HiigSsk J. Jpn. Soc. Ther. Radiol. Oncol 2: 65-71, 1990

BEaRSY  BRMECHITDIEI 7S VF U OEE
S2H f#*1, K 1%, Chang W. Song*®, HIFF B(E*

EFFECT OF CEPHARANTHIN ON THERMOSENSITIVITY
AND THERMOTOLERANCE

Mitsunobu UpA*', Kiyoshi AKAGI*!, Chang W. SONG*?
and Yoshimasa TANAKA*!

(Received 21 August 1989, accepted 15 December 1989)

Abstract Tt is a well-known fact that sublethal heating of celis results in development of
transient and non-heritable resistance to subsequent heating. This phenomenon is called
thermotolerance. The exact mechanism of its induction or its development is not yet
understood. Identifying the inhibitors of thermotolerance induction or thermotolerance
development may be helpful in delineating the mechanism of thermotolerance, and the
clinical use of hyperthermia. Cepharanthin, a membrane active drug, was tested in the
present study. At a concentration of 10 xg/m/, this drug caused slight change in the slope
of the survival curve (Do) of SCK cells heated one time at 44°C. The presence of this drug
during heat conditioning (Ist heating) or in the interval between the 1st and 2nd heating
had little effect on the response of cells to the 2nd heating. On the other hand, the presence
of cepharanthin during the 2nd heating significantly reduced the Do of cell survival for the
2nd heating (Do=28.5 min). Cepharanthin at a dose of 5 xg/m/ also enhanced the cell
killing effect of the 2nd heating of thermotolerant SCK cells, when it was administered
during the 2nd heating (Do=46.8 min). Low extra cellular pH (pHe=6.6) during the 2nd
heating reduced the Do of cell survival of thermotolerant cells (Do=45.8 min). Cephar-
anthin at a dose of 5 yg/m/, added during the 2nd heating in low pHe, significantly
enhanced the cell killing effect of the 2nd heating (Do=29.4 min).
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Fig. 1. The structure of cepharanthine.
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Cytotoxicity of cepharanthin on SCK cells.
Cells were incubated at 37°C for 2 hrs. with
cepharanthin (5 ug/m/ or 10 zg/m/)in
pHe 7.4. After treatment, cells were cul-
tured and colonies were counted.
P.E.=0.85

Mean+S. E. of 5 experiments are shown.

Fig. 2.



RENR E DIEH

(A) SCK Cells (pH7.4)
100 PR g
= C
2 o
> -
5
a L
X © without Cepharanthin
® with Cepharanthin (10xg/nf)
10+
1 1 ] ai
0 30 60 90 120
Duration of Heating (min.) at 41C
B) SCK Cells (pH 7.0
100
[ s N
> o~ o TTmmeell
2 -
5
[42]
X
© without Cepharanthin
@ with Cepharanthin(10xg/mé)
10 I I I 1
0 30 60 90 120
Duration of Heating (min.) at 42
© SCK Cells (PH7.0)
100 ks~
_ \\~n
]
2
£ 10
(2]
R
o without Cepharanthin
. @ with Cepharanthin (10xg/mt)
1 [ 1 1 ] 1
0 30 60 90 120
Duration of Heating (min.) at 43C
T o—DARTEHEARL Lo RRE T VA

INNRAF VY b« ¥/ —NVBRTEERE
L. &EFDHERIu=—%E2HAnT, &
HERihiE» 5 Do B2 RO BERZMN, BEW
HEADEEBIZOWTHRIL 72,

67
(D, E) SCK Cells (pH 7.4) SCK Cels (oH1.)
100
10
1 i
b
g
- without
c © Cepharanthin
3
)}
R o with
Cepharantin
10se/at
0.01 B
0.00t -
at 44¢C at 45T
1 - 1 1 1 1 1 11
0 15 30 45 60 75 90 0 1020 30 40
Duration of Heating (min.)
Fig.3. Effect of cepharanthin(l0 gg/m/)on the
~ response of SCK cells to a single heating at
41(A), 42(B), 43(C), 44(D)and 45°C (E)
in pHe 7.4 environment. Cells were heated
for varying lengths of time and
clonogenecity was determined. The curves
were based on 5 individual experimental
points. Bars: S. E.
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Effect of cepharanthin (10 xg/m/) on ther-
motolerance. Mean+ 8. E. of 5 experiments
are shown.

(O : Thermotolerance was induced by incu-
bation for 5 hrs. at 37°C after Ist
heating at 43°C 30 min.

@ : Cepharanthin was added only during
Ist heating at 43°C for 30 min. The
cells were washed and incubated 5 hrs.
at 37°C before 2nd heating.

A : The cells were incubated with cephar-
anthin in pHe 7.4 during interval
period. The cells were washed and
then reheated at 44°C in pHe 7.4.

B : Addition of drug was performed
immediately before test heating.

Fig. 4.
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Fig. 5. Hyperthermic cell survival curve of ther-

motolerant cells heated at 44°C in pHe 7.4
with cepharanthin(5 zg/m/). An average
of 5 experiments with S. E. are shown.
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Effect of cepharanthin(5 zg/m/)on the
response of thermotolerant SCK cells to
the 2nd heating in pHe 6.6. Addition of the
drug and control of pHe was performed
immediately before 2nd heating. Bars: S. E.

Fig. 6.

2) X777 ORESE: BERDTORKE
B 5 ug/mi, 10 yg/ml TOBBAMEADEE %
Pz, HERHE 2nd heating (pHe=7.4) K§
TiTo %, Sug/ml BETH Fig SOATRT
X3 Doss468 53, 77T T ERE
LWIEE D Do (97.54) L H# LT/ &L
D, BB R EE L7 SCK Milgizxd LT,
44°C2 RIMBCREFER 2B €,

3) pH OFE: \EMME S ES L - L
T 44°C O 2 RIMR T D EFER G X pHe (il
fa 4t pH) =7.4 D 3FE T Do # 97.5 43, pHe=
6.6 DS 4583 TH -7 Fig. 6 DATRT &
I 7y 7 I rEERELEWES (Fig 6
DA) Do 132945 E/N&8 LD, low
pHe DEBETTb 77 5V F v RIBEN %
R L7 SCK MifE D 2 N icxd 4 2 £%7
EEB SR,

z B

—E BTN 2 IREMLE % 52 1) TR - A
BROBSHME K LT, —BMcERE 2R
T, 2 QR OBREITHEILEYHNR I 8
LTHOGN, VANV THRIRT S 2 EH4H
SNTn5, BRETMEES - BROA L =X A
WEH & 2 Thewds, REAMHE 2 BT 2HTFIC
DWTIRELZ DIFENDH B, 1 Dt Heat Shock
Proteins (HSPs) (ZBE:E U T, IBEVHE DR &
& 27’8, DNA, RNA Q&R OERRH
B BT 2 ®ETHD Y, b5 1D, M
JEBE pHS -0, KUY T 29, Fahf 9,
D,0"% i IR /ER T2 EZL 605 D
DDV TOHETH 5.

Henle ¥ Leeper BEHAKEZERITH 5 4
4 7u~FH¥< 4 PHREEOFE R Z,
—7Jj, DNA « RNA &BHEA] iR B D
HERHEIEL oz HEL T WS, Landry
5 —) AFFEHBC BT A Zu~Fy
¥4 FTEHOESHZ2I % TH R HE
TAHIELERLEY, KESEZYA Z7o~Fy
<A N OB EFRIREIEZ R IR o=
BHB I ERRLI, BERHEDHIR & Heat
Shock Proteins D& AR DR EHHHER T 5
1213 Z L 5, HSPs 2SBEAMMEHRIRIZEDH 5 1
DOERTH 2 LT 2HENE WA, BN
FHIBOD A B =Xt HSPs OREIC D W T I3
EOLIBHLLTER,

Yatvin & &, BEOHIEBGEOBEADERIZ
MEEOREMEOEILTH B & L, Gerner &
BARNVE YR EDRY 7 2 45 CHO fifam
BREZMERD, ZOMRIMBEEO VLT
ERT 3 L 2BELTLDEW,

Konings i3HEFEfE /B L TRATREEE DE
HEFRBT 570k 4 v HhNRETHOEE % H
T3 EH|ELTLEY, BENHEOMBIEI
R TE DT, BEUEISHEOZER
HeNat/KHR >y 7OEEEELE ¥, F
wEVDH VR OSBRI R OEAAL LT
WitEEOEERAEVWEEZ OGNS, BEdrs
Ve & DS % A L CIBENR I OS5 H -



70 STH S A

G - FEEHIL T 2R H 5,

&, bhbhid SCK Hifg: v, 41-45°C
iR & S EINR I X A REWEADE T 7 T >
FrOBECOVTRE L., ¥7 7570 F >
&, =% %Y F 7Y (Stephania cepharanth-
ahayata minispermaceae) %> 5, Bl iz
7 WvA a4 F (Bisbenzylisoquinoline Alka-
loids) TH 5. MR fERA L TZ DMz Ef
KIREST 574 A7 7F YN EFEEL,
RN HEBNRHE ORRRE R b DIREHE OF
HEEET 5% EOHELH 52, 4E SCK M
FITC ORI T, 41-44°C DRETIR L7 7 5

vFrEHEET 5 LT SCK Mifan iR

HERET 20, 45°C TONMBRTIEX 775>
FURLABBERETED oot IO
R & 45°C TRIBRFBE R ORMETEIR
41, 42, 43, 44°C THRTHFeKEW Dz,
Ty I rF L BMEBENED S
tEzoh3,

Fig. 4 iZRAME N T2 7770 F >0
BE L7 OREEY» OB LR E TS,
WREBHEIMOEFERMR (Do=97.54) ITtbB L
T, ¥777>F 10 ug/ml % lst heating KF
KBE L1580 ERFRMED Do 13 60.6 5>
interval time OIS L 72 L & D Do 13 64.6
FEEBELRERPRDT -, L L 2nd heat-
ing (pHe=7.4)RRIzi 5 L 7235 & DA GFRER
D Do iX2854ThHY, 775 vF v idiB#
i % 1S U 7o MR R/ L T 44°C @ 2 IRIMIE
TEFEREFALIE, 20X k775>
¥ RERMEOTEH « EHIFHIEL 2o 7
03, BB S L IR B W T 44C D
BOMBEBIERIR =@ LT, LdL, 4CO
BMIRRCY 7 7 7 > F v BB IREE RS
RERLTWBOT, REm M2 S L Mk
ZLRIMRL ROEFELFLSETH, &
TLbE7 770 FUPHY - BEIN-ERE
MtEDFIREZHIE L7 E 3R TE 2, Ly
L, ZORBIZDODWLTUTORREMRSEZ o h
5. O 1 &Nk L 2 DH%RO 37°C TOREEOH
S hOMELBESE SN (REARHOFE),
CNHNRBI L CRHERCE itk il

Bt FIR T 5, BEGIME I—EETH 5D
RZOWEIRE EHIcHEI NI L EL
B3, | IRITRE ZDHBO 37°C TOREOR
WELESH 2 RINERCHEOBRED T 25
BEMEOIERREE 7 7 o F o nHEIEL
TWBARMEL D 2, @t 7 7 7 v F v MBS
DR RICHEES %, HEESTHRERD -,
®x 77 7 F v OPEENRBEIC X VY
e, DEOSffw TS BREnLE
Th 5,
2RIRREIZ 2 7 7 7 > F > 5 ug/ml 2125
T5L, BEEEO pH (pHe) #3874, 6.6 DWW
NOBFE T b IRETE 2 A U Mgy 2
BROBMESIR G I, T 750 F
> 5 pg/ml IXEE R AT EE CRB BB
TOFFA CHIBIREES /T X 3,

X ®

1) Dewey, W. C., Hopwood, L. E., Sapareto, S. A.
et al: Cellular responses to combinations of
hyperthermia and radiation. Radiol. 123: 463-
474, 1977.

2) Nielsen, O.S. Overgaard, J.: Influence of Time
and Temperature on the Kinetics of Ther-
motolerance in L1A2 Cells in Vitro. Cancer
Res. 42: 4190-4196, 1982.

3) Nielsen, O. S., Henle, K. J., Overgaard, J.: Arr-
henius Analysis of survival curves from ther-
motolerant and step-down heated L1A2 cells in
vitro. Radiat. Res. 91: 468-482, 1982,

4) Majima, H., Gerweck, L. E.: Kinetics of ther-
motolerance decay in Chinese Hamster Ovary
cells. Cancer Res. 43: 2673-2677, 1983.

5) Konings, A. W.J.: Developmént of thermotoler-
ance in mouse fibroblast LM cells with modified
membranes and after procaine treatment. Cancer
Res. 45: 2016-2019, 1985.

6) Gerweck, L.E., Dahlberg, W.K. Greco, B.
Effect of pH on single or fractionated heat treat-
ment at 42-45°C. Cancer Res. 43: 1163-1167,
1983.

7) Goldin, E. M., Leeper, D. B.: The effect of low
pH on thermotolerance induction using
fractionated 45°C hyperthermia. Radiat. Res. 85:
472-479, 1981.

8) Nielsen, O.S., Overgaard, J.: Effect of extracel-
lular pH on thermotolerance and recovery of



R BATH 1 DEE 71

hyperthermic damage in vitro. Cancer Res. 39: 1977.
2772-2778, 1979. 16) Sideris, E. G., Mukherjee R., Vomvoyanni V. et
9) Gerweck, L. E.: Modification of cell lethality at al. Effect of deuterium water on the mitotic
elevated temperatures-The pH effect 1. Radiat. cycle, the deoxyribonucleic acid stability, and
Res. 70: 224-235, 1977. the frequency of radiation-induced chromosome
10) Miyakoshi, J., Oda, W., Hirata, M. et al: Effects aberrations in barley. Radiat. Res. 61: 457-467,
of amiloride on thermosensitivity of Chinese 1975.
hamster cells under neutral and acidic pH. 17) Henle, K. J., Leeper, D. B.: Modification of the
Cancer Res. 46: 1840-1843, 1986. heat response and thermotolerance by cyclohex-
11) Rhee, J. G., Schuman, V. L., Song, C. W. et al: imide, hyproxyurea, and lucanthone in CHO
Difference in the thermotolerance of mouse cells. Radiat. Res. 90: 339-347, 1982,
mammary carcinoma cells in vivo and in vitro. 18) Landry, J., Chretien, P.: Relationship between
Cancer Res. 4T: 2571-2575, 1987. hyperthermia-induced heatshock proteins and
12) Landry, J., Bernier, D., Chretien, P. e al: Syn- thermotolerance in Morris hepatoma cells. Can.
thesis and degradation of heat shock proteins J. Biochem. Cell Biol. 61: 428-437, 1983.
during development and decay of thermotoleran- 19) Ohtsuka, K., Furuya, M., Nitta, K. et al: Effect
ce. Cancer Res. 42: 2457-2461, 1982. of Cycloheximide on development of ther-
13) Li; G. C., Werb, Z.: Correlation between synthe- motolerance and the synthesis of 68-kilodalton
sis of heat shock proteins and development of Heat Shock Protein in Chinese Hamster V79 and
thermotolerance in chinese hamster fibroblasts. Mouse L Cells In Vitro. J. Radiat. Res. 27, 1986.
Proc. Natl. Acad. Sci USA. 79: 3218-3222, 20) Boonstra, J., Schamhart, D., Laat, S. et al:
1982. Analysis of K* and Na* transport and intracel-
14) Gerner, E. W., Cress, A. E., Stickney, D. G. et lular contents during and after heat shock and
al: Factors regulating membrance permiability their role in protein synthesisin rat hepatoma
alter thermed resistance. Annals New York cells. Cancer Res. 44: 955, 1984.
Acad. Sci. 335: 215-233, 1980. 21) Shiraishi, N., Akiyama, S., Nakagawa, M. et al:
15) Yatvin, M. B.: The influence of membrane lipid Effect of Bisbenzylisoquinoline (Biscoclaurine)
composition and procaine on hyperthermic Alkaloids on multi-drug resistance in KB human
death of cells. Int. J. Radiat. Biol. 32: 513-521, cancer cells. Cancer Res. 47: 2413-2416, 1987.
BE L RARMEES - BEAHLET2EAERWIT I L D SROEREEE E, HROM L

Wi cE 5, SEbhbiL, SCK#ifg:HuwCREFM EFEL, RIEAMED 1 D TH % Cephar-
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T63.9 55 26445, 44CHRT 1634355 56438 L, SCK #ifaDBBRZ M 28R 72,
ASC B TIRBAEIM TR, 77 7 F 2 BRELTL 300 LERELERRO R Lo 2, IBE
it i 43°C30 2> DAM& (1st heating) # 37°C T 5 K538 (interval peried) U CFFE L7z, 2 KiNE
(2nd heating) 13 44°C TIT> 72, ¥ 7 77> F > 10 yg/ml % 1st heating BRI 5 U 2B S D EFE
BIER D Do i3 60.6 43, interval time DEIZIE L7z & £ D Do id 64.6 53 %7~ L7z, 2nd heating Rz
B LIS E0OETEEMBEO Do 132854 TH D, REM M ER L MO 4°C © 2 Rimil w3t 3
ZETERPD LI BEERDO 7 7 70 F v OBMIEE% 5ug/ml & U 2nd heating Bz 85 L
1B E W b EEFRHED Do 13 468 %R L, BERMMEE2ESL MR 4°C 0 2 RINBeH T3
R P HED S ¥ 72 2nd heating FEOHIITS pH % 6.6 & LB E OEERMBE O Do i3 45.8 %R
L, 2 I OBEG M 2 B R 2\ L e, ¥ 7 7 7 > F > Sug/ml kS pH 53
6.6 DEAF T T 2nd heating BFIZHR 5 U 2B EOEFRHIRO Do 1329453 %7K L low pHe DHRMAT
THET 77 F BN EE L 7- SCK #ilE0 2 I ICH T 2 EER 2R 3 €7,




