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The proliferative characteristics and nuclear aberrations 6f the 

colonie crypt cells in the dimethylhydrazine (DMH) sensitive A!J mouse 

and DMH 'resistant C57BL/6J mouse Viere examined before and arter a 

single exposure to the. carcinogen. The untreated A/J mouse was 1'ound 
<" 

to have B;-longer crypt column, a higher labelling index and a w1der' 

proliferative compartment than the C57BL/6J rnouse. Baseline nuclear 

aberrations were similar in both strains. Arter acute exposure to DNH 

there is an initial drop in proliferation followed by an ove'Tshoot and 

a subsequent return to baseline. Nuclear aberrations peaked at 12 

hours then returned to base l ine. These post-DMH patterns of 

proliferation apd cell loss and recovery over t1me were similar and 

parallel in both stralns. 
. . 

The data suggests that the susceptibi~ity 

to DMH carcinogenes;1.s can be predicted by the indigenous nuruber and 

distribution of DNA synthesizing cells in the murine colonie mucosa 
~ . 

and that the nuclear aberration index assay ls a good lndicator of 

carcinogen exposure. 
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RESl:JME 

Nous ~vons étudié l'effet d'une dos.e unique du carcinogène 

Il l,2-diméthylhydrazine (DM;) sur les caractéristiques prolifératives 

1 
'et les anomalies nucléaires des cellules appartenan~ aux crypt~s du 

\ ;" 

co on chez la souris. Deux souches différentes de souris furent 
" 

utih ées: la souche sensible .\IJ' et la souche résistante à la bMH . 
CS7BL/ 1. Tous les paramètres furent measurés avant e"t après que la 

dose ~l\~ue de DHH ~i tété adnl1niStf" t'vant l'util1sation de .. DH1, 

les souri~A/J avaien~ de plus lo~gues cryptes, un compartlment pro­

lifératif p\US large et un Indice de marquage plus élevé que les 

'souris .de sOll~he CS7BL/6J. Les anomalies nucléaires de bare étaient 

comparables pOUr les deux souches. Après l'uulisation de la'IJ~, • 

-
an observa lnitial~ment une balsse de l'lndlce prolifératif,.suivie 

d'une compensation exagér~e, puis d'un retour aux valeurs de base. 

Les anomalIes nucléaj res culmlnèrent vers 12 heures post-lnJectlon, 

, po,,:r retomber par la SUl te aux valeurs de base. Les deux souches 

de souris sUlvirent un schéma similaire et,iTallèle de prolifération 
-:\ 

et de-récupération et perte cellulaire-caprès l'util1sation de la DMH. 

Ces résultats suggèrent que l'on peut 'pr6dire la suscept.ibilité au 
,~, 

carcinogène D~m par l' étudè du nombre et de la distnbution des cel-

Iules muqueuses du col0l! qUI synthétIsent de l 'AD\l ,che:: la souris; 

et que l'indice cl 'anomalie nuc.léaire 'reflète adéquatement' l'exposition 

"" à un carcino~ène. 
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•. KIII«H> 
"'" This work was perfonned a1 the Unlverslty Surgical Cllnic, The 

M0ntreal General Hospital, McGill University between July L 1984 and < . 

June 30, 1985 under the supervision and guidance of Dr. David M. 
t 

Fle1szer. 

This thesis is divlded into three separate parts. 'The first part 
"-

..... ls la brief ~t"eview of the llterature and includes sections on the 

\ 

epldemiolobY and etfology of colon canter. The genetic and kinetic 

contributions to thls disease are then covered in greater detail 

because they "provlde the foundatlon on which the experimental work ls 

baaed. 

The second, part includes the methodo~ogy, results and discussion 

of 17..ro exper1ments carried out dur:1.ng this year. The first experiment 

entltled '''llle Pro11.fe'rative Characteristics of Col~mlc Crypt Cells as 

Predictors of Subsequent 'l\Imor Formation" has been submitted to Cancer 

Research for publication, and the abstract from this paper has been 

accepted for pt'esentation at the 7lst Annua1 Clinlcal Congress of the 

Amerlcan College of Surgeons :L'1 October 1985 and "lill be published in 

th~ Surgical Fortm1, Volume 36. 

An aôs~ract .from the. second experiment entitled "1,2-

Dimethy1hydrazine Induced Nuclear Aberrations in C57BL/6J and A!J 

Mouse Colonie CrYb)ts" has been subml tted to The Association, for' 

Academie Surgery for presentation at their 19th Annual Meeting ln 

November 1985. 

Because of the nafure of this work, sorne of the d.iscusslon and 
, 

conclusions drawn from these two experiments are repeated, and for 

this overlap l apologize. 

Part three includes the final summary and discussion and the 
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reférencea of' the thea ia • 

During the course of this year in the laboratory l hâve l~amed a , 
great deal about this enigmat~c 'qisease called colon, cancer. The goal 

of th~ acientist and non-scientist interested 'in cplon'cancer must be 

the prevention and early detec'tio'J} of' this disease. :r hqpe that in 

sorne manner this small work makes a contribution towards that end.· ' 
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l wish to thank my supervisor, teacher and friend Dr. David M. 

Flelszer for having fac1l1tated this work with his advice, crlticismsJ 
'1 

encouraiement and enthusiasm ,throughout this year in the laboratory • . , 
l would also l ike to thank Dr. Emil Skamene for his support and 

" 

:1Jlsights, Dr. _ Sarny Su1Ssa for his excellent statistical analysis of 

,., the data, and Dr. Mary K. Senterman for her help and enthusiasm in 
" 

analyzin6 the h~stological specimens. 'Ihe constructive critiques and 
• c 

advlce of Dr. Ray Chlu are also deeply aI;>preciated. 
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~ 

University. 
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Final~y l want to thank my wife, Judy Lighter, wqose caring, 

" 
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of inspiraJ;ion tq me. It ls ta Judy that l dedicate thi& thesls. 
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ABIRN.IATICfiS 

A A/J Mouse (m:1ce) 

B C57BL/6J mouse (mice). 

IH! - 1,2-01rnethylhydrazine 

LI Labelling Index (indices) 

MF Mitotic Figure(s) . 
Mitotic Index (indices) MI 

.. 

NA Nuclear Aberration(s) 

MAI - Nuclear Aberration Index ( :l-ndices) 

PC 
. proiiferative Campartment(s) -

TBW - Total Body Weight 
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Cancer of' the large intestine ls a disease of the industrialized 

countries of Europe, Australia and North America (1-3). In Canada and 

the United Stél.tes, colon cancer represents one of the largest cancer 

problems 'when conside:ring 90th sexes together. Approximately 3% .of 

aIl deaths in North America are~due directly to this disease ~d 
( 

25/100,000 cases or about 15% of aIl ma1ignancies in men and \'lanen are 

located in the large bowel, and 5% of aIl men and wornen in North 

America will develop this disease before the age of 75 (4: 5). 
1 

Females are affected by colonie cancer more than males in a ratio of 

,'1.2:1. Incidence increases with age p~aking in the seventh decade, 

'but 8% of cases are ?iagnosed before age 40. Thus Golon cancer 

represents a serious health problem and·over the last two decades 

there has been an increasing interest in this dlse"ase. Despite 

volumes· of epidemio~ogicqand experimental data on colon cancer, very 
~ 

~ 

'little i5 known about the cause, prevention, early detection or cure 
. 

of colon cancer. 
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-·2. El'IOIOOY OF corœ CANCER 

(A) Human Studies 

.', In the last 15 yeq.rs clin1c1ans and scient1sts have shed much 

• light on the etiological raIes of diet and feeal f'actors in colonie 

,carcihogenesis. Migration studles have demonstrated that genetically 

h~geneous populations ,moving fl'om the1l' low l'isk country of origin 

to North America signif'lcantly inerease their risk ,of develoMng cqlon 

cancer (6, 7). The ~;nphas1s has been on cOl'relation studies and 

group cornparlsons between the intalce of animal. proteins, meat, fat and 
1 ~ • ~ 

t'iber, and the rlsk ot' developing colon cancer. . 

Several studies have found a high correlation between colon -

cancer rnortal1ty and the intake of animal- proteins, meats and fat (8-

10). These studies were supported by observations of J the Seventh Day .' 
Adventlsts who, being lacto-ovo vegetarians with a low fat, high t'iber 

, 
intake, have a v,ery lm, incidence of colon cancer (11, 1ç). 

Dietar'y fiber and "roughage" have been hypothesized to play a 

protective l'ole in the pathogenesis of colon cancer (13). These 

protecti ve mecha.niS~ are thoUght to be mediated by fibel'!s effects on 
-~1 ~ " 

intestinal tl'ansit time, stool bulk, and intestinal microflor'a (13), 

as weIl as it~ effects on binding and metabolism of possrble 

carclnogens (14). 
» 

Fecal characteristics have be\n imp11catéd in the c~lon 

carcinogenic pl'ocess as weIl. Hill has suggested that fecal bile acid 

concentration 1s deterrn1ned by fat intake and that carc1pogenic risks 

are linked to the concentration of secondary bile acids in the feces. 

These sécondary bile acids are produced in the large bowel under the 

influence of a bacterial flora high in clostridia ofe the 

dehydl'ogenating type (15-18). 
" 

\ 
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S1m1lal"ly, analys1s bf fecal samples ·obta1ned f.rom varlous 

populations exhibit1ng different risks of developing colon cancer,." or 

from patients with estab'l1shed colon cancer have attempted to identify 
ç ~ 

l' 

a specifie carcinogenlc species of bact-eria. Human fecal flora 15 

extremely complex and contaln5 more than 200 organisms from '40 

dlffel"ent species of bacteria (19). No consistent .pattern has been 

established in the profiles of these samples, and t1here loS no 

correlation between the présence of particular organisl11B in the stools 
t .'"'1-

of colon cancer patients,,; or, in those patients thought to be 

predisposed to. the disease. Thua no specifie pathogenic role for any -l' 

particular bacterial species has been defined for colon cancer (19). 

Therefore in the absence of direct informati'on on specifie bacteria, 

deductions must Ibe "made from ·indirect sour'ces. As most known 

carcinogens l"equire metabolic a,cti v ation in order ta express their 

~ctivity, it has beén hypothesized that fecal bacteria may contribute 

,to colon cal"cinogenesis by aetivating benign substances in situ. This 
. , 

activation 18 thooght to yield direct acting earcinogens, tumor 

promoters and cocarcinogens or precursor species that may be further 
. 

metabolized to active specles in the target tissue> (20) • 

(B) Animal Studies 

The epidemiologic and correlation studies are important and 

provide a great deal of information r-~gar-ding the etiological ÎJ 

contributions of die,t and fecal:' factors in colonie cal"cinogenesis. 

They are difficul t to interpret, however-, because the y are fraught 

with pOOl" or no controls, and they often yield conflicting resul~. 

,In or-der to bypass these obstacles, an experimental model or colon 

carc1n<?genesis was developed. The exper-iments Conducted by Drukrey 
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demonstrated that both oral and subcutaneous administratio'n of 1,2-

D1methylhydrazine (DMH) induces tumors in rat colons at a high rate of 

incidence (21). Subsequently; it was shown that DMH was also capable 

of inducing colonie neoplasms in 111lce (22). At present the 1nte~tinal 

tumors induced by DMH and ",i ts metabolltes, azoxymethane and 
tr.,':1 

methylazoxymethanol . are the rnost popular exper:1mental models used in 

studies on d1fferent aspects of the colon1e carcinogenic proçess. 

An 1tnportant feature of DMH co10nic carcinogenesis ls that the 

tumors that develop mlmic httman neoplasms regardlng thelr anatomic 

locatlon ln the gastrointestinal tract, with a preponderance of tumors 

in the descending colon. As weIl, thcre ls a close simLlarity in 

pathologic features from early focal atypias and hyperplaslas, ta 

adenomatous POfyps and adenocarclnomas (23). 

Thus the DMH model ?f' colon carc1nogenesis has served ta explore 

and separate out the Interétcting endogŒlous and elÇogenous etiologic 

factors of this complex disease. This model provldes a unique tool 

fol' systematlc studies of t~e r1sk factors observed ln the human 

setting and fol' determining whether or not their suspected 

associations can actuall:( be reproduced under hlghly. controlled 

laboratory conditions. 

The DMH model has been used extensl vely ta examine the effects of 
• 0 

fat, fiber and protein on colon carc1nogenesls (24). It has 

repeat~dly been shown that fiber and Ita components have protective 

effeçts (25, 26)- and dietary f'at and rneat proteln have promotive 
'.. .. ~ , ~. 

effects on DMH-induced colon cancel' (27-29). The l'Ole of bile acids 

in colon carcinogenesls have also been examined experirnentally (30, 

31). The data from these studies suggest that bile aclds are not 

carc1nogens pel' se, but appear to act as promoters of large bowel 
~ 
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carcinogenesis. 

As previously noted, the ro'le. of human fecal flora in the 
}' 

etiologyof large'bowel cancer 18 poorly defined because of the 

complexity of feeal flora and their breakdown products. Attempts have 

been made at examining rodent feeal bacteria and their raies in DMH , , -

carelnogenesis. The incidence of colon tumors in Df>1H-treated germ-
, 

free rats is lower than in conventional rats (24, 31). It has also 

been demonstrated that oral erythr'omycin or tetraeycline c.an 

significantly reduce DMH-induced tumorogenesis (32). These results 
\ 

are fel t to be due to the suppressing effects of the antibiotics on 

the metabolic acti vit Y oi' the intestinal flor'a. More recent data 

using metronidazole 03, 34), and neomyc~ (35) on DMH carcinogenesls 

suggest that certain antibiotics may result in increased excretion of 

feeal cholesterol and bile acids, and possibly deereased baeterlal 

S-glucuronidase activlty, resulting in more tumors in antiblotie 

treated animaIs than ,in control animais. '!he only conclusion that can . '-

'he drawn from these studies ls that the defini ti ve contribution of 

fecal micr'oflor'a in the colonie carcinogenic process remains elusi ve 

and unresol Y éd .. 

In summary, on the basls of var'~ions in incidence of colon 
(tl' . 

cancer ln different regions of the ~orld, iri vlew of the altered 

cancer rlsk of migrant populations and on the basis of data provided 

by animal studles on DMH carelnogenesis, 1t nas been aecepted that 

diet ia a major' etiologic factor :ln the genesls of colon- cancer. 
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Although environmental factors are considered the major 

determinants in the development of colon cancer in man, genet1c 
'l> 

factors have also been lmplicated in suseeptlbillty tO'spontaneous and 

induced colonic tumor:s (36, 37). Hill has' pointed out that despite 
1 

there be1ng a good correlation between the incidence of colon cancer 

and diet in population ~tudies, the results of investigations pf, 

individuals in case-control studies have been equivocal (38). Thus 

although environmental factors are important in detennining incidence 

of colon cancer in a population, it appears to be much less so in . ' 

detennin1ng the risk of an individual. The roles of genet1c variables 
\ . 
appear to be hetefogeneous, embracing different ettologic 

combinatimis. Simple Mendelian modes of genetic transmission have 

been associated with several disorders that involve the col~. These 

include Familial Polyposis Coli, Gardner's Syndrome, Peüt~-Jeghers 
\ 

" /~ 
. Syndr.ome and' Juvenile Po1yposis Coli. Ail these çliso~rs ar.e 

characterized by their ~utosomal dominant mode of inheritance. In 

Familial Po1yposis 901i patients, large numbers of colorectal.adenoma 

are present in early adul thood and if lert untreated, their risk of 

developing coloree,tal cancer i8 virtually 100% (39). Gardner's 

Syndrome is a variant of Familial Polyposis Coli and is characterized 
~ 

by mandibular Dsteomas and multiple epidermal cysts. Other p~~slble 

associated lesions include thyroid cancer, carcinoma of the Ampulla of 

Vater, duodel1um and gall bladder (40). In Peutz-Jeghers Syndrome 

pigmented lesions appear on the lips and buccal mucosa and also on the 

donsum or the bands 'and feet. These tumo~ are considered hamartomas 

and have a low potantial fo~ malignant transformation (41). 
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Distribution of the polyps in Juvenile Polyposls i8 not as extenBl~e 

as in Familial Polyposis, and ar-e seen primarlly in the lar-ge 

intestine. These lesions are also hamal"tornatous polyps and usually 

appear by six year-s of age. These ar-e also considered ta carry a low 

r-isk of mal~gnancy (42). 

These heritable syndromes that predispose to colonie cancer- aIl 

have in commori an association wlth multiple polyps of the colon. 
<Ott 

Lynch has described another colon cancel" predlsposed group that is not 

as.s,ociated with mul tiple colonie polyps. He has called these the 

"non-poJ.yposis syndromes", and suggests that in fact, the rnajorlty of 

hereditary colon cancer occùrs in this group of patients (43). These 

"non-polyposis syndromes" include hereditary site specifie colon 

cancer (HSSCC) or Lynch Syndrom~ l, and the Cancer Family Syndrome 

(CFS), or Lynch Syndrome II (43, 44). In CFS a high proportion of 

famlly rnembers develop large bowel cancer- at a young age. As well, 
-.... 0 

CFS is associated with a significant excess of multiple primary 

turnors, pr-edominantly adenocarcinomas of the endornetrium and ovary. 

Recent studies, therefore, indicate that familial associations of 

colon cancer ar-e higher- than in contr-ol groups, suggesting that 

inherited factors may play a slgn1rlcant raIe :In the genesls of thls 

disease. 

(B) Animal Studies 

The literature is filled with data on the differences in 

susceptibllity ,to DMH-induced tumor-s in ,di,ffer-ent s trains of 

experimental animals. Moon and Fricks (45), found that BD- IX rats were 

more sensitive ta mm than BD-II rats, and Asano and Pollard (46) 

reported that Sprague-Dawl'eY rats were more susceptible than Lobund-

-
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" \ 

Wlstar rats. S1nc!e Evans' f1rst report on the dlf'ferent..1al 
" 

susceptibllity to mm carc1nogenesis in mice (47), several reports 

have confirmed that different inbred mouse strains have varying 
, 

• degrees of sensitivity to the carcinogenic action of DMH (48-53). 

Hybr1ds derived from the cross of DMH resistant C57BL/Ha and DMH 

/ sensitive 1CR/Ha inbred parents revealed that the genes inherited from 

the 1CR/Ha parent Nere responsible for their sensitivity ta the tumor­

inducing effects of the carcinogen (48). There was no evidence of sex 
" 

'0 or Y-group linkage and thb inherited sensitivity in the F2 reciprocal 

" backcross hybrids appeared to be Inherited in a simple Mendellan 

dominant fashion. 

Thus there 13 3trong evidence that the susceptlb1l1ty to c~lonic 

carcinogenesis both in man and ln the experimental animal'1a ta a 

s1gn1ficant degree, genetically determined. 
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4. œnm,Aft KINlfi'ICS IN tDIW. corœrc EPITHELItII 

Knowl edge of the prollferati ve characteristlcs in the colonie 

crypts in the resting state is of grea't importance in understanding 

the earcinogenic potential of the colon. In the last thirty years, 

great ~trides have been made in recording kinetic data deri ved from 

stathmokinetic studies based on autorrudiographs of the colon. Much ls 

noW known about those factors whleh regulate cellular proliferàtion in 

the eo.1onie epith€üium.! 

-

Normal cell proliferation in colonie crypts of manrnal1an species, • 

including man, has been found to occupy the lower two thirds of the 

glands with the major zone of DNA synt~sis in the lower third (54-

58). As cells mature they m1grate up the sides of ~ the crypts ·~d are 

eventua.lly shed at the surface epithelium. 'Ibese characteristics are 

common both ta the rodent and to man. Within the erypts in the 

deseending colon, cell prol iferation hàs been measured by numerou.s 

Inv'estlgators and whlle,the stathmokinetic data derived from these 

s.tudies'are beyond the ~ope of thi's thesis, it ls worth deserlbing 

several importent variables wh!eh are thought to regulate cellular , 

proliferation' to a significant degree. Firstly, there is good 

evidence that colonie crypt cell proliferation has strong elrcadlan 

rhythms. Therefore estimates· of cO,lonic kinetic parameters vary 

.depending on the time of day the y ai'e measured (59
4 

60). Secondly, 

several studies have shown that colonie kinetics may be affeeted by 

steroids. Estrogen has been shawn ta 1nh1blt DNA synthesis in ~rine 

colons (61), and oophorect0rI'!ized mice contain fewer èells in their 

crypts (62). 'Ihus the sex~of the animal i8 felt ta affect c~ypt ce11 
-1 

proliferation. Finally, diet has aiso been shown ta alter colonie, 
\ 

proliferative indices (63-66).' This phenomena i3 thought ta relate to 

'. 
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the vary~ geographic incidences of colon cancer worl9Wide. .. 
It has been shown that there are also variations in the 

• 

prolif'erative actiVity w~thin the crypts themselves. CryptaI cell 

prol i.feration in mice has been, investigated by several group\ of 
, , 

scientists using a variety of cytokinetic techniqueé: Lipkin and 
_r-

Quastler (56) found that the labelling index (LI - the LI i8 the 
- , ~ 

percentage of aIl cells ln~any given cell population, that are 
~A9" ' 

undergoing synthesis of DNA) "Was highest in the mid-portion of the 
, ~r 

crypt, with lower values in the basal cells, and no labelling in the 

upper part of the crypt. • Chang and Lehlond (67) found that in the 

descending murine colon, cells at the base of the crypt had the 
" 

highest LI wnen ~pared to 'the mid-portion and uppe~gions; of the 

crypts. This type of distributJ.on wars"similar to that described by 

Richards (68) and de -l\iodriguez et al (58). The tritiated thymidine 

studies have shown that the lawer production rate in the base of the 
~ . 

crypt is associated.w4th a loni cell cycle tille and a high growth 
"':l, '----

fraction, and that as cells migrate up the crypt wall, the cell cycle 

" time shortens and the growth fraction falls. These features of 

cellular pr.oliferation and growth are schematically illustrated in 

Figure l (adapted from TUtton ~d Barkla, ref. 69). 

In man, approximately fifteen percent of aIl cells"in the lower 

two thirds o.f the colon cryp't undergo DNA synthesis simul taneously, 

and du ring migrationoof these cells, the number that continue to 

proliferate- decreases as they progress towards the l umenal surface. 
e-' 

These cells ~dergo terminal differentiation within hours, and several 

studies have shown that cell ular migration and replacement...a.f the 
• 

co~onic mucosa takes between 3-8 days in marrt57, 70). 

o 
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Figure 1. Schematic representation of epithelial ceU kîïi:etics 

in the nonnal colon. 
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.. 
.,Di:r:r~rent proliferative indices have also been reported along 

dlfferent sit!es of tpe large bow~l of the mouse (71). In addit10n 

8ite-spec1fic d1f'ferences in the size or width of the prolifet'at1vA, 
t ... ~ • " 

compartments (PC), as well as the heights of t-he crypt columns have 

a,lso .~en reparted in the normaL mouse colon (72), where the highèst 
~ ~. -

G.rypt columns and greatest LI appear in the mid-distal colon. 

Ir swmnary, the 'measurements of' 'cell ular k1netic data in the 

nOr'm(ll colon has prov1ded the framework f'or analyzing the growth 

character,istics of gastrointestinal cells during neoplastic 

transfonna:tion.. In ,the resting state, the major zone of DNA synthes1s 

18 in the lower third of the crypt, and as cells mature they migrà'te 
, , 

up tl:le crypt wall and are ult1mate1y shed into the gut lumen. Several 
b l 

variables including diurnal variations, sex and d1.et are known to 
• 

affect cellular proliferation. Finally it has been . shawn that .. 
.proliferat1ve parame~ers var;;f~ni s:1te to site' along the length of 

the colon, and also within ind:tvidual crypts • 
. . 

/ 

"-

-:-~--<- ;~::~o_>~;1{;!;:~:':: 

~ 

1 
l , 
~ 

t 
-, 
~ 

.,. 

~~ 

" 
li 

i , 



. 
• 

, , . 

.k. <> 

ô 

" 

.. 

21 

2:. ~ IDlEl'ICS IN NRlI.'LAS'l'IC o:xam: l!P1'DlI!LlIJI - / 

ill The Acute Response 

Several stud1.es have examined the acute effects of mm on the 

}dnetics of' rodent colonicn crypt cells. The initial cytotoxic effects 

of DMH are to produce nec rosis of the ce 11, wi thin the PC of the ,crypt 

anq to suppress the LI in these cells as weIl (73-75). The 
/ 

combination of cell necrosis and suppression of the LI resul ts in a 

significant reduction ot: crypt col urnn height and total crypt cell 

numbers. These ch.'1n.;es cornsence \within 6 hours' after DMH 

administra tion and are reported to peak between 12 and 24 hours. A 

phase of compensatory regenerativ~ activity is then seen in the next 

48 hours and this resul ts in an "overshoot" in the LI and' an increase 

in crypt cell nurnber. Within 5-7 days after the ~itial carcinogen 

eXpOSure, the normal nnlcosal architecture and proliferative act1v1ty 

have been restored. The sequence of these acute changes are 

SUllJI1élr1zed in Table 1. 

Thus after a s1ng"l e exposure to DMH, the initial cytotoxie 

effects resu1 t in cell deattl. and the suppression of DNA synthesis. 

The crypt then recovers by 1ncreas1ng its synthes1s of DNA and re-

establ1shing its baseline kinetic activity. 

The Chronic Response 
o 

Measurements of cellular proliferation patterns during oi1going 
• 

chemi.cal carclnogenesis have also provided important informat1on 
'" . 

" 
regardlng the growth characteristics of colonie cells during 

neoplastic transformation. ' Many of the changes observed ,iri human 

colon specimens are sl~lllar to those that oceur in rodent colons. 
, , 

Table 2 summarizes the' ehrcmie response of' the .rodent colonie 

'epithe11um to DMH carcinogenesls. 

'. , 

, ! 
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Table 1 

CELL KINETICS 'lN DMH-TREATED COLON EPITIiELIUM 
= . > 

• 
The Acute Response - Cell Death and Recovery 

Time Post-DMH E~osure 
~ 

(Hours) !Œsponse 

6-24 l. Drop in crypt column height 

~ 2. Drop in labe-!ling index 

" ~. Drop in cell population . 

24-72 4. Compensatory,proliferative response 
. / 

s. "Overshoot" in labelling index 

72-UO 6 •. Increase in crypt cell populàtion .. 
7. Return to baseline indices 

,. 
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Table 2 

CELL KINET!CS IN DMH-TREATED COLON EPITHELIUM , 

The Chronie Response - Mucosal Ryperplasia ta Anaplasia 

Time Pas t-,DMH Exposure 

1'Weeks) Response .-

2-6 1. Increase in crypt calumn height 

2. Increase in crypt column number 
'" 

3. Increase in total· cell population 

'c 4. Increase in celi production ràte k-

5. EXfension upwards ~f the proliferative 

6. Increase in the labelling index 

! 6-15 7. Migrational defects 

8. Mucosal atypias 

9. Mucosal dysplasia 

->15 10. Adenomatous polyps 
" 

11. Ca in sil:u 

• 12. Adenocarcinomas 

• 
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The primary si te of acti vi ty and response' to DMH ls in the distal 

. rodent colon, which Is' analogous to the human situation. As early as 

two weeks after mm: treatment, both an incrèase ln th~ number of crypt 

columns and an increase in crypt column height are seen (16, 77). 

This resul ts in an Increase in to~al crypt celi number. These 

hype'rplastic changes are temporary if DMH treatment 18 dlscontinued. 
'" 

However, Richards has shown tha t in miQ~ ... ~1 ven eight or more 
/', 

injections of I?MH, the hyperplast1c changes ·persis.t and inay continue 

and progress to gross carcinomas (71) • 
\ 

Several investigators have noted that there is an increase in the 

cell production, rate ln t~e mlddle reg10ns of the crypts following 

chronlc DMH exposure, and this is accompanled by an increase' in the LI 

in this 'zone (68, 15, 18, 79). Studies on the distribution of 

labelled cells in 'microscopically normal appearing rrnJ.cosa, in animaIs 

treated with several doses of DMH have revealed that ther~ is a 

widening of the PC (22, 75, 80, 81 f. This al t'erat1on in the 

distribution of Iabelled cells in a region which normally containB 

non-dlviding, differentiated celIs, ls thought to result from 

disturbances in the control of proliferation regulatlon. Al though 
, ~ 

poorly understood, this méchanisrn normally suppresses DNA synthesis in 
~ , 

this zone (23, 82). l 
'!he' extension of the proliferative zone- t6l!ards the u~ third 

of the crypt and along the lwnenal surface, but wlth the lower third, 

still the maj or zone of DNA synthes ls has been termed a "Stage 1 . 

Abnormality" by Deschner (82). This abnormality bas been r"eported in 

patients with polyps, familial polyposls and colon cancer (82-81). A 

second abnormality bas aiso been described which i5 seen in the normal 
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appearlng mucosa of patients with establlshed colon cancer. This 

"Stage 2 Abnor'IIlality" Inval ves an upward shift of the maj or zone of 
. 

prol iferatlon towards the middle and upper portions of the crypts. , , 

Thus in a Stage 2 Abnormality DNA ls primarily synthesized ln the 

upper two thiros of the glands (85) • 

In summary, there ~are several important morphologiC~~ and 

prollferative changes that occur in the colonie crypts of both rodent 

and man during the neoplastic process. These include an increase in 

the total cell population of the crypts, an increase in the cell 

producFo~ rates in the middle third of the glands, an upward 

extension of the PC and an overall increase in the LI. These 

abnormalities are summarized and schernatically illustrated in Figure 2 .. 
,(adapted from Deschner, ref. 82). 

" 1 
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l 
PC 

J ] 
STAGE 1 STAGE" 

./ Adapted Irom E Oeachner. 1980 

i , 
1 ... 

\ 

Figure 2. Schematic representation of three types of histologically 

no"rmal appearing crypts found in colonie mucosa of cancer patients 

and DMH treated animaIs. On the left, a cryp t with normal epitheliai 

celi proliferation. In the middIe, the Stage l Abnormality, and on 

1 

the right, the Stage II Abnormality. 
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6. NUCLEAR ABmmATIONS m COU>NIC EP:rmELIOM 

It has r~eently been shown that there is a strong correlation 
':1 

between the mutagenic and carcinogenic propertles of various ehemieal 

carcinogens on several tissues in the rodent and in man (86, 87). The 

colonie epithelium is one sueh tissue whieh has been shown to be 

extremely sensitive ~ the mutagenic effeets of both radiation and 
\J . 

colDnic c~rciflogens (87-89). A short-tenn test· for, genotoxicity has 

been propbsed by several investigators (87, 90) and they, have 

demonstratJd t~t it is possible to assess the relationship between 
1 

1 

carcinogenic dose and response by means of' quantif'ying micronuclei and 
, . 

related nuclear abnormalities in colonie crypt cells following 

carcinogenic exposure. Maskens first demonstrated that the proportion 

of abnormal nuclei (ln the form of' karyorrhexis) followlng DMH 

exposure, correlated weIl with the sensitivity of indlvidual segments 

in the pat 'colon to eventual DMH-indueed turnop dev'elopnent (91). It 

" was sUbsequently shown that non-colon carcinogens and non-carcinogens 

did not induce these nuelear aberrations (NA) (87, 90). Thus it ls 

felt that the quantification of cryptal NA ls a sensitive and specifle 

assay for colonie carcinogen exposure. 

Three princlple . varieties of nuelear abnormal Hies have been 

described. Pyknotic and karyorrhectic nuclei. are characterlstic of 

"the process of apoptosis (cell death) and are heralded by nuclear 

condensation (pyknosis),~ followed by nuclear fragmen~ation 

(karyo~hexis) and finally by phagoeytosis by adjacent epithelial 

cel'ls, or extrusion lnto the crypt lumen (92). Micronuclei are 

tho~t to arise from acentric chromosomal fr82Jll~nts that, laeking a 

spindle attachrnent site, are often outside the reforming nucleus of 

daughter cella (93), or ·from whole chromosomes as a result of damage 

1 
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to cellular DNA (94). Recently it has been suggested that m1cronuclei 

do not constitute a significant fraction of aIl NA seen after 

carcinogen exposure (95). Therefore NA may be primarily a . . 
manifestation of the apoptotic process. 

'" 
Thus following pMH exposure, at the molecular level, nuclear 

macromolecules are alkylated which leads to pylmosis, karyorrhexis and , 

damage to DNA. This might then lead to chrqmosomal anomalies, genetic 

mutations and al tered gehe expression. It has therefore been proposed 

that the characterizatlon and quantification of NA might be used as an 

index for carc1nogen exposure, and possibly as a biological marker rOI" 

neoplastlc growth potent1al. 
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, 
Orle major' goal of the sur-g1cal and g~trointest1nal oncologist is 

to deveiop new techniques to help reduce the incidence of colon 
- , 

cancer, and to increase the .survival rate of th1s disease. The three 
/"' 

mo,st commonly used modaliUes :for' co~on cancer' detection are: the 

hemoccul t blood test, the double contrast barium enema., and fiber'optic 

" 
'colonoscopy. Al though sens1ti ve, aIl of thes.e techniquès diagnose 

advanced disease. Ideally, a sensitive, .. specific and technically ,-
\ 

s:1mple method o:f coloo cancer screening sho\:l;Ld be developed. 'The aim 

of the following exper1met:1ts 18 ta provide sorne basic :foundations for 

such a method. HopefÙlly preneoplastic changes' in the prol1:ferative 

patterns of the colonie epithelium could then be detected, and 

(j 

indlviduals Or' populations at risk for the subsequent development of~ 

colon cancer would be Identif1ed. 

The prol1ferati ve characteristics of the nOl"l'I\al and neoplastic 

colonie crypt cells in the rodent and in man, and the genet1c 

contributions ta this (jisease have been described. In exarnining the , 

acu~ effects of ~he" exogenous colon carcinogen DMH on the endogenoua 

colonie crypt cell proliferative patterns in t\'iO genetically 
~ 

homogeneous inbred strains of mice, the following are the objectives 

of thls proj ect. \ ", 

In experiment 1: 
, 
1) ta quant if y the baseline proliferative indices of the distal 

colonic crypts in two genetically. distinct groups of mice 

that 1ha ve known d1ssimilar sens1t1 vi ties ta the long-term 

e:f:fects of DMH. 

o 2) ta document the sequence of changes that occur m the crypta 

of each strain :following a single exposure ta DMH. 

\ 
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3) to delllOnstrate that the sens1t1vity to DMH carcinogenes1s can 
. 

be predicted by the indigenous number and distribution of DNA 

,- synthes1zing cells in the distal colonie mucosa. 

In exper1rnent 2: 

" 

1) to quantitate the baseline absolute and relative numbers of 

1 • aberrant nuelei and mi tot1e f1gures iil the distal colonie 

cr:-ypts of two genetically distinct strains of rnice with lmown 

diss1m1lar sensitivltles to the lang-term effects of DMlL 

• 2) ta docunent the m.unber and distribution of aberrant nuclei in 

the crypts of' each strain rollow1n~r a single exposure to DMH. 

3) to evaluate the nucléaI' aberration index assay as an • 

indicator of aeute DMH exposure. 

4) ~ evaluate the nuclear aberration index assay as a predietar 

of neoplast1e growtb potential. 
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'8. C'lEUSTICS OF COWNIC CRIPl' CELI.S ----o 

~ PHEDIC'IDRS pF' ~ 'IDMOR FURMATION 

(A) I~ODUCTION 

32 

lJ2-Dimethylhydraztne (DMH) has been shown to be a reliable 

indueer· of colonie tumors in mica- and rats (21, 22). Much of the.. / 

recent experirnental research has ~oncentrated on the effects Of' ' 
, , 

ma"nipulating diet on DMH çarcinogenesis (25, 26 J 28). The dietary • / . 
~ / .. - /~ 

effects are thought ta be mediated through changes in the intestinal / 
, .....t . t. ,,/ 

microflora and ~ the composition of bile acids and neutral ste/Î~ 

secreted in the intestine 05-20, 30, 31). Al though,' these 
/ 

environmental factors are thought to be the maj or determinants in the 
, / 

'Jt. / 

development of colon cancer in humans, genetie factors ve also been 
" 

\ 

implieated in ~usceptibility ta spontaneous and indue colonie tumors 
" , 

. , 

(36-44). 'Since Eyans' first ceport on,theZ:iffer tial susceptibility 

of several rnouse strains ta DMa-induced turno 5 (41), sever;l studies 
- - l'" • , 

have, çonf'irrned that DMH sensitivity is sain dependent (48-53). The 
o 

mechanisms by whieh sensitivity or re stance to DMH is inherited are 

poorly understood. One approach y which ta examine this difference 

113 to assess the early change 1(hat oceur in the colonie crypt cells . 
1 l 'J ' 

of different~inbred strain of m~ce following a single exposure to the 

carcinogen. It has be n sl;J.own that a single subcutanèous or intra-

rectal dose of DM can induce specifie cytologie changes in the 

colonie mucosa, .well as a rapid 1hhibitipn of DNA synthesis in S-
, ~ 

phase cells d an early induction of nuelear aberrations in the PC of 
~. , 

1. 

. th~, crypt (73-:-75). These acute changes are thought to reflect the 

,-v;zun,en bility of the târg~t tissue ta the carcinogen and are site­

,spe fic for' DMH. In the rodent, it ~s the distal colon that bas the 
. J C 

eatest 8.cute cytotoxic a,nd prolif'erati've changes, as wl;~l as the 
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greatest tumor load following chronie DMH eareinogenesls' (74). 
o 

. 33 

It ~ also been sugges~ed that a relationshlp exists between the 

proliferati ve characteristics of the colonie mucosa and the 
, 'r 

developnent of neoplasia both in rnal"l: and in the rodent (84). ~ view 

( of the likelihood that the difference in strain sensltivity ta DMH ls 

gen~tica1ly contr0-J leG, 1t has .been' proposed that the LI and 

distribution of DNA synthesizing cells of the murine colonie ,erypts in 

the resting state shouid be ab2e te predict tqe degree of sensitivity 

to ongoing carc:mogen exposure (96, 9y). 

In order to test these theories, DMH was used as the carcinogen 

and two inbred strains of mice, the DMH-senf!.ftive A/J (A) mouse aI1d 
~ 

the relatively DMH resistant C57BL/6~ CB) mouse were used as the test 

animaIs. These m1ce are especially weIl suited for analysis in view 

• • of their great differences in resistanee ta infection and malignaney .. 
(98, 99), and because a large number 'Of' phenotypic markers have 

already been mapped ta the genome. ' 

Thus the purpose ~f this study i8 to 1) quantHy the "base~it;le 

prollteratlve v indices of the distal colonie ,crypts in two genetlcaliy 

distinct groups of mice that have different sensitïvit1es to DMH andJ 

2) document the sequence of changes that' occur in the crypta of each 

strain following a single exposure to mm. The main objective then is 

ta demonstrate that the sensitivity to DMH earcinogenesis can be 

predîcted by the Indigenous number and distribution of DNA 

syntheslzing cella in the di~tai colonie mucosa. 

(B) MATERIAIS AND'METROns 

Female ..mice of the A and B strains were obtained at 7 weeks of 

age and were observed for l week before the' start of the experlment. 

.... 1 f • 
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'Bath ,str8.1ns were purchased from the Jaèkson Laboratory (Bar -Harbor, 

Maine). Ali mice were fed Purina Lab Chow (Ralston Purina Co., 

Richmond, Indiana) and w~ter ad libitum, and were house~ in, wire 

'a cages, 4-5 mice/cage with wO"oc:r- chip bedd1.nS in 'temperature, humidity 

controlled roorns with a 12 hour l1ght/dark cycle. 
" ,.-. 

The DMH exposed animais were given a single subcutaneous - . 
, 

injeçtion of -DMH (Aldrich Chemicals Corp. Inc., Milwaukee, Wisconsin), 

at a dosage of 1'5 ~kg body weight. Fresh solutions were prepared ,by 
( 

dissol ving DMH in normal saline at a conQ.entration of 0~3 gm % ru;d 

alkalinized with NaOH to a pH of 6.5. Groups' of 5 animals were 

sacrif'.1ced at l, 12, 24, 48,~ 72, and 99 hours foll'owing the DMH 

inJection. Six animais in each strain served as controls and received 

saline injection çmly (Figure 3). 

Âll an~ls recei ved an -1ntraperitoneal injection of tritiated 

thymidine, 1 )lCi/gram body weight (specifie activity 6.5 Ci/nmol, New 
. , 

England Nuclear Ltd., 0 Lachine, Quebec) 1 hou...'" prior ta sacrifice. AlI 
~ 

animaIs were killed between 10 and 11 am to avoid diurnal fluctuations 
~ : ' 

in the 'lJ~l1férative indices (59-60). 

~ Tissue Handl~ 

AlI animaIs were killed by cervical dislocation. The large bowel 
• olt 

was removed, o~ened alorig its entire length and washed with cold 

saline solution. The lengths and weight~ of the colon t'rom ~us ta 
1 

cecum were recorded, and then the distal 3 cm ot' colon 'kas pinned, 

mucosal surface upwa'rd, to a cork board and fixed in 10% buffered 
1 

t'ormaldehyde solution for 24 hours. 

b) Autoradiographie SI ides 

Canplete transverse blocks of each specimen were then embedded in 
" 

~f1n and histological s~ctions 3-4 microns thick were prepared. 

-,' 
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HANDLINQ OF ANIMALS 

AHIMALa: • Q57IIIJ.., .., AI~ mIoe. 
• AlI femIIe, ....... ole!. 
• IdenIlcII ... IIgIII/dn ~ lempenIbft, 

lIumIdIty conboIIed awIoOl_d. 

.... BITAL ...,.,.. 

N - *' AI~ II/group ln. groupe , 
N - *' C51IIU8.I II/group ln • groupe 

~ 18n1g111g ac 
1, 12, ac, ~. ttcIuÎS ."""'1ftIUIIt 
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MC_ICI' • 

Figure 3. S'chematic representation of materials and methods 

• used in this experiment . 
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Autoradlographs were then processed by the ~lpping method of Leblond, 

Messier and Kapriwa (100). After a two week 'exposur-e time, slides 
o 

were fixed and stained l1ghtl'y wi th hematoxylin and eosin. 

El Crypt Ana+yses 

In each autoradiograph a quantitative analysls was carried out 

using elther the "lef't" or nr-ight" sides of' thir-ty perfect axial c~ 

sections. ,. The crite'ria for selection belng that the crypt be 
l '''e 

sectioned longitudinally with its base in contact with the muscularis 

mucosa and its rrouth at the lumenal surf'ace. Crypts were counted at -

ra,ndom from the entire section of' colon. The height o.f each crypt 
, ~ 

column was meMured by covnting the number of cells from base to rrouth 

of the crypt. The number of' labelled cells, ancI the posit1on of each 

labelled cell "was also recorded. '" In thirty addltional crypts which 
; 

were cut tr,ansve'rsely to the lumen of the intestlnEi, the number of 
~ \ 

columns was m~asured by count1ng the number of cells around the 

periphery of' the crypt. Thus the number of cells/crypt column, 

mul tiplied by the number of col umns/ crypt gave the total number of' 

cells/crypt f'or each colon scored. ." 

Background "t'og" was negligable and cells were considered 

labelled if' seven or more grains were seen over the nucleus. 

~ Distribution Analyses 

In the control animaIs, distribution curves were-. derived by 

counting the percent o,f cells Jabelled at each cell position along the 

length of the crypt for each .colon scored. 

For the control groups, each animal l'lad the mean number of cells 
1 

pel" crypt colwnn (i.e. cr-ypt height), div1ded 1nto th1rds and eaCh 

labelled cell was assigned to elther the lower, middle or upper third 
" . 
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, \ 

Means and standaN deviations of aIl measurements were calculated 
6 

for each strain. Differences in crypt column height, number of , 

columns per crypt, number ot: cells per crype, number of labelled cells 

- \ 
per crypt col urrm and LI were compared by applying the student t test • ., 
Strain differences in LI as a. function of cell position within the 

crypt co~umn were assessed by using a matched-palr t test. 

li) I:MH-Exposed An:1mals 

Differences between group means for crypt column height, LI iOd 
c{)_, 

absolute number of labe±J.ed cells per crypt column across time in each 

DMH .treatment group were' calculated and their slgn1flcance was tested 

using a rnixed model analysls of variance. 

(C) RESULTS 

a) Control Animals 

The mean body welght for the A mica was 21.5 ± 2.2 gm (mean ± SD) 

versus (vs) 17.2 i 0.8 gIn for the B mouse. Colo'h weights were 533.3 ± 

37.2 mgm for A vs 388.3 ± 45.7 mgm for B. Colon lengths (cecum to 

anus were 14.0 ± .71 cm for A and 10.60 ± .29 cm for B. AllaI' these 

values were significantIy differeDt (p ( .001) (Table 3). 

!L Proliferative Indices 

AB can be seen from Table 3, thé proliferatl ve indices for the A 

,train in the resting state we~e significantly greater than that for 

the B strain. The mean crypt heig1!t was 33.20 = .75 cells for A and 

28.80 :::: .80 celis for B (p < .01). Also the mean number ôf label'led 

cells per crypt column (4.48 1: .56 vs 2.66 :: .86), the mean number of 
, -

cells/crypt (524 ± ~9 vs 430 ± 16) and the mean LI (13.40 ± 1.6 vs 
" 

.. 
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Table 3 

MORPHOMETRIC AND PROLIFERATIVE INDICES IN AI J AND C57BL/6J 

UNTREATED CONTROL MlCE
a 

Morphometric Inqices: 

C57BL/6J À/J 

Body Weight (gros) 17.2 ± ~ Sb 21.5 ± 2.2
d 

Colon Weig~t (mgm) 33-8.3 ± 45.7 553.3 ±37. 2
d 

Colon Length (cm) 10.6 ±\ .3 r 
." 14.0 ± .7

d 

Proliferative Indices: 

Column Height (cells) 28.80t .80 33.2 ± .75
e 

/1 Col umns 1 Cryp t 15.02± .21 15.70± .96 , 

/1 Labelled Cells/Column 2.66± .86 4.48± .56e 

fI Cells/Crypt 430 ± 16c . 524 ±2ge 

.~' "f:abelling Index 9.1 ± 2.9
1 

13.4 ± 1.6
e 

a 
Six aniwals per group 

b m 

Mean ± Sp 

Cft Cells 1 cryp t column height x /1 columns/crypt 

d 
p < .001 A vs B 

e p < .01 A vs B \ 
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9.16 ± 2.9) were all significantly greater in the mm-sensitive A 

strain (Figures 4-6). The only parame ter that was not different was 
. 

the nurnber of columns/crypt (15.70 ± .96 vs 15.02 ± .21). This 

estimate had smal1 inter-animal variance but wide inter-crypt 

variance, and .dependlng on the level of Cr'oss section, 1.e. closer 

toward the base vs c~oser toward the lumen, the crypt would have f'ewer 

or greater colurnns (Figure 7). This reflects the shape of the crypt 

• 
and W1derscores the dif'ficul ty in deriving estimates of whole crypt 

, 
populations in two dimensional analyses. 

ii) Distribution Analysis 

- The LI for every ce 11 position along the crypt was examined in 

both strains of mice (Figure 8). For aIl cell positions the DMH 

sensitive A strain has a higher percentage of cells labelled than the 

B strain. As weIl, the A mouse has labeHed cells up to position 25 

wher'eas the B strain has termination of DNA synthesizing cell s at 

position 17. These two cUr'ves were compared by a matched-pair t test 

at each cel1 pos1tibn an~ w~re significantly diff'erent (p < .0001; 

mean difference in labelling index = 6.40 :! l.OT~) • 

Illien dividing the crypt into thirds and assigning each labelled 

cell to either the upper, middle or lower third of' the crypt, there 

was a total of 213 labelled cells in the A's middle third Hher'eas the 

B's had a total of 90 labèlled cells in this region. This r'epresents 

approximately 26% of all A labelled cells vs 17% of B labelled cells. 

The upper third contained almost 1% of' all labelled A strain ceUs vs 

none of the B strain cells (Table 4). 

, . 
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Figure 4. Proliferative parameters, in untreated control A/J and 

CS7BL/6J mice colonie crypts. 
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Figure 5. Autoradiograph of an untreated C57BL/6J mouse colonie , 

crypt. Note the number and distribution of labelled ce11s. 
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Figure 6. Autoradiograph of an untreated A/J mouse colonie erypt. 

Note the number and distribution of labelled eells. 
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~!1g~re 7. Autoradi?graPh~C cross-section of an A/J mouse colon. 

__ . ~,the variability in the number of crypt colurnns per crypt. 
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Figure 8. Labelling index for each cell position in crypt columns 

of untreated A/J and C57BL/6J mice. Each point represents the ~an .. 
} 

LI for each cell position scored in 6 animaIs of each strain . () 
• 

.~j 
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Strain 

A/J 

C57BL/6J 

Table 4 

DISTRIBUTION OF LABELLED CELLS IN CRYPT COLUMNS 

OF A/J AND C57BL/6J UNTREATED CONTROL MICEa 

Lower 1/3 Middle' 1/3 Upper 

li Labelled % /1 Labelled % 1ft Labelled 

577 73.5±8.6b, 213 

'\ 

404 82 • .7±8.4 90 

$, 

26.0± 7.6 

l7.1± 8.4 

, , 

6 

0 

45· 

1/3 

' %, 

" • 7:t1. 0 

0 

" ~alues'represent the mean percent or the absolute n~ber of aIl labelled 

cells recor~ed in each third of the 

group contained 6 animpls. 
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!ù. DMH-Exposed An1mals 0 

!2.. Weight Loss 
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. . 

. , 

The sensitive A animaIs lost a mean of 14% of thelr TBW 48 hours 

after DMH exposure (Figure 9) (% cpange in TBW~= 1 - post-DMH; 
o ~ 0 

TBW/pre-DMH TBW x 100)." The B strain lost a mean of 3.6% of TBW at 12 
o - • 

hours bu:€" gained this 'weight back witl'Mn 24 hours.:' St1bjectlvBy Othe" A 
.. ,1 

,strain were less active, ate less food, and had more diarrhea than the 

B stram. 
c 

ii) Proliferativfr Indices' 

~. As can be seen fr.om Figure la, at 12 hours both the A and ~ 

strains had a drop in the absolute number of labelled cells/crypt 

colunm, and a dr?p in the number of cells/crypt coiumn. By 12 hours 

post-DMH, the A strain lost a mean of 7.1 cells or 21% of the colwnh 
\' 

height and the BIs lost a mean of 4 o,ellslr 13.9% of columnhelgh~. 

~th stralns recovered by inC~eaSlng the n ber of DNA synthesizing 

cells ln their crypts and by 96 hours post-DMH the column heights, 

number of labelled cells and LI had aIL return1i. to pre-DMH leVel!. 

, 

LI in Both str3.ins peaked at 48 hours, the A being 20.4 ± 1.4% and the '''' 
~I 

, 
B 15.9 ± 1.11% representing an increase in 1.52 times control for A and 

1. 75 times control values for B. As, can be seen in Figure 10, this 
~ ) t 1 t' • 
'increase in thenUlllber of labelled cells pel' crypt,column, coupled 

with tt\e decrease in crypt colunm height tlSe~u'l ts in a great, increase 

in the LI in both the sensitiVe and reslstant animaIs. The curves. for 

crypt height, labelled cells/crypt colunm and LI were analyzed for 

each strain at each time interval by a mlxed ~~del an~lysis of 

varianc.e. The curves for èrypt col~ helght are not statis~ically 
'0 

... '~, . 

. ' 

parallel probably because of the smaller dlfference at 4~ hOurs post-

\ ;MH but we ca~ still say that Ume effect ls slgnlflcant (p < .Q001) . 
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"Figure 9 • Pel:'cen): change in the tot/il body weight as a function of , 

time fbllo~ing one exposure to DMH in AI J and C5 7BL/6J ,mice. Each 

point represen'ts mean ± SEM for 5 animaIs. 
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Figure 10., Çhanges in °crypt heigl1t., ,labelling indexe and number of 

l.abelI.~d cell/crypt column in A/J and CS7BL/6J .m#-ce as a fllnction 

. .' of time following one exposure to DMH. Each poin~ represents the 

" 
Mean ± SEM of 3-5 animals per time interval. 
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and that overa11 the A's had longer crypt col umns than the B's (p = 

.003). The curves for LI ,are paraI leI and ~re s'ignificantly différent 

,ov:er time Cp < .0001), and the overall LI for A ls greater than for B 

(p == .003). Finally, for the absolute number bf labelled eells ,pe,r 

crypt co l U!lU1, the curves are again parallel over Ume, and the A mice , 

have an overall greater number of labelled cells pel" crypt column,than 

the Bmlce Cp = .002). 

CD) DISCUSSION 

The present results suggest that the sensltivity or ~ mouse to 

long-term DMH exposure ls re1ated to the lndlgenous prol1ferat;1ve. 

characteristies of its distal co1onie mucosa. The DMH sensitive A 

strain hlid a longer erypt column, more cells/crypt, more labEllled 

~e11s/cI'ypt co1umn, a higher LI and a wider PC than the DMH resistant 

B strain. ----
In our 1 abora tory, the A and B strains have been testèd with 

chronic DMH exposure, - and the Ars developed 19.0 :: 8.7 tumorsl animal s 

vs 1.0 :!: 1.4 tumors/animal in the B's (Fle:!.szer, D.M., Skamene, E. -

manuscript in preparation). This great difference in sensi ti vi ty to 

the carcinoge.'1 justi'fied using these two inbred stmins for analy.sis. 

Deséhner has examiiled the prol iferati ve characteristics of the 

C57BL/6J mice and found tha: they had a LI of 8.5 ! 1.1 (96). These 
\ 

findings are s1m11ar to ours. 
\ ~ 

In the DMH exposed groups of mice. the pro l !fera tl ve indices, 

\ 
reflected the initiai decrease an. subsequent increase ID numbers 0f 

DNA synthesizing cells. 

48 -heurs in beth straina 

l~ar that the "overshoot" in the LI at . ,< 

te the increase in numbers of 
1 

, 

labelled cells but also to t e decreas ID the crypt cell population 
~ 

1tself". It bas been shown that t~ ly inhib1 tien in 00 aynthesis 
" 
,. 

1 , 
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ls seen both in mice and rats (73-75) and this-' change refleets the 

cytotoxic effects of DMH, and the subsequent repoPul~n of the 

crypts. Our present study ls in ae?ordance wlth the work of other. in 

demonstratiQg that the ,aeute response ta DMH has a specifie patt~rn of 
, 

cell lOBS and recovery (74, 75, 101). 'Ihis response. however was seen 

in bath serlfitlve and' resistant inbred strains, and therefare eélIUlot 

explain the differences in eventual tumor formation after 10rlg-term 

exposure ta the carcinogen. 

Several studies have .attempted to explaln the different 

sensitlvlties to DMH based on differences in lts m~tabolism (102, 

103). The A strain lost a greater percentage of Its TBW and appeared 

sicker than the B strain after exposure to DMH, but on the basis of 

changes ln the proliferati ve indices following DMH exposure, the 

present study supports the concept that,both inbred stratns initlally 
\ 

metabolize DMH in a similar fashion., It may be that the aeute 

systemic eff'"ects, are greater in the' Istrain, but the acute ,direct 
. , 

acting effects an the colon are of eq al magnitude li1 bath strains • . 
As suggested by Des~hner (96), sin~e A rolee'are initlally as 

sensitive to DMH as B mice, t4e difference in eventual tumor load 

after chrPnic exposure ta the earc:ipogen rnight be exjJlained in terms 

of the _ transmisslQn--{)r--stable mutatlons carrièd through several 
- -~ < 

;~ 

generations of' DNA synthesis over time. Kanagal ingam (104) proposed 

that the developnent of turnors results from the cel1,'s 1nabllity to 

: repair DNA damaged by chro'nic exposure to a carcinogen. In the A \ 

the restlng LI ls 50% greater anél the absolute number of mouse, 

labelled ce11s Is 70% greater than in the. B mouse. 'll1us- the greater 

number of prolif-erating cE?lls in the colonle mucolia of the A strain 

/ 
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eorrelates wlth the degree of suseeptlbility to undergo neoplastie 

transformation. In the descendlng colon'of the mouse, crypt cells 
o " 

have a short lifespan of about lOO-nO heurs éIDd turnover rate of .75 

- .95% cells/hour (105). In a renewing population like the colonie 
" 

mucosa, errors in DNA could be incorporated into the next generatlon 

of cells if DNA r'epalr' 18 not car'rled out fully after exposure to a 

carcinogen. Thus errors could accumulate during chronic car'cJ.nogen 

exposure, and with a larger population of prolif~rat1ng cells, sueh as 

in the A strain distal colon, more cells would be at risk, more 

errora would occur, and more tumor's would subsequently develop. 

The width of the PC has also been·shown to correlate with DMH 

sensitivlty (84, 96, 97). The A strain had 2q.9% vs 17.1% in the B 
(> ~ t 1. 

'strain of its proliferating cells in tl1e middle thlrd of the crypta 

These values support the concept. that the wider the PC and the higher 

the labelled cells are -on the crypt wall, the greater 13 the chance of 

t~ansmitting a mutation after car'cinogen ~xposure. It 13 of 
. \ 

particular interest to note that almost 1% of aIl labelled cells in 

the sensitive A strain were in the upper thlrd of the crypts. This 

pattern p,as been described as a stage l abnorrœlity by Deschner (82" 

see Figure 2), where the PC ex tends, beyond the mlddle thir'd of the 

crypt. The $tage l abnormallty 15 usually seen after- at least four 

injections of DMH in sensitive strains of mice (75, 77, 78, 81, 84, 

196, 97). To my knowledge, no one has descrlbed the prollfer'atlve 

eharacter'istics of the AI J mouse before. lt would be of int~rest te 

follow the changes in the LI and pd of the AI J str;aln after chronic 

exposure to DMH. 

The data in this study support the following conclusions: 1) 

inbred streins df m1ee have different proliferet1ve char-acter'ist1es in 

, 
" 
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their distal colonie mucosa,; 2) the susceptibility ta DMH-induced 

colon cancer can be ,predicted by the indigenous number and 

distribution of DNA synthesizing cells in the distal nrurine colonie 

mucosa; 3) the acute response in the prol1ferative compartment to DMH 

in différent inbred strains of,mlce is similar and pararlel; and 4) 

ultimate DMH carcinogenesis may de pend on the establishment or stable 

transmissible mutations. , -

It has been proposed that the number and extent of tumors formed 

artel' chranic exposure ta DMH can be predicted by the indigenous 

numbeI'·and distribution of DNA synthesizing cells ,in the murine 

colonie mucosa, and that this sensitivity to DMH is genetically 

determined. In order to test ,this hypothesis, two genetically 

distinct inbred strains of mice, the DMH sensit1 ve A mouse and the 

relatively mm res1stant B [:louse were studied before and after a 

single exposure to mm. The untreated A strain had a longer crypt 

, colUlID1, a higher ansolùte number' of labelled cells pel' crypt COlUlID1, a 

greater LI, a wider PC, and a gl'eater number and percentage of 

labelled cells in the middle and upper thil'd of the cr'ypt than the 

untreated B strain. Af'ter' acute exposure to DMH, the A str'ain lost 

mOr'e of' its TBH than the B stt'ain. There ~was ap initial loss of 
, 

cryptal cells, a dr'op in the LI, and a subsequent increase and 

overshoot in the number of labelled cells and LI. This patte'r'n of 

cell loss and recovel'y over time was parai 1 el in both s,trains, and' 

thus cannot explain the differences in ultlinate turnOl' fonnation after' , 

chronic exposure to the carcinogen. The data are consistent with the 

theory that the susceptibility to DMH carcinogenesis can be predicted 

______ 1_----_--_ - _______________________ _ 
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by the ind1genous prol1ferative characteristtcs of the rurine colonic ' 
~ 

rrucosa. The acute prolif'erative response to DMH in these strains is' 

simiÙ,r and parallel, thus 'uI timate tumor load may depend on long-term 

effects such as the establishment of stable transmissible mutations. 
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EXPERIMI!M' II 

1,2-DIMmIYIBYOOAZINE INOOeID NUCLEAR ABElmATIO!'lS 

IN C57BL16J AND A/J KJUSE OOWNIC CRYPl'S 
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• 2.!. 1,2-D~ INIXJ<E) NUGlEAR ABmRATIœ8 IN C57BL16J 

AND AlJ CQWNIC cmPTS 

(A) INTRODUCTION 
g 

In recent years there has been a great deal of interest in 

developing speclf~e and reliable mar~ers for colonie carclnogen 

exposure. mm ls a carclnogen that after long-term exposure reliably 

induces tumors in the distal murine colon (22). Al though the precise 
.:,.. 

mechanlsm by· .... ·which Dl'lH induces' colon tumors is not completely 

understood, it has been shawn to methylate DNA of cells in its targe~ 

tissues,006-108), ta inhlbit normal DNA synthesis (109. 110) and ta 

cause degenerative changes in the cells lining the colonie erypts of
e 

the distal murine colon (23, 81, 89-91): DMH is site-specifie for the 

distal colonie mueosa and 1t is this region where the greatest 

cytotoxlc and proliferative changes oeeur, as weIl as the greatest 

tumor load following chronic DMH exposure (74, 110-112). 

Most s tudies have examined tumop load as the end-point of Drm 

carcinogenesis but several recent reports have examined the acute 

cytotoxia effects of DMH in the colon as a measure of exposure to the 
, ' 

carcinogen (75, 87, 89-91, 95, ,113). These measurements are based on 

the deteetion and quantification of nuelear aberrations that appear in 

'the ebypt epitheliwn berore and after treatment i'll th a known 

earcinogen. Maskens (91, Ill) demonstrated that the proportion of 

karyorrhectic nuelei following earcinogen exposure' correlates weIl 

wi th a drop in the mitotie index and with the sensi ti vit Y of 

lndividual segments in the rat colon ta eventual' :'or de'/el o;ment. 

Heddle et al (87) ~sed the micronucleus test as a means of 

charaeterizing and 4uantifying carcinogen exposure. Wat'govich et al 

(75) measured several forms of nuclear anomalies and demonstrated that 
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theil" numbel"S had a specifie pattern as a function of time following 
, -\> 

I).1H exposul"e. 

The quaI1tHication of colonie nucleal" aberrations as a meaSUl"e of 

exposure to a colon carcinogen appears to r<eliably discriminate tissue 

specifie carcinogens from non-carcinogens. Non-colon earcinogenic 

analogues of DNH such as l,l-dimethylhydrazine or n-

nitrosodimethylamine do not increase the number of micronuclei after 

their administration (87, 90). Thus the quantification of nuclear 

aberratio~s ls not only a sensitive· assay for carcinogen exposure, but 

a specific one as weIl. 

In thls study in order to facilitate the quantification of DMH-

induced cellular damage, aIl fOnIlS of nuclear abnormalities, that is, ,"" 

pyknotic, karyorrhectic and micronuclei have been grouped under one 

heading, nuelear aberrations (NA). Thus all NA are considered as a 

part of the continuum from cell damage, to cell death, to eventual 

cell extrus~on or digestion. 

In this study the absolute and relative numbers of NA in the 

distal 3 cm of colonie mucosa in two different inbred strains of mice 

befo~e and after exposure to DMH are examined. The\strains are the 

DMH sensitive (turnor forming) A mouse and the relatively DMH resistant 

(non-tumor fonming) B mouse. The colonic crypts are also scored for 

numbers of mitotic figures (MF) and for crypt column he~t. 

The purpose of this study is to 1) quantitate the absolute and 

" relative number of aberrant nuclei and mitotic figures in the distal 

colonic crypts of t~o d1f'ferent inbred mouse strains as a function of 

tlrne fol10wing a single DMH exposure; 2) compare the nuclear . 
aberration index (NAI) and the mitotie index (MI) in these mouse .. 
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stra1ns as a function of time following DMH exposuI"e; 3) evaluate the 

NAI assay as an ~nd1cator of acute DMH exposure, ar;d flnally to 4) 

evaluate the uséfulness -of tt;te NAI assay as a p'redic~or of ulJ;1mate 

neoplastic growth potential. 

(B) MATERIAIS AND MEiI'HODS 

& Animals .\ 
A and B mice \'fere obtained from the Jackson Lab (Bar Harbor, 

Maine). AlI animaIs were female and 7 weeks old at the time of 

purchase, and 8 weeks old at the- start of the experiment. AlI mice 

were housed 4-5 pel" cage on wood chip bedding, in a 12 hour l ight/ dark 
. 

cycle; tempe rature and humidity controlled environment. Animals \'1ere 

allowed watel' and mouse chow (Ralston Pu!'~a Co~, St. Louis, Missouri) 
~ e 

ad libit1.U11. 

b) Carcinogen Treatment -, 
Fresh solutions of DMH (Aldrich Chemical Co.,, Milwaukee, , 

Wisconsin) were- made by dissol ving 150 ~ of Dm! in 50 ml of NaCI and 

pH wàs adjusted to 6.5 with NaOH. Each experimentai mouse recelv'ed 15 

mg/kg DMH subcutaneously once only. DMH WaB gi ven to 25 mice of each 
\ . 

strain, and groups of 5 animaIs were sacrificed a~}2, 24, 48, 72 and 

96 hour:;; following treatment. AIl animais Wère sacririced between 10 

and 11 a.m. to avoid d:turnal fluctuations in prolifel"ative and 

apoptotlc parameters (59, 60, 114). Five untreated animaIs of each 
• 1 

strain served as controls and were sacrificed at t1.l]1e' o. 

~ Tissue Preparation 

All animaIs, wer-e killed by cer-vical dislocation and the1r colons 

were excised fr-om the abdominal cavity.J and fl ushed wi th cold NaCI 

sol ution. The colon was 511 t open from .anus to ceclUD and pinned 

mucosal surface upward on a cork board and flxed ~n 10% buffered 
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forma.ldehydé for 24 hours. Histologie sections (3-4 microns thick) of 

the distal 3 cm of colon we're c-ut fr9JU par~ffin embedded blocks and 

~ slides were stained with feulgen pnd a fast 3reen counterstain. 

.9l ~ Analyses 

The pos.,1 tiol'} and mnnber of ~ll NA and MF were scored in 20 crypt 

sections for each animal. Only crypts that were sect~oned along thelr 

long axis extending from the muscularis mucosa ta crypt mouth were 

scored. Crypt col umn height was determ1ned by counting the number of 

cells along the "rlght" or "l~ftrr sides of 30 crypt columns for each 

colon scored. 

The distribution of NA wlthln the crypt was determineâ by scoring 

aberrations for each cell position where position 1 represents the 

,bottom èell of the crypt section. The NAI ln the distribution curve 

ls dètennlned by pooling the total number of NA for each animal at 

each cell position and dividing by the total nurnber of cells countèd. 

Thus ~ne'distributlon NAI = 
total number of nuclear aberrations peI' cell position 

x: 100 
. total number of cells pel' position 

For determining the change in frequency of NA and MF as a 

functian of time after'DMH exposure, ,means and standard deviatlons of 

,the absolute numbers of NA and ~1F !:Jet" crypt section wer>e calculated 

for each group of 'animaIs (4-5 pel' group). For determ1ning the change 

in ~requency of the NAI and MI as a function of time, the absolute 

number of NA and MF ·weroe 'di vided by 2 and, th en di V'ided by the mean 

crypt helght,(in cells) for each animal. Thus in this instance, NAI 

and MI represent the percentage Qf ~rrant or mitotic nucle! in thé 

ent1re crypt column. 
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~ Statistlcal ~ysis 

1 

1 

1 

Frequencies of aIl NA and MF for each treatrnent group were, 
..;> ... f ... 

compared ta untreated controis by the student t test. ; Values were 
1 

cOll5idered significant if p < .01. NAI and MI values tre S~,~arlY 
1 \ 

cornpared. Correlation between crypt column heights and NA at each 

time interva.l were dete~ed using a simple 1inear regr~SSiOn curve. 
- " 1 • 

(C) RESULTS I~ 

The A a~d B untreated control rnice had sirnilar bateline numbers 

of NA ~d their distributions were also sirn'ilar (Figu1es 11 and 12). 
. i 

DMH induced aIl three types of NA in both stra1ns of mice. In the 12 

hour groups, the NAr at each cell position ,in both straJs was sunilar 

with'the greatest percentage of aberrant cells between dell positions 
\ 

1 ahd 10 (Figure ll). Up tè 50% of B cella and 40% df A cells at 
,,' \, .\ 

position 3 were aberrant 12 hours artel." bMH treatment. \ Dtstrlbution 

" \ lJurves f0r the 24, 48, 72 and 96 hour groups are not prèsented here, 

but the~patterns were similar for bot~ stralns of rnice. AlI NA 

\, appeared in the lower two thirds of the ~rypt sect1on~, and by 96 
, 

~ours, the curves were indistinguishable from 'the untretted control 

curve. Although no quantitative discr1rn:1.nation was made \between the 

types of NA, in the cQntr'ol ,animaIs rnost Of, the aberratipns were in 

the form of micronuclei. This i3 i in contrast to the DkH treated 
1 

-c;nimals wher~ karyorr'hectic and pyknotic nucIE!1 ~p.peared,1n .!?reater> 

numbers (Figure 13). 

Th~ frequency of NA and MF per crypt section asa 

,function. of tLme 18 seen in Figure 14. The greatest Incre se in NA 

occurred between 12-24 hours post-DMH ln both strains. This ,is 

f"ollowed by a gredual decrease in numbers of NA te pretreatmen,u levels 
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Figure ;1.1. DistributÜm nuclear aberratlo,ns in C57BL.(6J ana 
., 

ction as a f'unctiop: of cell position. 
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A/J mice within the crypt 
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Photomicrograph of an untreated CS 7BL/6J mouse colonie 
, 

crypt stained with feulgen and fast green eounterstain. ' Arrow 

indicates single midt'onucleus at base ,of erypt. 
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Figure 13. Pho~o~crograph of a ,CS 7BL/6J mouse colonie crypt 24 

hours post-DMft stained with feulgen and fast green counterstain. 
... 1 

Arrows indicate multiple nuclear aberrations in lower third of 

crypt. 
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by.96 hour". The A contr-ols had .89 :!: .19 (mean' :: S.D.) NA pel" CI'ypt 
, . 
" section and this rose to 3.13 :: .49 at 12 hours post-DMH. This 

represents a 3.5-fold increase. Similarly, the untreated B mi ce nad a­

base1ine of .7 :: .. 2 NA pel" crypt and 2.38 :!: .31 at 12 hours; aiso a 

3t5-fold increase. Both these values are sign1f1cantly greater than 

,the control values (p ( .001). 

The number of MF scored for eacî1 strain as a functlon of time 

post-DMH was a1so determined (Figure 14). The patterns are similar 

for both strains and snow an initial suppression and subsequent 
~ 

increase and ove l'shoot in the MF rate. The untreated A and B mice had 

.43 ± .16 and .55 ± .37 MF pel" crypt section, respectively (Figure 

~5), and by 48 hours after DMH treatment, this rose to 1.08 :: .20 and 

1.07 :!:.17 MF pel' crypt (Figure 16). This represents a 2.5 and 2.0-

fold increase for the A and B m1ce, respective ly. These val ues are 

signif1carttly dUf'erent than the control values Cp < .01). 

Because there are interstrain differences in crypt heignt and 

thus crypt œll poyulation (71, 115), we 8.gain scored the frequency of' 

NA and NF, but this t1me as a percentage of the total number of' ce,.lls 

in the crypt column. Thus crypt colurnn heights were determined for 

each animal scored (Table ;) and the NAI and MI were determ1ned as a 

function of 't:1me arter mm, exposure. 

Figure 17 represents the NAl and MI of' each s train after DMH 

treatment. The mean NAI in untreated A and B mice were 1.34 :!: .28% 

and 1.20 ± .36%, respectively. These values rose to 5.8 ± .56% and 

4.79 ± .76% by 12 hours. This represents a 4-fold increa.se in both 

strains. 

As seen in Table 5, the temporal changes in crypt column height 

correspond ta the increase in NA. 'l11us the 10ss in crypt col'umn 
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Figure 14. Fre of nuc1ear aberrations and mitotic figures 

• 
as a function of me following one DMH exposure in C57BL/6J and 

AI J mice. Each point represents the mean :: 5D of 4-5 animaIs. 
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Figure 15. Photomicrograph of an untreated AI J mouse colonie crypt 

stained with feulgen and fast green c~unterstai~- Ar~ow indicates 

single mi ta tic' figure. 
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Fisure 16. Photomicrogr h of an A/J mouse colonie erypt 48 hours 

post-DMH stained with 

indicate multiple mi 
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Figure 17. Nuc1ear aberration index and mitotic index in A/J knd 
C57BL/6J mice as a function of time following one DMH exposure. 

Each point represents the mean ± SD (in percent) of all cells scored 

for each group of mi ce . 
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Table 5 

ŒANGE IN CRYPT COLUMN HEIŒ1'l' AS A FUNCTION OF TIME AFTER DHU EXPOSURE 

'rime Post-DMH~ction 

Strain 

0 12 24 48 72 96 

A/J 33. 2i". 75
h 

26.9±1. 70
c 

27 .l±l. BO
c 

27.0! .54 
c 

32.71.65 33.3t .47, 

C57BL/6J 28. 8:!. 79 24.9.t .79<- 2ft.Bi .68
c 

n.5.t2.10 ) 1. 11. 90 29.2H.0 

a 
DMH l5 mg/kg sc x 1 dO:;lC. 30 crypt eolumns scored (in ,c~Us) for each animal, 4-5 animaIs per tiroo period. 

b 
mean -t S. D. 

c 
p < .01 when compa red to cont roIs (time 0) 
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helght 15 due to the loss of'viable cellsin the column which are 

degenerating. The correlation coefficient for NA vs column height 

for the A r:ùce is -.84, and for the B mice r :: -. 86 ~ 

(D) DISCUSSION 

It haB. been suggested that the measurment of nuclear aberrations 

in the colon crypt is an in vivo short-terro assay that is a reliable, 

'\ 
sens!. ti VB and specifie method of screening for exposure to a colon 

carcinogen (87, 89-91). In this study l;loth the absolute and relative 

numbers of NA, f4F and crypt col umn height were quant1fied as a 

functlon of time following a single exposure to the colon carcinQgen 

DMH. Untreated animaIs in both strains had similar baseline 

aberration patt:erns. Induction of NA was found ta peak at 12-24 hours 

artel' mm and retum ta pretreatment Ievels by 96 hours in bath A and 

B !pice. These findings are in agreement with other reports (75, 89, 

91). 

The distribution of NA at 12 hours post:-Df.lli reveals that the vast 

majority of nuclear damage occurs in the bottom two thirds of ,the" 

crypt. T'nis i3 the proliferati ve compartrnent of the crypt and cells 

in this region have the greatest synthesis of DNA art.d highest 

labelling indices (84). The distribution pattern reported here is in 

a6reement wi th Qther seriE>s pre'liously reported (75, 87, 91, 96, 97,· 

113). It is worth noting that the 12 hour NAI distribution curve 

(Figure 11) closely resembles the labelling index distribution curve 

(68, 71, 96, 97; see Figure 8). lt has been ~uggested that 

proliferative activity must be a prerequisite for carcinogen-induced 

apoptosis (89). Thus as an alkylating agent, DMH primarily damages 

the nuclear DNA and this ,resul ts in the formation of aberrant nucIe1 
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that appea~ w1thin the pro11fe~at1ve compa~tmen~s of the colonie 

crypts. 

In this study bÇ>th the absol ute and ~elati ve frequencies of NA 
-,"=....-:7?- -~~-

and r1F were quant if ied. The NAI is a more precise index of ca~cinogen , 

exposure because it takes into account the total number of cells at ,;' 

risk. This distiflction 1s a crltlcal one because the A mice were 

found tO'have a baseline crypt column height of 3;3.2 ± .7 cells, vs 

28.8 ± .7 ce Ils in the B 'mice (p < ~). Thus the A rnlce had a 

greater number of cells at risk for carcinogen exposure. In fact, A 

m1ce have a signif1cantly higher labelllng index and a- wider 

prol1ferative compartrnent than the B mice (115). Bath the labelling 

index and wldth of. the prol1ferative compartment are thought tc·relate 

to and be predicti ve of the sensi ti vi ty of a gi ven mouse strain to 

long-term DMH carcinogenesis (96, 97). This ls an important concept 

in light of the similar patterns of DlYffi-induced "nucrear'" damage in the 

tl.ll10~ forming A and relatl vely non-tLnnor forming B mlce. The initial 

suppression of DNA synthesls, the inc~ease in frequency of aberrant 

nuclei and loss of c~ypt column height a~e aIl measures'of DMH 

toxicity and are similar and parallel in both st~ains of mice. Thus 
Cl 

the A and B m1ce most likely init1all'Y metabolize DMH to an equal 

deg~ee. This argues a6ai~st the theory that ultimate tumor load 

depends principally on a difference in the metabol1sm of the 

ca~cinogen (102, 103). However, these similar patterns cannot explain 

why the A mouse develops 19 ± 8.7 tt.nnors pe~ animal while the B mouse 

develops 1.0 ± 1.4 turnors pel" animal following 20 weekly injections of 

DMH (p < .01) (Flei·szer, .D.M. 'and Skamene, E., manuscript in 

preparation). Therefore DMH induces NA in both strains of mie!, but 

the NAI assay does not relate to eventual neoplastic transfonnation. 
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It should not be used as a 
'\ 

predlctor of a glven straln's ult1mate 
ft-

sens1t1 \TUy to a carcinogen. The NAI assay's greatest strength 1 les . . 
in lts potential as an indicator of early carc:.no(!;en exposure. 

Thus the data presented here indlrectly supports the theor-y that 

tumorogenlc potential rnay de pend on the pr:oliferetlve para.me\tèr-s of' 

colonie crypt cells, and the establish:nent of stable mutations car-ried 
, 

through several generatlons of cell diViS:tQf over time, S'.!.nce the 

initial effects of DMH are similar in different inbr.ed strains of'm1ce 

that have known dissimilar sensitivities ta long-term mm exposure~ 

the later processes invol ved in either protection of promotion of 

carcinogenesis should be areas for future investigation. These 

mod1f:1,ers of carcinogenesis might include various 1..Jmrune .,parameters, 

humoral responses, onco~enes or DNA repair me~hanisms. 

CE) SUMMARY 

A single exposure to DMH produces several forms of aber-rant 

nuclei in the crypts of the distal mur.ine colon. The f~equency of 

nuclear aberrations L~ the distal colonie crypts in DMH-sensitlve A 

and r:elati vely DMH-resistant B mice before and artel" a Single exposure 

to DMH were examined. Nliclear aberrations, mitotic figures and crypt 

• col wnn he:ights ·were scored for aIl animais as a function of time 

following administration of DMH. In both strains there is a 

significant tncrease in the absolute and relative frequency of nuelear 

aberrations by l~ hours,_ with a eorresponding drop and subsequent 

overshoot in the mitotie index by 48 hours post-DMH. The temporal 

changes in crypt co~umn height correlate closely with the temporal 

changes in frequency of nuclear aberrations in both strains. The 

resul ts suggest that bath inbred strains respond to acute DMH exposure 

o 
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ln a sinl-11ar and parallel fashion over time. The followlng 

concl~sions can be drawn from ~hese ~esults: 1) that the nuclear 
/ . 

aberration index assay ls a sens1tl ve Iœthod for detecting early DMH 
1 
1 

exposure and 2) t,hat this assay does not relate ta ul tlmate outcome 
1 . 

~ter ch~onlc Dr exposure, and therefore'should not be used as a ' 

predlcto!, of everrual neoplastic transformation. 
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10. FINAL S{MIAR! ANf) aKLUSIONS --Q 
Colon cancer i8 among the m08t preval'ent 'malignancies in North , 

America and other we8t~rnized countl">ies. Migration, corrtlation ~d' 
comparison studies have shed much light bn' the etiological l'oIes of 

diet and fecal factors in coloni? carcinogenesis.. Animal exper1IÎlents 

us~ the \ DMH model of colonie careinogenesis have madê si&nif'icant , 

contributions towards separating out ,.the complex an,d int~racting 

endogenous and exogenous etiologic factgrs. DMH has several features 

whieh rnake it extremely weIl ,suited for the systernat:J.c examination of 

these risk factors. Firstly, DMH colon earcinogenesis is site-' 

~ ~ 
specifie .for the distal colon and secondly, the turnors that develop 

are pathologWally analagous to human colonie neoplasms. 

80th human and animal studies havê~demonstrated that diets low in 

fiber and high in fat and prote in are ptrtentially promoti ve in the1r 

effect" on colonie eare1n~eSics. Al though diet and environmental 

factors are still considered the major dete~ts of colon cancer, 

genet1e predisposition plays a significant l'ole in its genesis, both 
" ~~ }" ( 

in the human and the animal models. Just as in 50 many disease 

systems, the cause of colon cancer remains unlmown but must invol ve 
f 

the interaction of host and environmental factors, Thus although the 
, 7 ' 

'# 
contribution of indi vidual genetie predisposition ~s poorly defined, 

it could play a sigpificant l'ole in the pathogenesis of colon cancer,~ 

no matter how defini ti ve the contribution of environmental factors. 

Genetic predisposition ta colon cancer may involve many pathways 

leading to' di verse phenotypic changes. One ot: these p~tl\ways, 

eellul<;ir proliferation, ha3 been stu~ied extensive~y both tn *', and 
v ~ ~ • l _ 

in the rodent. It has been suggested that eell proliferation mïght b'e 

ueed as a biologlcal marker for human colonie neoplasla. 
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In! the normal state proliferation is confined to the lower two 

thirds'of the colonie crypts with the basal third the maj or zone of 

DNA synthesis. Deviations in the normal patterns of cell renewal have 

been characteriz.ed both in human and animal colon specimens. These 

alterations include an extension of the proliferative compartment 

towards the surface epi the lium , an overall increase in the labelling 

index and a shif't of the maj o~ zone of ce 11 prol iferation from the 
" , 

base to' the middle and upper thirds of the glands. Agaln, thls 

sequence of proliferati ve abnormal1ties has been descrlbed bath in man 
o • 

and rodent and the pattern that emerges suggests that colonie crypt 

cell ldnetics are, elosely associated with neoplastlc growth potehtial. 

I~ the present study, the colonie crypt cell proliferative 

characteristics and carcinogen indueed nue lear aberrations of two 
, 

strai!,!s of, miee witn known different senslt'ivltles ~o DMH 

carcinogenesis were examined. The sensitive strai.'1 was found to have 

a longer crypt colurnr'J., a higher labelling index, a wider proliferative 

,compar'trnent and a greater percentage of its DNA synthesizing cells in 

" the upper two thlrds of its crypts than the resistant straln; yet 

acutely, bath strétlns r:-esponded to DMH in a slmilar and parallel 

f'ashlon'. The current theories et' cellular kinetics and their 

relatibnshlp to neopl~stic growth potentiat-are elearly supported by 

t'he data and conclusions drawn in this study. 'The distinct ~lnetie 

pattems',:I,n th~se two genetically hornogeneous mouse strains appear ta 

" rel1ably predict each strain}so susceptibility to DMH-induced colon 

tumors. ' 

The nuclear aberration index as say has only recently been 

de8cribed and i8 refutecr ta diseriminate colon earcinogens fran non-
1 ( .!', 
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colon carcinog~ns. The present study does not assess this reported 

specif1city, but the data does demonstrate that nuclear aberrations 
o 

are indeed induced in the crypts after only one exposure to DM!!. The 

distribution of these aberrant nuclei supports the concept that the 

cells in the prollferative compartrnent are the ones rnost sensitive te ( 

carcinogeneic induced mutations. Again, both strains exhibi ted 

nuclear aberrations of equal ~1tude and Lrl similar d':stributions 

suggesting that other mechanisms, perhaps DNA repair systems or inmune 

" parameter.s are responslble for the long-ter:n differences in turno!'" 

,induction. ' ft 

, 
The ul timate goal of the gastrointestinal or surgical oncologiat 

who 13 interested in colon cancer, is the early detection, prevention 

and cure of this disease. Al though great strides have been made in 

the last thirty years ln characterizlng the etiological ~actors and 

'the biological behavior of these tumors, little or no :lmprovement L'1 

survival bas resul ted. The overall fi ve year rnortality rate still' .. 
remains close to 40%, and this statistic has not changed in ovep a 

decade. 

Certainly research must contihue in the areas of treatment and 

cure or established disease. However, by fonnulating a screening 

technique based on simple cytokinetic measurements, the goal of 

prèneoplas:tiC detectiol'l and early identification of individuals or 
" 

pOl,Julations at incr,eased rlsk for developlng colon cancer mlght be 
, / 

rèalized. 

.. 

1 • 



1 

t 

i 
1· 

1 

1 

" 

() 

77 

ll. BIBLIOORAfHI 

1) Wynder E.L. The epidemiology of large bowel cancer. Cancer Res. 

35:3388, 1975. 

2) Lambert R. Ep1der(liology of Co1orectal Carcinogenesis. In: 

Colonie Carcino,genesis, Malt R.A., Will1amson R.C.N. (eds). Falk 

;3yrnposiu'D 31, MTP Press, p. 1-10, 1982. 

3) Jenson O.H. Colon Cancer Epidemiology. In: Experirn,;.ilta1 Colon 

Carcinogenesis" Autt'up H., Wi ll~ams G.M. (eds'). CRC Press, New 

York, p. 3-23~ 1983. 

4) Cancer Pacte and Figure"s. New York, American Cancer Society, 

Inc., 1984. 
~ . 

5) Cancer Statistl,cs. CA 35;19, 1985. 

6) Haenszel W. Cancel" mortality among the foreign bom ln the U.s. 

JNCI 26:37, 1961. 

7) Kmet J. '!he rale of migrant populations in studies of selected 

cancer sites: A review. J. C'nronic Dis. 123:305, 1970. 

8) Gregor O., Toma R. and Prasova F. Gastrointestinal cancer and 

nutrition. GUT 10:1031, 1969. 

9) Armstrong B. and 0011 R. Environplental factors in cancer 

incidence and mortality in different countries with special 

reference to dietary p~actices. Int. J. Cancer 15:617, 1975. 
, 

10) Weisburger J.H. Mechanisms of' action of dlet as a carc:I,nogen. 
J 

Cancer 43:1987, 1979. 

11) Burkitt D.P. Epidemiology of' cancer of the colon and rectwn. 

Cancer 28:3, 1971. 

12) Graham S.M. and Mettl in C. Diet and colon cancer. Am. J. Epid. 

109:1, 1979. 

13) Burkitt D.P., Walker A.R.P. and Painte!' N.S. Effect of dietary 

", 

.J;' 



( 

l \ 

· 78 

fibre in stools and transit t1mes and its l'Ole in the causation 

of dlsease. Lancet 2:1408, 1972. 

14) Freeman H.J. Dietary Fibers and Colonie Cancer. In: 

ExperLrnental Colon Carcinogenesls, Autrup H., Williams G.M. 

Ceds). CRC Press, p. 267-279, 1983. 
\ 

15) Aries V., Crowther J.S., Draser B.S., Hfll M.J. and Williams 

R.E.O. Ba.cteria and the aetiology of cancer in the large bowel. 
, 

GUT 10:334 J 1969. 

16) Hill M.S., Draser B.S. and Aries V. Bacteria and the etiology of, 

cancer of' the large boweJ:. Lancet 1:95, 1971. 
t 

17) Hill M.J. The aetiology of colon C<;I1cer. Crit. Rev. Toxicol. 

4:31, 1975. 

18) r~urray, W.R., Blackwood A., Trotter J.M., Calman K.C. and Mackay 
, 

'", C. Fecal bile acids and clostridia in the aetiology of 

colorectal cancer. Br. J. Cancer 41:923, 1980. 

19) Fineg01d S.M., Atteberg H.R. and Sutter V.V. Effect of diet on 

human fecal flora: Gomparison of Japanese and American diets. 

Am. J. Clin. Nlltr. 27:1456, 1974. 

20)' Th·ompson M.H. The Role of Fecal Microflora in Colon 

Carcinogenesis. In: Experimental Colon Carcinogenesis, Autrup 

H., Will:l,p.ms G.M. (eds). CRG Press, p. 253-266, 1983. 

21) Druckrey H. Production of' Colon Carcinomas by 1,2-

( 22) 

Dialkylhydrazine and Azolyalkanes. In: Carcinoma of the Colon 

and Antecedant Epi thel ium, Burdette W.J. (ed). Char:l:es C. 
{> 

Thomas, Springfield, p. 267-299, 1970. 

Thurnherr N., Deschner E.E., Stonehi11 E.H. and Lipkin M. 

Induction of adenocarcinomas of the colon in mice by week1y 

1 

( 



\ 
----~·r----------------------------------------------------~i------------------------~' 

. 79 

1 

inject10ns of l,2~1methylhydraz1ne. Cancer Res. 33:940, 1973. 

23) Pozhar1ssk1 K.M., L1khachev A.J., Klimashevsk1 V.F. and 

Shaposlmikvo J .D. Experimental intestinal cancer research with 

special reference to human pathology. Adv. Cancer Res. 30:165, 

1979. 

24) Reddy B.S., Narisawa T., Moronpot R., We1sburger- J.H. and Wynder 

E.L. Animal models for- the study of dletar-y factor-s and cancer 

of the 1ar6e boweL Cancer- Res. 35 :3421, 1975. 

" 25) Flelszer D.M., j'1acFarlane J., r1urray D. and Brown R.A. 
~ \t .... . , 

Protecti ve effect of dietary fibre against chem1cally 'induced 

large bowel tumors in rats. Lancet 11:503, 1978. 

26) Trudel J.L., Senterman M.K. and Brown R.A. The fat/fibre 
, 

antagon1sm in exper1mental colon carcinogenesis. Surgery 94 :691. 

1984. 
/ 

27) Nigro N.D., Singh O.V., Campbell R.L. and Pak M.S. Effect of 

dietary beef fat on intestinal t\.mlor formation by azoxymethane in 

rats. JNCr 54 :429, 1975. 

28) Reddy B.S., Narisawa T. and Weisburger J.H. Effect of a diet 

with high levels of protein and fat on colon carcinogenesis in 
~ 

F344 rats treated with 1,2-d:1lnethylhydrazine. JNcr 57:567, 1976. 

29) Reddy B.S. Dietary fat and its relationship to large bowel 

cancer. Cancer Res. 41:3700, 1981. 

30) Reddy B.S. Role of bile metabolites in colon carc:t,nogenes1s. 

Cancer 36:2401, 1975. 

31) Reddy B.S. and Watanabe K. Effect of cholesterol metabolites and 

promoting effects of l1thocholic acid in colon carcinogenesis in 

( 
germ free and conventional F344 rats. Cancer Res. 39:1521, 1979. 

32) Goldin B.R. and Gorbach S.L. Effects of antibiotics on incidence 

l' 

.' 



t 
, 

-. 

1 

(1 

80 ~ -= 

pf rat in .estinal tumors induced by 1;2-dimethylhydrazine 

dihydrachl ride. JNCI 67:877, 1981. 

33) Sloan D.A, Fleiszer D.M., Richards G.K., Murray D. and Brown 

R.A. 'Increased incidence of exper1mental colon cancer associated 

with long tenn metronldazole therapy. Am. J. Surg. 145:66, 1983. 

34): Kareem ')1"1., FI eiszer D.M., Richards O.K., Senterman M. and Brown 

R.A. Effect of long term rnetr:onldazo1e therapy on experimental 

colon cancer in rats. J. Surg. Res. 36:547, 1984. 

35) Reddy B.S;, Furuya K. and Lowenfels A. Effect of neomycin on 

azoxymethlane-induced colon carcinogenesls in F344 rats. JNCI 

73:275, 1984. 

36) Lynch H.T., Guirgis H.A., Swartz M.D., Lynch J., Krush M.S. and 

Kaplan A.R. Genetics and colon cancer. Arch. Surg. 106:669, 

1973. 

37) Bussey H.J,.R. Genetl-<: factors. Rec~nt Resul ts 1:1 Cancer Res. 

83:45, 1982. 

38) Hill M.J. Genetic and Envlrornnental Factors in Human Colorectal 

Cancer. In: Colon Carcinogenesls, Malt R.A.,. Wlll1amson R.C.N. 

(eds). Falk Symposium 31, MTP Press, p. 73-79, 1982. 

39) Bussey H.J.R. Familial Polyposis Coli. Johns Hopkins University 

Press, Ba1ttmore, 1915. 

40) Watne A.L., Lai H.Y., Carrier J. and Coppula W. The diagnosis 

and surglcal treatment of patients wi th Gardner's Syndrome. 

Sur"gery 82:327, 1977. 

lU) i 
Cochet B., Carrel J., Desbail1ets L. and \oJidgren S. Peutz-

Jeghers Syndrome associated with gastrointestinal carcinoma. GUT 

20:169, 1979. 

1 

~I 



"'---'--'--""T~--~' _.~. _ .. _____ ... ,"' ________________ _ 

( ) 

... 81 

> 42) Bussey H.J .R. Polyposls Syndromes. In: Recent Advances in 

Gastrointestinal Pathology, Wright R. (ed). Saunders, London, p. 

3~5-352, 1980. 

43) Lynch H.T., Rozen P. and SChuelke G.S. Heredity and colon cancer 

po,lyposis and nonpolyposis variants. CA 35:95, 1985. 
'\ 

44) Lynch H.T. and Lynch P.M. The cancer family syndrome: A 

pragmatic basis for syndrome identification. Dis. Colon Rectum 

22:106,1980. 

45) Moon R.C. and Fricks C.M. Influence. of gonadal hormones and age 

on 1,2-dimethylhydrazine-induced colon carc1nogenesis. Cancer 

40:2502, 1977. 

46) Asano, T. an,d Pollard rll. Strain susceptib1l1ty and resistance to 

1,2-dimethylhydrazine-induced enterlc tumors l,n germ free rats. 

Proc. Soc. Exp. Bio. Med. 158:89, 1978. . . 
47) Evans J.T., Haushka T.S. and Mittleman A. DifferentiaI 

susceptioility of four mouse strains ta induction of mul tiple 

i 
large bowelQneoplasms by 1,2-di.methylhydrazine. JNCI 52:999, 

1974. ' 

48) Evans J .T., Shows T.B., Sproul E.E., Paolini N.S., Mittleman A. 

and Haushka T. Genetics of colon carcinogenesis in mi ce treated 

with 1,2-dimethylhydrazine. Cancer Res. 37:134, 1977 . 
• 49) Diwan B.A., Meier H. and Blackman K.E. Genetic differences in 

the induction of colorectal tumors by 1,2-dimethylhydrazlne in 

inbred mice. JNCI 59:455, 1977. 

50) Diwan B.A., Dempster A.M. and Blackman K.E. Effects of 

methylazoxymethanol acetate on inbred miee: Influence of genetie 

factors on tumor induction. Proe. Soc. Exp. Biol. Med. 161: 347, 

1979. 

1 

\ 

, , 
\ 
J , 

r, 
.1 



\ 

82 

51) Diwan B.A. and Blackman K.E. Carclnogenic ef'f'ect of comblned 

treatment of lnbretl mice with 3-methylcholanthrene and 1,2-

dimethy1hydrazine. JNCl 64:1491, 1980. 

52), Diwan B.A. and Blackman K.E. Differèntlal susceptlblity of 3 

sublines of C57BL/6 mlce to the induction of colorectal tumors by 

1,2-d.1methylhydrazine. Cancer Lett. 9·:111, 1980. 

53) Turusov V.S., Lanko N.S., Krutovskikn V.A. and Parfenov Y.D. 

Strain differences in susceptibility of female mice to 1,2-

dimethylhydrazine. Carcinogenesis 3:603, 1982. 

54) Hughes W.L., Bond V.P., Brecher G., Cronkite E.P., Painter R.B., 

Quastler H. and Sherman F.G. Ce11ular proliferation in the,ffiouse 

revea1ed by autoradiography with tritiated thymidine. Proc. 

Natl. Acad. Sei. USA 4:4:476, 1958 • . '. 
55) Walker B.E. and Leblond G.l? Sites of nucleic acid synthesis in 

the mouse visual ized by radioautography after administration of 

C14-labelled adenine and thymidine. Exp. Cell Res. 14 :510, 1958. 

56) Lipkin M. and Quastler H. Cell population kinetics in the colon 

of the mouse. J. Clin. lnvest. 41:141, 1962. 

57) Lipkin M., Bell B. and Sherlock P. Cell proliferation kinetics 

in the gastrointestinal tract of man. 1. Cell renewal in colon 

and rectum. J. Clin. Invest. 42:767,1963. 

58) de Rodriquez M.S.B., Sunter J .P., Watson A.J., Wright N.A. and 

Appleton DaR. Cell population kinetics in the nrucosal crypts of 

"> the desc8p<:t1ng colon of the mouse. Virchows Arch. B (Cell 'Path.) 

29:351, 1979. 

59) ,Chang W.W.L. Renewal of the epitheliwn in the descending colon 

of the mouse. III. Diurnal variation in the proliferative 

. \. 



" 

( 

( '1 , , 

83 

, \ 
activity of eplthelial cells. Am. J. Anat. 131:111, 1971. 

~. 

60) Hamilton E. Diurnal variation in proliferative compartments and 

their relation ta cryptogenic ce Ils in the mouse colon. Cel1 

Tissue Kinet. 12:91, 1979. 

61) Hoff M.B., Chang W.W.L. and l>1ak K.M. Effect of estrogen on cell 

proliferation in colonie nrucosa of the mouse. Vlrchows Arch. B 

(Cell Pat:hol.) 35:263, 1981. 
--

62) Hoff r>1.i3. and Chang vl.W.L._ 'The ef~ect of estrogen on epithelial 

'" cell proliferation and differentiatian in the crypt of the 

descending colon of the mouse. A radloautographic study. Am. J. 

Anat. 158: 507, 1919. 

63) Fleiszer D.M., f-1urray D., Richards G.K. and Brown R.A. Effects 

of dlet on chemically induced bowe1 cancer. Can. J. Surg. 23:67, 
, . 

1980. 

64) Jacobs LoR. Stimulation of Colonic Epithelial Ce11 Proliferation 

with Dietary Wheat Bra.'1 and its Promoter EI:fects on 1,2-
. 

D1methylhydraz'ine Induced Rat Colon Carcinogenesis. The 1983 

Workshop on Large Bowe1 Cancer. Sponsored by the National Large 

Bowel Cancer Project. June 1983, p. 157-158. 

65) Reddy B.S., Narisawa T., Weisburger J.H. and Wynder E.L. 

Promoting effcc~ of sodium deoxycholate on colon adenocarcinomas 

in germ free rats. JNCI 56:441, 1976. 

66) Lehnert S. Changes in growth kinetics of jejunal epithelium in 

mi ce maintained on an elemental diet. Cell Tissue Kinet. 12:239, 

1979. 

67) Chang W.W.L and Leblond C.P. Renewal of the epithelium in the 

d~cending colon of the mouse. 1. Presence of three cell 

populations: Vacuolated-columnar, mucous and argentaffin. Am. 
1 

/ 
J ---
( 



-
~, 

~ >. 
, 

' .. 

l ' • 

, ' 

~.,~ 

1 
1 
! 

( j 

\~ 

) ~. 

\; ~ 

84 

J. AQ,a11. 131:73, 1971. 

68) Richards T.C. Ear1y changes in the dynamics of crypt ce11 

populations in mouse colon following administration of 1,2-

dimethylr..ydrazine. Cancer Res. 37~1680, 1977. 

69) Tutton P.J .M. and Barkla D.H. Regulation of Cell Kinetics and 

Colon Cancer. In: Autrup H. and ltlilliams G.M. (eds.). 

Experimental Colon Carcinogenesis, CRC Press, Baca Raton, p. 199-

213, 1983. 

70) Lipk i n M. Growth Kinetics of Normal 
~ , 

Premal ignant 

Gastrointestinal Epithelium. In: Growth Kinetics and 

Biochem1cal Regulation of Normal and ~1alignant Ce11s. 29th Ann. 

Symp. on Fundamenta1 Cancer Researc~ Drwinko B., Humphreys ReM. 

(eds.). Williams and Wilkins, Baltimore, p. 562, 1977. 

71) James J .T., Shâmsuddin A.M. and Trump B.F. A comparati ve study 

of the normal histochemical and proliferative properties ~e 

large intestine in ICR/Ha and C57BL/Ha mice. Virchows Arch. B 

(Cell Pathol.) 41:133, 1982. 

'72) Sunter J.P., Appleton D.R., de Rodriquez M.S.B., Wright N.A. and 

Watson A.J. A comparison of ce'll proliferation at different 

sites within the large bowe1 of the mouse. J. Anat. 129:833, 

1979. 

73) Chan P.C., Cohen L.A., Narisawa T. and Vleisburg~r J.H. Ear1y 

'/ effects of a single intrarectal dose of 1,2-dimethy1hydrazine in 

mice. Ca~cer Res. 36:13, 1976. 

74) Sunter J.P., Appleton D.R. and Watson A.J. Acute changes 

occurring in intestinal mucosae of rats given a single injection 

of 1, 2-dimethylhyl:1razine. Virchows Arch. B (Cell PathoI.) 36 :47, 



r ( ) 
r 
1 
f 
f 

1 , 

85 

1-981. 

75) Wargovlch ~1..r.~ Medline A. and Bruce \'l.R. Early histopathologlc 

events to evolution of colon cancer in C57BL/6J and CF1 mlce 

treated with 1~2-dirnethylhydraz1ne. JNCI 71:125, 1983. 

76) Chang W.W.L., Mak ·K.M. and MacDonald P.D.M. Cell population 

klnetlcs of l,2-dimethylhydrazine induced colonie neoplasm and 

" thelr adjacent colonie epithellum in the mouse. Virchows Arch. 

B (Cell Pathol.) 30:349, 1979. 

77) Richards T.C. Changes in crypt oell populations of lOOuse colon 

during recovery fram treabnent with l,2-dimethylhydrazine. JNCI 

b6:907, 1981. 

-- , 
78) Tutton P.J .M. and Barkla D.H. Cell ' pral iferation in the 

d~scending colon of' dimethylhydrazine treated rats and in 

d:1methylhydrazine 'indueed a.denocarcin~ Virchows Arch. B (Celr 

Pathol.) 21,: 147, 1976. , 

79) Hattori T., Helpap B. and Gedigk P. Development and cell' 

kinetics of colonie turnors induced in m1ce by d1methylhydrazine. '1 

J. Cancer Res. Clin. Onco1. 105:148, 1983. 

80) Lipkln M. and Deschner E. Early prollferati ve changes in 

intestinal cells. Cancer Res. 36:2665, 1976. 

81) James J .T., Shamsuddin A.M. and Trump B.S. Comparatl ve study of 

t4e morphologie histochem1cal and proliferative changes induced 

in the large intestine of ICR/Ha and C57BL/Ha mice by 1,2-

d1methylhydrazine. mCI n:955, ~1983. 

" 82) Deschner E.E. Cell Proliferation as a Blolog1cal Marker in Human 

.;; Colorectal Neoplasia. In: Colorectal Cancer: Prevention 

Epidemiology, and S·creening, Winawer S., Sehottenfeld D. and 

Sherlock P. (eds.). Raven Press, New York, p. 133, 1980. 



\'-.. 

----;----- _ .. -~- ---~------ --------_.~-"'------

( ) 

\ 

86 

83) Deschner E.E. Prol1ferati ve patterns in colonie 

mucosa iTI familial polyposis. Caneer 35:413, 1975. 

8l!) Deschner E.E. d Maskéns A.P. S.ign1ficance of the labelling 

index q.nd .lab lling distribution as kinetic parameters in 

coloreetal mue sa of cancer"'patients and DMH treated animaIs. 

Cancer 5.0:1136, 1982. 

85) Maskens A.P. and Deschner E.E. Tritiated t.'1ymidine i.'1corporation 

into epithelial of nonnal-appe9.ring eolorectal mucosa of 

cancer patients. 58:1221, 1977. 

86) , Ames B.N., Dursto W.E., Yamasaki E. and Lee F.P. Carcinogens 
\ . ,-' . 

d.!'e rrutagens: A impIe test system combin1.n6 liver homogenates 

for activation an for detection. Proc,. Natl. Acad. 
-' 

Sei. USA 70:2281, 1 

87) Heddle J.A.) Blake D.H., Duncan A.M.V.) Goldberg r<1.T., Newmark 

H., Wal"govich l'vl.J. Micronuclei and related 

nuclear anomal ies a a short term assay for colon carcinogens. 

Banbury Rep. 13:367, 1:982. 

88) Goldb~rg r4.T., Blake D.H. and Bruce W.R. Comparison of the 

effects of 1,2-dimeth Ihydraz ine, and cye l ophosphamide as 

micronucleus incidence in bone marrow and c{>lon. Mutat. Res. 

109:91, 1983. 

89) Blakey D.H., Duncan A.]IJ..V., Wargovich H.J., Goldberg r'Ï.T., Bruce 

90) 

W.R. and Heddle J.A. Detection Qf nuclear anomalies in the 

colonie epitheliurn of the mouse. Cancer Res. 45:242, 1985. 

Wargovich M.J., Goldberg M.T., Newmark H.L. and Bruee W."R. 

Nuclear aberrations as a short term test for genotoxieity to the 

colon: Evaluation of nineteen agents in miee. JNCI 71: 133, 



K 

1 • 

. ' 

1 

l' , 

J' 

() 

87 

, , 

1983. 

91) Maskens A.P. Significance of the karyorrhectic index lin 1,2-

d1methylhydrqzine carcinogenesis. Cancer Lett.
o 

8:77, 197~. 

92) Wyllie, A.H., Kerr, J.F.R. and Currie A.R. Cell death: The 
c 

s1gnificance of apoptosis. Int. Rev. Cytol. 68:251, 1980 •. 

93) Heddle J.A. and Carrano A.V. The DNA content of micronuclei 

induced in mouse bone marrow by gap11B irradiation: Evidence that 

micronuclei arise from acentl"ic ehr?mOSOl1léÜ fragments. Mutat. 
-

Res. 44 :67, 1977. 

94) SclDl1d W. The micronucleus test. Mutat. Res. 31:9, 1975. 

95) Duncan A.M.V., Heddle J.A. and Blakey D.H. Mechanisms of 

\D?uetlon of nuçlear anomal1es by ga.tJJTU!-radiation in the colonie 

epithelium. of the mouse. Cancer Res. 45:250, 1985. 

96) Deschner E.E., Long F.C., Hakissian M. and Herrman S.L. 

DifferentiaI susceptibil ity of AKH, C57BL/6J and CFl miee to 1,2- . 

dimethylhydrazine-induced colonie tumor~ fonna:~ion predicted by 

prollferative charaéteristies of colonie epithelial cerIs. JNCI 

70:279, 1983. 

97) Deschner E.E., Long, F.C., H~kissian' M. and Cupo S.H. 

DifferentiaI sUBceptibl1ity of inbred mouse strains foreeast by 

a9ute colonie proliferatl ve response to methaxymethanol. JNCr 

" 72: 195, 1984. 

98) Genetie 'Control of Natural Resistance ta Infection and 

Malignancy. Skamene E., 'Konghavn P.A.L. and Landry M. (eds). 

Academie Press, New York, 1980. 

99) Stevenson M.M., Kongshavn P.A.L. and Skamene E. Genetie linkag,e 

of resistanee to listeria manoeytogenes with macrophage 

1n.flamnatory responses. J. Irrmunol. .127:402, 1981. 

'!> "~, 

.. 

: 

, j 



" 

~ 

'0 

" 

,n 

~ 

, 

y 88 
. , 

-ri 

100) Leblond C.P., Messier B. and Kapri"Wa B. Thymidine H3 as a tool 

for the . investigation of the renewal of cell populations. Lab. 

Invest. 8:296, 1959. 
\ 

, Q 

101) Deschner E.E. Early prolVerative defects induc,ed oy six weekly 
J 

injections of 1,2-d1methylhydrazine in epithelial ce1ls of mouse 
~ 

distal colon. Z. Krebsforsch. 91:205, 1978. 

102) Grab p.J. and,Zedeck M.S. Organ specif,a..c effects of tihe ~ 

103) 

carcinogen methylazoxymethanol related to metabolism by 

nicotinauride adenine dinucleotide-dependent dehydrogen 

dehydrogenases. Cancer Res. 37:4182, 1977. 
\ ' 

\ J 

Cooper H.K., Buecheler J. and Kleihues P. DNA alkylation in mice 
\ 

\ 1 

w,i th different sus cept1bi lit Y ta 1,2-dlmethylhydrazine induced 

colon.carcinogenesis. Cancer Res. 38:3063, 1~8. 

104) Kanagalingam K. and Balis M.E. In vivo repair of rat DNA damage, ' 

by alkylating agents. Cancer 36:2364, 1975 •. 

105) Chang W.E.L. and Nadler N.J. Renewal of the e~théliurn i,n the 
... 

'descenàing colon of the mouse. VI. Cell popUlation kinet;ics of 

vacuolated-columnar and mucous ce11s. Am. J. Anat. 14L(:-39, 1975. 

106) Hawks A. and Magee P.N. The alkylation of nucle1c aclds of <t'at 

and mouse in vivo by carcinogen 1,2-dimethylhydrazine. Br. J~ ---, " 

CaQcer 30:440, 1974~ } . ' ,; 

107) Rogers K.J. and Pegg A.E. F~rmation of 06_I)lethylguanlne by 

alkylation of rat liver, colon and kidney DNA following ( 

administration of 1,2-dimethylhydrazine. Cancer Res. 37 :408'2, 

1977. 

108) James J.T. and Autrup H. Methylated DNA aducts in the large 

:tntestine' of reR/Ha and é57BL/Ha nrièe given 1,2-

~" 
• 

~f~~ 

, . 

.... .fro./{. 
'! 

. , 

'\ l, • ~ 
, , 

, " -, " 1 ''l ',1;; .... \ ' ., 

'. 

~ 

_1 



,-

89 

d1methylt!Ydra.zine. J'NeI 70:541, 1983. 

109) Mak K.M. and Chang W~\~.L. lnhibition of DNA synthesis by 1,2-
r < 

dimetl1j Ihydr,~::ine a;lj l1etnyla::oxyrnethanol acetate in rabbit colon 

mucOS:1 in :)!ban cu::' tJre. ~->~Cr' 61:799, 1979. 

110) ~eàecl{ ru::., Grab 0.J. 2..:lj Ster!'1berg S.S. Difference in the 

acut-è resp~,r.Sè t,') v 3.riJus sè@llent:::; of rat intestine to trea~nt 

Can.:!el' Res. 37:32, =.ù77. 

111) T1askens :".? 3 .... :d Juj ard :'n-Lo~ ts R.M. Corre 1 atlon between 

karyorrhectic index ln colon crypts and tumor yield in 

dimethyl:1yjrazine treated rats. Proc. Am. Assoc. Cancer Res. 

19:15l,1978. 

112) Rone:l A. a:lj !iedct:-:: J.A. Site specifie induction of nuclear 

anomalies (apoptoti:::: bodies and micronuclel) by carclnogens .in 

the mouse. ~ancer Res. 44: 1536, 1984. 

113) Cha.'1b W.\~.L. Degenerative behavlour of epithe17aI cells· in the 

colonie C'r;ypt of t:le mouse followinb adr.l1nlstration of aolon1c 

carci.'1ogen 1,2-.ji:nethylhjd:-'3...!;:'ne. Cancer Lett. 13:111, 1981. 

114) Duncan A.M.V., Ronen A. and a:"clkey D.A. Diurnal ·,rariation in the 

response of garrrna-ray induced apoptosis 111 the mouse intestinal 

epit.heliurrt. Cance::" Let:, 21:163, 1983. 
o 

115) Gl::'c~man L.':'. anj Fl~::..szer D.Jvl. The pro1ii'er3.tiv~ 

character::'s~ics of c010nic crypt cells as predictors of 

subsequent twnor f'oI"lllation. Surg. Forum, Vol. 36, 1985 (in 

Press) • 

. . 
-------~ ... -7" -- ~- ---

do, 
,( 


