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Induction of Preneoplastic Lesion in the Large Intestine of Rats by Oral
Administration of 2-amino-1-methyl-6-phenylimidazo[4, 5-b]pyridine

Yong Suk Kim, M.D, Kwang Soo Lee, M.D. and Kye Young Jun, M.D.

Department of Surgery, College of Medicine, Hanyang University

Carcinogenicity of Z-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine(PhIP) to rat colon was
investigated using the appearance of colonic Aberrant Crypt(AC), a preneoplastic lesion, as a
marker. The number of AC foci per colon at experimental week 4 was 2.5+1.9: No ACs were
observed in rats of the control group. A repeat experiment showed that induction of AC foci
by PhIP administration was reproducible and a significant increase in the number of AC foci,
440+ 1.14, was observed after 12 weeks of PhIP administration. The majority of ACs induced
by PhIP were localized in rectum. The minority were localized in the middle part of the colon
These data suggested that PhIP is possibly carcinogenic to rat colon.

Key Words: PhIP-Aberrant Crypt-Preneoplastic lesion
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4 ETe FuUe Fdwle] #U4 EA(muta-
genic compounds)e| ilfe] FHEHUTL 1 of
+ ¢|F¥atxe elgl(heterocyclic amines)s|t}",
a7FE F W 7e] 44K (rodents)s] 27|
M Fokd fddckes 2e] A2ty ATE Fild
U v A0 58 e 233 9 dFdel o 2}
Aeke] &dvl=rt wA sE€sl glck Fried
ground beef & H¥| f2e| 257 o|Fdxlue

*o] w2 1992¢hds godefetm wof d7w|e| =je
o 7= 04

oflul 2] &2l 2-amino-l1-methyl-6-phenyli-

‘midazo[4,5-blpyridine(PhIP)7} T o|E2{zm

2] epgl¥Es} vlariAE f4A HelE dode F
A2 £ 974 SD3F (Sprague-Dawley rat)
2] djF}e] WHoly Lol X (Aberrant Crypts)s $4
HF=d §gesd, Fdu¥ds ¢+ PhIP7} SD3aig]
o gell kAol -2 Swelast shsic

dEAE 3 aluey

63 A de(4% 150~200gm)el 44 SD3
& A9Tdstel, iz Al duge uiehe
7 Eehigaba oA 1242 79 s} @ 3]
2 wols} B¢ ARFA HHGET swA, B3
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37 A ®ubelld 9] FslFel +=2#Hacclimata-
tion#sick. == 98%2] PhIPSE Osaka 72
Nard 942 R¥ Fofslgla, 4932 0.05%2]
+5 5% powder basal dietel] 4o AF-F4 HE 5
=583, 55 PhIP 0.05% 2 52 uk5e 34
w7 A3 E 7 UEF s dEFe e} &
A Y+ ol =5 #lgic

A 1dge 23w 45w e #HgFs, 4
2HHEE 47, B, 1259 |65e] 2hzbe) sjgps
s shalch ol abE A Eele Eokells Alabe] H 4
1ew 7 sl qHre 9k ether vl Abe)ef 4
#Fstaet. HE% iR Birde uwhgvsl abe)
longitudinal median axis§ we} Asfeedn, &=
qF oo g Huepe| &8 F4) gteds flushing
st i, 10% <hd Feaglde] =izl ofz}=z)(fil-
ter paper )8l HaslA| el wHRE 0.2%2 )

Wl EFE2 30~6047F d9ete Lol (crypt)e]
AAE g o glEF vl Pateo)e] U4
g ol & (12.5x2.5)004 ACs2| #8re} 225 T4}
ek, ACs& 8 7+ Colon® AC focis) sy,
focus? ACH 5 7539w, ACY %2 23
Azl 9l HEs N2 rectal end® ¥ e Zem
+ Rectum, Cecum=e® 3¢ s 2em7#3
Cecum2 =2, 3] colond o4 82z 4%
Hato} Cecumell 4] 7h7he W12 e] 292L(P), =
M), HHHDIE vrgdeh, wiwe] slede
Zeiss microscope(West german el 4-2Hel 5 g
+ Contax(Japan)?}vllz}E o8+ Kodak color
filmes Fadsjgdcl,

= z}
PhIP ) fr=wds ‘ACE 29 1o Jeby

A8 1. a)PhIP %o 457% o dote) g55 He|a o Z(Aberrant Crypt) (334 &7} A4 %34) b) PhIP =
o 85% AC foci. +&84 8= 1AC/focuss 2 Faits 2 AC/focuss vieldch o) PRIP %o |24
2 AC/focus& vfebyic)
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TA44 9 220 :PhIP2) A% eje) =gk SD & e Hya wWie s

. 2% 1514 a) bl che # 43, BFe} 125 o] Yold det). 29 b)e] 3 HAEE g2
Mel Ablelch. 2% a)e) SMHEEZ AAW $907F A focusel e ACHE, 35 f4E:s & 9
AR Wold £AX(AC)Y Brolel(aoEe 37]  foeuse] = He ACs& vebdich 29 c)s) shag
7t TR, duAEs} AHen tojze) Fux 0 B2 focused ¥ ACsE ¥alr}

¥ 1. Rat d# el 42 Aberrant cryptse) &9

Treatment Period(Weeks)  No. of rats bering Ac  No. of foci/Colon No. of Ac/focus
Experiment |
PhIP 2 2/5 0.6+09 1.3+06
4 4/4 25+19 12204
Control 2 0/5 0 0
4 0/4 0 0
Experiment 2
PhIP 4 4/4 3.00+1.83 L.17+0.39
8 5,5 3.80+0.70 1.21 +£0.42
12 5/5 440+ 114 1231043
16 3/3 4.67£0.58 1.29+0.47
Control 4 0/5 0 0
B 0/4 0 0
12 0/4 0 0
16 0/4 0 0

G WF 8D {2eF <005 <00l

# 2. SDrats®] oiZ=|4 2 Aberrant crypt focis) 23

- R — — —
Treatment Period (Weeks) No. of faci Cecum Colon Rectum
P M D
Experiment |
PhIP 2 3 0 0 0 0 3
4 10 0 0 0 0 7
Control 2 0
4 0
Experiment 2
PhIFP 4 12 0 0 4 0 )
8 19 0 0 4 2 13
12 22 0 1] ) 2 Il
16 12 0 i} 5 1 8
Control 4 0
8 0
12 0
16 0

P; proximal, M; middle, I); distal.
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A 1Al el A Ak & 1o el
o}, PhIP§ <& 2124t & 25 45%« AC
foci®) = 0.6+09% 25+194c d=FoAH=
ACs7} fit=]=] gbgbel, Al 14 9«4 PhiPe| 2i#)
455 AC focidt dl=7¢ vls] FAHLR F2
&= ahAgr g2Fel ACss] =pia g4 gl7]
B AAHoR gv|7} 9l Eirh. AC #E9
A ™A (reproducibility & <1z, PhiPed gk
4}7]2t & (long-term expose)s] HE F418}7)
ge A 24¢e Addsidct. Ane & o] debd
tf, AC §x2 A#Ae gg sgden, F7)7 =&
o & AC fociel & 45, 85, 1252 1654
zhzt 3,00+ 1.83, 3.80+£0.70, 440+ 1.143F 467+
0582 Z7jabe obate Moot FAlAjos frofst
z] ghsteh. Focus® ACH ++ =3 LI17+0.39,
1.21+0.42, 1.23+0.4337% 1.29+0472 FAHo=2
frolg abole glgdch Aol ACssl ¥E& £ 2
of et #E¥H ACse 7]+l F= rectum
of Lxstga, A 2494 A3} factor?t F7 ¥
+% colons B2 x EEdsich Fele E
oz ye d3e 2HYF2E o 2cmE HYLE
A 2)4ict. Sprague-Dawley =142 ACsiEx
F3443 ol 412] AciEst o]z} glslch Fidd 5«14
= +2 distal colon=| FZ g},

a =

d4H FAF Fde FU2 Fddo/d(muta-
gen), Het4(Carcinogen), F% 32} {tumor pro-
motor )7} $Ee] sy, oleigh Flwe|ds et
H(Carcinogenicity), DNAse} worflais] A& g
g sute}lsl 2] of 2l(metabolisem)sl H§ 52 Ha
de| w5 i), 1975l Ames® FEFE @4
doof| gl=(838] 248) el E 4] 38 Sal-
monella typhimurium-& o|-88 F<dwe] 49y
(mutation test}& Earspgdct o F3e] 44
o] #4Ad(mutagenicity)g Adchd o] 32 i
b ® FAle] wAFEelsf gich YbHes shEbE
(chemical)2) Edwo] frdaln e FRAT
= #4122 #ef(chemical type)sl T2 2T 8=
d Sedwo] HbAdn webdel 7w (potencies)e

dg dFe] gl 8 2 9ozt sk

Whqh2 initiation® promotiong F&AHE w3
o] 3 4 gl1, initiation® DNATFZzuisie} o]
slei} promotiond ®k=A] FHalsle AL ohurt
EEAEr Ednie| gl 2# initiation=, 71
2] 2zla}(promotor)s] 2|go] FTopdge] HIEE
Z7p4 90}, b4 e] A4¥ o= tumor promo-
tion wdolch Werfle 22 ojH FaA& YFo7
gl Wl gdwoldydE slFshe F4¢
Tk AF olfste] dekA AlYE T A
5 A7E @Wae gl

obule4t, stllal, Te|w chege] 329 F4EY
dmafe 2] Ao F2% olF4z e opn
(heterocyclic amines)2 &2 &<l 235 Fodnlo
sutd e e, £ W e]F WAlay
ojule o2 (Rodents)?] «4=2137], 3 =3 % o
Aol 4] ebalE} W YaEFE FEAle] ¢EA @
priw, s|l@e 2 Hol feeh H57|(fried ground
beef)& #¥ Yz HAAAYE Fo 5% T
Eoide|gle dFeg EFHck imidazogquino-
lineslex; 1Q, MelQ), imidazoguinoxalinesiex;
MelQx), imidazopyridine(ex; Trp-p-1, Trp-p-2,
Glu-p-1, Glu-p-2, PhIP). 2-amino-l-methyl-6-
phenylimidazo[4,5-b] pyridine(PhIP)2 #3172
BE| H2o] 389 o]Fdatae einlgl Fudueld
©2 Ames/salmonella asay ‘i<l =2{# 1,950
revertants/ug2 FAEE AW ez gAY
MelQx (58,000 revertants/pg)«l vl&| <4 4=
= yehfalet, $ee 2 oA fried beefoll 713 F
24 Soye] ftE et PhIP+= ae2jqds 2w
712 2#l<A2 15 P.P.b(genotoxic material 2]
75% )% #2]8l3 #H mutagenicity®] 18%F 3l
sl Fat Fodule] foc}'. PhIP+= 442
¢l 2-hyhroxyamino-PhIPs} w] &4 44 4-PhIP
salfate® i+bgle] el gl=" ",

PhIPx =§5F vwiofsZxe] DNA&Yo DNA
H4E& fFaA717IE g 0.04% 2] PhIP§ =2
CDF| miceol#l~ 48 5794 Fabel] dapFs] =
7l 9 o Wixrp 3SR, Nagase anal-
buminemicslel 4 Agd 311Y Fabed HH3k
A 73bef] 4iytE(adenocarcinoma)s] HHde] fu=
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— 344 2 220:PhIPS] 75« 218§ SD 3 3] Hbd L8 f=-

S

0.05% PhIPE 457 24l F34459 2418 2E
247]e]4] PhIP-DNA adducts?} #4=gen], =,
WAk, el o Aoz goka, bl YojHez
WA 3R e vaEHgcy. o] o o|F YA
ajelnld} of &3 e]c).

mely o] dgie] 32 PhIP7l d25F29 e
o] gkl wWwleg ezl weld Lo E(Aber-
rant Crypts}& 422y, Ha7e ¥4 +8
g 7hAF FH54 o) Eqlzbae] ofulel PhIPS] w4
= d7staa) s

2] early eventsell s o}=|7t=] &3] o] & =
A 9lF fevy &7 $Fof4d "¥wH(early neoplastic
lesion)2| #<llidentification)® <=#(quantifi-
cation)= 2] #elE o]sfsl=dl Fasich 53 ¢
T #8 fi(risk factor)® 4% 4+ 47
of Fasld), diFshE: vEY oeiFRs FoFEE
A7E §8, FE 2le] o] =gy
o8} kA tumor growth)el gk 42 o
ghof] ofsle] W FHE =g, Ar)3ke d5r]3d
3 A Eel 2 AHEE wed

o #2] dhsHcarcinogenesis}gst, o] #4 LT
(dysplastic crypts)?zl 7] $44 ez 13s
i gl=gt 27 $oF2) F3Ff(quanifying)E< o8
=z g3 glc). Birde getaiade] 7] <Al of
abe] dholgle] ok whg o= Hahdof HAHE HeolY
Ao ¥ (Aberrant Crypts)s #alsta =eka} sy
c}*. Birdel 2]} Aberrant cryptt 2o®2 =
717} Z7}s Dlincreased crypt size), AloH E7}
# % (thicker epithelial lining), oX Fwi=|~
o] #FckHincreased pericryptal zone)i &hsdct.
ACs+ dafF daha £7], A5 Wde|wY, o
AubglEale] 2ajaat fodsEly wpdehyd S g
e =R gen, gt EH Fof 23k o
epta] AlSEe sk ol # 4 (mild atypialel 4 84
el (dysplasia)7t 2| 2] =3 43E Bole o]2{§ W
= daEel 22ab(promotor)dl =44 (high
fat diet)el ¥ yhg-o g A)3bed we} Frhghe],

HAfde g, Fae=F« 2lstd PhIP=  AlH,
fried beef2 7}3F F54 Fddeldlelx, F, ¢
32 Initiation# #{ie] g2 (PhIP-DNA

adduct #4), A+, ==} (high fat diet)=l 2
# %3 (promotion)s| dejdri= Helx, $-219 4
HAshel] 2zt Ay 254 SDF 2 23t
HT9h4 @l (Aberrant Crypt)e] =54z, 2
?17bed s A FHEAYANE Kol oE FrEH9
ch. e 29 dFnAs Wely LoEFE WEdhae
2 qr9Eta, %73 =& (long-term exposure)ol
ab® ACse] =7|wigjel zz¢h= #HEg 33 Pt
s Melef g zle|c),
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