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Effect of radiation dose variation on expression of caspase-3 in rat submandibular glands
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ABSTRACT

Purpose : To investigate the caspase-3 expression in the acinar and ductal cells of rat submandibular glands after
the irradiation of various doses.

Materials and Methods : The male Sprague-Dawley rats weighing approximately 250 gm were used for this study.
The experimental group was irradiated with a single absorbed dose of 2, 5, 10, and 15 Gy on the head and neck
region. The rats were sacrificed on the 1st, 3rd, 7th, 14th, 21st, and 28th day after irradiation. The specimens
including the submandibular gland were sectioned and observed using histopathological and immunohistochemical
methods.

Results : The local destruction of the acinar and ductal cells and the karyopyknotic nuclei of the acinar cells were
observed in the 2 Gy and 5 Gy irradiation groups later than in the 10 Gy and 15 Gy irradiation groups. And the
expression of caspase-3 was prominent only in the ductal cells in the 2 Gy and 5 Gy irradiation groups.

Conclusion : This experiment suggests that radiation-induced apoptosis in the ductal cells of rat submandibular
glands was induced by a low dose radiation associated with the activation of caspase-3 and radiation-induced
necrosis was induced by a high dose radiation. (Korean J Oral Maxillofac Radiol 2006; 36 : 7-15)
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SEAMY ZEARMZIO| LHE HA] 2f5HMe] caspase-3 riakAt

Ao, WAt ZAPAERo] 1ol whel M EF7]e] Ao,
SARA o)A}, A EALY] A Eo] Fobd 4 gl Uut
Hoz WAL AxzFriht HzApEALe] R 7R FE
7)Ao MEZARE deoded, AR HEAHAE
A48 3 glo] HataFeld Azt 5% SA4E
A 722 Az 9337 3 oprlE: FA HEE
Aoz ATPY 17 Az HAEH, Mz} g3 2
Azate] stdo] dojut M= 3z Az74d B4E W
Z3le] F 2 ¥]Bo]Hql dFEE doTH. o
o mla) AMEAEALE Al MZARRA, GeF A
Aol A fAALe] Alojoll sl WAste HME o =4
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A AEeg oz £ 2ol Helh, EA}
RETH SFoAe] AP7ALS FA7HA] F=H3] HHA
AR oteh webr] FHZole M EA] £3 F AlEAEAL
9] AP EEA 7|H g A7} i3] AdHT 9l
e, 97 7ol AZAEAE FEATIE A4 &
4 Z cysteine aspartate specific proteases (caspase)”} A ZA}
Hale] 2028 J8L Fshe Aoz wugm 9P
caspase= AZ}Z M EolAH BZA &AH (inactive
zymogens)2. 2 2|3, 54 APHA5E el B4 3
E A2l shi B aaFo 24, o] caspase 7] AA|
9} caspase &I A2 djHH} caspase-2, -8, -9 Z&
caspase 7| XA = caspase-3, -6, -73} & caspase EHAF
AR wme Moz FAAT| L, o] BASE cas-
pases &3 A= DNA =8| F Q3% caspase-activated
DNase 4 A 4] (ICAD), poly ADP-ribose polymerase (PARP)
53 e AEr)as WA AMEAEARE dele
Aoz oeA glyed),"!% of F caspase-3: Al EAT
Are] 27] XA ZFHD Y07 A A A e} B
¥ caspase-32] H&o] dH3led, Porterst Jinicke'?:=
caspase-37} M| EAEAL] AHA Q] Aoz Jepdrin
3l on], Lees} Baehrecke™2 caspase-37} A ZAFEALL]
Jepd 27cl DNA 345 947 S50 B4dos 3
ofRehn Sl Siang B8 AFHehs Bl Aze 2
NAEAA FEE TFEA, caspase-39) 2 Al ZAEA
FAAE o] 83H= Ao Ho|n, caspase HAAIQ] p359]
wale] gy A ZALAG DNA 22 ¢ AABT 5
oo}, =& Jimenez %2 Sjogren FFL Ak ehefAl
A M| A A caspase-39] e g B g v} gl
o]¢} zro| caspase-3: M| EADALY] F Qo3 EIHAZ
aeld glovh A EADAL A oA o] caspase®] HE
o AN Bgehch =2 old ¥wln A4S Fa
7179 shtel elfMe] Mz E Y =FA ZAM] vt
At A EAEALE 73] s Az st
2 wshent ohel BAMESHY wstel] A3t o]s)rt vy

4 28 Aoz Atgdn

webr B Al WAL FAR sekst A
o) v AlE 13 =AM 98, dAAT A3 F A
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1) SEARMZEAL

YAAzATe APFEE] AYEEE WA
Zoletil (Vibrac Laboratories, France)& A2 100 gm % 0.02
mle] gFo g TEFALste] AAwH ARl e, 5H3] 2
o AR EAN el £} AR A g Co-
60 Al X.x] 7 7] (Theratron 780, Atomic Energy of Canada
Ltd., Canada)E& o] &3] v}zl 327k A 80cm,
AgFE 207 cGy/min® 2. 2,5, 10, 15Gy2] F5A%e] H=
2 F3l 13 24535,

2) AEs=2l 3 3 HH

7+ 29 APFEESS HRIRA 1, 3,7, 14,21, 289
3 % A5 sk YA e, A HE

. AZY sldE 10% 4 formalin £ F83] T
33 %, Sl whel paraffin o8k, 4-6 um £ 9 4

£ARL V5] AR 2NGAE Alshed el
M zAe) W FednAos RSt =g WY
zA g o2 caspase-39 L& #AFT] 9314
paraffin 7 22& 4-6um FA ZAAHoz THEe]
ool 20z w=x % RNA-free slidel] X171 &, 99.9%
alcohol®} acetoneo] 1087} A3 A X, A3
0.01 M tris buffered saline (TBS pH 7.410.05, Tris 0.05 M,
NaCl 0.15M, Lab Vision Corp, USA) &4l 3 A8 o
&, Ao A 3% Hy0,Z &-5-8 methanolo] 1037F A=)
1 2542 30 SAAT v Feld Weg A5
skl G4 AN o= 2087 H=FT F 5HH
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A]2F (PBS with carrier protein and 0.09% sodium azide).2. 2
2 X A)1Z) anti-caspase-3 (H-277; Santa Crus Biotechnology,
USA)ell AlollA 2X)7F A7), TBSG-f o2 545}
Aol =22 H-E biotinylated goat-anti rabbit immuno-
globulin (Vector Laboratories, USA)el] Ah&-ol| 2] 4027} &
A|A1Z] ¥, TBS $-Hoz £33 22 HHE avidin-
biotin-peroxidase complex (ABC kit, Vector Laboratories,
USA)dl| 4027 2H4-A17] ¥ TBS 402 A3} 3-
amino-9-ethylcarbazole (AEC kit; Vector Laboratories, USA)
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Fig. 1. Photomicrograph shows normal serous salivary gland with
negative stained to caspase-3 on the intercalated ductal cells in the
control group (immunolocalization of caspase-3, original magnifi-
cation X 200).

Fig. 2. Photomicrograph shows normal serous acinic cells and
intercalated ductal cells on the submandibular salivary gland in the
control group (H-E stain, original magnification x 200).

Fig. 3. Photomicrograph shows positive stained intercalated ductal
cells to caspase-3 at 3 days after 2 Gy irradiation (immunolocali-
zation of caspase-3, original magnification x 200).
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Fig. 4. Photomicrograph shows many condensing nuclei on the
acinic cells at 14 days after 2 Gy irradiation (H-E stain, original
magnification X 200).
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YA ZARMEO)| M2 HHA 22| caspase-3 LhE{QkA}

A z29] efYdz2] A= caspase-37} 79 W H X
okttt (Figs. 1, 2).

2.2 Gy BHAMZALZ

WA ZAL & 1Yl AN 2T FAE 2748 B
Rort, WM ZAL F 7o Ax MEIF BpEs mok
22 XMz SARE Aol HFHANL, Iz} 219
ol A=A 2| F4Hl A A =M E] 3
HAe FAF A} WA AL £ 390l caspase-37} =3
Az A FREG oM, A ZRAL F 1Y A0 B3|
HAF WA= 32 ZhAE 9l o) (Figs. 3-6).

Fig. 5. Photomicrograph shows destruction of ductal cells and
acini in part at 21 days after 2 Gy irradiation (immunolocalization
of caspase-3, original magnification X 200).

Fig. 6. Photomicrograph shows severe destruction of intercalated
ductal cells 28 days after 2 Gy irradiation (immunolocalization of
caspase-3, original magnification X 200).

3. 5Gy HHARMZTALR

WA 24T 5 1dRE AzMxs 2323 ooz
TR, YA ZAL F 4ol = A2Aze] & 5
23 g7 MZAze =HEe 3o Basd
WA AL & 1Y) caspase-37F =RA A HAEH Q)
o}k A} meka A A A 7)7kel] A w)eksk @)
WA E caspase-39] & #FY 4 3} (Figs. 7-9).

4.10 Gy HIAMMZEALR

SAMEAL F 1ol AZA L 3 5do], WAL AL

Fig. 7. Photomicrograph shows positive stained intercalated ductal
cells to caspase-3 at 1 day after 5 Gy irradiation (immunolocali-
zation of caspase-3, original magnification x 200).
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Fig. 8. Photomicrograph shows weakly positive stained ductal
cells to caspase-3 and aggregated stains in part within cytoplasm
at 14 days after 5 Gy irradiation (immunolocalization of caspase-3,
original magnification X 200).
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Fig. 9. Photomicrograph shows aggregated stains to caspase-3 in
part within cytoplasm at 28 days after 5 Gy irradiation (immuno-
localization of caspase-3, original magnification X 200).
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Fig. 10. Photomicrograph shows many condensing nuclei on the
acinic cells at 1 day after 10 Gy irradiation (H-E stain, original
magnification X 200).

F 4ol Az ze Az g2 9 gz &
A, AZA 2 3 =329 249l el #EHS)
3, B EA F 21dells =dA 2] JAE deotrA
28 Axz AsA SAH[GG A zA F 1
caspase-37} =RM ZAA] vl vlofatA] fAF g 0w, Al
& A 7)ol AA efg- A2 oFe] HAE caspase-37} &
A=) ele} (Figs. 10-12).

5. 15 Gy BHARM AR

AN EAL £ 1do] dxAzs =8z Ho) FF
HAx, Az gert BFsiA B en, Akl 2

Fig. 11. Photomicrograph shows positive stained vacuolized acinic
cells to caspase-3 and aggregated stains in part within cytoplasm at
14 days after 10 Gy irradiation (immunolocalization of caspase-3,
original magnification X 400).

Fig. 12. Photomicrograph shows severely destructed ductal cells
at 21 days after 10 Gy irradiation (immunolocalization of caspase-
3, original magnification X 200).

F 4ol Az 29} =@M 29 h3ibo) HAHGH
10 Gy At 223 FA3HA WAt 2AL 5 14
caspase-37} =JA| ZN A vl mefeiAl A Gl om, Al
# A 713k AA v AL oke] WA caspase-37h #
A=) g} e} (Figs. 13-16).
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Fig. 13. Photomicrograph shows many condensing nuclei on the
acinic cells at 1 day after 15 Gy irradiation (H-E stain, original
magnification X 200).

Fig. 14. Photomicrograph shows destruction of ductal cells at 14
days after 15 Gy irradiation (immunolocalization of caspase-3,
original magnification X 400).
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Fig. 15. Photomicrograph shows very weakly stained ductal cells
to caspase-3 and very few aggregated stains within cytoplasm at
28 days after 15 Gy irradiation (immunolocalization of caspase-3,
original magnification X 200).
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Fig. 16. Photomicrograph shows condensing nuclei and atropic
changes of acinic cells at 28 days after 15 Gy irradiation (H-E
stain, original magnification x 200).
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Caenorhabditis elegansell 4= cell death gene-3 (ced-3)7}, &
F5 B M ced-32] FFA2 ICES} nedd-2 geneo] AlA
8l Q] whul 23 & 4~ (cysteine protease) 2. ZH-8-3te] A A}
AME do 7ty W aElg ol &3], caspase= ced-39) &
A2A, GFubSolt AlEAEALe} HAHe] 2o A
H3she Aoz RuFT glEd,” 7R Al A
11742 2579 caspase’} WHEE HAoez odadAq 9]
o2 - _

MEAEA = A2 289 death receptor ol 28} |
3y AzAEabel nlEZeejol FAld o3 1y M=abd
A2 FEEH 13 A ZARE AR Fas (APO-1/CD95) o]
Fod8te] caspase 7)A| A Q] caspase-8¢] caspase EI}AH| <l
caspase-35 A AP o2 AzAEAES oy, II
3 N ZA= nlEZEeole 98] #u]¥ cytochrome ¢ 5
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o, 53], A7l eal Sjoeren 2F2NA vehie g
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ohieh TNF-osh 28 cytokineo] Hefsh 18 A 2xhd
AFe) ofAHE Bl !+

o8} ZFo] caspase-3f A EAHAL AN e Fo
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2 3kglem, Simons} Almeida®3= caspase-37} AFgA|
A AzAEate] 7] A4 4 gobm R g wp
1.
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= T 95t el Bu|75e] o]AHE 2 st
22 8A 2,5, 10, 15Gy2] FpAHE WA F7 5o
z4zh 13] WA zAabslgl om, uhabAde) ®1Ze A=
s} HpAAdel A o] gle AR ER FAFH Qe ©
e B Se

WA ALY 28 et dzA]e] st A A
Axe] A& B A5 LA, AR

fle ale

_>i0-.-lr

4

A
& Er
< WAt
vk A
7

o
©
Elay

3
At Al ZRE AL o6, e os Qo
A WS WA Alzabel os] s
deiA] ok® wabAel] o8t el Mzze) & of
slol, Stephens 52 4=0]9] oa}Adel] 2.5-15Gye] H
AHdE 18] A1 A 2E Al gd3ke-g %
3 gl FA &Ate] 24417 ool deykon 2.
Gy £+ 5Gyd AR zAM 6= Al 2] WA=
A7} 7.5-15 Gy Az Aol B E Hxo] HAte) &

r&
BN
)
Lo
pe
N
o2
oo
.
=
a2
3
o4,
e
)
)
f
o
)
orf ot v Lo o
u

Eml"—iof_,

#H\E

A AdA e FEE WAel AT ). =&
Paardekooper "2 WA 2] o]t} ofslAlel] 1-25Gy<)
WA S 13] 2AREE Ad), 25 Adgoa] g2u o]
el 2 el 2-3%2] M ZAGAZ} A E o] yehgond,
12.5Gy¢} 15Gy?] mAgollre A 2] H-g3 A
AxAzel Pest 27 37 BAHYSR T B
uh gl

B dTelME AxA 2z =34 29 557} 2Gy HAL
AzARzel M A zAL 21900, 5, 10Gy 215Gy
WA 2ARZ A BRI RAL 3 146 Yehtr] A=}
sted, Al Al o] Aol wpel Mzl gjf iz 37
7t AR E S wEtA A 7R dARA e o3t Al zapd
Abe] &g 71 s weA v glet, 2 A
AME AEY A 7|7 AX GFAEY Af2 AR
gol WM zALe) o8] Al ZAIEALL EHSS Fal
g U =3 B ATl Alzagabe) s3]z
caspase-32] W o] 2 Gy WA EARZME AR AL
3 390, 5Gy WA FARZA N E WA 2AL F 190
E=RA el A v wA A HaAEe] dREe] v}
Al Al ZAEAZL obslAde] A BRA Eoll A A=
TH= Paardekooper 5°9] M ws} exstgdct 2 M=
FFell w2 AZADALY BAEY Aole F3] um|Fdt
Aoz AZEM, o}F ML ok A=z Aozt el
9] 272 ATz 2 B Az &AL v
Aol &3t el Ao BhA 91&E shx e AR 7157
29 flle] @ 4 3l& Aoz AAEc

T, Mkl w2 WARNSL AZADA ] st
Stephen 57772 4o0]9] efY & o] 48 AN 5Gy
o WAl zAF T o] ojife] AY z7d Jehgew,
Mz ALY A ES PAMIE ZABEA] e A S
£ 15%, 10Gy9] W& 2ARE 7ol = 40%, 15Gy9)
WA S ZARE Z$ollE 55%2 ZrhHe] A% o=
€ BAv3 ek 28y} Peter 5702 WA Bl G o]
43 dFelA 15Gye] WA EAL F 3-4%2) oAt
ojE Bl A oEAL #AFA ¢erly sty Li
%.” Shinohara 5= el 225} §ALSE B|ZAA Alx
2 o|Feizl wiA Hpezxzle 3)E7) w4 Z (oligodendro-
cytes)&} ¥ BFA| Z (corpus callosum cells)E 7+zF o L3}e]
Al zApdALe] B Fo] BF 3%olsicty Buslyeth 3
< Te AFedM e wAEe] WA RAA] Al 2ApE AL
7b Ha FUkske Aoz 2aud3 9vd, Olive Y&
TKs M ZE ol 43 ATolA WAL S =Abe}A] ¢3-S 7
ol HlEzAPEAbT HAEA ggtoy, F4AEE XA
8] F7HA FpAEe] 15Gyd =E2E%E © 100%<]
A ZAEALe] B Eo] FEF T shgde

2 A7l dzAZeMY &) 2P Abe] 2Gye} 5
Gy WMl AR M e 149 3o, 10 Gy} 15 Gy 9habA
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HEARM ZEARMERO|| IR B8A 2ot caspase-3 Wity
ZARZAIME 19 Fol] FEF G oo, caspase-32] 13
2 Gy WM A 2o M= v A 24 3 396, 5, 10Gy
15 Gy WA A A AR 3 1] ez
Zof] Aubd oz AtAFe] Yehtr] Aztsle] AF A 7
Zholl ZAA "H—"r A2 ko] WAIY caspase-37} #HEE o
Aol w Feld AsdA e #FAE 5 oo 2y
= ‘E—?Eﬁr:: WA A el 2Gys] S =AM 7
< WA EAL F 24417 ool M EAPEALS] LA Fol
g7} 9 B8 Paardekooper £°0] JFZA 7=
”°13}9i‘=} ol Q79 A$ #AVIE WA AL
19 FRE|2 Asg7] @&l AZADAL Hd FAE
A3 BAs7|7) o= $l7] HEQ ez AleFe.
o)A o] B AFolME wAMAG 23t etz
9] &Ale =3z M| 27} caspase-32] °38FS ol 2Gy
¢} 5Gy Ax9] wwA AAzdA MEALALY] HAHE
AAH, 10Gy<}t 15 Gyl A2} etz o] A2 A=A}
Ao HAbA Y] Ay s A AL 23 A
27} dod Aoz FA & 4 A 2 HA
AAZ dARAG] gt AEZapEALe] BAZ AL BT
2ot oz}, ARGl 98t 2] o] Whg-2 wpAbd 2A} vb
W A AP5Ee] 9 93, Az FAF 23 A
=, Az YA 27 Foll wet Aelstnz, gFede
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