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The Effect of Paclitaxel(Taxol) on the Radiation in the Rat Liver
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Ewha Womans University

Objectives : Paclitaxel(Taxol) is a chemotherapeutic agent with potent microtubule stabil-
izing activities that arrests cell cycle in G2-M. Since G2-M is the most radiosensitive phase of
the cell cycle, paclitaxel has potential as a cell cycle-specific radiosensitizer. This study was
designed to investigate the effects of paclitaxel to radiotoxicity in normal rat liver.

Materials & Methods : A single intraperitoneal infusion of paclitaxel(10mg,/kg), and a single
irradiation(8 Gy, x-ray) to the whole abdomen, and combination of irradiation(8 Gy, x-ray) 24
hours after paclitaxel infusion were done in Sprague-Dawley rats. The incidence of mitosis,
apoptosis and parenchymal changes of the liver were evaluated at 6 hours, 24 hours, 3 and 5
days, respectively.

Results : Paclitaxel and irradiation significantly increased mitosis at 6 hours and apoptosis
was increased by irradiation at 6 and 24 hours. Increased numbers of apoptosis at 3 days by
paclitaxel alone was not significantly different from control. Combination of paclitaxel and
irradiation showed significantly increased numbers of mitosis and apoptosis at 6 hours. The
degree of necrosis of hepatocyte was not significantly different between 3 groups.

Conclusion : Since the incidence of mitosis, apoptosis and hepatocyte necrosis were not
increased by paclitaxel infusion 24 hours before irradiation, paclitaxel did not show
radiosensitizing effect in this experimental condition. Studies with conditions similar to clinical
situation will be the next step to define the radiosensitizing effects of paclitaxel.
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clitaxel®] FFAE g 8714 A g
A A gov} AR vAAH E(microtubule as-
sembly)2 715l ABFEA (tubulin polymer) ]
P& AN E AT JA A (microtubular in-
hibitor) 2 4HA YT, AT ALA A Hlage]
W3l giE AEF719 G2/MAZIe] dojur] g
o AEEge] A=Y ARH o2 AE7t G2 MEH
oM 2= o] 573} (synchronizing) ¥, FAE Al
E= apoptosissh A &J5te] A4 PP ol @
paclitaxel®] Zhg-o] ATF7) F AN 743 oig
G2, MAI71e] deojutr] el paclitaxelo] WAMIZ
279 Zgo] Qrke AL E AL 1992 Tishlers®”
o] B 13t} K3 paclitaxelo] vj2H-g AT
oHAEE HRFozH G2 MAI7INA AZE FAAZL
the A2 ZAE 722 81, HEFT] F AR
o 71 dg G2, MAIZI7E 718 & Ae2 714
ato] AEF7)d wEl SEg RERAY HEEE
Agstgeh o F Ak AXFe] AY9AFeA pa-
clitaxele] HAMIZRA Y a7t Qrke B2 97R
27} 15,jl__;:}-_ﬂ95;]_8)9)10)11)12). 81} paclitaxele] $AH
ZAA o) FFA7 MES, paclitaxeld] X 2 HAM
ZAS} paclitaxelFH 5] Al e} thgste
2z 71| o} 7kx] FAsHA BE AR gsirt.
Paclitaxel> 53] FrAHEEHAA A 28317] HE
FHAT}, AAAL T REETI) WE AXEA F
&, FAAY, JARFGY, BFo] 53] & wA 2
R banE e AN A8 F AR
g AXEFG ATAAE A=A M EA
9, 2% 9% 2 M= dojdrtz it Pa-
clitaxel®} BAMIZALE WESHE BF F4ge] £&
FAANEEA FHAE 4 9439 dodle 34 &
Bz gl g AV, 9dA fad ¥
AN ARG AA] (mitotic arrest)st ALAAE
Qoyn Hutgo] FA7} Hof paclitaxel®] &% A
g wll g wabAe] FANS-S Hole AAA
7} FFAERG o YA AREHE A 5402
olste] 227154 (therapeutic ratio)7 ZHAHTH?.
a8y FRAE} AAAE B AR E AT O
AAY, paclitaxels} FALARAZRY AAGAE 23
slo] AAATE B3T & SlE AF AP =
olAd wl ggFer i XFEHE Y T ¢

ARAE F paclitaxel®] FAMATEA S Eoof &
3 de URE A% JHANEE B 1
78 5= AY G 2 B oAdF el A
AARE NP H 9 48 WA A 1L gdkEe
2 Al oulslr] gk Jigoew dEA $ou),
194248 Warren'™ & 28 SE4¥0) d7ZF T £
ek Alghe] Zh2 AR dFize] oig oj| AE
& WE & Aok eivh Aol A WALl oJE 7k
Are] ey Wake 19244 Casest Warthin'®o] 3
Basgn F ¥ste gx9] &Aoleta sfer,
% Frydles} Schrottenbaum'™-e A7} WA et
Z A58t dojdthy k. 2y ARG 9
P 7de] A AW F YA ARl weEt
2] FgapA 98AR gy 7P gol vehte
Hsle HAale} A-fgteltt. WA AF AFEARE A
2N EAHreproductive death)®} MEEE4 (loss of
cell integrity)®] FA2A F7HA 9 7ldoz
o, AEEEAe FAdE FHAK apoptosis7t TER
H? ApoptosisE B EAHprogrammed  cell
death)24] 1972 Kerr52o] ¢J3le] & 7145
on 19824 27e A AEANA WAl apop-
tosis® st MEAF dojuhe FHAo] LEH
Ao Halae] o3k ATAl F 9¢10] apop-
tosisEtT SR, BFHEAAME apoptosis7t Lol
vtz s9ou® | olA7R] apoptosise] A& 714
< HE A A] Gt

ool ARE AL EQVY] paclitaxel® FY F
2407k EReo] WALAZALE AlgdBe] 7o) Wz
a7 Wale} 7ho] ARGS9} apoptosisE Fakete],
A4 74l A paclitaxelo] AR X 2348 #2
gl B AT E A =EE .
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Table 1. Grouping of experimental gnimals

Observation time

Group 6 hours 24 hours 3 days 5 days No. of animals
Normal control 4 4
Paclitaxel 4 4 4 4 16
Radiation 4 4 4 16
Paclitaxel+ radiation 4 4 4 4 16
Total No. of animals 52

paclitaxeli2 paclitaxel(Taxol, Mead Johnson,
USA) 10mg/kgs 7ol 13] 43t Wbz
ALRL HAe AV § GyE GUYRABINE Pa-
clitaxels WA BEF-E paclitaxel(10mg/kg) & &
el FAT T 2447kl HAAZALE HAMAZARE
3 Bdg P og Algs.

2. UMH

F#E katamin(FIElEh, £899, 50mg/ml) 60
mg/ked B70) FAZ 55 F 3JEY ARE 2
Astn 6MV A371&7](Linear accelerator NEC
1006X, Japan)& AH&3sted 3FH 9 B 8 GyE &
Yzt BIAES 2AFAZY ARl 80cmE I
Aag o £ AFeL 2 Gy= ZAIAT

N Y

3. W TN By
Age] 328 F A2 B 697, 2442, 32,
50 58 Agael 21¢ 2

S AFANZ A7
A & 10% %"éii"a‘,ﬁ] 1A% & Hematoxilin-
FHrujgo= 7ke] Z2EHE

WH3E S FFPELE FAREETS apop-

. A=

tosis® S FaT (4000 oA B 5 G4

o] Bi& 3.

4, e Y

Z 79 FAHESES¢l apoptosis?) o SAAIE
group t-testE ol-&3te] ARSI R FelrE 0.05 T+
ZHl A BASH oo E45H

LR
1. A28 B

Adre fAHEGe HEE i 2.257001%eH
(Fig. 1), paclitaxeli-2& 6A1Zte] Hit 28712 AT

Fig. 1. Normal liver shows core like arrangement of he-
patocytes with no necrosis or celluar atypia(H&E,
% 20).

Fig. 2. Many mitotic figures are noted in hepatocytes(ar-
rows) at 6 hours after paclitaxel injection(H&E, X
80).

o vlste] AstAl F7HE K29 (Fig. 2) 24417kl A4
o2 SEHQIH(Table 2). WARIRAREE 6A]7F] 3
7 6712 Aol vlste] okt FbEQlom 24Xk
ARew FHBHYT Paclitaxeld #APAHETELS
6AIZHE] 59717 ATt 2kl 7 Attt

2. Apoptosis #%

Aol A apoptosiss] FHUEE H VoA e
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Table 2. Effects of paclitaxel and radiation on mitosis in liver

Time/Group Normal control Paclitaxel Radiation Palictaxel+ radiation
6 hours 2.25+0.63 28.0 X 8.04* 6.00£1.29* 12.004+1.41*
24 hours 2.25+0.63 8.25+ 6.29 4.25+1.11 3.75+2.75
3 days 2.25+0.63 18.254+11.01 3.50+1.26 3.50+£2.50
5 days 2.254+0.63 125 0.25 3.75+£1.03 1.25+0.25
Mean + SEM(Standard error of the mean) * : P<0.05 versus normal control

Table 3. Effects of paclitaxel and radiation on apoptosis in liver

Time/Group Normal control Paclitaxel Radiation Paclitaxel +radiation
6 hours 2.001+0.58 3.75+2.14 8.25+2.06* 8.75+2.02*
24 hours 2.00+0.58 1.50£0.50 7.25+0.85* 5.50£2.53
3 days 2.00+0.58 13.25%6.54 2.75+0.85 6.751+3.66
5 days 2.00+0.58 1.50£0.50 2.75+0.85 1.75+0.75
Mean +SEM(Standard error of the mean) * 1 P<0.05 versus normal control
i ’&” Table 4. Histopathologic changes in liver
Group/Changes Focal necrosis of hepatocyte
Normal control -
Paclitaxel
6 hours +
24 hours +~++
3 days +~ +++
5 days ++
Radjiation
6 hours +
24 hours ++
Fig. 3. Apoptosis are occasionally noted in degenerating 3 days ++
hepatocytes(arrow) at 6 hours after radiation. 5 days e b
Paclitaxel +-radiation
9 paclitaxeld2 6A17F #8 54 74 AT Aol 6 hours ot
7} S AtHTable 3). HAMFAREE 64174 24417k 24 hours IO
A 27 8.2570, 7.2571= AT Hlate] F71H% 3 days +
o9(Fig. 3), 34 AML= 3FEh Paclitaxel 5 days +
I} HALARE T4 GAIZ] W 8.75715 AR — : negative change + : mild change, ++ : moderate

change, ++ + : severe change
u|gje] Z7hEIg oLt PAEAETHE Fol7t Y.

3. TIE B2 AN pY)

B2 MATE FHH o2 §A50] YATHFig.
1). PaclitaxelZ& ZH 28] FAl7} A1 7HEE 58744 nty
FEE2 BYon Az ©2 Xole SirHTable
4). HARZEAZANN 621200 ZAE Al Awls

A vErom uAZelA 397 FEE, 59 As

ARz 6A17E0 A 597A] AulaHA] Uehgen] A
Abel Blate] Fate] Aol Aol Yith

dE

p =]

Zede dH gl BAA A WEE o]t 1 &

g zolud gt 53 AN} FEAE HE
A vebsteH (Fig. 4) Aol B3] w2 A=t 4 Aol oM 1 BHE AN BE FAA0ISS
st Paclitaxelsh BAMIE SN HAES = o] A 2oko] AAHOE HolHE AL ¥
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Fig. 4. Necrosis of hepatocytes with infiltration of macro-
phages(arrows) are frequently noted at 5 days after
radiation(H & E, x50).

oz JEES 5o ]Eﬁ] 9,11’/}. g FgAVE A
Moz YA IRE T 9E AT, gYAl
&} AR B E HE3te] X R BAE YRR &
Eoiut Y F gl ZEE 72 ). F4A|Y o
BA FEe 2 AN AEFLE zka glor WAt
el B AL F e ARAY 94EL & 5
Uz Aojrt.

Paclitaxel® texaned#Z 713 diterpene FHIE
ZA] 1970 NCIA A& B3] Agole T
AR A (antimitotic drug)2 €ERed 197148 &
shasy} ok B o)f”, 26 02 T
B84 vA, 1 Hd B S AT g3t
9 gJokAl2 da] so]xm QuPP®N poclitavel o

AT TS FAAIL B E BAFoEH A%
7 F HAREEY AEZE AR ERA AEIL
G2/MAZ) 41 AAE ATE FAA
T3 G2/MAZ1E Al o) 714 o9 g A EF7)0lm
Z paclitaxel¥} HAMRALE H48 49 paclitaxel
o] ¥l EFE ST ARAR 8T T gl
Ttz Zlgel SRa0”. ojd@ Hae Adar) $is
of 2294 2 WEEIAY YHAE Bl B
AP go| AP Ao} o} A Age JHF 57
EFE WEiAA ggn® 0 A5i3 AR FAA A
X paclitaxel®) 5%, paclitaxel®] $YA7H 52
A7 o] dXskA] & wiEd M= vy of
HAG At e 2 AAHE 671AY A8 L ThEE 7
. 3R, g4FoE SFsE AT HEE AE
(noncycling plateau phase cell) 2th ¥l z2gs

o])l
ol
>
i)
_1

l

7t 9 2o, 24, AESAT 24A $73&(sensitizer
enhancement ratio)2& AXFd me gz, &, A
EAA Y WA «dvi=rt th2nk. AlA, paclitaxeld]
S} G25E WA a gy A, A, A
a3 AEF719] ZFL paclitaxeld] =5 = ARE
o F9EHH T FEFE, =EHE ATl ZF
3}, gAA, paclitaxeldl 93 FAAZEIAE #
ARG el GA7) Basht Go/M BARAR 7L A 9
JUEE F7HA 71 2L ofuth XA, A==
g, 2, WAk A2 o EP G1 AR} e
AEF79 wHe] £F5A 74 (kinetic suscepti-
bility)™, 71 9le] &8 93] 2AHE ALY 5%
o] ek23} WAMAZHY] HhEo e FTPY
Paclitaxel& YA 5 AT 79 FHNEE 3
= AR FUAEET o H“V‘* of ZHzrakge] &
e BALR sty #Fe] ARoRA A8/F
H)7} 290 g A Ee T E)A Y 7t
A AL N FEt] YoM ALEsor & A
ojt}. Paclitaxel frAbEE#Ad] 248 517] wjgo
EEEET) mE FINTS BEANE F S0 AT
5, TR, AFBHY, EFFo T2 JE go}
q EHLE A 09]q4)11)12)13) Hmban::m)o AFEtol| A
A%E F FAREE BAAE A=zAA P EAsHA Y
B 9], &%, g, L el A fAREE A} AE
AME dozitha 3l AR 23 paclitaxeld F
g F 6AZF A 9] Tl FAREE SV AT wl sk
F7HE R0 24A7ke Ade 2 S EEHUT. ¥
ZA 843k apoptosist LojuiA] ggtew A
o] FAA}F 6ATH 5Y7A FEEE JEPE oA
FARRGAR G AFALE dogs & 5

OJ}{U o

£

paclitaxel
AT}
e BHo) AT HAIMARE A YT A
& A Bt AlROA 7 AMAY gF EXE
19249 HE€02 Case$t Warthin'e] 9)5te] B 1=
o, 717 £ ¥dE Ak Aol Wezs
T2 W] F 7)1L A BHAR) R FA
Ao g NEAL= A MEANreproductive death)
S MEZFTAEY AEAN F7H] 7|02 AgET, 4
T3] FdelE FAksek apoptosis7t THAETP,
Apoptosist= <] AA XA programmed cell death)®
A 1972d Kerr§™7l gstel A& 71€H 921, 1982

_1 o
¢
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W 2 AGAMEAA A% wAtde] apop-
tosisE rEste] MTA} Qojuvkn AT %
A B QUAlE 2, A € 2859 44
MZA apoptosisE Lo7|1™ YHE H&5E AT
X+ apoptosisE #27|A o}, defHom KA
B4 o] = (postmitotic cell) EFINT? A48 P
FAAE? HALAG 98 AEate] 3= Gelo] ap
togisgh 3o o1&7A] apoptosis?] e
714 SRR gt} #Ate) apoptosise] AolE-2
apoptosisi BAZZ ot 7|H A dojd 7 glo,
B4 EE 29030 JANE Dojgs Y’ w8
A= DNAY H 3 (degradation) o] dojuiz}&e] A
Fek2] F5hdo] A4EY apoptosist DNAZE 94
EE & Axete] 5§40 2459% 3= gFu
28 9207\ apoptosist FEHHE-S do7|A] &E
Foldol . MilasE¥e whe2e] FrbgeA
apoptosisE FAMIFAL & 4~6A 7] HYXE o]
1247k Aoz 5Bty S5t

Hendry52& 23AATA HAMIZAL & 3~6
Azt MEEE0] apoptosis7t Foldtha sk
A Ao AT} Ao 7oA HAMAZAL £ 6A17k] apop-
tosis7h HE.0H 2447 717} A &E]o] 3Uof] FAoR
FEE O, AL HALE AP ZAL 3 647
AuEHA, 2487k 34l 5=, 59 HsHA BYe
24 AR ZAL & A7Ee] AT whet Hake] e
7+ At &t

Paclitaxel® WA ZALE W858l paclitaxelo] &
AR S &7 Yok B3 F SR MilasE™
2 A HAA paclitaxel 60mg/kgs w29 F
oba} wiagol A AWFALR 18] FUF & A EA
3 A3 ARl AXE X} Bl FrEULH,
1 & $A7h0e) apoptosis B BT, HAMS 41
Bdo] AAH ANEE apoptosisol] 93t = griar
sttt 2 Ao M FAREES] AT A2
g Az Hoo] s el He AR ¢4
A gt s &, FAREEe] ARE AEE
o} paclit-axel& F¢ 5 WAMIZALE] 714 0] 1AE
o ALE 4%, ML 30%, 24N 12%2A 9A]
ol FAE By, A F4EL 22 147, 1.
70, 24924 MARAREAE FEF YA FAM

]
2

o
<o

ZAIZE] AZHE o) AFE SIS o] AL WAL
FAME paclitaxel® FUF T 24AZE] AlgE 73
paclitaxelo] W27 FFe] A4AE oA T
apoptosisE 4oty AWt 2y YA
VA Bt A FA A3 AR digk YA
FAZ WA Bt e S H8E AL paclitaxelF
o] & N7 HAMAZFALE & 2 A4 GHe] WAL
el tigt Aol SR, o] RL A Z(steml
cell)9] 71&8tg Aoz MYsiYct. wekA pa-
clitaxel & FUIF F 2447t FAZALE FoE2H
ZFdoE WA EA Y 532 Fu AYAEE BE
& 2= 9ltka 33c}. MasonS™-& paclitaxel & F¢]
3 F w2z A FAETY FAMEESS) apop-
tosis® 24417k B #AT A}, HE FAREY A
Ae FY F 2~k HGiE Bolx, 1 F 1~34
7+ Ad71{lag period)7t A2, apoptosist H
2} Z71E o] 6A17kl ARt Hix, 2 F g o] F
7] AZste] 24A7relE R E(stem cell)7F AT
FEEHYr) Paclitaxel 10mg/kgS 13 FL ¥ A}
2o AN Huvh HiE 2~4N7 T A E
AVE A8E A MY at S4EA g3%er
paclitaxel(40mg/kg) & 18 £ F ARALE A
g 3 A F7& 1.072 A 53 AYE F71
Haon, ojAL WA Zatanely] Bt paclit-
axelZHA9) SGAAES] dig E4ZE 02 FET
1 5} wHAZ paclitaxelS U F 244|700 A}
MZALE A3 A9 234 F74&¢] 0.89~0.9224
WAL ol g9} e, ol paclitaxeld] 2]
AFAAEY Hd ARETIL Q7] dE el sgirt
wglA paclitaxelTU 3 BAHARAZES AIZEEE, A
AAEY FFAE wet AT A =20
olo] A= A4 7he| A paclitaxele] ¥AMAZEREA] 9]
Ao A3 AFR3E 7] W paclitaxel S ¥
APRZAL A 2447k F9I8te] 7HEE BEEGT
AR e] A3} paclitaxeld} HAHAH-Eo] A 647kl &
AHEde] BA1el apoptosisE B 24X 7kl A4
o= SBHT X FAlE 6413 FE 59 714
Au) A et er] ol WAMIZARE] W]ty 7te
apoptosiset AL A8HA] ekgtet. mEba] 4 2ol A
paclitaxel& WARIZAL A 2447k 918 HS- WAL

Y

1o
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A9 ARA Y B GES € T U Yo = pa-
clitaxel®] ¥AMAZAZA 2 A o] ZHE AESA Hofs)
7] 9J3te o8 TR FANES} FTIAEE v =t
1, paclitaxel®] €%, paclitaxel® ¥AMI ZA}ZEY] A
A4S HAAA B 77 Basithn A7
#r},

ATEH:

Paclitaxel® A#FEA Y S IHIA7= A
A3 JAAZA o] Ago] FE AEF7]Y G2-MA7]
o dojuf7] wiie WAMA AL Sl gl &
Aol 87 7t A paclitaxels} HAMIZALE ¥
43} paclitaxelol WAMAY &3 v]A= Ggg 7
ols}7] 43 Agd-Toltt,

g H:

#FH 52¢te)E ez AAURTE, paclitaxelT,
WAL ZANES paclitaxeld WAMIHEF o2 BRFE)
ST}, Paclitaxeli™2 paclitaxel(10mg/kg) S 274U
o 13] FYst o], HAMAZARE-E BER 8Gy x-
rays wdzApEIgor, ¥LFE paclitaxel(10mg/
kg) & £ F 24A 7l PAMARAHR Gy)E A3
o AP9E T 6AZE 2447, 3% 2 50 7he] HE
Z283 W3lE FAsA

d @

Paclitaxeld& FAFEET7T 6A 7kl F71= o] 244]
2| Bdo 2 BT PAMARALTE 2L 64

7} 2447%e) apoptosis7t gAsIHeH 39 & A4
o2 FEHYTE HAEY AR paclitaxelT, HA
AzAE R BEToA 25 e o fake] Axs
3o A Zpol 7t Hdet.

3 E:

PaclitaxelF®Y F 6A12e] SAHEE AR S 2=
on 24X 7| Ao E S EHAL apoptosisE FH
=2 &ttt WAMAZRAL £ 6A17EG 2447 apop-
tosis7b -FEEIR oA 394 o2 SEHUT A
F9] I paclitaxeld, WAFIZARE 2 HE&FoA
25 Egton] 3TdA A= Aolrt giglt). whetA
paclitaxel & HARIZAL 2447t Al FYsle] ZHAE

oA ALAZZA S B FAT
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