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Abstract

AIM: To investigate the effect of ethylene diamine tetraacetic
acid (EDTA) on proliferation of rat colonic cells.

METHODS: EDTA was administered into Wistar rats,
carcinogenesis induced by 1,2-dimethylhydrazine (DMH) in
rats was studied with immunohistochemistry.

RESULTS: Marked regional differences in cell proliferation
were found in all groups. In EDTA-treated animals, total
labelling indexes in both proximal (10.00+0.44 vs 7.20+0.45)
and distal (11.05+0.45 vs 8.65+0.34) colon and proliferative
zone size (21.67+1.13 vs 16.75%1.45, 27.73+1.46 vs
21.74+1.07) were significantly higher than that in normal
controls (P<0.05) and lower than that in DMH group
(10.00£0.44 vs 11.54+0.45, 11.05+0.45 vs 13.13+0.46,
21.67+1.13 vs 35.52+1.58, 27.73+1.46 vs 39.61+1.32,
P<0.05). Cumulative frequency distributions showed a shift
of the EDTA distal curve to the right (P<0.05) while the
EDTA proximal curve did not change compared to normal
controls. Despite the changes of proliferative parameters,
tumours did not develop in EDTA treated animals.

CONCLUSION: Hyperproliferation appears to be more easily
induced by EDTA in distal colon than in proximal colon.
Hyperproliferation may need to exceed a threshold to develop
colonic tumours. EDTA may work as a co-factor in colonic
tumorigenesis.
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INTRODUCTION

Colonic epithelial hyperproliferation has been considered asa
high risk factor in both human and animal colonic cancer
model %9, Evidence from animal studies has shown that
experimental colonic tumoursinduced by procarcinogen 1, 2-
dimethylhydrazine (DMH) are of epithelial origin with a
similar histology, morphology and anatomy to human colonic

neoplasmg?32021 Fyurthermore, prior to the development of
colonic cancer, injections of DMH could result in increased
colonic crypt cellularity, colonic crypt cell proliferation and
colonic crypt proliferative zoneg?2%, This procarcinogen thus
provides an adequate model for kinetic and therapeutic studies
of the colorectal cancer.

It is important to compare cell proliferation in the distal
and proximal colon. Asin normal rats, the location of stem
cells and the direction of colonocyte migration differ in these
two regions?!. In addition, differences in the incidence,
morphology and clinical behaviour of colonic carcinomain
the proximal and distal colon have been reportedi?2,

EDTA iswidely used as a vehicle solution in chemical-
induced colorectal carcinogenesis. However, little is known
about the nature of its effect on cell proliferation. In vitro,
EDTA could inhibit cell proliferation?? and DNA synthesig®.
Inhibition on cell growth isnot associated withEDTA’ schelationa
stability?®. In vivo, EDTA has been shown to stimulate cell
proliferation in aneural crest tumour model®Y. In the present
study BrdUrd in vivo cell Iabelling was employed to determine
crypt cell proliferation patternsin proximal and distal rat colons
from normal, EDTA and DMH-induced colon cancer animals.

MATERIALS AND METHODS

Animals and treatment

Forty eight male Wistar rats (weighing 180-220 g) were
divided equally into DMH group and EDTA group. Three
animals were housed in each cage in a containment isolator
with negative pressure to protect experimenters against the
effects of the carcinogen. A specific colonic procarcinogen 1,
2-dimethylhydrazine (DMH, Aldric, Poole, Dorset) at a
dosage of 20 mg/kg body weight was administered
subcutaneously to the animals weekly for 20 weeks. DMH
was dissolved in 1 mM EDTA (BDH Ltd, Poole, Dorset),
and adjusted to pH 6.5 with 10% sodium hydroxide (BDH
Ltd, Poole, Dorset) immediately before injection. Animals
in EDTA group were given weekly subcutaneous injection
of EDTA for 20 weeks, and sacrificed 2 weeks after the last
injection. In addition, six normal rats were used as controls
for BrdUrd immunohistochemistry.

In vivo BrdUrd labelling and tissue sampling

Eighteen rats (6 per group) from normal controls, EDTA-
treated group and DM H-treated group were used for a crypt
cell proliferation study. Fifteen minutes before removal of the
colon, the anaesthetised animals had a peritoneal injection
with 50 mg/kg body weight of 2% BrdUrd (Sigma B-5002)
between 9 and 11 am. to avoid diurna variation. The colon
was removed and rinsed with tap water. Following excision of
the caecum and rectum, the remaining colon was divided into
proximal and distal halves. A 1-2 cm segment of each end of
the proximal and distal colon was discarded. After fixation in
70% ethanol for 4 hours the segments were rolled prior to
processing and embedding in paraffin wax.

BrdUrd immunohistochemistry
Several 3 nm thick sections were cut and placed on poly-L-
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lysine coated slides. The slides were dewaxed before DNA
was denatured in 1M HCl at 37 °C for 12 minutes. After rinsed
in phosphate buffered saline (PBS, pH 7.1) the sections were
incubated with 30 m of mouse anti-BrdUrd monoclonal
antibody (M 744 Dako, Bucks, England) diluted 1:50 in PBS
with 0.05% Tween 20 (PBST) with added normal rat serum
diluted 1:25 for 60 minutes at room temperature. After afurther
rinsing in PBS the sections were incubated with biotinylated
rabbit anti-mouse F(ab’ ), antibody (E 413 Dako, Bucks,
England) at adilution of 1:200 in PBST with added rat serum
for 30 minutes at room temperature. The slides were again
rinsed in PBS and then incubated with streptavidin-biotin
peroxidase complex (K 377 Dako, Bucks, England) for 30
minutes at room temperature. Finally the reaction product was
visualised using diaminobenzidine hydrochloride (DAB)
(Sigma, Dorset, England) primed with 100 m of 30% H,O,
(diluted 1:20 with digtilled water) for approximately 5 minutes.
After DAB was washed off with distilled water the sections
were lightly counterstained in Harris haematoxylin before
dehydration and mounting in DPX.

Counting and scoring criteria

Only complete well-orientated longitudinally sectioned crypts
which extended from the luminal surface into the muscularis
mucosae and contained at least 30 cells per hemicrypt were
used for analysis. To facilitate scoring each crypt was divided
at the base into 2 crypt columns (hemicrypts). Starting at the
base of the hemicrypt, cells were numbered up to the luminal
surface of the colon to determine the number of cells per
hemicrypt. Crypts were then divided into 5 compartments
each containing the same number of cells. The number and
the position of BrdUrd-labelled cells in the hemicrypt were
recorded. The proliferative zone, which was expressed as a
percentage, was obtained by calculating the difference between
the highest and lowest labelled cells in each hemicrypt and
dividing this figure by the total number of cellsin the
hemicrypt. Labelling index (LI) was determined for the whole
hemicrypt, for each compartment and for the proliferative zone
asfollows, equation=(the number of labelled cells'the number
of total cells)x100. Each hemicrypt was then normalised to a
notional 100 cell positions. The frequency of BrdUrd positive
cellsin each of the 100 normalised positions was recorded.

Statistical analysis

Mean and standard error of the mean were calculated where
appropriate. Since the sample size for crypt cell proliferation
was morethan 100 except in one group (normal proximal colon
group in which the sample sizewas 78) and all groups appeared
to have normal distribution, atwo sided Student’ st test was
used to identify the differences between individual variables.
Kolmogorov-Smirnov 2 sample test*® was used to compare
the BrdUrd cumulative labelling frequency curves with
reference to the presence of EDTA or DMH treatment and the
site of origin of the sample from the colon. Results were
considered as significant when P<0.05. Statisticswere analysed
running the SPSS package for Windows.

RESULTS

Characterisation of tumours

All animals survived to the time when they were sacrificed. In
the EDTA control animals no macroscopical changes were
observed in the mucosa of large intestine after 20 weeks of
treatment. However, in the DMH group atota of 66 tumours
were found in 23 animals (96%) and 1 rat was tumour free.
Most of the tumours (73%) were located in the distal colon.
Microscopically, the tumours were either adenoma or

adenocarcinoma. Most rats had one or more types of lesions,
indicating that the response to DMH was heterogeneous. The
number and distribution of both adenoma and adenocarcinoma
are summarised in Table 1.

Table 1 Characterisation of colorectal tumours

Location Adenoma Carcinoma Total (%)
Caecum 0 1 1(1.5)
Proximal 2 6 8 (12.1)
Flexure 4 8 (12.1)
Distal 12 36 48 (72.7)
Rectum 0 1 1(1.5)
Total 18 48 66

Differences between proximal and distal colon

The number of cells per hemicrypt in the proximal colon was
significantly higher than that in the distal colonin al respective
groups (P<0.05, Table 2). Although the number of labelled
cells per hemicrypt wassimilar in the proximal and distal colon
in al groups, the total L1 was significantly higher in distal
colon compared to proximal colon both in normal control group
(P<0.05) and in DMH treated animals (P<0.05). In EDTA
treated group, thetotal L1 in the distal colon was higher than
that in the proximal colon with no statistical significance
(P=0.11). Thesize of the proliferative zone was higher in distal
colon than that in proximal colon in al groups (P<0.05) while
the Ll in proliferative zone did not significantly change. Inthe
normal controls, BrdUrd labelled cells in the proximal colon
were located predominantly in compartments 2 and 3 (88.4%),
whereas the labelled cellsin the distal colon were mostly in
compartments 1 and 2 (85.3%). In compartment 1, the L1 was
significantly higher in the distal colon than in the proximal
colon (P<0.05), whilein compartment 3 the L1 was significantly
lower in the distal colon thanin the proximal colon (P<0.05).
None of the labelled cells appeared in compartment 5. When
the cumulative labelling distribution curves of the proximal
and distal colon of normal ratswere compared, the distal colon
showed a significant shift to the left (P<0.05, Figure 1).
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Figure 1 Different patterns of cumulative labelling distribu-
tions in proximal and distal rat colons of normal controls. The
curve was significantly shifted to the right when the proximal
colon was compared to the distal colon.

Effect of EDTA

In EDTA-treated animals, the number of cells per hemicrypt,
labelled cells per hemicrypt and total L1 were all significantly
increased in both the proximal and distal colons when
compared to normal controls. In addition, the size of
proliferative zone in EDTA treated animals was significantly
higher in both proximal and distal colons than in normal
controls. However, the LI in proliferative zone was not
changed. In the proximal colon, theincreasein L1 waslimited
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to compartment 3 while in the distal colon theincreasein LI
was extended from compartment 2 to compartment 4. When
compared to the normal controls cumulative frequency
distributions of the EDTA distal curve shifted to the right
(P<0.05, Figure 2) but the EDTA proximal curve did not
change (P>0.05, Figure 3).
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Figure 2 Cumulative labelling distribution in normal, EDTA
and DMH treated distal rat colons, respectively. The curve was
significantly shifted to the right in EDTA distal colon compared
to normal distal colons. The curve was further shifted to the
rightin DMH distal colon compared to either normal or EDTA
distal colon.
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Figure 3 Cumulative labelling distribution in normal, EDTA
and DMH treated proximal rat colons. The curve of EDTA

Table 2 Features of proliferative colonic crypt cells in 6 groups

treated proximal rat colon did not change compared to the
normal proximal curve. Whereas the curve of DMH treated
proximal rat colon was initially significantly shifted to the left
and then at higher centiles shifted to the right.

Effect of DMH treatment

DMH treatment significantly increased the number of cells
per hemicrypt in both proximal and distal colonsin comparison
with either normal controls or EDTA treated animals. The
number of labelled cells per hemicrypt and total LI were also
significantly increased following DMH injections in both
proximal and distal colons. Additionally, DMH increased the
sizeof the proliferative zonein both proximal and distal colonic
crypts. However, the LI of proliferative zone was reduced
because of theincreased denominator (Table 2). In theproximal
colon the increase in LI was in compartments 1, 3 and 4,
whereasin the distal colon theincreasein LI in DMH ratswas
most marked in compartments 2, 3 and 4. The extent of LI in
compartment 3 in the distal colon was significantly greater
than that in the proximal colon (P<0.05). Further analysis of
the cumulative labelling distributions showed a shift of the
DMH distal curve to the 81st centile which wasto the right of
the plateau of the normal distal colon located at the 61t centile
(P<0.05) and EDTA distal colon located at the 67th centile
(P<0.05, Figure 2). In contrast, the cumulative labelling
distribution curvein DMH proximal colon demonstrated a shift
to the left in the lower crypt cell positions and then shifted to
the right high up the crypt compared with normal (P<0.05)
and EDTA (P<0.05) proxima cumulative frequency curves
(Figure 3).

DISCUSSION

This study supported the findings that adenoma and
adenocarcinoma of intestine could be obtained, using DMH
or its metabolites in Wistar ratd?%2%1, Another advantage of
DMH and its metabolitesis the specificity for the large bowel.
Theincidences of cancer at small intestine and extra-intestine
were very low!®, In our study the vast majority of colon
tumours occurred distally and were mainly polypoid neoplasms
or adenocarcinomas. The types of the proximal colon tumours
were reported to be variable histopathol ogically, dominated

Group LC CPC TLI LIl LI2 LI3 LI4 P Zone LIPZ
NP(76) 2.4910.16 34.45+0.39 7.20£0.45 3.11+0.11 18.78+1.64 13.21+1.50 0.90+0.39 16.75+1.45 59.43+3.39
ND(198) 2.74+0.11 31.45+0.2 8.65+0.34  17.33%1.06 19.54+1.21 6.38+0.76 0.00 21.74+1.07 55.13+2.17
EP(134) 3.7140.16 37.68+0.27  10.00+0.44 3.36+0.62 19.46+1.41 24.45+1.55 1.67+0.43 21.67+1.13 55.87+2.22
ED(130) 3.5840.15 32.55+0.21  11.05+0.47  14.76%1.33 23.74+1.66 15.49+1.29 0.9+0.31 27.73+£1.46 51.68+2.43
DP(138) 5.7+£0.24 49.09+0.65 11.54+0.45 12.87+1.11 21.72+1.41 19.72+1.21 3.47+0.62 35.52+1.58 39.84+1.77
DD(182) 5.67+0.23 42.68+0.53 13.13+0.46  18.23+1.08 24.86+1.31 18.83+1.19 3.43+0.6 39.61+1.32 38.89+1.50
P Values

ND:NP 0.21 0.000 0.019 0.000 0.731 0.000 0.000 0.011 0.3
ED:EP 0.571 0.000 0.107 0.000 0.05 0.000 0.151 0.001 0.203
DD:DP 0.94 0.000 0.017 0.003 0.107 0.604 0.966 0.047 0.682
ND:ED 0.000 0.000 0.000 0.131 0.037 0.000 0.000 0.001 0.3
ND:DD 0.000 0.000 0.000 0.556 0.003 0.000 0.000 0.000 0.000
ED:DD 0.000 0.000 0.002 0.043 0.593 0.062 0.001 0.000 0.000
NP:EP 0.000 0.000 0.000 0.798 0.765 0.000 0.237 0.009 0.365
NP:DP 0.000 0.000 0.000 0.000 0.195 0.001 0.004 0.000 0.000
EP:DP 0.000 0.000 0.016 0.000 0.259 0.017 0.019 0.000 0.000

Values represented as X+S,, NP(76): Normal proximal, 76 hemi-crypts were counted, ND: Normal distal, EP: EDTA proximal, ED-
EDTA distal, DP: DMH proximal, DD: DMH distal, LC: Labelled cells per hemi-crypt, CPC: Cells per hemi-crypt, TLI: Total labelling
index, LI1: Labelling index of compartment 1, Pzone: Proliferative zone size, LIPZ: Labelling index of proliferative zone Size.
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with the mucinous type of adenocarcinoma®!. The different
responses of bowel segmentsto DMH, and the reasonsfor the
predilection of colonic neoplasiato distal colon aswell asthe
differences in morphological type of tumours between the
proximal and distal colon are not fully understood. However
itisknown that the structure and function of intestinal mucosa
differed significantly between humang®® and experimental
animalsi*9, An understanding of these inherent regional
differences may be pivotal in study of the mechanisms of
colonic tumorigenesis.

Significant regional differences in the distribution of
BrdUrd-labelled cellsin proximal and distal rat colon were
demonstrated in this study. The differencesin distribution of
proliferative cells between proximal and distal colons were
previously shown with *H-thymidine autoradiography and
immunohistochemistry. *H-thymidine L1 and proliferative zone
size were reported to be significantly greater distally than
proximally“, Inthedistal colon PCNA expression wasstrictly
confined to the lower third of the crypt, whereasin the proximal
colon it was located in the mid-crypt(#,

Sunter noted that the peak LI in the proximal colon was
located in the middle third of the crypt while the peak of L1 in
the distal colon was located in the lower third near the base of
the crypt“!, These findings, together with ours, tended to
support thetheory of crypt cell origin and colonocyte migration
given by Sato and Ahnen'®. After adouble labelling with 3H-
thymidine and BrdUrd, Sato and Ahnen investigated the
location of stem cellsand the direction of colonocyte migration
in normal rat colonic crypt, and reported that distal stem cells
werelocated in the crypt base while proximal stem cellsin the
mid-crypt, thus postulating that colonocytes migrated up
toward the luminal surfacein the distal colon in contrast to the
bidirectional migration, i.e. up toward the luminal surface and
down toward the crypt base in the proximal colon.

Our results showed that after EDTA treatment, the number
of proliferative colonic crypt cells was significantly increased
in the distal and proximal colon. The L1 in the proliferative
zone in the EDTA animals did not increase which could be
attributable to the concomitant increase of the zone size. In
the EDTA treated animals, LIsin all compartmentsin the distal
colon increased except the LI in compartment 1, a significant
increase of LI inthe proximal colon wasfound in compartment
3 only. This was corroborated by the cumulative labelling
digtribution curves. In comparison with normal control, the distal
curve shifted toward to the right, but the proxima curve did not
change. Thefact that the proximal curve did not shift might be
important. If hyperproliferation preceded tumour formation and
was a cause of tumor formation, then these findings indicated
that the distal colon was more susceptible. EDTA did not induce
colorectal tumours after administration for 20 weeks, but
prolonged EDTA treatment might induce tumours. Another
hypothesisisthat hyperproliferation in EDTA animalsisaco-
factor in DMH-induced colonic tumour formation.

DMH treatment further increased colonic crypt cell
proliferation. Although DMH treatment increased the L1 in
both the proximal and distal colon, the cumulative labelling
distribution was markedly shifted to theright in thedistal colon
whereas the proximal curve shifted to the left (i.e. downwards
in the crypt). The distribution of DMH-induced colorectal
cancer resembled human colorectal carcinoma“>*, We found
that when the total colon was exposed to the procarcinogen
DMH, 73% of tumoursoccurred digaly and only 12% proximally.

Further investigation is required to understand the
differences of tumour distribution, and their relationship to
the proliferation of different crypt cells and differentiation
patterns in the proximal and distal colon. It has been shown
that in the proximal colon, mucous cells were predominant in
the lower third of the crypt, whereas columnar cellsin the

upper third“. In contrast, crypts of the distal colon contained
only asmall number of mucous cellsin basal positions. The
undifferentiated cells or the cells with the lowest level of
differentiation (presumptive stem cells) were the vacuol ated
cellslocated near or at the base of crypt!*®l. The progeny of the
vacuolated cells migrated upward to differentiate into columnar
cells and downward to differentiate into mucous cellg*7.

In this study we observed a great number of cellsin the
crypt in the proximal colon than in the distal colon, which was
in contrary to published data®#%. This disparity might be due
to different criteria for recoding the overlapping nuclei,
selecting crypts or ascertaining the top of the crypt. In this
study longitudinally well-oriented crypts were selected and
all visible nuclel were counted.

EDTA increased crypt cell proliferation but all of the
increased parameters were significantly lower than thosein
the DMH group. The number of crypt cellsin hyperproliferation
induced by a carcinogen might reach or exceed alimited value
(threshold) before colonic tumours developed. While proliferative
crypt cells that did not exceed this threshold asin the EDTA
animals, might act as a promoting agent to stimulate tumour
growth. In conclusion, EDTA’ seffect of increasing crypt cell
proliferation may be a co-factor in this model.

ACKNOWLEDGEMENT

Wethank Dr. Hin LY for hisstatistica adviceand Dr. Hamilton
PW for his critical suggestions.

REFERENCES

1 Huang ZH, Fan YF, Xia H, Feng HM, Tang FX. Effects of TNP-
470 on proliferation and apoptosis in human colon cancer xe-
nografts in nude mice. World J Gastroenterol 2003; 9: 281-283

2 MaQY, Williamson KE, Rowlands BJ. Variability of cell prolif-
eration in the proximal and distal colon of normal rats and rats
with dimethylhydrazine induced carcinogenesis. World J
Gastroenterol 2002; 8: 847-852

3 Ma QY, Williamson KE, O”rourke D, Rowlands BJ. The effects of
l-arginine on crypt cell hyperproliferation in colorectal cancer. ]
Surg Res 1999; 81: 181-188

4 Chen XX, Lai MD, Zhang YL, Huang Q. Less cytotoxicity to com-
bination therapy of 5-fluorouracil and cisplatin than 5-fluorou-
racil alone in human colon cancer cell lines. World J Gastroenterol
2002; 8: 841-846

5 LiJ, Guo W), Yang QY. Effects of ursolic acid and oleanolic acid
on human colon carcinoma cell line HCT15. World J Gastroenterol
2002; 8: 493-495

6 Jia XD, Han C. Chemoprevention of tea on colorectal cancer in-
duced by dimethylhydrazine in Wistar rats. World J Gastroenterol
2000; 6: 699-703

7  Chapkin RS, Lupton JR. Colonic cell proliferation and apoptosis
in rodent species. Modulation by diet. Adv Exp Med Biol 1999;
470: 105-118

8 Mills SJ, Mathers JC, Chapman PD, Burn J, Gunn A. Colonic
crypt cell proliferation state assessed by whole crypt microdis-
section in sporadic neoplasia and familial adenomatous
polyposis. Gut 2001; 48: 41-46

9  Ochsenkuhn T, Bayerdorffer E, Meining A, Schinkel M, Thiede
C, Nussler V, Sackmann M, Hatz R, Neubauer A, Paumgartner
G. Colonic mucosal proliferation is related to serum deoxycholic
acid levels. Cancer 1999; 85: 1664-1669

10 Akedo |, Ishikawa H, loka T, Kaji I, Narahara H, Ishiguro S, Suzuki
T, Otani T. Evaluation of epithelial cell proliferation rate in nor-
mal-appearing colonic mucosa as a high-risk marker for colorectal
cancer. Cancer Epidemiol Biomarkers Prev 2001; 10: 925-930

11 Barnes CJ, Hardman WE, Cameron IL. Presence of well-differ-
entiated distal, but not poorly differentiated proximal, rat colon
carcinomas is correlated with increased cell proliferation in and
lengthening of colon crypts. Int J Cancer 1999; 80: 68-71

12 Wong WM, Wright NA. Cell proliferation in gastrointestinal
mucosa. J Clin Pathol 1999; 52: 321-333



222 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

January 15, 2004 Volume 10 Number 2

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Kozoni V, Tsioulias G, Shiff S, Rigas B. The effect of lithocholic
acid on proliferation and apoptosis during the early stages of
colon carcinogenesis: differential effect on apoptosis in the pres-
ence of a colon carcinogen. Carcinogenesis 2000; 21: 999-1005
Lipkin M, Blattner WE, Fraumeni JF Jr , Lynch HT, Deschner E,
Winawer S. Tritiated thymidine (fp, fh) labelling distribution as
a marker for hereditary predisposition to colon cancer. Cancer
Res 1983; 43: 1899-1904

Lipkin M, Blattner WE, Gardner EJ, Burt RW, Lynch H, Deschner
E, Winawer S, Fraumeni JF Jr. Classification and risk assessment
of individuals with familial polyposis, Gardner’s syndrome, and
familial non-polyposis colon cancer from [*H]-thymidine labelling
patterns in colonic epithelial cells. Cancer Res 1984; 44: 4201-4207
Wilson RG, Smith AN, Bird CC. Immunohistochemical detec-
tion of abnormal cell proliferation in colonic mucosa of subjects
with polyps. J Clin Pathol 1990; 43: 744-747

Roncucci L, Pedroni M, Vaccina F, Benatti P, Marzona L, De Pol
A. Aberrant crypt foci in colorectal carcinogenesis. Cell and crypt
dynamics. Cell Prolif 2000; 33: 1-18

Terpstra OT, van Blankenstein M, Dees J, Eilers GAM. Abnor-
mal pattern of cell proliferation in the entire colonic mucosa of
patients with colon adenoma or cancer. Gastroenterology 1987; 92:
704-708

Yamada K, Yoshitke K, Sato M, Ahnen DJ. Proliferating cell
nuclear antigen expression in normal, preneoplastic colonic epi-
thelium of the rat. Gastroenterology 1992; 103: 160-167

Ma QY, Hoper M, Anderson N, Rowlands BJ. Effect of supple-
mental L-arginine in a chemical-induced model of colorectal
cancer. World J Surg 1996: 1087-1091

Maskens AP. Histogenesis and growth pattern of 1,2-dimethyl-
hydrazine induced rat colon adenocarcinoma. Cancer Res 1976;
36: 1585-1592

Richards TC. Early changes in the dynamics of crypt cell popu-
lations in mouse colon following administration of 1,2,-
dimethylhydrazine. Cancer Res 1977; 37: 1680-1685

Heitman DW, Grubbs BG, Heitman TO, Cameron IL. Effects of
1,2-dimethylhydrazine treatment and feeding regimen on rat
colonic epithelial cell proliferation. Cancer Res 1983; 43: 1153-1162
Sato M, Ahnen D. Regional variability of colonocyte growth and
differentiation in the rat. Anat Record 1992; 233: 409-414
Freeman HJ, Kim YS, Kim YS. Glycoprotein metabolism in nor-
mal proximal and distal rat colon and changes associated with 1,
2-dimethylhydrazine induced colonic neoplasia. Cancer Res 1978;
38: 3385-3390

Greene FL. Distribution of colorectal neoplasm. A left to right
shift of polyps and cancer. Am Surg 1983; 49: 62-65
Krishnamurti C, Saryan LA, Petering DH. Effects of ethylenedia-
minetetracetic acid and 1, 10-phenanthroline on cell prolifera-
tion and DNA synthesis of Ehrlich ascites cells. Cancer Res 1980;
40: 4092-4099

Skehan P. Nonchelational cell growth inhibition by EDTA. Life
Science 1986; 39: 1787-1793

Grummt F, Weinmann-Dorsch C, Schneider-Schaulies J, Lux A.
Zinc as a second messenger of mitogenic induction: effects of
diadenosine tetraphosphate (Ap,A) and DNA synthesis. Exp Cell
Res 1986; 163: 191-200

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Rubin H. Inhibition of DNA synthesis in animal cells by ethyl-
ene diamine tetraacetate, and its reversal by zinc. Proc Natl Acad
Sci 1972; 69: 713-716

Nozue AT. Effect of EDTA in newborn mice with special refer-
ence to neural crest cells. Anatomischer Anzeiger 1988; 166: 209-217
Pozharisski K. Morphology and morphogenesis of experimen-
tal epithelial tumors of the intestine. JINCI 1975; 54: 1115-1135
Sunter JP, Appleton DR, Wright NA, Watson AJ. Kinetics of
changes in the crypts of the jejunal mucosa of dimethylhydra-
zine-treated rats. Br J Cancer 1978; 37: 662-672

Martin MS, Martin F, Michiels R, Bastien H, Justrabo E, Bordes
M, Viry B. An experimental model for cancer of the colon and
rectum. Intestinal carcinoma induced in the rat by 1,2-
dimethylhydrazine. Digestion 1973; 8: 22-34

Ward JM, Yamamoto RS, Brown CA. Pathology of intestinal neo-
plasm and other lesions in rats exposed to azoxymethane. JNCI
1973; 51: 1029-1039

Filipe MI, Branfoot AC. Abnormal pattern of mucus secretion in
apparently normal mucosa of large intestine with carcinoma.
Cancer 1974; 34: 282-290

Reid PE, Culling CFA, Dunn WL, Ramey CW, Clay MG. Differ-
ences in chemical composition between the epithelial glycopro-
teins of the upper and lower halves of rat colon. Can J Biochem
1975; 53: 1328-1332

Freeman HJ, Kim Y, Kim YS. Glycoprotein metabolism in nor-
mal proximal and distal rat colon and changes associated with 1,
2-dimethylhydrazine-induced colonic neoplasia. Cancer Res 1978;
38: 3385-3390

Mian N, Cowen DM, Nutman CA. Glycosidases heterogeneity
among dimethylhydrazine induced rat colonic tumours. Br J Can-
cer 1974, 30: 231-237

McGarrity TJ, Perffer LP, Colony PC. Cellular proliferation in
proximal and distal rat colon during 1,2-dimethylhydrazine-in-
duced carcinogenesis. Gastroenterology 1988; 95: 343-348

Sunter JP, Watson AJ, Wright NA, Appleton DR. Cell prolifera-
tion at different sites along the length of the rat colon. Virchows
Arch B Cell Path 1979; 32: 75-87

Rodgers AE, Nauss KM. Rodent model for carcinoma of the colon.
Dig Dis Sci 1985; 30: 875-102S

Shamsuddin AK, Trump BF. Colon Epithelium: Il. In vivo stud-
ies of colon carcinogenesis. Light microscopic, histochemical, and
ultrastructural studies of histogenesis of azoxymethane-induced
colon carcinogenesis in Fischer 344 rats. JNCI 1981; 66: 389-401
Sunter JP, Hull DL, Appleton DR, Watson Al. Cell proliferation
of colonic neoplasms in dimethylhydrazine-treated rats. Br J Can-
cer 1980; 42: 95-102

Shamsuddin AK, Trump BF. Colon Epithelium: I. Light microscopic,
histochemical, and ultrastructural features of normal colon
epithelium of male Fischer 344 rats. JNCI 1981; 66: 375-388
Nabeyama A. Presence of cells combining features of two differ-
ent cell types in the colonic crypt and pyloric glands of the mouse.
Am J Anat 1975; 142: 471-484

Chang WWL, Leblond CP. Renewal of the epithelium in the de-
scending colon of the mouse. I. Presence of three cell populations:
vacuolated-columnar, mucous and argentaffin. Am J Anat 1971,
131: 73-99

Edited by Ren SY and Wang LX



