 +359.49" 771.55 +170.83* Fiber NS
Pectin 883.62 +174.88™ 780.58 +275.93* 790.98 +203.39* Oil x Fiber NS
Labeling index %
Fiber-free 19.58 + 5.59° 21.30 + 15.66° 1767 + 290® Oil NS
Cellulose 17.57 £ 3.70® 19.68 + 5.47° 972 + 4.61° Fiber NS
Pectin 19.58 + 5.59° 1751 + 4.42® 1792 + 552* Oil x Fiber NS
Proliferative zone %
Fiber-free 59.42 + 11.30 39.13 £ 26.01 5447 £ 3.54 Qil x Fiber NS
Cellulose 5701 £ 1235 5743 + 1591 45.60 + 24.42 Oil NS
Pectin 5942 £ 11.30 5332 + 11.32 4592 + 4.60 Fiber NS
Labeling index in o
proliferative zone
Fiber-free 3444 + 9.03 33,51 + 13.25 3271 + 3.97 Oil NS
Cellulose 3126 + 8.95 3442 + 3.77 36.58 £ 35.73 Fiber NS
Pectin 3444 + 9.03 3395 + 9.38 36.10 + 4.18 Oil X Fiber NS

Mean=+SE. n=5. NS : not significant. _
Means sharing common superscripts in the same column or row are not significantly different at p<0.05.
Crypt circumference=# of cells in circumference of each crypt.

Crypt length=total # of cells in each crypt.
Total cells per crypt=crypt length X circumference.
Labeling index=(total # of labeled cells/crypt lengh) x 100.

Proliferative zone= (position of highest labeled cell/crypt lengh) x 100.
Labeling index in proliferative zone=(total # of labeled cells/position of highest labeled cell) x 100.
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(3) Total cells per crypt

Proximal colon(Table 5)°14 A#F4%F H7FstA
B2 7ol CO% FOo Hlgte] BTl 9giA FA)
¥7) FoHes F71E90oH, celluloseE A7t
ZolAE BT COdll Hlgted FOdl ol3iA frel Al
A 571 Aoz Yepdth. Pectin #715 3-9e
009 FOol Bl&f BT &4, = COE FOd vt
o foAd2 glsley F7tE AYE B Distal
colon(Table 6)°1A 4 FH7k2dAE FOol ¥
sted BTl 28l 94 A F7HEA e CO%
FO9 982 #9221 &tol7t ittt Cellulose 7}
oAM= AEFol o3t F- Alolrt e,
pectin A7 E a7 A2 A gF Rl B2 2}
|7} gl

(4) Labeling index(LI)

Proximal colon(Table 5)ol A& 29} d@gle]
Ao|zre] Fid WE o3 Aolg #EE F Y
2t} Distal colon(Table 6)olME= AHf4E A7t
2 ool s AuEF Qg f-2H Zolrt gl
A3 pectin F7MEAME A o]zl AT
Cellulose H7}2dlAE BT COdll vldle] FOol 9
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A o AUAl wobd FO AF el st ¥4
o] dAHE AL BT

(5) Proliferation zone
Proximal colon® distal colon B5FoliA Ad-f49}
Argglo] Aolxute] FEHo) 23 2 HQ Alolg T

2 5 U Table 5, 6).

(6) Labeling index in proliferative zone
W Akl AN HolApgst dfae] TR
% o1 Aelg #EE T UNH(Table 5, 6).

(7) Labeling index in a quarter

A EZ20] thA crypte] o= FEofA A o]
FolA 1 JE7HE BAE] A cryptE 45E3)
9 Q1. Q2. Q3. Q4% FYo = UF vhiol BrdU7t
labeling® LIZ ¥lisle] 529 S4=E Lol B9k
t}. Proximal colon® Q1(Table VWX HAf4E &
VA & FAME AER A FeJHQl A}
o}7} glSith. Cellulose #7tzelAE COst FOO ¥

-8t BTl oJaix #2404 LI 7t S71skeH,

pectin 7P R vlRI7AE BT 9J8ix #94
QA LI7} 373 COt FOAReldl & ztol 7t il
t} Q2 Q3. QA E Afas AEglel Lie A%
50 g foH AolE Y F ok Di-
stal colon{(Table 8)¢] Q1A 44 FA7HEA
Ao|Auke] FF wlg}h LIE Akol7} giien, pec-
tin H7MA = zlol7l et Cellulose H7HA o=
FOol &8 fe A #asdnh. QA= M

Table 7. Effect of dietary fats and fibers on distribution of labeled cells in proximal colon crypts in rats

Labeling index in each quarter

Dietary groups

Q1 Q2 Q3 Q4
0/0 0/0 o/0 O/D
BT-F 1799 + 2.81* 33.36 + 268 16.81 + 4.73 048 + 048
BT-C 734 + 2.68° 3158 + 5.05 7.25 + 3.86 0.00 £ 0.00
BT-P 22,68 + 3.25° 3559 + 3.54 6.61 = 3.03 0.67 + 0.67
CO-F 17.76 + 5.04™ 3230 + 6.44 12.72 + 3.80 062+ 0.38
coC 15.59 + 2.02* 27.13 + 7.07 10.19 + 3.32 0.00 + 0.00
Cco-P 9.54 + 3.67™ 2890 + 218 12.87 + 697 0.00 + 0.00
FO-F 2020 + 6.09® 2479 + 3.97 543 + 2.12 0.40 + 0.40
FO-C 17.26 + 561" 27.00 £ 558 10.39 + 3.81 0.00 + 0.00
FO-P 10.20 £ 3.56™ 31.82 + 3.84 6.90 + 2.16 067 + 0.67
P value
oil NS NS NS NS
Fiber NS NS NS NS
Oil x Fiber <0.0270 NS NS NS

Labeling index in each quarter of crypt was observed at 25 weeks.

Mean+SE. Number of samples=5. NS : not significant.

Means sharing common superscripts in the same column are not significantly different at p<0.05.
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& FH7RY pecting H7FLeX e HolA F
Fol| o2 Ao]E Holx] ggtort celluloseE 3 7}st
A& W= proximaldll A g alAsA2 FQOl 9314
L7} froj& oz #Aag RS A 234 Q
39 QoM E Afrast FHEglo] AolA FF/ w
& ztol7} gl A o2 eyt

2) Mo M R2 BB

(1) Crypt circumference

Proximal colon(Table 5)°4 BTS 433 &7
Hgs o dfa FH7) B pecting H7HSE A4
Bt} cellulosed <134 circumference7} #2143 1A
worch a8 COst FOE A% olM e dhae
T F7F 70 "t f94 Aol #AE 5
At} Distal colon(Table 6)ellAiE do|A|Hte] =
ok dgle] s TR A7 FFo BE el
Q1 ApolE Holx] gkskrl THBZ crypt circumfer-
encec BTE AFNUA A/4E HFHA EAY
pecting HFAAAE A9 FoHo= o F4d A
< A,

(2) Crypt length

Proximal colon(Table 5)°ll4] BT A3 xollA A
25 A7 s Aol HHas NG AR
t} crypt length7} f-2l430A 2924, cellulosedt
pectin® F4AE AolE BolA= Ut CO A
FHATNME HA4e 7t EE FF50 O zoj7t ¢l

Rom, FO HFATFNME a4 F347MY pectin
off Hla} cellulosedll &34 crypt length7} f-2]4 %)
Al AeiF ). Distal colon(Table 6)9l4= BT9} CO
AATAME 47 Aiae] 7l ©et erypt length
A& zo|7k AR oy FOAFTAAE Af4 FH7t
Al pectin 718 -2} crypt length7} &Sty
pectin®} cellulose®] FaFollE o)zt AAUet. whabA
Aol 447} crypt lengthol wlxle Q3 HAstd

Holx o] FRol e} tha A vefsie,

(3) Total cells per crypt

Proximal colon(Table 5)914 BT 4#TolAxe
celluloses} pectin 8.t} AF2 F3 7}l o5t F4)
EF7F o4 QA T ARaE HArEA ¥k
< "Wt FAEF 2 2A F7HEAD CO 43T
AN HAFaY FFHol 93 K&l o)zt ATt
FO AT E 4/4E #71skAl &84 99} pec-
tin A7tol Hl3le] cellulose 7ol 2l5le] F713lgie
o, =3 ARFAE Hr8HA 4e "R} pectin A
7toll o8l fodA YA F AXESFE F71EA Di-
stal colon(Table 6)dIA= AHay A7 =& HHva
o] F7ol B Aolrt glon, Aoldfae] dee
HA7He Ao el wel b Aoz Jepgt)

(4) Labeling index(LI)

Proximal colon¥ distal colon(Table 5, 6)°l4]
o] frae] Frlol 2] F3tell FH Q) Aozt QL
At :

Table 8. Effect of dietary fats and fibers on distribution of labeled cells in distal colon crypts in rats

Labeling index in each quarter

Dietary groups

Q1 Q2 Q3 Q4

% % % %
BT-F 29.72 + 291* 31.88 + 4.30° 17.24 + 5.09 1.26 + 0.80
BT-C 2798 + 3.69® 27.72 £ 593° 10.79 + 2.29 317 £ 219
BT-P 29.71 + 4.90® 3545 + 3.72° 1570 = 191 6.84 + 447
CO-F 2177 + 3.66® 25.28 + 4.00° 7.25 + 3.07 375 + 343
CO-C 3406 + 1.14° 2713 + 3.07° 12.00 + 5.25 3.27 £ 194
CO-P 30.88 + 561* 27.82 + 393° 771 £ 3.07 1.06 + 1.06
FO-F 31.21 + 4.69® 27.82 + 193 8.82 + 3.33 388 + 1.64
FO-C 1573 + 2.20° 1249 + 5.02° 7.18 = 217 138 £ 0.62
FO-P 35.14 + 4.19° 2676 + 4.83° 7.05 £ 1.01 0.64 + 0.64
P value
Oil NS <0.0096 <0.0269 NS
Fiber <0.0533 <0.0299 NS NS
Oil X Fiber <0.0006 NS NS NS

Labeling index in each quarter of crypt was observed at 25 weeks.

Mean+SE. Number of samples=>5. NS : not significant.

Means sharing common superscripts in the same column are not significantly different at p<0.05.



(5) Proliferation zone

Proximal colon distal colon EFollA 4o]idf
28] W7ol Slael HeIAQ WS BRY 4 Y
(Table 5, 6).

(6) Labeling index in proliferative zone
Hol st Afael Bl elste] 7ol §914
2l ztol& B 4 YATHTable 5, 6).

(7) Labeling index in a quarter

Proximal colon(Table 7)ollA ®A QlolA BTA
AZ 718 vZste] B pectindll BI3HA cellulosed]l
ojate] frojH ez Faslout CO HHE# FO A
HTANE AFa Hrtdl St Fo3Q k)7t ¢l
At Q2, Q3. QoM LIe Adfie F5o met
T4 A Aol & YEIAE &3t

Distal colon(Table 8)9] Q1 ¥E4M+= FO A4
oM Afadrtel ot FoHQ 2ol vE
WAEE A4 F27H pectindl B34 cellulose
o 9siM LIZk fo¥ez ZAHUTG. QHME
FO A ToIM Afra 37l st 938 Lske
ol 2 F4719} pectin Bt} cellulosed] ¢J3}e]
LIV} ¢ 28 gasiict

a |

Wynder 5] Ao xHo] tjgete] WHo] F23
AzE FAgtiy EEI o|F B A7t PSR
omi®  pRHEAo)E HFH3 Tl HXBA ol
off ulate] ehabggo] FoAUA EJOUPP Aol
uho] opukAl Z 3122 (promoting effect) A%el &
Fo mel 2 yelhgdth N6AESY Saaf £
n-9A29 Folc g Fig nxAolg HAY FE
& AA 2 o)E A PUE guot A&l =34t 2
g} 2L n-9A1goloI % coconut oile]} olive oil®]

w2 EE eI 31(4) - 697~707, 1998 /705

A 48 Aol SR B ARVIEA =& ¢
WA 22 F3E Bolx] . Ed Y TS
& 72e FFE9 AW AHTAE corn oilS HHE
% 5o H]3 menhaden oil& 433 FEA 794
A FUTH? geje R Aoj el At 2442 o)
ot ElAd Hojshs AR F4E, EPAS

2 n-34] PUFAE linoleic acid®t Z2 n-64
PUFAS$} stearic acid 2& E3px4be] vlsiA o
ob wh S A7 = AeE e,

FH Holdfat TS FHsHe Alt(intestinal
transit rate) % % (bulk)S F7HA 224 o] o
2 THLAE gNstn, Zue g ol gAE |
HA|A FZAe BoFEA (carcinogen) 9] HARE ¥Y
A7z, ety 2ddold(mutagen)d &
WA 7|, doze] JFFAY wldE FHA7AL
el pHE @53 0337 d¥e] SCFAY $52
27712 5 A 87238 HsAFHoEAN dFY
S Alske L Qe Ao nuFHm Yo,
ARAE H7teiA G wrh Hrtd &sto bt
Algo] ¥gten pectin, guar gum¥ 22 784 A
SAE AHNRY cellulosest 22 B84 AF4 A
Ao ohrAgol e Hog HuHm glou, o
fa7t BAE 9 @Kol e A= et
910 A2 e P Aiie O r1des 283
A Heg Aeart d3d Gt vxEs g2
thekste | Alo]A-f4E proximal colondl] F2 F&
& Fo|x] Fko) wae] B3l Ao BuHL Q)
q_27).

B APdME Holxw didvt TF 24
(Table 9)oll WA= B3-S M Ax} FshA|HHtol
o} 4] lE BT n6A4499 LAZE 78 AW
Akl COdll Hi3te] n-3A19 9] EPASt DHAYL 54 A
HhAkel FOO 9lsiA Fge) Aol wWgta, FE
Av)¢t £AE FOol 93l 714 A& o2 veht

Table 9. Colon tumor number and tumreor incidence in rats fed different dietary fats and fibers

Group Beef tallow Corn oil Fish oil Total Tumor incidence(%)
. n=25 n=24 n=20 n=69
o 21.74
Fiber-free . 6 ) 15
=18 n=21 n=21 n=60
Cellul n 11.67
ellulose 0 5 ) 7
. =24 n=21 n=21 n=66
Pect n 19.70
edin 8 3 2 13
Total n=68 n=66 n=62 n=195
15 14 6 35
Tumor incidence(%) 22.39 21.21 9.67

Data was expressed as number of tumors.
n=number of rats.



706/ Alo) A3k 4§48 AXFA] 4] K

o7t F¥Y A& A a9 YL ¢
AATE. Aol ATt TG B vjH = L A
HE A3 Afi4e] A3l e o BAgo] ajo)
7} 81128, proximal colondlA K.t} distal colon
oA FFo] F2 EX5HAL ojA HRriRTRE 4o
Apgell oja) o] E e W RS < F AT
A2F4 A=F JeELE labeling index?}t A2
A FAAUA FVHEER gt TAHEE 4
2% 4 & biomarkerZ AHEE 3 glom, HEEA]
£ FAATE QA gAY 2AS FHAsh A
AFE I QIPOP® | m2)ulolg AFH A7 A7) A
ZupAlolof} H]3) ¢k WAo] R == 7)A F9) sz
28 Uoll EAste XA bile acid?] %&
S7HIA A8 A Ee &48 JRem &4
H HEE B3] 98t A¥EZde] Futdnhe A
o]t} HAZ sodium deoxycholateE FHolA o
S W ol HEZA 3 crypt size’t 94
A BTt AE BFIPoH?, Wit & He
guar, pectin¥ & AHEE 2olo HslEH L o
dE AEFHo] FXHAUT & LT FAHUA
71 Z& PRSP, ditd oz Mol di-
stal colonoliAl F2 Fgo] Tz AL A8,
2ol -2+ F2 proximal colonollA] BES F45
©] colonocyte®] AR Qo2 o) AMEF2o) AL
o}4] proximal colonolA] FYEHIL FEFTPBR
2 AFollA Fo] F2 2P Y distal colondl
A Fge] Ao B3R %% proximal colonol Al
Bt} erypt circumference, crypt length, crypt el
ZAX5 ¥ labeling index?} AAFo = Fr)s1e
%S B AEF2LE Aol fArte o)Aty
ol oJ3te] o) ZA JFgS WeRAS gk
Proximal colon®lA= 2ojxdls} Aol 279
utet AEZAe u)x]Ee Fgko] @] gen A
7He HolAte] FHeol wel th2A) yehgt} Di-
stal colon®] crypt length$} cryptd EAEFE F
FEA Hxs}t 2717 714 W BT AHATANA 79
4 Sl S7stE o, F4 dalgo] Wkel FO 43
ol Bla] FAUA Rk CO AN M e
BT ®vhe w1 FO Brke E9th. Labeling index
£ @ 2Ago] 7 B FOolA 71 tha o u)s}
o 794 A F Aeq Yehd HEZFA o] FOo
s qAE R BESY. o)]ZHE n-3 AL
02 Age Auidel vis] AEFHE AANAFE
At d & A& ¢ U} Proximal#} distal
colon®] crypt® 4553844 labeled® A1Ee 9| E

AHHEY proliferative zoneo] Q47tA g
proliferative zone©| crypt9] 7| ZRE crypte] 4
SHE shiftHojx HxF4o] aslA MY 9l
&5 ¢ F A%

2% 9 A2

B dFdae HojAgez s A7|E, S5UIE,
offrE 27 15%(w/w) +F22, Ao Fag A}
312 &t} cellulose, pecting 247} 6% (w/w)
FFLZ Sprague Dawley & $AANA 4719
A 2elg} FAlel 815 wetdel DMHE 4931y
g 2AET oigdete Axweisty W 2
cell proliferation A =& ZA31%c}.

1) %L FE2 distal colonoix] WAlsle] o] A
FARTHE 2lo|x)dle] o3 o & F3e Wttt

2) TELRET TUdANE HUIET SFFTIE
H]ale] ool ofsjA o) ¥ Aoz yEhit)

3) oifroll A Wi M EMY HEZF2
(labeling index. crypt length)& 494 UA B¥te
o, 4] FHel W& A a3 Hold g5
Ae AojAe] FHol we} d2 A 2gste).

F24o7 ¥4, n3A99 DHAY} F338H) &5
g oAf7t AEFTAE AAlste] T TS AR
F= AWt Zlen, Aol fiy FH BE FoA
A AAETE FE = gioloy} o FE M8
A cellulosed AHET Z¢ <o we dAsh= &
7t At
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