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9lar AE g o 377} AE E(anisocytosis & anisonu-
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3} @9 oh¥ell 9 apoptosis7} IHAEG o AEAY FE
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tzz) vz & fAE 3 AlEAWS FEFHA
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AZAY FEF HuEge AdzA d5TedA
= 0448 (82.8/184.5), WA ZASE PTX Fold-2 0.158
(38.8/245.4), WA ZAS) DTZ BoTF-& 0444 (96.8/217.8),
aga WA ZASE DTZ, PTX WehFolyd 0144 (254/
175.6)% Roj FickTable 1). TAARY A=l A WAL=
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of WA ZA ETH H2A] BAECE fo8 AolE
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2. WARMZEAL 165

2

dzFeldl elidel ANTEt SASD g AT

75 2 o drt wad dAsigich AEA deld %
22 FEHAo] HlthFg. 2A).

HAAZA EFellA kA (multifocal) 9] Auprzo)
A% 8 As FAE Hfo] AAEY HellE F

SES 4437t Yoln A9 A3 G 2 Dol
dolal gigtek 107l vls) ATz 0%, A9 5
Z

ZHE AEAN FEPAL 1057 wllde =253 7

| Fig. 1. Photomicrographs of rat salivary

glands 10 weeks after irradiation.

A) Control group shows well preserved
acinar structure with uniform size
and shape of the cells (H&E, x200).

B) Radiation only group reveals frequent

vacuolations of acinar cells with ani-

socytosis and anisonucleosis(H&E, X

200).

C) Radiation with pentoxifylline group

reveals nuclear pleomorphism and

apoptosis with minimal degree of
cytoplasmic vacuolations(H&E, x200).
D) Radiation with diltiazem group shows

' uniform acinar structure with many

small cytoplasmic vacuolations(H&E,

%200).

E) Radiation with both pentoxifylline and

’ diliazem group shows anisocytosis

and nuclear pleomorphism with rare

cytoplasmic vacuolations(H&E, *200).

434U BYSUHFg 28). FAAZAS} PTX FolF
& NN A parenchymal cel)®) 7t AH3He
A9l G3m 10523} ulzste] BT ZHETE Hol
o ATAN FEYY AEE 10575 SA5ekFe 20,
WANZAS DIZ Solge ATAN 277t e ehee]
TP Bgiom 1 o9 2AL 103F% AT
(Fig. 2D). WAAZAS PIXS} DIZ HAFATE 4 Al
9] $E4T el wg Aol BANYT, ATAN
BEYHE 10723 §4515100 K5 apoptotic body7t B
Fsi5irhEg 25),
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Fig. 2. Photomicrographs of rat salivary

glands 16 weeks after irradiation.

A) Centrol group shows relatively well
preserved acinar structure, moderate
cellular polymorphism and few small
vacuolations (H&E, x200).

B) Radiation only group reveals slightly
lesser degree of cytoplasmic vacuola-
tions compared to that of the 10th
week group (H&E, x200).

C) Radiation with pentoxifylline group
reveals similar findings to those of
the 10th week group except the re-
solution of interstitial inflammatory

- changes (H&E, x200).

D) Radiation with diltiazem group still
shows acinar cells with many small
sized vacuolations (H&E, x200).

E) Radiation with both pentoxifylline and
diltiazem group shows anisocytosis
and nuclear pleomorphism with few
cytoplasmic vacuolations (H&E, x200).

Table 1. Proportion of Vacuolated Cells of Salivary Glands among Each Experimental Groups

10 weeks 16 weeks
Post RT % of i % of 1
vacuolated cells p value vacuolated cells p value
RT alone 0.448 (82.8/184.5) 023 (32.6/140)
RT+PTX 0.158 (38.8/245.4) 0.001 0.123 (35.8/292) 0.001
RT+DTZ 0.444 (96.8/217.8) >0.05 0.521 (96.2/184.5) >0.05
RT+PTX+DTZ 0.144 (25.4/175.6) 0.001 0.144 (26.9/187.4) 0.001

RT:irradiation, PTX : pentoxifylline, DTZ : diltiazem
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£ 023326/140), A=A PTX FolF2 0.123(35.8
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DTZ Sol#2] Bl Aol Pgo]l >0058 Ho] {23
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ook g AE

—

FAR BYol] BAMZAE s $ASL Yidoz U
ARZA R Foll TAAzZE =rA FHEd? ole e
Ao Bl zAolell T o] ellA ] Fl5o] AstE7] of
Folch. elalo] WAAG] wEH el ofo] Zaziel A
=7b EZobAAl s pH A, PAZH 9 secretory anti-
bodies®] FEAG} Fol Furlcka bt B0 ghole] gt
o] Wish uzhuls), sshael, 9 FrhH $14e] oksislol
T g A FX|, 2 Bx] Al slebEe] A
AL A 5 Yok mEkA Az el F
ARerel 4B} olFoiF e AT FHlEE 77
g0z Q] A= 3 Eo] ZoAa 4] Aol Ay
=2 gide) 715RES ais Fasidn & F ok
el whbAzA] oigt vk FAE gEA
on o5 whl sl Aes elx YA @b o
WiHe g zzlo] WAAZA HHSHHE A7) (radioresponsive
ness) & AAAE 22 AlES] FA|(umoven) £EQ AL
2 e Yok wtebd) Bt Aubacin)st Zo] SAHEY
A Z(mitotic activity)7} 2 oiE-E9] MEEL WALAZRA
Al vl2A EA dhge] Uehd AeF FAEI 9lont ¢
AollAe etds] BAdzA F o] FHez et
3 Qe FAl ehAe) Aol B SR o zE WA
Aol AW AAAEE A ADBacinanNES] w27,
g9 Jlsul zdRE 2P PAdzA F
Btz o] 7 A4e} vlEo] apoptosis7h Tzl wld el
o] Zrlsle diol FA=lo] el wMAANEZo] apo
ptosisol] 2J3F AoE Az7sy])E gk 2 AFAEE F
olstAs] AuAIES AEZS|7} oF 4099 Ao Bop ¥
A zA Fof] Als= FAET] AlIE 717)(interphase) 2

X (lethal) £4ol] 93k Aolal Fgfect>

epolale] HhARAol digh Mhe-e FAo| L A A (transient)
oz VRt 4 glont MAAKE We 2 WAk v
AAL d7H J)sRAZ oo}l 4 k> P g
o FA ubAAISel Uiyt ATE ol Hasglod WA
AzAEe) uawstel] 3 ATE F YHA A gtk
22 oz A 24 Gyl 72 Gyl EEuAdzAE
ARG E 55 A7 Wsle] B Az ANZA FY FE
B Azto] Aol wel Wity £Ao AuAES) €
o By, 70 A9t ATAY TEJHo| Falo|
Zrpgcks dhgik? o] & ATAW TIPS FEA} A
DA ATt D 4 Ue AeE A7Egen vl B
AFAE Ty MALHe] AES AT U TEYA
WEgE 2geH =k

PTXS chokdt Qaslags] Mgz Q4o 226z
o 9k PTXE AZUS] ATPSH cAMPY] 52 Z7HAA
AEete] §AAE ST AT UeAE 2, 3DPG
EEE A LY ALANEE FaAA 2
AEFS ZAAA Fo3 P wg AYER WIAE
oA prostacycline®] Hu|E EAlslo] Wakg BaAy|T, &
ABEAL AL BALAE TANNE TS WE
et olol] wizt PIXS MAHNZA T 22| YFSS 8
BAA Zo] WAL WAMAE o= AT FAAA F
% 9le AeE Az T glk olgelE PTXS H3ld &
2¢ 2 o) TNF A4S 7AA71T TNES} interleukin-19] =
2 %o HYTF WA AEZA (granulocyte-mediated cyto-
toxicity)& ISt HAA & cytokine WA T4 Al
FTEAL AT RE PP Tl PTXO] wH 33
o) Aol apoptosis A4S HAAATE BIE Jhos’
olg} Ze SAR AT} BpAAE LR B AT
o= Qiet? ubdel] YR HuellAE PTXo| poly (ADP-
ribose) polymeraseS Als}o] apoptosisE 23le] FZFAIZIch
E Ba% 9ok PIXe] A ey dAEge Iy
o4 AN Y=HT Yo’ BAME o & o
FE o]2olAA gt B AxAselA ey wAdz
A 10~16% Foll T BAAEESolE} & F Y AEA
W) ZIF47) PIX 5o & ojn] QA A" A BojFol
PTXo] EFAMOAE Wy ubA<S AR & ek
Ag BolZgr} 10 F ARFS YHANAE apoptosis7h E
B Lejo|colld BRIAE slgdor} ot FA WA
202 AR ¥ AL Zateldrk

DIZe AETatolld AHESE Auksle] AZ W 4%
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— Abstract

Modification of Late Radiation Response of
Rat Salivary Glands by Pentoxifylline and Diltiazem

Hyun Suk Suh, M.D.", Kwang Mo Yang, M.D.", and Yun Kyung Kang, M.D."

“Departments of Radiation Oncology and TAnatomical Pathology, College of Medicine
Inje University, Sanggye Paik Hospital, Seoul, Korea

Purpose : To elucidate the effects of pentoxifylline and diltiazem on the late response of the salivary
glands of the rat after irradiation.

Materials and Methods : Sixteen Sprague-Dawley rats were divided into 4 groups: (a) irradiation alone
(b) irradiation with pentixifylline (PTX) (c) irradiation with diltiazem (DTZ) (d) irradiation with both PTX
and DTZ. Irradiation was given in a single fraction of 16 Gy using 4 MV photon energy through an
anterior port encompassing the left side of the salivary gland leaving the right side of salivary gland
as a contol. PTX, 20 mg/kg andfor DTZ, 50 mg/kg were infused intraperitoneally before irradiation.
Two rats from each group were sacrificed on the 10th week and the rest was sacrificed on the 16th
week after irradiation. Histopathologic examinations were undertaken for each section and the pro-
portion of vacuolated cells out of the total number of cells under light microscopic fields was cal-
culated. The statistical significance in the difference of the proportion of the vacuolated cells among
the experimental groups was evaluated by a x*-test.

Results : Irradiated salivary glands of the 10th week group revealed markedly increased number of
vacuolated cells compared to those of unirradiated control. The proportion of vacuolated celis was
significantly reduced in both the PTX group (p value=0.001) and the combined PTX and DTX group
compared to those of irradiation alone group. The DTZ alone group did not reveal the significant
reduction of vacuolated cells compared to those of irradiation alone group (p value, >0.05). The 16th
week groups revealed similar findings to those of the 10th week group, but the degree of chronic
inflammatory cell infiltrates and interstitial fibrosis was increased and the number of acinar cells was
reduced compared to those of the 10th week group.

Conclusions : PTX significantly reduced the late radiation response of salivary glands, but DTZ did
not reduce the same degree as PTX did. Taking the positive results of this study into consideration, it
seems reasonable to apply PTX into the clinical trial for the head and neck irradiation to reduce the
late radiation sequelae of salivary glands in the near future. At the same time the further experiment
to clarify the subcellular mechanisms involved in PTX should be preceded.

Key Words : Salivary Glands, Pentoxifylline, Diltiazem, Irradiation, Late radiation response
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