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1. 4

o, A7 ARE 35 HEE ZAT-d B A4 FAAH
o BE FEAYEY g9 gy FEAU S
13)9] Q0 el TPt vl-2 30mkE]E 10 Gy 2

AEH 5 Gy 2AAFoE UrD 7 77 sutely
& U=, AL 2AT 8 A 24 A 5-AED Fof
TOE ol

2. YWAM Z=AF 3 5-AED &0

urAb4l ZAHE Tiletamine/Zolazepam (Zoletile 50%, Virbac
Korea, Korea)@ Medetomidin (Domitor®, Pfizer Animal
Health Korea, Korea)& ©o]83lo] uf-¢2E5 nf#H A7l % u}
& HAE mAste] zAsgen, YCO Gamma-ray
irradiation unit (Theratron 780, AECL, Ontario, Canada)& ©]
g3k AN ZAE 131 cGyming] AFEE 10 Gy
% 5 GyE A4l 2A E FE polyethylene
glycol 4000 3591 5-AED (Steraloids, San Diego, CA, USA)
& kg % 50 mgS] £Fo2 13] HAFA kP gt
=T -L]' WALtz 73
2 2 Fo3lich

3-F polyethylene glycol%t-g& 7

Act. &3¢ AEANE 4 uksad el 24 9 4%
Aol A £4E3 §29 78 B4V F 2 FHe L
AT AE 9 JRE ik =R 7 vhes 7 20
M4, 2 Foloh £4-59 718 FAHAL 1070 &

AT AE F 1A Aol & FAe] BE AEe 44
B4 AX (Leica QWin, Leica Microsystems, Wetzlar, Ger-
many)E A&ttt

4. Apoptosis 53

Apoptosis H71E ¢Jsto] 5 Gy HHAA 24 F apoptosis
WS} 7 Srkabe A719 WA 2A 3 124 7k,P
29 FAREE AHsly vheaT MY £AHE
439 Wl el geld Eofjste] AHE THEJCh
DNA fragment 2732 ¥ in situ apoptosis detection kit
(APOPTAG TM, Oncor, Gaithersburg, MD, USA)E A-8-3+
in situ DNA end-labeling (ISEL)< A A13}9it}. ISEL tech-
niques E¥ £elo]E=ol] terminal deoxynucleotidyl trans-
ferase S 4 7}3lo] fragmented DNA® digoxigenin-nucleotides
£ HZA]7]| 1 anti-digoxigenin-peroxidase antibodyE ™%
Aoz AAZl X diaminobenzidine (Sigma Chemical
Co., St. Louis, MO, USA)E A&l 544 Wio=
peroxidase enzyme 91§ TAAZch vl viel 9 40
N £A-FE FEEAv P o g PEs on, F A4S
H &AL HSA IS5 177 o] 422 paneth cell @ U]
7ol ol Jehs Ags $239 AL A &
A2 paneth cellg AleJ3t 4Wlx] ATAAE 7IAF
(base)E slo] apoptotic cells 7)AF-} A AA-gollA]
A== F5E FEI A&k o2 9 apopto-
tic body7} L 719} FelE AT uf & AFEY AFE
2 Uehd e @ A9 AXE 3P

4 2350 A WA 2ATANA 34
AED F-ol-ollA A&
7t AL 2ATTH uo}o% A3 Z7}st
2IchFig. 1A, B, Table 1). A4 2T vlmste] &35
9 @re B 2AFNA F7lsion, HAL =4
F-ol] vlste] 5-AEDQ] A Hg £4-¢9 =77} 6 =7}
sl AYgS HIou F94L ¢dthFg. 1C, D, Table
D). 2A¢Re T& WA ZAFH 5-AED HELFAF
2% A4 =g dzsted gasgod, ¥ & 7
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Fig. 1. Photomicrographs of the
villus height (A, B), crypt survival
(C, D) and length of basal lamina
of 10 enterocytes (E, F) in the
jejunal circumference on the H&E
stained section of mouse intestine
at 3.5 days after 10 Gy 7 -irra-
diation. The 5-androstendiol (5-

AED) treated group (B, D) with

10 Gy exhibited a greater wvilli
length when compared with the
irradiation control group (A, C).
The 5-AED treated group (B, D)
with 10 Gy exhibited significantly
higher number of crypts in the
jejunal circumference than irradia-
tion control group (A, C). The
5-AED treated group (F) exhibited
a shorter basal lamina length,
compared with 10 Gy irradiation
control group (E). (A, B, x100; C,

Ztol= WHE A ekgkrh(Table 1). §E9 To|:= HIAA
24l 2] |A 3| Faslon, WAL zAF ve}
o 5-AED AA2 T A %94 A F7lsldchFig.
1A~D, Table 1). 107]¢] #AArg] AE g 71x]Z9) Zol=
A4tz vl A 2AFNA Frlslglen,
5-AED AA el Toll A A 2A7H vl 2ste] FI4 Q)
Al 74t ch(Fig. 1E, F, Table 1).

2. Apoptosis 3

Apoptotic cell-& AAF9] 7)AHeA F&8 EE g,
ISEL iAol 4] peroxidase”} 3= kAl AE 9 apoptotic

D, x400; E, F, x1,000).

body7} FH2= i), o] ISEL FAIAEE Hematoxylin-
Eosin Al 4] £ TAA wske} #lo] 33 4
Ad A2AE gt 5 Gy WA 24 F 12 A7
o] &gl A apoptosisS] WA EI}F A4 Dz
ol vjsle] Frlslg o, tHHEE2 apoptotic cellS £+
9l J|AHA  #AF|et. 5-AED ¥ &5l E
apoptosis7} ¥AMA Z Aol wlaLsle] k7 ZhAEglo
o4 f13ith(Table 2).
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Table 1. Effect of 5-androstenediol Treatment on the His-
tologic Change of Small Intestine from Mice at 3.5 Days
Following 10 Gy 7 -irradiation

5-AED*+IR
Sham IR (10 Gy) (10 Gy)
No. of crypts/ 1201+37  14£26 206197
circumference
Crypt depth («m) 852+41 111.0+52 1269454
No. of villi/ 371107  337:23  33.1:34
circumference
Villus height (4m)  3903:180 92330 1142747
Basal lamina length ~ 47.1:18 1276%131 8792527

(#m/10 enterocytes)

Data are shown as mean+SEM ('p<0.05 vs. IR control group.
*5-androstendiol.

Table 2. Effect of 5~androstendiol (5-AED) Teatment on
the Number of Apoptotic Cells Per Crypts from Mice at 12
Hours Following 5 Gy 7 -irradiation

Apoptotic cells per crypt

Base Total
Sham control 0.08+0,02 0.11£0.02
IR* (5 Gy) 2.98£0.18 3.54+0.19
5-AEDT+IR 6 Gy) 272017 3.26+0.19

Data are shown as mean+SEM.
*whole body 7 -irradiation, '5-androstendiol,
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— Abstract

Protective Effects of 5-Androstendiol (5-AED) on Radiation-induced
Intestinal Injury

Joong-Sun Kim, Ph.D.*'T, Seung-Sook Lee, M.D., Ph.D.*, Won-Suk Jang, M.S.*, Sun-Joo Lee, A.S.%,
Sunhoo Park, M.D., Ph.D.*, Soo-Youn Cho, M.D., Ph.D.%, Changjon% Moon, Ph.D.T,
Sung-Ho Kim, Ph.D." and Mi-Sook Kim, M.D., Ph.D.

*Laboratory of Experimental Pathology, Korea Institute of Radiological & Medical Sciences, Seoul,
TResearch Center, Dongnam Institute of Radiological & Medical Sciences, Busan,
*Department of Veterinary Anatomy, Chonnam National University College of Veterinary Medicine, Gwangiju,
§Department of Radiation Oncology, Korea Institute of Radiological & Medical Sciences, Seoul, Korea

Purpose: We examined the radioprotective effects of 5—androstendiol (5-AED), a natural hormone produced in
the reticularis of the adrenal cortex, as a result of intestinal damage in gamma-irradiated C3H/HeN mice.
Materials and Methods: Thirty mice (C3H/HeN) were divided into three groups; 1) non—irradiated control group,
2) irradiated group, and 3) 5-AED-treated group prior to irradiation. Next, 5-AED (50 mg/kg per body weight)
was subcutaneously injected 24 hours before irradiation. The mice were whole—body irradiated with 10 Gy for the
histological examination of jejunal crypt survival and the determination of the villus morphology including crypt
depth, crypt size, number of villi, villus height, and length of basal lamina, as well as 5 Gy for the detection of
apoptosis.

Besults: The 5-AED pre—treated group significantly increased the survival of the jejunal crypt, compared to
irradiation controls (p<0.05 vs. irradiation controls at 3.5 days after 10 Gy). The evaluation of morphological
changes revealed that the administration of 5~-AED reduced the radiation-induced intestinal damages such as
villus shortening and increased length of the basal lamina of enterocytes (p<0.05 vs irradiation controls on 3.5
day after 10 Gy, respectively). The administration of 5-AED decreased the radiation-induced apoptosis in the
intestinal crypt, with no significant difference between the vehicle and 5-AED at 12 hours after 5 Gy.
Conclusion: The results of this study suggest that the administration of 5-AED has a protective effect on
intestinal damage induced by ¥ —irradiation. In turn, these results suggest that 5-AED could be a useful
candidate for radioprotection against intestinal mucosal injury following irradiation.

Key Words: 5-Androstenediol, Radiation, Intestinal crypt, Intestinal injury

- 146 -



