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Radioprotective Effects of Natural 3-carotene
on Villi and Crypts in Abdominally Radiated Mice

Teruhisa Kurabe, Youko Itoh, Eijin Matsumura,
Atsushi Nakamura, and Yoshio Ayakawa

The protective effect of B-carotene against radiation in-
jury to the small intestine of abdominally radiated mice (15
Gy)was examined with administration given pre-radiation,
during (pre- and post-) radiation, and post-radiation. In the
B-carotene group, the ratio of villus length to crypt was sig-
nificantly greater in comparison with the radiation only group
at 2 days after radiation. At 7 days after radiation, the ratio
of necrotic cells in the crypt vs. the total was significantly
lower, and the ratio of necrotic cells in the villus vs. the total
was significantly greater with $-carotene administration,
which indicated that 8-carotene accelerated recovery from
radiation injury. Each group administered 3-carotene showed
a significant radioprotective effect, with pre-radiation ad-
ministration yielding a smaller effect than administration dur-
ing radiation and post-radiation.

It is concluded that pre-, during, and post-radiation ad-
ministration of 8-carotene protected against radiation injury
of the small intestine and accelerated recovery from it.

Research Code No.: 408

Key words: Radioprotection, 3-Carotene, Villus, Crypt,
Apoptosis
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Fig.1 Necrosis and apoptosis in the crypt and
villus of abdominally radiated mice.

Typical necrotic cells (N)and apoptic cells (A)in
the crypt and villus are shown by HE and TUNEL
staining of abdominally radiated mice.
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Fig. 2 Concentration of 8-carotene in the liver of abdominally radiated
mice with 8- carotene administration pre-, during. and post-radiation.
f-Carotene was administrated to the mice pre-, during, and post-radia-
tion. Concentration of 8-carotene in the liver of abdominally radiated mice
was measured 2 and 7 days after radiation.
Data represent the mean+SD.

#*p<0.05, **p<0.01 compared with the control group.
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Fig. 3 Protection against small intestinal injury of abdominally radiated mice by 3-carotene administration pre-, during, and post-radiation.
Villus length was decreased by abdominal radiation of mice. The ratio of the length of villus/crypt was significantly greater with -
carotene administration in comparison with no B-carotene administration.

Data represent the mean+SD.
#%p<0.01 compared with radiation only.

The timing of B-carotene administration, at pre-, during, and post-radiation, was examined for its effect on the ratio of length villus/crypt in abdomi-

nally radiated mice.
##p<0.01 compared with the pre-radiation group.

4. RIBFEREEIC & 2 BESMSHRRHR v U XD/ EEE L

B-HOF L HE5ICL B ZOREDR

JEEBEREHIC X /NG OMERE LB-H O T U 5ICL S
TBETREE D & DRy R & B- 7 0 7 i 58~ 7 ADHE
Yetafg TR L7:. Fig. 4 EEIZMEST 2 Hi%D/NBHER T,
HEHHE TIEBH & M/NERE O LAYE  RFAE L Tw /-,
B-H10 7 R TIEIZOBEIEETH 7. TEROME
517 BAO/NGHERIE, BB O 2 HRICH~BEEEIC BN
TOMEOHELWMEFHL N TH -7 F/2, B-H0T
ARG D ES I DEMIZRIFTH - 7. HEARIEE
ENERAE DL TH Y, i1z, MBS 2 HRICB T 5 BEHE
EB-H O T U HO/NNGREDE S OERIHNTH -7,

5. B-HAT LESICL BIEERA ~ 7 AD/NBIE, Bks

BORFEMIADEE
1) 15 e s R FE M i S/ A B T M A 2

NEERRR S~ 7 A OFEIEFEM AL £\ x5 5 B e i st i
Bo#4%Fig. SEBICR L. LEARORBS 2 A% T
1, BERAEEAT MG Sy AR IE A L, BRETEE I HREE I
WLAEZICHEML, BHHC X 2 BREEEMOMn % R
L7z, ZOmREHT X 5 InkassiEst e Byt st iifa o1
g, B-HuF  HEICEVETERLAPEELELR
Oehotz, LaL, LEGROES 7 B#TIE, g-H1
TUEEIZEY, B -h - RESTFEE OHHTFICHKLERE
WIERT LA B-Au7 /igBEICBL T, 8-+ - %5
DVFTIIZBWTH0.1%DH590.01 %5 L HETLTw
725, MBEICAEEIRD Lo/,

%8B, /MEHE 1 R47: ) OFGEEETMRE L (B

28

Yytgasbiifa ) L & x BREE BRERE0.01%3- 1 1 7 §/0.1
%B-H 0T CHDIETERT S L, BIx5H2 BETIELS/
2.4/2.5/2.6 (4.3/6.3/6.9/6.0), f&¥x5-7 H#%TI%1.3/3.0/1.9/
1.3(3.7/8.2/7.0/6.9), #5852 H%TI31.9/3.9/3.9/3.6(5.2/
7.5/7.6/7.1), %57 B Ti32.4/3.3/2.2/2.1 (7.7/8.7/8.6/
9.9), Fif%5 2 H#ETIE1.0/3.3/3.2/3.4 (2.9/6.6/8.2/7.2),
A%5-7 HiATI32.1/2.4/2.5/1.7 (5.3/6.3/7.8/6.2) Tdh - 7-.
2) /NG TE SR SE I B By e B ST M R

Fig. 5 T EIR L 7/ Nk EEse Al Ry s st i £,
BRELXHEO#HRT, TRERIIRLZES 2 A% T
1k, BEHEEIAEICET L. 2 O/NGHEEEFEMAL Sy
MO TIX, B-H 7 512X ) BEhnfER % 52
BI-H, FEEEIFO L,/ L L, TERAROBELS
THBTE, B-AuFr#kgizLl, BEEICHLAT & -
BIESHELLICERICHML:. B-huF VigEICBLT
13, BHSHLEL0.1%DHH0.01%3%5 L VL TWwW2
A5, MBEICAEELEZLROLRD o7

NS DIEIEE - IMEEICB T A EFEML O & D%
B, BGF2 HEBSHREEE I X D IGEE OB H I
L, HB&7 HRICIIBSHREED S RE L2oMELED
BEIE\CRATT B L\ /NE OIS X B BEE L BIEOR
Mzmd. LoT, B-H 875 VIIBENC X 2 IHEE DLESE
I D/NEHEAORAT (HEEDDIE) ZRE L 7.

6. TRIEARMSRIC 5 T D AEERERE v 7 A DIEREE & L UVNB
MEEFRICH T Bp-HOFT DS

HTHIRATC X 25, NEHECEIRLE TN 6D 3-

huF x50k bR Fig. 6D/NEGHEMBILE TRL

7o, XTHRREICH UHBSTREIZEEST 2 H % (Fig. 6 LE) B S 212

HEREREHE $62% F145




EE M fhe s 827

0.1% g-Carotene
Continuous-2 days

v

0.1% g-Carpleng
Continuous-7 days

Fig. 4 Morphological changes of small intestinal injury of abdominally radiated mice given g-carotene administration. {HE: x40

The morphological change occurring with radiation and 8-carotene administration is seen with HE staining of the villus.

Typlcal damage to the villus{(—lwas magnified and inserted in the photo.

Cantraol Radiation 7 days

0.1%§ g-Carotensg
Continuous-2 days

Cantrol Radiation 7 days 0.1% g-Carotena
Continuous-7 days

Fig. 8 Morphalogical changes of necratic cells in crypt and villus of abdominally radiated mice according to #-carolene administration.  (HE: =400}
Two days after radiation, necrofic cells in the crypt were increased by radiation. Seven days after radiation, necrotic cells in the
crypt had decreased more in the B-carotene administration group than in the radiation-only group.
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Fig. 5 Ratio of necrotic cells in crypt/total and villus/total of abdominally radiated mice given 3-carotene administration.
The ratio of necrotic cells in the crypt/total was significantly increased 2 days after radiation. 3-Carotene decreased the ratio
of necrotic cells in the crypt/total and increased it in villus/total 7 days after radiation. These data indicate that 8-carotene

promoted recovery from radiation injury.
Data represent mean=*SD.
#*p<0.05, *#*p<0.01 compared with the radiation-only group.

The timing of B-carotene administration, at pre-, during, and post-radiation, was examined for its effect on the ratio of necrotic

cells of crypt/total and villus/total in abdominally radiated mice.

#p<0.05, ##p<0.01 compared with the pre-radiation group.
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