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Modification of radiation induced damage in mouse intestine by WR-2721
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Intestinal protection in mice against radiation injury by WR-2721 (300 mg/kg body wt, ip, 30 min before irradiation)
was studied after whole body gamma irradiation (0.5, 1.5, 3.0, 4.5 or 6.0 Gy). Crypt survival and induction of apoptosis, and
abnormal mitoses in crypt cells in the jejunum were studied on day 1, 3 and 7 after irradiation. Irradiation produced a
significant decrease in erypt survival, whereas apoptosis and abnormal mitoses showed a significant increase from sham-
treated control animals. Maximum changes in all the parameters were observed on day 1 after irradiation and the effect
increased linearly with radiation dose. There was recovery at later intervals, which was inversely related to radiation dose.
WR-2721 pre-treatment resulted in a significant increase in the number of surviving crypts, whereas the number of apoptotic
cells in the crypts showed a significant decrease from respective irradiated controls on day 1 after exposure. The recovery
was also faster in WR-2721 pre- treated animals. It is concluded that WR-2721 protects against gastrointestinal death by
reducing radiation induced cell death, thereby maintaining a higher number of stem cells in the proliferating compartment.

WR-2721 [S-2-(3-aminopropylamino) ethyl phos-
phorothioic acid, amifostine] is the most promising
radioprotective drug so far available. It has been
shown to selectively protect normal tissues against
radiation-induced damage'. This selectivity is
attributed to the preferential accumulation of WR-
2721 in these tissues” . The small intestine represents
one of the major dose limiting normal tissues in
radiotherapy because of its high sensitivity to
radiation. Reducing the damage to small intestine
using chemical protectors, particularly  during
radiotherapy of the pelvic and abdominal cancers, can
increase the patient tolerance to radiation. Intestinal
protection by WR-2721 against high radiation doses
in the lethal range has been reported’. But in the sub-
lethal dose range relevant to clinical radiotherapy very
little attention has been given to intestinal protection”.
The present investigation was undertaken to study the
protective effect of WR-2721 on small intestine
against whole body irradiation with sublethal doses of
gamma radiation.

Materials and Methods

Animals— Random bred Swiss albino mice were
maintained under conditions of controlled temperature
(22°+3°C) and light (10 hr light: 14 hr dark). They
were housed 4-6 per cage in polypropylene cages
containing sterile paddy husk as bedding material and
maintained on balanced mouse feed and water ad
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libitum. Six to eight weeks old healthy male mice
weighing 23 +2 g were used in the study.

Irradiation—The animals  were  whole-body
exposed to gamma rays from a “’Co Gammatron
teletherapy unit (Siemens, Germany) at a dose rate of
0.9 Gy/min. Dosimetry was done using a beam
therapy dosimeter (Atomic Energy Canada Ltd.,
Canada), used routinely to calculate the dose for
patient treatment. During irradiation, mice were kept
in a well-ventilated Perspex box (23.5x23.5x3.5
c¢m), partitioned into 3x3x 11 cm cells for each
animal, to ensure uniform exposure.

Drug—The drug amifostine (WR-2721) a gift
from US Biosciences, USA, was freshly dissolved in
double-distilled water and injected intraperitoneally at
a dose of 300 mg/kg b wt 30 min before irradiation.

Experimental protocol— Groups of 12 mice cach
were exposed to 0.5, 1.5, 3.0. 4.5 or 6.0 Gy of gamma
radiation, with or without WR-2721 injection 30 min
prior to irradiation. One group of animals was sham-
irradiated to serve as control. Four mice from each
group were sacrificed on day 1, 3 and 7 after
irradiation by cervical dislocation. Animals were
dissected out and jejunal part of small intestine was
excised and processed for routine histology. The
tissue was fixed in Bouin's fixative for 24 hr,
dehydrated in alcohol grades, cleared in xylene, and
embedded in paraffin using a semi-automatic tissue
embedding system (AO Histostat, USA). Routine
5 wm thick sections were cut, fixed on clean glass
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slides, stained with hematoxylin-eosin, and mounted
in DPX (BDH Chemical Ltd., Poole, England). Ten
good cross sections per animal were observed under
low power (150x) and the number of surviving crypts
were counted as described earlier’. Briefly, a
surviving crypt was identified by the presence of ten
or more cells with a prominent basal nucleus and
surrounding a lumen lying close to each other.
Apoptotic cells were identified by morphological
features like condensed chromatin and/or nuclear
fragmentation. Mitotic counts included cells from late
prophase to early telophase. Abnormal mitoses were
mainly anaphase bridges and unequal chromatin
distribution in anaphase or early telophase. Apoptosis
and mitoses were scored in 25 crypts from each
animal and calculated as the percentage of total cells
counted per animal. The results are expressed as the
mean = SE of data from 4 animals.

Statistical analysis— Statistical evaluation was
done using the Student’'s T test. A value of P<0.05
was considered as statistically significant. Lotus 1-2-3
software was used to analyse the dose-response. The
data were fitted to linear (Y = o+ D) model.

Results

Animals exposed to radiation exhibited a linear
(r’=0.879) dose-dependent decrease in the number of
crypts per section. The maximum damage was seen
on day 1 post irradiation in all the irradiated groups,
followed by recovery at later intervals. The rate of
recovery was a function of radiation dose, being
slower and more delayed at the higher doses. WR-

2721 treatment before irradiation protected against the
radiation-induced reduction in the crypt survival.
However, the effect was proportional to the radiation
dose. At lower doses (0.5 and 1.5 Gy) the recovery
was faster and the normal number of crypts was
restored by 3 days in both radiation alone and WR-
2721 pre-treated groups. At higher doses (> 1.5 Gy)
complete recovery was not seen during the
observation period in radiation alone group, while in
the WR-2721 +radiation treated animals the normal
crypt number was restored by 7 days. WR-2721 alone
did not have any effect on the crypt survival (Table 1).
Crypts from sham-treated mice showed a few
apoptotic cells, the values ranging from 0.25% to
0.29%. Irradiation increased their frequency at all
doses. Maximum number of apoptotic cells was
observed on day | after exposure, which increased
with increasing radiation dose up to 4.5 Gy and
showed a linear (r =0.825) dose-response. However,
increase in the radiation dose above 4.5 Gy did not
lead to further increase in the number of apoptotic
cells. WR-2721 pre-treatment resulted in a decrease in
the radiation-induced apoptotic cells. At 0.5 Gy the
decrease was non-significant from the radiation alone
group, but the effect became significant (P <0.05)
from 1.5 Gy onwards. On day 3 there was a sharp
decline in the number of cells undergoing apoptosis in
both radiation alone and WR-2721 + radiation treated
animals. On day 7 the values in the irradiated animals
were still higher than in the sham-treated control, but
the difference was not statistically significant. In the
WR-2721 pre-treated animals the values dropped to

Table | — Crypts per section in mouse intestine after whole-body exposure to gamma-radiation
with/without WR-2721
[Values are mean = SE of 4 animals in each group. Ten sections were scored per animal |

Radiation dose  Treatment Post-irradiation time (days)

(Gy) 1 3 7

0.0 DDW 99.58 + .82 94.56+1.63 94,18 +(0.45
WR 100,98 +2.21 96.60+3.39 104.0+4.50

0.5 DDW 84.05£1.37° 9590+ 1.84 98.80+1.48'
WR 01.95+0.24" 98.60+1.13 101.9+3.61

1.5 DDW 73.27+1.72° 91.70+2.69 94.80+2.54
WR 86.50+2.74" 93.03+1.72 101.7 £0.64"

3.0 DDW 63.13+1.96* 7543 +1.50° 77.90 + 1,94
WR 77.34 +3.92* 88.40 £0.52* 98.24+2.07°

4.5 DDW 60.20 +1.49* 75.75+1.86° 78.20 +2.55"
WR 75.54 +2.89" 85.20+ 1,77 94,21 +2.07"

6.0 DDW 51.50+2.74* 69.50+2.70° 73.70 +3.10°
WR 7343 +0.84° 84.55+1.13" 9345+ 1.11"

' =0.8795 (DDW); r'=0.8626 (WR)

DDW: double distilled water ; WR: WR-2721, 300mg/kg body wi.

P values : *<0.05, "<0.01, “<0.001, “<0.0001, compared to irradiated control.

P values :'<0.0§. 2<0.01, *<0.001, *<0.0001, compared to normal (0 Gy).
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near control level by 7 days. WR-2721 alone did not
produce any significant change in apoptosis from
sham-irradiated control. (Table 2).

The total mitotic activity was not affected by
irradiation at doses below 3.0 Gy; above this dose
there was a dose dependent reduction in the mitotic
activity. The number of normal mitoses showed a
linear (r’=0.957) dose-dependent decrease from 0.5
Gy to 6.0 Gy, with a corresponding increase
(r’=0.895) in abnormal mitoses. On day 3 the
decrease in normal mitoses was not significant at
doses up to 3.0 Gy. Above this dose the values were
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significantly (P<0.01-0.001) lower than normal,
whereas abnormal mitoses were significantly higher
at all the exposure doses. On day 7, both normal and
abnormal mitoses showed similar values as those in
sham-treated animals. However, injection of WR-
2721 before irradiation at all doses resulted in a
significant (P <0.05- 0.001) increase in the frequency
of normal mitoses compared to irradiation alone on
day 1 after exposure. There was a corresponding
significant (P<0.05) reduction in the number of
abnormal mitoses on day 1 after treatment. But at
later intervals the difference in the number of normal

Table 2— Percentage of apoptotic cells in mouse intestinal crypts after whole-body
exposure to gamma-radiation with/without WR-2721

[Values are Mean + SE of 4 animals in each group. 25 crypts were scored per animal
and the apoptotic cells were calculated as percentage of total cells counted]

Radiation dose  Treatment Post-irradiation time (days)

(Gy) I 3 7

0.0 DDW 0.25+0.04 0.25+0.02 0.29+0.36
WR 0.32+0.02 0.32+0.01"' 0.31+0.01

0.5 DDW 0.82+0.02° 0.35+0.10 0.26 +0.06
WR 0.63+0.16 0.26 +0.05 0.25+0.06

1.5 DDW 1.43+0.15° 0.35+0.11 0.35+0.08
WR 0.91+0,04* 0.27+0.01 0.27+0.09

3.0 DDW 235+0.23° 0.50+0.13 0.39+0.07
WR 0.93 +0.02 0.41+0.01% 0.27+0.08

45 DDW 2.85+047° 0.51 +0.16 0.42+0.09
WR 1.68 +0.02" 0.55+0.01* 0.29 +0.09

6.0 DDW 2.48+031° 0.63 +0.09 0.58+0.02
WR 1.48 +0.20° 0.65 +0.05° 0.30£0.05"

' =0.8252 (DDW); =0.8487 (WR)
Other explanations as in Table 1.

Table 3 — Percentage of normal mitosis in mouse intestinal crypts after whole-body
exposure to gamma-radiation with/without WR-2721.
[ Values are Mean + SE of four animals in each group. 25 crypts were scored per animal
and the mitotic cells were calculated as percentage of total cells counted]

Post-irradiation time (days)

Radiation Treatment

dose |

(Gy)

0.0 DDW 3.73+0.13
WR 3.33+0.16

0.5 DDW 3.18+0.13'
WR 3.55+0.01"

1.5 DDW 2.86+0.07°
WR 3.13+0.032

3.0 DDW 2.52+0.02
WR 2.76 +0.04"

4.5 DDW 1.88+0.02°
WR 231 +0.02"

6.0 DDW 0.74+0.01*
WR 1.63+0.03"

r’=0.9572 (DDW); #=0.9581 (WR)
Other explanations as in Table 1.

3 7
3.09+0.09 3.34+0.17
2.05+0.27 2.56+0.47
3.05+0.23 3.99+0.25
3.87+0.41 3.79+0.49
3.73+0.03 3.27+0.27
3.81+0.15 3.28+0.27
3.35+0.84 3.79+0.50

299 +£0.01¢ 4.10+0.04°
2.53+0.27° 2.89+0.08
2.50+0.01° 3.21+0.02"
2.05+0.04° 2.70+0.02°
1.99+0.02° 2.77+0.14
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Table 4 — Percentage of abnormal mitoses in mouse intestinal erypt cells after whole-body
exposure o gamma-radiation with/without WR-2721

[ Values are Mean = SE of four animals in each group. 25 crypts were scored per animal and the
mitotic cells were calculated as percentage of total cells counted]

Radiation dose  Treatment

Post-irradiation time (days)

(Gy) ] 3 7

0.0 DDW 0.35+0.10 0.35+0.05 0.22+0.34
WR 0.52+0.09 0.21+0.14 0.35+0.04

0.5 DDW 101 £0.10° 0.54+0.14 0.46+0.07
WR 0.58+0.10" 0.41 +0.06 0.28 +0.09

1.5 DDW 1.12+0.15° 0.60+0.02° 0.28 £0.09
WR 0.83+0.02° 0.72+0.12" 0.42+0.08

3.0 DDW 1.34+0.02° 1.12+0.08° 0.69 +0.08
WR 1.04 +0.02" 1.01 £0.20" 0.52+0.04

4.5 DDW 1.80+0.03" 1.31 +0.02° 0.99+0.10
WR 1.13£0.20" 1.28 +0.09* 0.58 +0.03"

6.0 * DDW 1.97 +1.46 1.47 +0.06" 1.12+0.18
WR 1.46+0.19° 1.36+0.06" 0.80 +0.06

r’=0.8954 (DDW); r'=0.9748 (WR)

Other explanations as in Table 1.

and abnormal mitoses was not significant between the  used for human cancer therapy can produce

irradiated alone and WR-2721+irradiated groups.
WR-2721 alone did not produce any notable change
in the mitotic activity (Tables 3 and 4).

Discussion

The present observation that  whole-body
irradiation resulted in a reduction in crypt survival is
consistent with the earlier reports™®”. It has been
suggested earlier that reduction in the total cell
population of the crypt is due to an early and marked
decline in DNA synthesis in the crypt cells, cell death
and movement of cells up the villus in the absence of
replacement by cellular proliferation'’. Degenerative
changes in mouse intestinal crypt after sublethal
irradiation at the early intervals has been reported
earlier'"'*. Potten er al."* explained the reduction in
the crypt cellularity on the basis that migration of
cells from the crypt to the villus continues over the
first 24 hr post-irradiation inspite of the fact that cell
division is inhibited and/or severely reduced. Potten er
al." further suggested cell death and lack of mitoses
as possible reasons for the significant reduction -
observed in the crypt epithelial cells exposed to 8.0
Gy. Severe cell depletion and total inhibition of
mitosis in mouse intestinal crypt during the first 24 hr
after 10 Gy whole body irradiation has been
demonstrated earlier'”. The present finding of a high
incidence of apoptosis and abnormal mitoses along
with a decrease in the normal mitoses at 24 hr after
irradiation supports the above contention and also
demonstrates that even sublethal doses in the range

significant damage to the proliferating cells of the
small intestine. A high incidence of cell death has
been reported on day | after-irradiation by other
investigators also'*" .

The occurrence of spontaneous apoptosis in the
intestinal crypt cells in the present study is consistent
with earlier reports'’. The frequency of apoptotic cells
in the irradiated mouse intestinal crypts increased
linearly with radiation dose. Devik™ suggested that
most of the early mitoses contain cytological injury
due to high dose and might give rise to nonviable
degenerative cells. Injury to the mitotic population is
expressed in the dose-dependent increase in the
number of abnormal mitoses in the present study.
Gupta and Uma Devi'’ also noticed such a dose-
dependent increase in the yield of abnormal mitoses
in the irradiated mouse small intestine.

The small intestine has been reported to have a
remarkable capacity for repair. Hendry er al.'® and
Potten er al." reported a rapid recovery in the total
cellularity of the crypt within 2-5 days after
irradiation. In the present study, although the recovery
was seen at 3 days after all the doses, the rate of
recovery was dose-dependent, being faster and
complete within a short time after low dose exposures
and slower and prolonged after high doses. This is in
agreement with the report of Veena and Uma Devi”'
that the time and extent of recovery in mouse intestine
were related to the radiation dose and degree of
damage. The delay in the rate of recovery after high
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doses could be explained on the basis of high stem
cell depletion by apoptotic as well as mitotic death.
Earlier Uma Devi et al." have shown that some of the
crypt cells which attempted division following mitotic
arrest do not contribute to the proliferative
compartment due to cytogenetic injury and mitotic-
linked death. In the present study, the number of
abnormal mitoses decreased rapidly at later intervals,
which may be due to the elimination from the
proliferating cell pool of damaged cells by
reproductive cell death. Gupta and Uma Devi”
attributed the decline in the number of abnormal
mitoses in mouse bone marrow during recovery to the
elimination of damaged cells from the population, due
to rapid cell turnover and selection against abnormal
cells. Beccioloni et al.* also reported disappearance
of pyknotic nuclei, high mitotic activity and normal
morphology of crypt and villous cells during post-
irradiation recovery after sublethal doses. A
compensatory regeneration process after mitotic
recovery has been indicated n an earlier study in the
higher than normal mitotic activity during the post-
irradiation recovery period''".

Pretreatment with WR-2721 significantly reduced
the crypt cell damage and cell death and accelerated
the recovery process. WR-2721 has been reported to
protect against acute radiation syndrome and reduce
the GI death of lethally irradiated mice’. Chromosome
protection in mouse bone marrow by WR-2721 has
been observed after sublethal whole body
irradiation™*"**. This compound was found to reduce
the radiation induced complex aberrations in the bone
marrow cells”*. Chromosome protection in the
proliferating crypt cells is indicated by the higher
number of normal mitoses and reduction in abnormal
mitoses in the WR-2721 pretreated animals in the
present  study. Reduction in  chromosomal
abnormalities along with a reduction in the apoptotic
cell death helps to maintain a higher normal
proliferating cell population, which will, in turn,
effect an carly recovery of the mucosa. This can also
explain the WR-2721 protection against radiation
induced GI death reported earlier”.
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