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The Effects of Diltiazem and Pentoxifylline on Apoptosis of
Irradiated Rat Salivary Gland

Kwang Mo Yang M.D. and Hyun Suk Suh M.D.

Department of Radiation Oncology. Inje University Sanggye Paik Hospital, Seoul, Korea

Purpose - Xerostomia is a complication met by almost all patients who have
radiotherapy for cancers of head and neck. Many studies for prevention of
xerostomia will be necessary. Radiation-induced acute response of salivary
glands has been defined as interphase death or apoptosis. Increased intra-
cellular calcium level have an important role in radiation-induced apoptosis.
Calcium channel blocker may prevent radiation-induced apoptosis of salivary
glands. This study was designed to evaluate the effectiveness of diltiazem
known as calcium channel blocker and pentoxifylline with inhibition of
inflammatory response on the apoptosis as an acute response of radiation
in rat salivary glands.

Materijals_and Methods : Sprague-Dawley rats with about body weight 200-
250 g were divided into 5 study groups : control, radiation alone, diltiazem
with radiation, pentoxifylline with radiation, and diltiazem and pentoxifylline
with radiation. The diltiazem and pentoxifylline were injected intraperitoneally
20 mg/kg and 50 mg/kg, 30 and 20 mimute before irradiation, respectively.
Irradiation was given with a 4 MV linear accelerator. The 1600 cGy of
radiation was delivered in a single fraction through a single anterior portal
encompassing the entire neck. After 24 h of irradiation, rats were sacrificed
and parotid and submandibular glands were removed and stained with
hematoxylin and eosin. The quantification of apoptosis was performed by
microscopic examination of stained tissue sections at a magnification of
200X and the percentage of apoptotic cell was calculated.

BResults : In parotid glands, the percentage of apoptosis by radiation alone,
diltiazem with radiation, pentoxifylline with radiation, and diltiazem and pen-
toxifylline with radiation were 1.72% (8.35/486), 0.64% (2.9/453), 0.23%
(1.2/516), and 0.28% (1.1/399), respectively. The apoptosis was markedly
reduced in the groups receiving drugs compared with groups receivinge,
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radiation alone (p<0.05). In serous cell of submandibular glands, the per-
centages of apoptosis of radiation alone, diltiazem with radiation, pentoxi-
fylline with radiation, and diltiazem and pentoxifylline with radiation were
1.94% (11/567), 0.34% (1.9/554), 0.28% (1.8/637), and 0.22% (1.3/
601), respectively. In the mucus cell of submandibular glands, the percen-
tages of apoptosis were 0.92% (5.1/552), 0.41% (2.5/612), 0.29% (1.3/
455), and 0.18% (1.0/562), respectively. The apoptosis was markedly
reduced in the serous glands (p<0.05), but there was no difference in
development of apoptosis in each group of mucus gland.
Conclusion - These results suggest that radiation-induced apoptosis of
serous cells of salivary glands may be decreased by diltiazem and pento-
xifylline administration.

Key Words - Salivary gland, Radiation-induced apoptosis, Diltiazem. Pento-
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Table 1. Incidence of Apoptotic Body in
Parotid Glands

AT % p-value
Control 0.3 /509 0.06
RT 8.35/486 1.72
RT+D 2.9 /453 0.64 <0.05"
RT+P 1.2 /516 0.23 <0.05%
RT+D+P 1.1 /399 0.28 <0.05%

RT : Radiation, D : Diltiazem, P : Pentoxifylline
AT :No. of apoptotic body / Total No. of cells.
p-value : " RT vs RT+D, 2 RT vs RT+P,

9 RT vs RT+D+P
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Fig. 1. Sections of parotid gland
N-PA : Normal serous parotid gland, RT : Irradiated parotid gland,
D : Diltiazem administrated parotid gland,

P : Pentoxifylline administrated parotid” gland
(» : apoptotic body).

Table 2. Incidence of Apoptotic Body in Sub-
mandibular Glands(serous glands)

AT % p-value
Control 0.3/509 0.06
RT 11/567 1.94 <0.05"
RT+D 1.9/554 0.34 <0.05?
RT+P 1.8/637 028 <0.05Y
RT+D+P 1.3/601 0.22

RT : Radiation, D : Diltiazem, P : Pentoxifylline
AT : No. of apoptotic body / Total No. of cells.
p-value : " | RT vs RT+D, 2 RT vs RT+P,

¥ BT vs RT+D+P

Ax FAle] FFH FAGC] IA FAZANA EA
Heog ovu A apoptotic bodye oA ¥lws} 7
28-S BHUHp<0.05). 28 A FoT 7Y H)
AAME BAHCE o3l AolE Holx] gt
E3] ditiazem3} pentoxifylined] W3 EoJZoA
apoptotic body?] A ®BIZ7} A @toy SAF
¢ xpol7t figich s AAA MEoA WA
ZA} @5 ditiazem, pentoxifyline @& &
diltiazem3} pentoxifyline®) B T TN AmA
Aot #ZE HE A AEY = 7 FoA
552, 612, 455, 5627042 HF apoptotic body9)
T 4 TAA 5.1, 25, 1.3, 1.0/092 apoptosis

Table 3. Incidence of Apoptotic body in Sub-
mandibular Glands(mucus glands)

AT % p-value
Control 0.3/616 0.05
RT 5.1/552 0.92
RT+D 25/612 0.41 <0.05"
RT+P 1.3/455 029 <0.052
RTD4P 1.0/562 0.18 <0.05°

RT : Radiation, D : Diltiazem, P : Pentoxifylline
AT : No. of apoptotic body / Total No. of cells.
p-value : RT vs RT+D, 2 ) RT vs RT+P,

¥ RT vs RT+D+P

Wrge ztzt 0.92%, 041%, 0.29%, 0.18%%ith
(Table 3). FAAZAL GE57F3 oAl FoJF9 vl
oA} apoptotic bodys] I W= FAZLE 99
AE BAE Bolx goirh e FAMz HY
A AZTA HAMRARAL gEFe] FS 7 AEA
apoptotic bodye] TA-& HulF Aletd HF ZZ
11708} 5.170, apoptosis BE&L ZHZ 1.94%, 0.92
%Z FAA AL apoptotic bodyZt Bo| LA}
dov A3 Aole g tHTable 2, 3).
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E =
817 Q| HIAMMZEAIAl ApoptosisOil CHE!
Diltiazem2} Pentoxifylline? &1}

el

AANGw o)t PAPIFF L

] F: 537 WA A B AS dREY @XM 7 A2F5E FA €@k 9
o} e 77 AZTS Y AES) 244 93 Fo) AAHA FAY HA ARHA QE
ojtk. A ME7L FAMA Al & A4HE 71de IJ4 AXe /AMHinterphase
death)Z-& apoptosisol] &% 23y &4e) o8 4R Aol 7 7153 JE 71Aes
a4 gl apoptosist AEUY ZaExe VIR Q3 dejdd gEix B dF: E
7 g2 AARANA BEER ADAQ ditiazem TAPAY FAANL FESTAX
W ZEFEE Ba2AE F e pentoxifylineS PAARAL Ao Fosto] apoptosis 2R
ol Z&HE A& dolrnx ek

CHAF Q! W - A5 oF 200-250g9] #A 10vHE]lE didez d&F, WAHIZRA 4533
A 24 ditiezem E-2- pemtoxifylined BT F oBE A FYTLE URAC
WAL ZAe IS X3S T3P 1600cGyE 9 2AEta ditiazeme F9 AF
kg 3 30mgs WAMAZA} 308A, pentoxifylinee HY AF kg B 50mge WARIZA} 20
Ao B B3t SARAL F 244306 AE AN A ojFtaF osidE AA
o] hematoxylin-eosin @A & F 200u12) W&olN FANE 102028 AYste A
Aok AA AET)o] 3t apoptotic body2] =(A)9) WE-&(ATX100)& T3t 2z}
< v 2Pt

2 1} : o]3lAol A HAMEATE ditiazem, pentoxifyline B= o7 FA FA R
oA FEY apoptosis WEES Z7h 1.72%(8.35/486), 0.64%(2.9/453), 0.23%(1.2/516),
0.28%(1.1/399) 0] At} WA zAL GEpo] ula] <kxl FTFA apoptotic bodyd] ¥WEE
AR on3lE FAE BATHp<0.05). 43R FRY AXGAM PARNZRAIRETR,
ditiazem, pentoxifyline ©% Fou F ofAe] ¥d Fol oA #ZH apoptosis HE

ol
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& Z17F 1.94%(11/567), 0.34%(1.9/554), 0.28%(1.8/637), 0.22%(1.3/601)e11a WAL ZAL
9= vF Al FoToA apoptotic body?] WMEE FAZHCE 9nl e TAE B
thHp<0.05). AN A ZTAA apoptosis WMEES zF FgA 0.92%(5.1/552), 0.41%(2.5/ 612),
0.29%(1.3/455), 0.18%(1.0/562)Qtt. HWALAZA} @E7o] vl A FolFe4l apoptotic
bodyd] 4 NEE SAZHCE on| gl AolE Hojx]| stk ofFtHe] FAAdT YA
AEAA AN GE FolFe] A9 apoptotic body A WEEL 247t 1.94% (11/567)2
0.92%(5.1/552) 24 % M EZtell apoptotic body? Al EAHQ o]zt fAlich olshdh
obsld BFeA okAl To] FEZHY apoptotic body BAL EAFHLE v e o7t f
QI 53] oAl BY FoFo] gd oA FHF Y & apoptotic body ZTAWNEE B
olm glort EAHeR 9u g& Aol YU

d B8 d7 ZA2 HAde dpd zAblA gy AZelM BAYHE apoptosisT
pentoxifyline -2 diltiazem ] Folo] o3 aH oz FiHE o] JAHYH waky F
F olE okAld] <3 apoptosis?) ZAvt A4l wARSE FFE wAEA R 4T
7} o]§o] AHokzlth
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