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oMbl Wel WARAAAL w3 Yeka oA dlok
Y Paclitaxel] FAARAAAY A= ALY FF
paclitaxel®] =9} FoJA|7F 3l paclitaxel®] F-ofol
AZre) A7 7S] wheh chepsiA Uehdoim sigieh?
Paclitaxele] 3] -n-/‘}—r—ﬁ&}% °ﬂ Z-8317) wifell FAE
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1 ¥e AYAED 7%

oA FA o] utE MY w}
24 Agt Autelo] ZAP} Slo} paclitaxel®] Fol gako] A
H2 kA 51;}19 20 B FAEES-S Kol AAAE
b FPAE B} o ANl e Ae S4ow Q)
sto] ) Zr)51(therapeutic ratio)7} 7Z+A¥lv) vl ZokA|
7t BARAERC AR B 2, paclitaxel 9
Fojal7|er A zASke] AHAE 2Astel AYAE
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OIZX: BFS UHEZHS Paclitaxel 2t HAHI AL 23t

2 B3 ¢ JF A AFvbeul7t okl wer 94
Moz Zope) N2EAE B 4 YAl Dk

ARG S8 MEAE AR reproductive death)s}
ATEGA L AA(oss of cell integrity)d] $71A Aoz
A5, ALERA) FPol AAL} apoprosisrt E3a
o Apoptosist i} ) E AN programmed cell death)=.4]) 1972
W Ker 700 osled HS rlesigion, 19823 £49 &
J219] apoptosisel] 2gF AZAE A4dzEe] WA w9
Qg AT ol AFAC Yxelm sk o
it ElldellA GGl Yol A|FellA % apoptosis7}
AEAS) Z 99lo] Ak shod,™ ob87A] apoptosisS] A
B9 71 wAA sk PaclitaelE  ZRAIElA
apoptosisS Y27 apoptosis?] RIES} GPFI= vleHR
g Qe Paclitaxel e MEFT) F BAN) 7B AR
g GyMel| Agely) wiRol whAAs Wad AT A4
AAAZ ALY F glow, paclitaxeld] ZAA FAEE
paclitaxele] $oi¢} wrAAdzAAete] AZHAA whel chokdt
Aoz deim ek olel AR AAL kol pack
taxelE 9] T 24A 7kl 3ol AARAE Alsste] o
Aol Hel=AA Wil FALELDS Y apoptosisE WA}
of, paclitaxelo] AAFHAFS] wpAAHESol] vlX]E S A
B3R B ATE AP

1. MESE 4 ER

AYEEL AE 4~5709, AF 200~300gme] I, 213
(Sparague-Dawley) 52ntel & o2 st} AYUZT, pacli-
taxel YT, PAAZA DT, paclitaxel? P HET
o8 BRI uH(Table 1). AdzTE A2 SF

g Rl G DAE ASULT, pcliwned BEFL

Table 1. Grouping of Experimental Animals

Observation time

No. of

Group > of

6 hours 24 hours 3 days 5 days aMmas
Normal control 4 4
Paclitaxel 4 4 4 4 16
Radiation 4 4 4 4 16
Paclitaxel &
Radiation 4 4 4 4 16
Total No.
of animals 5)

paclitaxel(Taxol, Mead Johnson, USA) 10mg/kgs £7hHell 13
QA Zsigich PADZA DELE QF] Rl 8Gy
2 gdzAstgr). Paclitaxeldt WA HE7-E paclitaxel
(10mgkg)Z H7holl U3 F 24X 7kl AAZAE W
AUZA DETH 5UT PHoE Agesich

2. HIAMMZEA} g

31#E Keaminle}el, §3r338, S0mg/ml), 60mgkes *
ANEAZ a3 £ 245 AAE 2AsT 6 MV A
7)< 7] (Linear accelerator NEC 1006X, Japan)E A4-gsto] 2
9} 2R sGyE Auiglel dd=Asigivh Add =4
Z+e) AgE 80emz AP oM B AFEL 2GR =
At it

3. HAENAE B

Agol 249 F 6A7h 2447 3%, 5%l FEE A
Az FANTT Aol S AAR T 10% F4
Zmao] A43l1 hematoxylin-ecsingd A& AlgPeto] H&F
ado R oppEeel 24U HHE B HAE
o] RAE AL apoptosise] FE FeHu|Ae] alE
@osolAl s00Ael ALAE F vk $ARES
apoptosis®] §F ZHgk & HFslel WEER AdgIE
Flb Ao WelzAEH Wik 1 Axel wel Wbl
B o 0, A6 B | THE 2, 4 A9l 302 £
Fg Fol 7 T WHE YU F FPAZ vlmBel
et

4. EXEE 24

7} FollA wEE SAEAS, apoptosis®] 4 W 7|EF ¥
glzAskd wste] Az gowp ttestS o] fsto] A
I §GE 005 FrollA BAIEA 2JolE E4slsich

Y

reh R e

& !

1. RAIRYE =3

2o el vehd ARG HlEE 1.07%0]
thTable 2). Paclitaxel F-o3% 6X)7kell FAEDY HlES
65%2 Z/FHE 73 Hglou dizdel st FAX
o3 Aol AL ofF 24AZkelA 5UA FAZEE
E Z7EA gk AR EFT paciaxeldt WA
A HEFNANE ARG AsE F7EA gk wiet
A paclitaxel e 3179 iAbolA FAELG] AAE YoTA

%Eee ¢ 5 Y
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Table 2. Effects of Paclitaxe! and Radiation on Mitosis of
Large Bowel Mucosa

Normall Paclitaxel Radiation Pah'ct.ax.e 1+

Time/Group contro Radiation
(Peak %, Mean * SEM")

6 hours 107029 6.50+273 0 0

24 hours 1.07+029 0751043 0 0

3 days 1.07£029 145+095 1.00+050 3.05+1.14

5 days 1.07+£0.29 050+£0.06 1.65+031 2.85+0.88

"Mean * SEM (Standard error of the mean)

Table 3. Effects of Paclitaxel and Radiation on Apoptosis of
Large Bowel Mucosa

Normal Paclitaxel Radiation Palict'ax.e 1+
Time/Group control Radiation
(Peak %, Mean = SEM")
6 hours 0.30+0.06 3.55+1.99 6.35+0.39" 5.10+1.81
24 hours 030£0.06 1.65+031% 2300257 055+0.17
3 days 0.30+0.06 1.05+038 230069 180+0.12"
5 days 0.30+0.06 1.00+026 0901037 0.30x0.06

‘Mean + SEM (Standard error of the mean)
' P<0.05 compared to normal control

Table 4. Histapathologic Findings of Large Bowe! Mucosa

Reduction of

Group\ Findings Vesiculation  Atypia Coblet cell
Normal control 0,0,0,0 0,0,0,0 0,0,0,0
Paclitaxel
6 hours 11,22 1122 1,213
24 hours 1,1,1,3 1,123 3,3,3,3
3 days 2233 22,33 2,233
5 days 0,00,0 0,000 0,0,0,0
Radiation
6 hours 0,0,0,0 1,1,11 2222
24 hours 01,11 00,11 1,1,2,2
3 days 3,333 3,3,3,3 3,3,3,3
5 days 1122 1122 2222
Paclitaxel + Radiation
6 hours 4444 4444 3333
24 hours 2233 22,33 2233
3 days 3,334 33,34 2233
5 days 1111 1111 22722

0:no change, 1:mild change, 2: moderate change,
3: severe change

2. Apoptosis &N

&zl A apoptosis®] RIEE 03%0]9 0™ paclitaxel &F

CHEFUALS ZSESI K| 1999;17(1):57~64

%Apoptosis

—=

0 .
0 6 hr 24 hr 3 day
Time after treatment

5 day

Fig. 1. Percentage of apoptosis in large bowel mucosa of rat
treated with paclitaxel (P), radiation (R), paclitaxel plus
radiation (P+R) and normal control group (C).

E7S FR F 24700 1.65%2 F7}EH(P<0.05) 30l
4o g 355 dckFg 1) $AAZA TS 24 36
17Fol] 6.35%, 24X 7koll 23%E Z7}E] 9] 0 (P<0.05) 5Yol]
o2 355 ck Paclitaxel?} WA HEFollA 647
of AATEY 2 S HYoy FARHeR §94
£ ggom 3ol 18% 8 AR Z7hE %) 01K P<0.05)
A 2 A gl visle] FTbsA) ¢kek

> o

o

3. 7IEt ME|ZHEH B3

_—

tzgollA A Hgdog BESo] 9Jgleh Pacli-
taxelZEY] 3 6] 7bol) tAAwtol|A] A F 8 A (vesiculation) T}
v]d Y 4 (atypia)o] FEE QT A E(goblet cel)o] ZHA7}
A om ol widh= 24Xk} 3ol U8 A} 59
of Ao 3EFAUTHFg 2). WAAZA SEFE 24
F Aol AFEYPA L HolA gkoka o] wlgEHAnt
PR o sl gAEY] vt Qlglor 3ol sha st
Al Holi 55Ul AEy)F o7 74E 9rhFig. 3). Paclitaxel
oA e X8 F oA 7tol] Agt £FFEYA ) v
A8, AL AA4E Eow olF wWike 3U7HA
A&7t 59l ZAu)siAl BEEAKFg 4). 2 TollA
D= AFEYAY, vIRRAA 2 AT T2 BAEE
aksle) o1 HEXE viagr A3 paclitaxelz WA ZAL
HAF9) 6A7 e 3.67, A ZRA SRR 1.00, 24X 7kl Zh
7+ 25, 09284 W&FoAlA Wiyl Srlsel o v(P<0.05) 3

@
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OlZR: EFY HEEU Paclitaxel Bt SALE XA St

Fig. 2. Six hours after irradiation (B) compared to control
(A) showed markedly increased numbers of apoptosis
(arrows) (H-E stain, A: x20), B: x100).

Fig. 3. Twenty four hours after paclitaxel infusion showed
marked atypia of colonic glandular epithelium with nuclear
vesiculation and decreased numbers of goblet cell(H-E stain,
x50).

Usk sAolli= Aol Ugteh et olelR WIHE pach-
el ZolAE BHE] ool pacliaxele] AL vh

Fig. 4. Three days after irradiation showed moderate atypia
of colonic glandular epithelium with markedly decreased
numbers of goblet cell(H-E stain, x40).

Fig. 5. Three days after combined paclitaxel infusion and
irrdiation showed marked atypia of colonic glandular epithe-
lium with enlarged nuclei(arrows) and no goblet cell(H-E
stain, x33). )

A AR Q7 TN additive effec)Z 2 4 glh

ook Y A=

Zefell gol AgElE WA paclitaxel] FpA Lol
gk ALV BEsAl dHA YA ko FHAL v
432 $H(microtubule assembly)Z ZAslo] 43-Z¢A|(tubulin
polymens] HAE AT w4 AAAE goie!
olg{dt Wish= R AEF7| F G2M Al7lel]l Yoty
wFell AEEdo] FAE T FAH AEE apoptosis®} A
off oJzted” FA) Bk P Mason 2 paclitaxel(10mg/kg)
< 3% F nhead] A4 AR FARLETS) apop-
tosisT 24417 B WAL A, AL FARIATIE AA
F7HEN7] ARt 2~4A17kll AU} Hat, 2 F 134
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78] Ad7\(lag period)7} Axt ¥ apoptosise F7}E o] £d
F 6417 & paclitaxelx5}] ¥ 8AJZkoll HUIXE HO &
3150) B ARsle 247kl ZHAEA} SRS 3B
ok 35k paclitaxel > FAHEARA ] LS §l7] o)
of BALET} whE FAANEY FAlo] et AGANETL F
2 g Wk Huban 57 paclitaxele] $AHEY
ARG Al 44T/ F Axelld 7h dAeA U
i 8, &7 i, 8 Telld dojudela dglem A
old ATl FH | ket LAlollA FAEA A2
28 BT £ gk’ gt B AT E 3F
Aol A paclitaxelel] oJ3t FAEA AAAE-E AEE
Aem, o]A-2 paclitaxel®] 2r-go] FES Fol wpe} vhE
A As AL, Apoptosis®] Hl%E = paclitaxelFq] & 2447+
o] 165%F AAQ) 03% Hrl ZrlE|glon 3ol AAlo g
3]55]o] paclitaxelo] apoptosisE AR & F Asich

AT F oA ARl oRist Z)#eg BE7ule] o
AEFe WX E e A ASE wAAmE WA s
T & AUolch WA gt MFEAT AAAEArepro-
ductive death)2} MZEdY A4 F7HA] 71H o2 AvE
o, AEEIA Aol 2| A9} apoptosis7t E3rEch? w)
A4 e AHAE 4, AR 9 2859 A4 ulsAl
Foll4] apoptosisE Yo TP A&E AT olpE
apoptosisE Y0712 ko), dlejH o {FAEG] Yot
(postmitotic cell) E}HATY 4w 2 ZAZNAE vEA
of] o3k HEALS] 3 Wlo] apoptosisg}i s}g ol o}
Z7kA] apoptosis®] A&gE 7172 ghiA A ekghrh Meyn 5
T wAA wis Aol 213 apoptosis?] AEE AR
et vl#lgtcka slod apoptosis7h HPAMA mEi= @tAl] &
}E FAse A57 @ 5 982 Atk Mils 5
& vh2e FHURMAIETONA  apoptosisi= HMAMAZAL &
4~6A 7kl HXE Kol 1227k Adoz 3EFHrin
31912, Hendry £ nlg20] &AM Zella] whApAzA
& 3~6A17kel| HJELAg0] apoptosis7} Bolubrkn sigict
A72re] A ypAAz=A 3 6417l apoptosis7} 635%2 &
A F7VEIG o 24417 R ZhAET] AFsted 5Yo
€ Ao 3EEc a2 PAHzRA T 24472
of &I AT nREAel AulsiA WEE e 3Uo)
7 ABIIL 5Yoll k7t ZhAs|eh. wEbA ARl 9
g apoptosisv= AHwuhe] ofE wistHEch WA JephdE &
Agict

Paclitaxel o] w] & AA|A|e] A& AEFV] T HAA
ol 7k eligk GoM Al7]ell dojubr] wiifol] A 7R
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o oake 8 4 ok BT Paclitaxele] WA

B paclitaxeld] FPa GAAzAS] AZHEACA wlet
g2 A S3EE TEFY T FRNET vl o

=2

A7t defsier Mils 0 MNP LT vhese) §
ki) FAQ) M| FEFolA] paclitaxel 60mgikgS AWFEALE |
3 FY% F A zAsle] fAEGe] AAE AE} @
o] F7ksIglen, 1 F A7l apoptosis7} Pojupar H
AL FARd ] AAE AEE apoptosisel] 2slo] s}t
tx sldck 2 F Milas £ AAollA] AR
AL HAAE = A Hde) S A U4

-

I

AL gt wgdth & SARde] AR AEgol
paclitaxel & 59 ¥ WAAZEALS) o] 1471 AgE

4%, 97+ 30%, 24A17HE 12%2A] 9A 7l H X & By
oul, ZAAA| F7ES 727 147, 170, 24984 AL Az
ks FERQATH WARNZATY AAC] AE
7k} o] WAKAZAE paditaxel & 1% F 24
A|Zboll AJeBsE 7% paclitaxelo] wh2A] Foko] AjtLdE
doAA 7}t apoptosisE Bo7Ivka AslSict. Steren 5
Do agr AFEFA paclitaxel g FAAZA 481710
7350l 24Xl F 73R 4sadvt o ada
ek ey dAellA A BAE dido R AR
daws WEE Ae ARB FAEEE AL
sho] paclitaxelFY) 3 24A)7bel] WA 2AVSE A3} A%
o WAkl gt WAdol F7kEem, o] A E(stem
cel)®] 7H&3kEl Aol &3 Aoz Adeint” welA
paclitaxel- & S#J8t F 24X 7kl A ZAE Fozn FF4
ole HAARAAY aRE Fu FHAEE S + 3
thar #}gich Mason 5% w9 2ol paclitaxel 40mgkeS 1
3] Y4F AL FAADNA FAEG AAGEr A
7} HE 2~4A 3 A ZAE A A Al
Hipt ke 1072 ZThEent, oA ALY A
Hilel7] Bl paclitaxelApal|2] A Zel et E41AE
o8 Zhpsivks sglck BEdt paclitaxel S 5§ 244 7ol
WAAZAE AR 749 7243A Z74-8o] 0.89~0928A4
WA do]fFE AURem, o= paclitaxelol] o3 4
MMz Hoy AYAII} 7] wiFelzta sick o]l A
A% paclitaxel g FY T 2447 PAAZAE Ajeget A
3 fAEE AR FRE e, apoptosisy W
Az F 3Y 18%F AAHG 7k Fulksglout
(P<0.05) BARZA B5T 23%l Hliste] F7hEA] 49k
o} whebA] paclitaxel-> 315 tiAtollA fAHEE S AAE &
2hslA] gkokom, WA ZALS paclitaxelo] AR ANE}od

oo of N

)
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OIZAt: &5 WEEUN Paclitaxelt AR ZAN &1t

fon

apoptosis7} Z=7}elA] 9ko o Z4 paclitaxele] WRAAY] &
£ A7 AR & 5 glglel o] A2 Stromberg
"] paclitaxel & WALZA A 1241245} 24A13kel] F3Y3)
of FAEE AAAT WAARARIE BT & 93
ow, paclitaxel®] PARRAEHE FAED BARZH7L A
gYz7lolgtmdt Aol R34 9det. Apoptosis®] oA =he)
et &TEPA, viAEA 3 AR TaE pacl-
taxel F3 AAAZAT B BHEgen, o7l wHik=
paclitaxel?} AR LTS 6X1 703 2447l A] A=A
DEFol Hlzled FAGHoR 4 UA FvlElo]
paclitaxel 2 WhAA ol tieted rtaalz} Qlvke & & gle
o, o] Mason 579] Autel Ixjsigict.

AZH 02 paclitaxelFY - 2470l 21Z 9 BEo)
AdzAE Adste] RS BEY A% FARE A
A@gE vehtA ghgkon, apoptosise] HlEE A=A
5ol vlstel ZAIEA oigtel oy oAty &
4, alRwA 2 AR FAE pacitaxelst BAA
24 el WAAzRA G5 vlale] Hxrt 418
Al vebster, o] M3s paclitaxeld} HAAZA] 3 F
P S 7HFE0] paclitaxele] WA AR HrH AT
2 2% 4 ek a2t paclitaxele] Aol oigh 2-E-&
Bl AMAEe FFAEE ol fete] T paclitaxel ]
SES FYAIZY, 2l paclitaxelF Y3 PAAZAZ] 4]
AAE WA o B A7t desichn A4zt
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— Abstract

Effect of the Paclitaxel and Radiation on the
Large Bowel Mucosa of the Rat

Kyung-Ja Lee, M.D.

Department of Radiation Oncology, Ewha Womans University, College of Medicine, Seoul, Korea

Purpose : Paclitaxel is a chemotherapeutic agent with a potent microtubule stabilizing activity that
arrests mitosis at G2-M phase of cell cycle which is the most radiosensitive period. Therefore pacii-
taxel is considered as a cell cycle-specific radiosensitizer. This study investigates the effect of pacli-
taxel on the radiation response of the normal large bowel mucosa of the rat.

Materials and Methods : The rats were divided into the three groups ie., single intraperitoneal
infusion of paclitaxel (10 mg/kg), a single fraction of irradiation (8 Gy, x-ray) to the whole abdomen,
and a combination of irradiation (8 Gy, x-ray) given 24 hours after paclitaxel infusion. The histological
changes as well as kinetics of mitotic arrest and apoptosis were evaluated on the large bowel
mucosa at 6 hours, 1 day, 3 days and 5 days after treatment with paciitaxel alone, radiation alone
and combination of paclitaxel and radiation.

Results : The incidence of the mitotic arrest was not increased by paclitaxel infusion. The apoptosis
appeared in 24 hours after paclitaxel infusion, and the histopathologic changes such as vesiculation,
atypia and reduction of the goblet cell of the mucosa of the large bowel were demonstrated during
the period from 6 hours to 3 days after, and returned to normal in 5 days after paclitaxel infusion. In
iradiated group, the apoptosis was increased in 6 and 24 hours after irradiation, and the
histopathologic changes of the mucosa were appeared in 24 hours and markedly increased in 3 days
and returned to normal in 5 days. In combined group of irradiation and paclitaxel infusion, the
apoptosis was appeared in 3 days and the histopathologic changes appeared during the period from
6 hours to 3 days after infusion. On the basis of the incidence of apoptosis and the degree of the
histopathologic changes of the large bowel mucosa, there seemed to be additive effect by paclitaxel
on radiation rather than sensitizing effect.

Conclusion : The histopathological changes of large bowel mucosa in combined group compared to
radiation alone group suggested an additive effect of paclitaxel on radiation response in the large
bowel of rat.
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