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I. INTRODUCTION

Ionizing radiation causes severe damage in the 
epithelium of the small intestine; this is particu
larly evident in the crypts of Lieberkuhn. (43, 52,
62, 86) It halts the mitoses in the crypts except 
for cells dividing at the time of irradiation. Often 

' the daughter cells of the latter are abnormal or the 
division is aborted.

Further radiation damage in the intestine includes 
shrinkage of the villi, shallowing of the crypts, and 
vacuolization and desquamation of the epithelium.
(64, 94) Examination with the electron microscope 
has pointed out changes in the epithelial cells —  
loss and shortening of microvilli, smaller and fewer 
mitochondria —  after 200 to 3000 r of whole-body 
irradiation. (25, 47, 79)

At the doses below 1000 r used in the present 
experiment the rapid turnover of epithelial cells is 
delayed only momentarily and recovery is swift.
Doses above 1000 r result in a phase of the acute
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radiation syndrome —  "acute intestinal radiation 
death" —  which was first categorized in mice. (7 5, 
76, 77) Experiments with dogs (10) and rats (17) 
have confirmed the 1000 r threshold. Vomiting, ano
rexia, and body weight loss precede death in the 
intestinal syndrome and are thought to be the partial 
result of sporadic and abortive epithelial cell 
recovery which ends in epithelial desquamation.

The argentaffin cell is concentrated in the 
crypts of the duodenum, but is also scattered through
out the gastrointestinal epithelium. (18, 37, 48,
58, 59, 81, 83) It has never been seen in mitosis. 
(15, 46, 51) Thus, the participation of the argent
affin cell in the cell renewal system* of the epi
thelium remains a mystery —  is it differentiated from

* Epithelial renewal system: epithelial cells in the 
crypts of Lieberkuhn undergo mitosis. The daughter 
cells divide again and again until they reach the edge 
of the crypt. Thereafter, as they migrate onto the 
villus, they lose the capability to divide. Before 
leaving the crypts the epithelial cells go through a 
maturation process; this involves an increase in -micro
villi for absorption (1 1) and the acquisition of 
several enzyme systems. (8 , 9) The mature cells 
migrate along the villus and are squeezed from the 
villus tip into the lumen about l-g--3 days after 
division. (19, 44, 46, 69, 78) It has been esti
mated that 1 .3 8 billion cells are extruded in this 
way each day.
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agranular precursors? is it a permanent fixture of the 
epithelium?

The distinguishing characteristic of the argent
affin cell is the presence of numerous fine granules 
in the cytoplasm. When stained with silver nitrate, 
these granules appear black. In the guinea pig the 
granules of the argentaffin cell surround the nucleus. 
(81) In other species the granules appear only in 
the basal cytoplasm.

The chemical content of the cytoplasmic granules 
has not been determined conclusively. Many histo- 
chemical experiments suggest a catechol unine —  
5-hydroxytryptamine (serotonin) (6 , 7 , 20, 29, 30,
36, 49, 91) —  which constricts intestinal smooth
muscle. (12, 13, 21, 41) Other investigators favor 
a resorcinal amine derivative, (38, 39, 53, 54, 55, 
56)

The function of the argentaffin cell is asso
ciated with the chemical nature of the granules. The 
argentaffin cell as a manufacturing and distributing 
center for serotonin is currently preferred.

Much circumstantial evidence correlates the 
argentaffin cell with serotonin. Carcinoids (argent- 
affinoma) of the intestine are packed with argent-



affin cells and serotonin; also, argentaffin cells 
are not seen in intestine which has no serotonin.
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(70) Centrifugation studies localized the intestinal 
serotonin in a particulate, extract (granules ?) 
distinct from the mitochondrial fraction. (3» 4, 5, 
74) In addition, chemical extraction revealed that 
95f0 of duodenal serotonin was in the mucosa. (33, 70) 

The argentaffin cell decreases in concentration 
(argentaffin cells/100 crypts) and granules content 
after 600 r and 1200 r of whole-body gamma rays to 
guinea pigs (1 ) and mice (65). This decrease occurs 
within an hour post-irradiation. Eormal levels are 
regained within 12-24 hours post-irradiation.

If the argentaffin granules contain serotonin, 
irradiation should decrease the serotonin content of 
the intestine. This decrease is observed. (16, 27, 
28, 61, 89) The serotonin content of the brain, 
blood and spleen also decreases. (71, 88)

The concentration of 5-hydroxyindoleacetic acid 
(5-HIAA), the main metabolite of serotonin in the 
urine, increases soon after irradiation (below 1000 r) 
and returns to control levels within 24 hours. (22, 

23, 80)
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The epithelial cells and a covering of mucus 
provide a double protective barrier from intestinal 
enzymes. Due to the radiation-induced mitotic halt 
and continued epithelial extrusion, fewer cells 
cover the villi. (34, 43, 63, 72, 92, 94) Thus, 
the intestine becomes dangerously exposed to the 
digestive enzymes.

It is thought that a defense mechanism compen
sates for the loss of cells by contracting the 
smooth muscle fibers of the individual villi. This 
results in villi shrinkage. (7 7)

Quastler (77) and Sherman and Quastler (84) 
found that 12 hours 200 r and 500 r whole-body 
x-ray the height of mice villi decreased to 75$ of 
the control; by 3 days post-irradiation the villi 
had returned to the control height.
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II. HYPOTHESIS

After a single whole-body dose of gamma rays, 
the concentration of argentaffin cells of the small 
intestine will be reduced. This reduction is dose- 
dependent —  the higher the dose, the greater the 
decrease in argentaffin cells.
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III. OBJECTIVE

The objective of this study is to record and 
to analyze the effect of whole-body gamma irradiation 
on the argentaffin cell and the villus area of the 
guinea pig small intestine.
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IV. MATERIALS ALL METHODS

More than 600 Hartley Strain albino guinea pigs 
(400-490 gms.) were irradiated in groups of ten with 
gamma rays from a Cobalt-60 Teletherapy unit with a 
500 curie source. The radiation was whole-body and 
was delivered at 3.50 r/min. in air.

for exposure the animals were placed in lucite 
tubes (5/8" thick walls) mounted on a plastic rack 
with a 42 x 42 cm. port. (figure 1.) This port 
size was obtained at 153.0 cm. from the source.

A Siemans-Reinigewerke Dosimeter was used to 
calibrate and adjust the radiation source and to 
monitor each exposure.

from this experimental stock 95 animals of both 
sexes were selected. The chart below shows the dose, 
exposure time, sacrifice time and number of guinea 
pigs in each group:

Day Sacrifice Exposure,
1 3 5 min

Control 5*
Radiation 100 5 5 5 28.57
Dose, r 200 5 5 5 57.14

300 5 5 5 85.71
400 5 5 5 114 .28
500 5 5 5 142.85
600 5 5 5 171.42

* Controls for days 1 and 5 were accidently misplaced.
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The animals were sacrificed by decapitation;
1 -2 inches of intestine adjacent to the stomach was 
fixed with 10$ neutral formalin within 30 minutes 
after decapitation. This tissue was prepared 1-1-g- 
years prior to the present study.

IV.A. Argentaffin Cell Concentration

Guinea pig intestine sections, cut at 7 microns, 
were stained with the Fontana-Masson silver nitrate 
and counterstained with 0 .5$ eosin Y. (7 3) as 

xrecommended by Preece, the sections were coated with 
0.5$ celloidion solution for protection from the 
silver stain.

The slides were examined under oil immersion 
with 97X objective and 15X eyepiece for total magni
fication of 1455 diameters.

The identity of the slides was covered before 
examination to avoid bias for dose groups 400-600 r. 
This was not done for dose groups 100-300 r nor for 
the control.

A circular piece of cardboard with a centered 
square cutout of 0 .0121 mm2 was fitted in the right 
eyepiece. One edge of this square was placed on the
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muscularis mucosa of the intestine and the argentaffin 
cells scored in the area.

The number of argentaffin cells in 100 crypts 
was determined for each section. Simultaneously, 
the volume of intestine examined was obtained by 
multiplying (a) the number of fields examined in a

2section times (b) the area of the field, 0 .0121 mm , 
times (c) the thickness of the section, 0.007 D im .

Each argentaffin cell was categorized as to its 
relative granule content from 1 to 3 (1 - lightly

x granulated over £ to 3/4 of the cytoplasm; 2 - medium 
granulation over 3/4 to all of the cytoplasm; 3 - 
heavily granulated over all the cytoplasm). (58)

The relative granulation index for each experi
mental group was calculated as follows: (a) multiply 
the number of argentaffin cells in each of the three 
granulation groups times the number of the respective 
relative granule content, i.e., 1 , 2, or 3 ; (b) add
the three products; (c) divide this sum by the total 
number of argentaffin cells in that experimental group.

five intestine sections were examined for each 
animal. A minimum of 35 microns of tissue was main
tained between examined sections. Torn or over-



lapped tissue was avoided as accurate area measure
ments and argentaffin cell counts could not be made.

The Fisher analysis of variance was used to 
determine the significance of any difference between 
the experimental groups and the control. (26)
Appendix I shows a sample calculation.

IV. B. Villus Area

Intestine sections, cut at 7 microns, were 
stained with Harris’ alum hematoxylin, counterstained 
with alcohol-soluble eosin Y. These sections were 
examined for villi which extended, uninterrupted, 
from the tip of the villi to the bottom of the 
crypts of Lieberkuhn.

Suitable villi were photographed on 35 mm black 
and white tri-X PAH (film speed 140) Kodak film; 
magnification was 30 diameters; light source voltage 
was 20; a 1 .7 density filter was used.

The areas of the villi were measured with a 
Keuffel and Jensen polar planimeter, Model 4236, on 
5” x 7" photomicrographs. (Figure 2.) The measure
ments were in units of square inches.

The F test was used as above.

11
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V. RESULTS

V.A. Argentaffin Cell Concentration

The experimental groups are identified by a two 
digit number: the ten's digit, when multiplied by 
100, is the radiation dose; the one's digit is the 
day of sacrifice post-irradiation.

Groups 13, 23, 31, 33 show an increase in 
argentaffin cell concentration. However, it must be 
noted that this change is not within the statistical 
range* chosen for the experiment.

The F ratio could not be calculated for Groups 
11, 15, 21, 43, 45 which indicates there is no differ
ence between these groups and the control. (See the 
Appendix)

At 400 r the argentaffin cell concentration is 
significantly increased 1 day post-irradiation. At 3 
days and 5 days the count has returned to control 
levels.

At 500 r there is a significant decrease at day 
1 , a return to control levels on the third day, and a 
second significant decrease on the fifth day.

* The level of statistical significance is 0.01.
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At 600 r the concentration is significantly de
creased for the five days of the experiment. P ratios 
were calculated for comparison of Groups 61 and 63 
(f = 4.07; p = .05) and Groups 63 and 65 (f = 2.97; 
p = .15).

Table 1 shows the argentaffin cell concentrations. 
These are graphically displayed in figures 3-8.

It was thought that intestinal contraction 
induced by radiation might effect the argentaffin cell 
counts, however, Table 2 shows the intestinal volume 
to be consistent.

An intragroup inspection of the effect of sex on 
the argentaffin cell concentration is negative.

The granulation index is decreased after irradia
tion. (Table 3.) figures 9-11 show this loss of 
granules in graph form.
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Group x 6 6* F P

Control 63.32 23.1 4.62 - -

11 66.15 26.7 5.93 — —

13 79.25 21.5 4.38 5.96 .05
15 59.04 19.7 3.94 - -

21 61 .88 22 .1 4.42 — _

23 74.48 23 .8 4.76 2.71 .20
25 56.96 10 .2 2.04 1.39 .20

31 80 .72 30 .1 6 .02 5.04 .05
33 81 .60 27.5 5.50 6 .21 .05
35 53.48 18.9 3.78 2.60 .20

41 94.88 43.7 8.74 9.76 .01
43 68.08 26.5 5.30 — —

45 69 .28 26.5 5 .66 - -

51 43.08 17.7 3.54 11.59 .01
53 56.24 21 .6 4.34 1.19 .20
55 36 .16 14.3 2.86 23.94 .001

61 45.32 19.5 3.90 8 .48 .01
63 34.46 6.9 1 .8 1 22.73 .001
65 43.44 18.9 3.78 10.65 .01

Table 1. The number of argentaffin cells/100 crypts, 
(x). P values are comparison of control and 
individual groups.
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Group Intestine  ̂ , 
Volume, x 10 4

Control 45 3.5 0.7

11 41 3.4 0.7
13 45 4.1 0 .8
15 43 4.1 0 .8
21 45 6 .0 CM*iH

23 45 6.4 1.3
25 47 4.5 0.9

31 46 4.5 0.9
33 42 4.0 0 .8
35 42 5.1 1.0

41 42 4.7 0.9
43 40 3.0 0 .6
45 41 4.2 0 .8

51 43 4.3 0 .8
53 45 7.6 1.5
55 41 3.0 0 .6
61 43 3.1 0 .6
63 45 7.3 1.5
65 40 6 .2 1.2

Table 2 Average volume of intestine containing 
100 crypts of Lieberkuhn.



Days Post-Irradiation

1 3 5
Radiation 
Dose, r

Control 1 .9 2
100 1.33 1.62 1.33
200 1.29 1.34 HrH•

H

300 1.27 1.35 IPs
C\J•
rH

400 1.40 1.26 1 .4 6
500 1 .1 6 1.16 1.17
600 H * H H 1 .0 1 1 . 1 8

Table 3. Granulation Index. (Refer p. 1 0)
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Days Post—Irradiation
Pigura 5. Argènt&ffin Coll Concentration of 

G-uinea Pij Intestine after 400 r.
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Bays Post-Irradiation
figure /. nrgentaf±‘in Coll Concentration of 

, Guinea Pig Intestine after 500 r.
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V.B. Villus .urea

At a dose of 100 r the villus area is initially- 
depressed (1 day) and then increases significantly* 
at 3 and 3 days.

At all doses between 200 and 600 r the villus 
area is decreased. However, the method of villus 
selection (p. 1 1) probably favors shorter villi; 
this would augment the decrease in villus area.

The threshold dose for a decrease in the argentaffin 
cell concentration was oOO r; the threshold dose 
for the villus area is ¿00 r.

The granulation index, which shows a decrease at 
all doses, might be correlated with the decrease in 
villus area, figures 9-11 depict this possibility.

* The level of statistical significance is 0.01.
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Group Villus 2 / F PArea, mm*1 u Ox

Control 2.74 . 46 .1 0 —

11 2.43 .40 .1 0 38.57 .001
13 2 .92 .41 .13 79.47 .001
15 3.37 .59 .16 70.64 .001
21 2.47 .42 .17 5.37 .025
23 2.33 .73 .19 51.42 .001
25 2.35 .57 .15 66 .22 .001
31 1.87 .34 COo• 133.77 .001
33 2.50 .42 .1 1 81 .00 .001
35 2.37 .51 . 16 72.83 .001
41 2.25 . 68 .21 58.77 .001
43 2.23 .55 .15 71.92 .001
45 1.84 .39 .11 108.14 .001
51 2.67 .55 .17 66 .08 .001
53 2 .66 . 46 .13 71.86 .001
55 2.31 .76 .23 56.62 .001
61 2.40 . 65 .2 2 59.48 .001
63 2 .18 .37 .12 93.00 .001
65 2.39 .43 .13 78.59 .001

O. villus area in mm .Table 4
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and Villus Area (heavy line) at
1 day post-irradiation.
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VI. DISCUSSION

A discussion of the radiation effects on the 
argentaffin cell must he, to a large degree, theo
retical because accurate knowledge about the argent
cell is lacking. (p. 2) Rudimentary, also, is the 
proposed mechanism of response (p. 5) of the villus 
to radiation.

To further complicate matters, the response of 
the argentaffin cell and the villus may not be caused 
directly by radiation; it may be the result of cell 
depletion or the disturbance of a metabolic pathway.

VI.A. Argentaffin Cell Concentration

The hypothesis (p. 6) stated that radiation would 
cause a decrease in the argentaffin cell concentra
tion. Such a loss is noted at 500 r and 600 r. The 
first part of the discussion will present several 
possible explanations for the decrease which must be 
chaperoned with an appreciation for the lack of con
crete knowledge mentioned above.

Cell kinetics.* Radiation could decrease the

* This explanation is based on the continuous renewal 
of the argentaffin cell. If the argentaffin cell is 
a permanent fixture of the epithelium, disruption of 
the renewal system would not effect it.



argentaffin cell concentration by disturbing the cell 
renewal of the intestinal epithelium. (footnote p. 2) 
Inis could be realized by one or a combination of the 
following: (a) mitotic halt in the crypts; (b) delayed 
differentiation of agranular precursors; (c) accele
rated transformation of the argentaffin cell; (d) 
increased extrusion of the argentaffin cell.

When examining the effect of kinetic disruption 
on the argentaffin ceil concentration, two things must 
be kept in mind: (1) the argentaffin cell has never 
been seen in mitosis; and (2) the argentaffin cell con
centration remains low at the fifth day for both the 
500 r and the 600 r groups.

The mitotic halt in the crypts is brief (1-8 
hours) and the mitotic index regains normal values 
within 12-24 hours at the dose range of this experi
ment. (50, 95) Although many of the divisions are 
abortive and many produce abnormal progeny, normal 
mitoses prevail and morphological recovery is complete 
or well-advanced by the fifth day.

The mitotic halt, by limiting the supply of 
argentaffin cell precursors (which are strictly hypo

thetical!), could lower the argentaffin cell count.
To account for the prolonged loss of argentaffin cells

31
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the division of such precursors would have to he more 
severely diminished than the division of the other 
epithelial cells.

In studies based on goblet cells find maturation 
of chief cells, differentiation is not critically 
hindered by radiation. (34, 35, 72, 84) However, 
the differentiation of argentaffin cell precursors 
may be inhibited while differentiation of these other 
cell types remain uneffected. When coupled with the 
limited supply of precursors, it could explain the 
loss of argentaffin cells observed on the fifth day.

Schofield (8l, 82) proposed that the argentaffin 
cell was transformed into a goblet cell. If radiation 
caused an increase in this process, an increase in 
goblet cells would be .expected. Quite to the contrary, 
there is a decrease in mucous cells in the rat intes
tine after 1000 r. (87) Also, radiation seldom 
enhances movement between cell types. (72)

Extrusion of the argentaffin cell has not been 
observed; in fact, few of these cells are seen on the 
villi. (81, 82) Extrusion directly from the crypts 
would be prevented by the adjacent columnar cells 
which squeeze the argentaffin cells toward the 
muscularis mucosa.
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How applicable the above explanation is, of 
course, not known. If it is true, however, it ignores 
the lowered granulation index which the next sub
division will consider.

Loss of argentaffin granules. Radiation could 
cause the loss of argentaffin granules by a halt in 
granular production, or a structural change* in the 
granule substance, or a metabolic consumption of the 
granules.

Serotonin+ has a high turnover rate in the 
intestine. (31, 32) The half-life was measured as 
7-12 hours in man and 6-8 hours in the dog. There
fore, serotonin production must be continual; any 
halt in this production would lower the number of 
argentaffin granules.

The biochemical precursor of serotonin, trypto
phan, has a decreased concentration in the intestine

* A structural change in the granule substance might 
decrease its affinity for the silver nitrate stain.

+ The circumstantial evidence (p. 3-4) which connects 
serotonin with the argentaffin cell will be assumed 
sufficient to identify the granules as serotonin.
If, in future scientific endeavors, this becomes 
invalid, the generalizations could apply to other 
chemicals.
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after irradiation. (2) Radiation also induces a 
shift in tryptophan metabolism —  an increased produc
tion of kynurenine and xanthurenic acid. (66)

At the same time, metabolism of serotonin into 
5-HIAA is increased after irradiation. (p. 4) The 
serotonin concentration in the intestine does not 
return to the control level before 6 days post
irradiation in guinea pigs. (28)

The increase in serotonin degradation and the 
decrease in serotonin production explain the lowered 
granulation index. Gan it explain the loss of argent
affin cells? Yes. If combined with the disruption 
of the cell renewal system, the serotonin changes 
explain the results.

Intermitotic death. Epithelial cells show little, 
if any, intermitotic death at the dose range of the 
present experiment. (50) Yet, the argentaffin cell 
may be more susceptible to intermitotic death than 
other epithelial cells.

Pell lysis. Mucus, which protects the epithelium 
from the digestive enzymes, shows a decreased concen
tration but not until 2-3 days after irradiation.
(87) Thus, the initial loss of argentaffin cells can
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not be explained by the action of digestive enzymes, 
furthermore, since little mucus would be lost at the 
doses used in this experiment, the argentaffin cells 
would not be overexposed to the enzymes.

After 2500 r, rat epithelial cells expanded to 
compensate for cell loss; however, the possibility 
of cell lysis was not mentioned. (62, 6 3)

Lysozymes released after irradiation might add 
to the degradation of argentaffin granules. (24, 85) 
But cell lysis would not be extensive at the dose 
range and rate used in the present experiment.

Unknown factor. Irradiation of the jejunum and 
ileum (900-2100 r) produced an average survival time 
(7 days) twice that of animals subjected to whole- 
body irradiation. (40, 67, 68, 93)

An unknown factor, activated in some other part 
of the body (duodenum ?), is required for complete 
damage. Such a factor may be necessary for the 
effect on the argentaffin cell.

Experimental error. Improper fixation of tissue 
not primarily intended for an histological study and 
the labile nature of the argentaffin granules caution 
the interpretation of the data.
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Conclusion. The decrease in argentaffin cell 
concentration seems to be a real radiation effect at 
500 r and 600 r. This loss can be explained by a 
disruption in the cell renewal system of the epi
thelium and disturbance of serotonin content.

Other considerations. Several groups, especi
ally 41 but also 13, 23, 31, and 33, show an increase 
in argentaffin cell concentration; this increase 
indicates that radiation at doses of 400 r and below 
either stimulates the cellular kinetics and granular 
substance production or these two systems over
compensate in their recovery from radiation damage.
It is difficult, if not impossible, to distinguish 
between stimulation and overcompensation.

The mitotic index in the crypts often exceeds 
normal values after radiation doses below 1000 r.
(50, 57, 94) 6uch a rise in mitotic index would 
increase the supply of argentaffin cell precursors. 
This, combined with a normal or only slightly 
decreased rate of differentiation*, would increase 
the supply of argentaffin cells.

* At lower doses the damage to the differentiation 
process would not be so extensive as that mentioned 
on p. 32.



37

Serotonin production also lias signs of recovery- 
soon after irradiation. (1, 61) Also, the degra
dation of serotonin to 5-HIAA has returned to control 
levels within 24 hours. (p. 4)

However, serotonin recovery must occur in many 
cells, few of which have attained the high content of 
argentaffin granules found in the control. This 
would explain the low granulation index which accom
panies the above-control number of argentaffin cells 
in these experimental groups.

The return of the argentaffin cell concentration 
to values close to the control on the fifth day post
irradiation (groups 15, 25, 35 and 45) supports the 
nonstatic nature (p. 3) of the argentaffin cell and 
the idea of a radiation-induced stimulation or 
overcompensation.

The role the loss of argentaffin cells plays in 
the intestinal radiation syndrome (p. 1-2) is not 
known. Attempts to associate the argentaffin cell 
loss with diarrhea would appear unsuccessful: dia
rrhea, after a brief appearance immediately post
irradiation, is not seen until 2-3 days after 
radiation whereas the loss of argentaffin cells and
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argentaffin granules is evident at 1 day.
On the other hand, serotonin injections induce 

diarrhea (36) and patients with argentaffinoma 
carcinoids develop severe diarrhea. (36, 70) Since 
the granulation index is lowered throughout the 
experiment, some other factor must control the onset 
of diarrhea.

Vomiting, anorexia and body weight loss are not 
obviously connected with the argentaffin cell. The 
guinea pig shows little body weight loss and anorexia 
is mild. Vomiting may be elicited by a chemical 
substance such as serotonin but this is not certain.

VI.3. Villus Area

Intestinal muscle contraction and the loss of 
the epithelial layer after irradiation (1000 r) 
causes the collapse of the villi. (77, 92) In the 
present experiment the villi do not collapse and the 
epithelial layer is not lost. But the villus area 
is decreased. The area decrease is similar to that 
of mice (p. 5) but recovery in the guinea pig is 
not evident.

The possibility is advanced by the author that
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the release of serotonin from the argentaffin cell 
causes the contraction of the smooth muscle fibers 
present in each villus; as a result the villus 
shrinks. The corresponding decreases in granulation 
index and villus area (figures 9-11) found in the 
present experiment primarily influenced the author.

Serotonin's ability to contract intestinal 
smooth muscle through the parasympathetic ganglion 
(12, 21) and to increase intestinal villi motility 
(14, 36» 42, 90) and the juxtaposition of the 
argentaffin cell and nerve fibers in the intestine 
(60) are features which add further support to this 
concept.
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VII. CONCLUSION

Within the time reviewed the threshold of argent
affin cell loss in the guinea pig intestine is 500 r.

The villus area and the granulation index show 
decreases after 200 r-600 r for the duration of the 
experiment. It is thought that these last two para
meters may be functionally connected.
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VIII. SUMMARY

The small intestine of the guinea pig was 
examined after whole-body irradiation (100-600 r) 
at 1, 3, and 5 days post-irradiation. Changes in 
argentaffin cell concentration and villus area were 
recorded.

The argentaffin cell concentration was decreased 
significantly after 500 r and 600 r. The villus 
area decreased after 200, 300, 400, 500, and 600 r 
for the five days of the experiment.

Possible causes of these radiation effects 
were discussed.
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APPENDIX I

The analysis of variance compares the variance
between two experimental groups with the variance
from the mean within each group. This is expressed
as the F ratio: Between group variance

Within group variance
The null hypothesis is that the experimental 

and the control are drawn from the same normally 
distributed population. If the null hypothesis is 
true, the F ratio will approach one. If false, the 
ratio will exceed one proportional to the degree of 
difference between the groups analyzed.

Below is an example calculation of the F ratio 
based on the present study. The two columns are 
argentaffin cell concentrations (p. 4) of the control 
and group 65 (p. 14).

Control 65
30 27
30 2330 31
27 3622 23
55 38
63 3358 4756 4472 4466 3136 38
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56
69
65

105
82
59
79 
85
80 
84 
88 
91

__95
1583 £  x

28
33
46
97
72
75
75
74
42
35
36 
33

__25
1086

63.32
13331.32

100235.56

x
* ( x - x )2 

(1  x ) 2 /N

43.44
8925.27

47175.84
i (£x)2/N 

S i t  xJ72̂ t

*7^f(x-x)f7

147411.40 
-  142471.22 

4940.18
22256.69

2s f v2 F
Between 4840.18 1 4840.18 10.65
Within 22256.69 48 463.67

A table of F values indicates that the proba
bility of obtaining a higher value of F upon a
subsequent trial is 0.001. Therefore, the null 
hypothesis is rejected, i.e., there is a significant 
difference between the control and group 65.
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