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Abstract 

Promotion would suppose the selection of initiated cells. We tested the selection of aberrant crypt cells by 

cholic acid, a colon cancer promoter, and the effect of protectors, phytate and food restriction. After an 

azoxymethane injection, rats were allocated to a control diet, or to supplements of cholic acid, sodium 

phytate, or to a 50% food restriction. The proliferation and apoptosis of 1200 crypts were assessed, after 

immuno-staining for BrdU. Cholic acid increased the proliferation of aberrant crypts but not of normal 

crypts. Phytate and food restriction decreased the proliferation of normal crypts, but not of aberrant 

crypts. Apoptosis was not affected by diets. Results support the hypothesis that cholic acid can select 

initiated cells in the colon. 
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1. Introduction 

 

Cancer promotion would suppose a selection of 

initiated cells, more resistant to chemical toxi-

city than normal cells (e.g., in Farber's model of 

liver carcinogenesis). Reciprocally, the protec-

tion afforded by food restriction is related to a 

counterselection of initiated cells: a decrea-sed 

proliferation and increased apoptososis (cell 

death) of liver preneoplastic foci (3). In the co-

lon, putative preneoplastic lesions are aberrant 

crypt foci (ACF). ACF are specifically induced 

by colon carcinogens, promoted by promoting 

diets, inhibited by inhibitors of carcinogenesis. 

Rodents and humans ACF display mutations and 

histologic changes observed in colonic tumors. 

The growth of ACF correlates with the adenocar-

cinoma yield (8, 15). 

 
*
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Bile salts are putative cancer promoters (12), and 

dietary cholate can promote colon tumors in rats 

(8, 11). In contrast, dietary phytate (inositol 

hexaphosphate) consistently decreases colon 

carcinogenesis (15, 18, 21). Food (or caloric) 

restriction also decreases liver and colon 

carcinogenesis (3, 6, 7). 

We speculated that a colon tumor promoter, 

cholate, would "select" ACF cells by increasing 

their relative proliferation, and/or by decreasing 

their relative apoptosis, compared to cells in 

normal crypts. We speculated that, reciprocally, 

protectors like phytate and food restriction, 

would act in the opposite way, and counterselect 

the ACF. These hypotheses were tested by 

comparing the proliferation and apoptosis in 

normal and aberrant crypts, in rats subjected to 

food restriction, or to dietary cholate or phytate. 
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2. Materials and Methods 

 

 Twenty-four five-week-old female 

Sprague Dawley rats (Iffa-Credo, l'Arbresle, 

France) were housed 2 rats per cage (stainless 

steel grid floor) at 22°C, 12:12 h light-dark cycle, 

with ad libitum tap water and rodent chow. After 

7 days of acclimatization, they were given a 

single azoxymethane injection to initiate colon 

cancer (20 mg/kg i.p. in NaCl 9 g/l, from Sigma, 

St.Quentin-F), and fed a semi-purified powdered 

diet similar to AIN76 (UAR210 containing 

casein 23%, starch + glucose 58%, fat 5%, 

cellulose 6%, mineral mix 7%, vitamin mix 1%, 

from UAR, Villemoisson-F). Seven days later, 

they were randomly allocated to 4 groups of 6 

rats. Group 1 was the control, given ad libitum 

pure diet and water. Cholic acid (0.2%, from 

Sigma) was added to the diet of group 2. Sodium 

phytate (2%, from Sigma) was added in the 

drinking water of group 3, and brought to pH 7 

with HCl 2N. Four days before sacrifice, rats in 

group 4 were placed one per cage, and underwent 

a 50% food restriction for 4 d. The diet of food 

restricted rats was fortified with vitamin and 

mineral mixtures, to provide them as much 

micronutrients as unrestricted rats. 

 After 4 wk. on the diets, the rats received 

a BrdU injection (50 mg/kg, Sigma) 60 min 

before sacrifice by chloroform. The colons were 

fixed in buffered formalin, stained with 

methylene blue, blinded and scored for ACF 

using Bird's procedure (7, 8, 9). Two-crypt ACF 

were then marked with ink under the microscope 

(x 40), putting the two aberrant crypts in line 

with, and between, two ink spots, and leaving 

exactly 5 normal crypts between each ink mark 

and the ACF. Blocks containing ACF were 

embedded in paraffin, and longitudinal sections 

of 3-4 µm were made, so that both aberrant 

crypts and both ink marks could be seen in the 

same section. 

 Stringent crypt scoring criteria were 

followed (1), and aberrant crypts were selected 

"blindly" on slides, only based on their position 

between ink marks. The crypt height and the 

proliferation were assessed, in both normal and 

aberrant crypts, after immuno-staining for BrdU 

(antibodies and biotin-extravidin-DAB from 

Sigma) and hematoxylin counterstain (14). The 

number of apoptotic bodies was assessed based 

on histological features (5), after Feulgen fast-

green staining (22). Scoring was made blindly in 

duplicate, by 2 independent observers. 

 A three-way ANOVA was used to 

determine the effect of observer, diet, and crypt 

type on the number of cells per half-crypt, BrdU-

labeled cells per crypt and per 100 cells 

(Labeling Index, LI), mitotic figures per crypt 

and per 1000 cells, proliferative zone (estimated 

by the position of highest labeled cell) and 

percent of crypt height, apoptotic figures per 

crypt and per 1000 cells, and micronuclei per 

crypt and per 1000 cells. The mean for all crypts 

evaluated in one rat (12 aberrant and 40 normal 

crypts per rat) was used in the ANOVA, giving 

n=6 rats per group (9).  

 

3. Results 

 

 Food intake, water intake, and body 

weight (mean 241 g/rat) were not different 

between groups (except for restricted rats, given 

10 g of food for 4 days instead of the average 20 

g/d spontaneous intake). Rats in group 2 ingested 

150 mg/kg/d cholic acid, and rats in group 3 

ingested 2.7 g/kg/d Na phytate. ACF number and 

multiplicity were not designed endpoints of the 

study, since a 30 d feeding period, and a number 

of 6 rats per group, may not be enough to detect 

promotion or protection. A mean number of 66 

ACF was detected per colon, their multiplicity 

was 2.0 crypts/ACF (no significant difference 

between groups, p=0.5 and 0.4). The lowest 

number of ACF was detected in cholate fed rats 

(56/colon vs 66 in controls), and the smallest 

ACF multiplicity in phytate fed rats (1.9 

crypt/ACF vs 2.1 in controls).   

 A total of 300 aberrant crypts, and 900 

normal crypts, were scored for proliferation and 

apopotosis. The main results are given in the 

table (only part of data is shown).  

 

Aberrant crypts, compared to normal crypts, 

were higher (+ 17% cells, p<0.001), proliferated 

more (doubled labeling index, p<0.001; doubled 

mitotic figures per crypt, p<0.001, data not 

shown). The proliferative zone was shifted in 
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Table 1: Effect of dietary cholate, phytate, and food restriction proliferation and apoptosis index in 

normal and aberrant crypts.  
 

 

  Crypt height  BrdU LI Proliferative zone  Apoptotic bodies 

  No. of cells  % labelled    % height  /1000 cells 

 

Diet group norm. aber.           norm. aber.           norm. aber.       norm. aber.  

 

All diets 34 39  9 19 36 43  3.5 3.6  

Control 32 38  12 18 40 43  4.8 3.5 

Cholate 38 43  11 23 37 45  3.2 2.5 

Phytate  33 39  8 19 35 43  2.6 5.3 

Restrict. 32 37  6 17 33 42  3.3 3.3 

 
ANOVA p 

  diet     0.000        0.000      0.25       0.36 

 crypt    0.000        0.000      0.000      0.77  

     interaction     0.96                   0.02    0.55          0.06 
 

Crypt type : norm., normal, aber., aberrant ; LI, Labeling index ; Restrict., 50% food restriction ;  

decimal data and SD not shown to keep table simple to read, but full data included into the ANOVA analysis. 

 

 ACF toward lumen (p<0.001). The significant p 

value for the (diet x crypt) interaction (see the 

table last row) suggests that diets had differential 

effects on normal and aberrant crypts, which is 

the basis for a selecting effect. 

 

Cholate, compared to control diet, increased the 

crypt height (+15%, p=0.001) of all crypts, and 

the proliferation of aberrant crypts (+30%, p= 

0.03), but not of normal crypts (-15%, p= 0.46).  

 

Phytate, compared to control diet, decreased the 

proliferation of normal crypts (-40%, p=0.001), 

but not of aberrant crypts (+2%, p=0.99).  

 

Food restriction, compared to control diet, 

decreased the proliferation of normal crypts (-

50%, p<0.001), but not of aberrant crypts (-7%, 

p=0.82). Apoptosis was not different in normal 

and aberrant crypts, and was not affected by 

diets, but a marginally significant increase in 

ACF of rats given phytate (p=0.08): the 

(aberrant/normal crypt) ratio for apoptosis was 

0.74 in rats fed control diet, and 2.0 in rats given 

phytate (p for interaction 0.06). 

4. Discussion  

 Results support the hypothesis that a 

tumor promoter, cholate, can select aberrant 

crypts by specifically stimulating their growth 

without enhancing the proliferation of normal 

crypts. This "selection" hypothesis was also 

weakly supported by a published study (9). 

Chronic feeding of cholic acid results in the 

development of increased resistance to apoptosis 

induced by azoxymethane. However, the effect is 

similar in both normal and aberrant crypts, 

without any (diet x crypt) interaction (9). Present 

data show no significant difference in apoptosis 

between rat groups or crypt types, likely because 

the "spontaneous" apoptosis rate is much smaller 

than the azoxymethane induced rate. It is also 

possible that our apoptosis assessment was 

biased, and confirmation would require specific 

labeling. Bile acids increase the proliferation of 

"normal" colonic mucosa in some studies (13, 

16), but not in the present study and others (9). 

ACF detected in the colon of rats or humans 

have an increased proliferative activity compared 

to normal crypts, as in the present study (9, 10, 

14, 17, 23).  
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 In contrast with cholate data, food 

restriction and phytate proliferation data do not 

support the hypothesis that dietary protectors 

"counterselect": both diets decreased the cell 

proliferation in normal crypts but not in ACF. If 

the "selection model" was true, this would 

benefit to the ACF growth, and those 

"protectors" would be "promoters". However, 

phytate seemed to specifically increase apoptosis 

in ACF, which could counterselect. In the liver, a 

severe food restriction lowers cell replication and 

preferentially enhances apoptosis of 

preneoplastic liver cells (3). In the colon, food 

restriction increases the incidence of 

dimethylhydrazine induced apoptosis (4), but 

here it did not change the "spontaneous" 

apoptosis rate. Caloric restriction decreases cell 

proliferation in rat and human colon (2, 7, 19). 

Similarly, dietary phytate decreases colonic 

epithelial cell proliferation (13, 20, 21).  Present 

results also show that phytate and food 

restriction decrease proliferation in normal 

crypts, but not in ACF. An alternative to our 

"selection" hypothesis is that tumor protector 

would curb the initiated stem cells at the base of 

the crypt. This would decrease the probability 

that an ACF arises and/or that an aberrant crypt 

branches, leading to less or smaller ACF, and 

eventually less cancer. 
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