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The effect of PGE2, Gastrin and CCK-8 on postirradiation recovery of small intestine

epithelium.

M. Dziekiewicz, K. Chomiczewski, H. Jabtonska

Military Institute of Hygiene and Epidemiology, Department of Radiobiology and Radiation

Protection

ul Kozielska 4, 01-163 Warszawa, Poland

Summary

The role of some natural factors in the postirradiation recovery of intestinal epithelium is a

very interesting and inscrutable problem [9,10]. In our experiment the comparative effect of

PGE2, Gastrin and CCK-8 fragment of Cholecystokinin on this problem has been investigated.

Male Swiss PZH mice 8 weeks old were irradiated to the whole body with a dose of 5.5 Gy

and to the abdomen with a dose of 12 Gy of gamma rays [14]. The first experimental group

received PGE2 before 30 min. irradiation, the second received Gastrin after irradiation during 5

days, the third was injected with CCK-8 after irradiation during 5 days too [12]. Unirradiated

and only irradiated animals served as control groups. Survival of 30 mice in every group was

registered during 30 days after irradiation. The another part of animals in every group were

killed between 1 and 12 days after irradiation. Changes in the body weight were registered.

Using computer image analysis system, some histological slides were examined, adding the

statistical analysis of results. The preliminary results suggest that all those factors are able to

stimulate the postirradiation regeneration of small intestinal epithelium [13].

Keywords: small intestine epithelium, irradiation, growth factors.

Introduction

The cells in the crypts of small intestine are amongst the most rapidly proliferating cells

of the body of the mammals with cell cycle times of about 12 h. Each crypt contains about

250 cells with 150 proliferating rapidly [1,3]. The precise number of stem cells per crypt is still

a matter of some debate but is unlikely to be more than 16 in steady-state situation and is more

probably closer to about four per crypt. Stem cells are located in the lower regions of the crypt

either at about the fourth or fifth cell position from the base, immediately above the Paneth

cells, or at this position together with some stem cells scattered amongst the Paneth cells [17],

The Paneth cells are non-proliferative, differentiated cells, whose function still remains



somewhat obscure, but they, together with other epithelial cells, phagocytose apoptotic

neighbours [16].

The small intestine is perhaps one of the most extensively studied from a cell kinetic

point of view and yet, surprisingly, relatively little is known about the factors that regulate cell

proliferation, differentiation and cell death.

This rapidly proliferating tissue rarely develops cancer which suggests efficient regulation

of proliferation, differentiation and cell death, or that other efficient protective mechanisms

exist. Not surprisingly, the small intestine has a high radiation and drug sensivity and

commonly represents one of the major limiting normal tissues in cancer therapy [4,5].

The small intestine with its high cell proliferation well-accepted hierarchy, high radiation

susceptibility and low cancer incidence is a useful model for studying the controls of cell

regeneration after ionising irradiation. Thus, we employed this model in our experiment, the

aim of which was to examine the effect of some natural biological factors on postirradiation

damage and regeneration of small intestine epithelium [9,11],

MATERIALS AND METHODS

ANIMALS

SFIS male mice at an age 3 months were used when they weighted approximately 25 g. They

were obtained from NIH (National Institute of Hygiene). The animals were bred and housed

under conventional conditions and received food and water ad libitum.

IRRADIATION

X-Ray source was used to irradiate the animals to the whole body with a dose of 5 Gy. [U 200

keV, I 16,5 mA].

Sampling times and treatment groups

We established three experimental groups:

in the first group animals were given 16, 16-dimethyl PGE2 (Sigma Chemical Co)

subcutaneously 30 min before irradiation at dose of 25 |ig per mouse, in the second animals

were given CCK-8 30 min after irradiation at a dose 2 |ig per mouse and in the last

experimental group animals were given Gastrin 30 min after irradiation at a dose 2 fig per

mouse.



Five control group were set: the first included unirradiated animals, the second - only

irradiated, the third only PGE2 treated animals at a dose 25 \xg per mouse to investigate its

impact on animals' survival rate, the fourth - only Gastrin injected animals at a dose 2 fig

without irradiation (investigation of its impact on animals' survival rate). The last group was

created to assess the impact of CCK-8 on animals survival rate without irradiation (2 ug per

mouse).

For each sample in the present study, groups of 10 mouse were used. Every group consisted of

80 mice, 10 of them were sacrified and examined at a time leaving 20 for 30 days observation

to establish survival rate, mice were sacrified by the transection of the spinal cord after 24

hours and on the 3, 5, 7, 10 and 12 day after irradiation.

TECHNICAL PROCEDURE

The body weight was controlled before irradiation and after sacrifice. At autopsy the small

intestine was removed. The duodenum, jejunum and ileum was removed for fixation. The

intestinal samples were fixed in LEICA' s fixative prior to processing for routine paraffin

histology in which case 10 samples were bundled together in tape, sections were cut at 5 urn

and stained with hematoxylin and eosin. Than the performed sections were placed on a

microscope slide.

QUANTITATIVE MEASUREMENTS

In this experiment the following quantitative data were collected; survival rate of animals after

30 days of observation (20 animals from each group), loss of body weight , scoring of

epithelial cells number in cross section of intestinal crypts (50 measurements in each group),

mitotic index of the same intestinal crypts and intestinal villus length (this factor was measured

using image analysis program - Multiscan). Statistical analysis of results was performed using

automatic analysing system Statistica v. 4.0

Results

On the following charts the results of our experiment are presented (last page). The

relationship between mice groups under examination in respect to the mitotic index (MI) for

jejunum and ileum we can see on the first chart. It was found that the administration of PGE2

30 min before irradiation resulted in highest value starting from 3rd to the last day of

observation. On the second figure the effect noticed for mitotic index is supported by



intestinal villus length (TVL). This factor is also the highest in PGE2 pre-treated group. This

effect is the most pronounced on the 5th to 12th day of observation. Another factor being

considered was Gastrin which is illustrated on the third and fourth figures. Here we have the

situation in which administration of Gastrin after irradiation was the most effective in MI value

on the 3rd to 5th day of examination. For FVL , after Gastrin administration, we could observe

higher villus lengths during all study but as we can see his activity in respect to the FVL was

not too effective. On the 5th and 6th figures we present the relationship between examined mice

groups in respect to the IVL and MI after CCK-8 usage. It was observed that IVL has the

high values during nearly 12 days without 5th and 7th day of observation. MI value was the

most pronounced on the first to 12th of observation. The last picture presents the comparison

of loss of body weight between examined groups. As we observed the injection of all factors

was effective in the prevention of the loss of body weight. But it was CCK-8 effect which was

the most prominent.

CONCLUSIONS

PGE2 injection before irradiation, Gastrin and CCK-8 injection after irradiation

significantly increased the survival rate of mice in comparison to only irradiated ones and

decreased the postirradiation loss of body weight.

This effect was probably mainly due to effective increase in the mitotic activity and

number of cells per cross section of crypts in small intestine in all periods of observation.

However, it is a long way to clinical usage of these factors as the radioprotection

factors or the growth factors after ionising radiation [6,7,8]. Physiological levels of the PGE-2,

CCK-8 and Gastrin in the blood are deeper than these ones used in our experiment. Clinical

syndroms caused by high levels of intestinal hormones are known for years, for example

Zollinger - Ellison' s syndrome (Gastrin) or Verner - Morrison' s syndrome (VIP, CCK,

Serotonin, PTH, STH, etc) [1,2]. PGE-2, delivered from arachidonic acid cascade, have only

local activity first of all. General effects of these substances, depending on the doses, should be

examined.

Preliminary study suggest that factors under our examination are able to stimulate

regeneration of small intestine epithelium after ionising irradiation [15].
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