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ABSTRACT : Cyclophosphamide(25, 50 or 100 mg/kg). orally administered to male Sprague-Dawley
rats, caused a time- and dose-dependent thymic atrophy. In the light microscopic examination of the a-
trophic thymus. thymocytes with condensed or fragmented nucleus were multifocally observed in the
cortical region, started to increase 8 hr after CPA treatment and reached to the maximal level at 16 hr, al-
though such cells were not seen after 48 hr when the severe depletion of thymocytes were marked. In
agarose gel electrophoresis to analyze the DNA changes, DNA extracted from atrophic thymus showed a
oligonucleosomal laddering at the corresponding time to morphological changes. In an additional sup-
portive experiment, thymocytes showing morphological changes. nuclear condensation or apoptotic body,
exhibited a positive reaction to immunoperoxidase staining using in situ apoptosis detection kit.
Separately, agarose gel electrophoresis of DNA from bone marrow cells was performed to investigate the
involvement of bone marrow cells in the process of thymocyte apoptosis. Although DNA laddering was
slightly increased 2 and 4 hr after treatment, no clear correlation was inferred. Taken togather, it is con-
cluded that thymocytes showing morphological changes in thymic atrophy induced by cy-
clophosphamide administration represent an apoptosis having biochemical nature of programmed cell
death.
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L M 2 %A el A FEAHprogrammed cell death)2 & ¥}
(Alberts5-, 1994; Kane, 1995; Majno-5-, 1995; Uedas,
19653 Kerry= 7H-= 2 Zbo]] 93] dorbs A4S 1994).
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ola] Alg=o] endonuclease] #AJsl W AlE g
W3} o= A ETE AT T AAHE S5 A
], apoptosis?} Yo}l gl AlE&= ol Al Fu) g4
Az olal glx|=e] '] 43} cH(Boudreaus-, 1995;
Hemandez-caselles=, 1993; Kerrs, 1994; Mountz %,
1994; Nagatag-, 1995; Stellers, 1995; Thompson,
1995). o]eigt apoptosise] A2~ A FEAYFE(cell sur-
vival)ol] o3} bel2 genedb M| EAFH(cell death)el] 7+
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of8}= bax geneoll <23l FA FcH(Bissonnette S,
1992; Hockenbery%-, 1990; Kerrs, 1994; Mountz %,
1994; Reed, 1994; Sentman% 1991; Stellers-, 1995;
Strasser-, 1991; Thompson, 1995; Veis%-, 1993). Apop-
el Az
phogenesis, metamorphosis, §412] 3 X7 A4 Sof| £
23F o938 3} (Kerrs, 1991; Meyns-, 1994; Naruse
5 1994), We]q 0 2= Fof, 2phd Ay, FAA] Wy
A%, koA AF ol T2 FAE =, oleldt
e Aoz MAY S FRIE] S8 Al
34 Y AZAL] o] A fLEE AT ool
A 3 g)ch(Thompson, 1995; Uedas, 1994). =3} apop-
tosist= S 2 A3, ulAbA, =4, wlola] 2 7he] 2 3
srawiAle} Zhe o 2l EA-H oM frd
th(Blanco%-, 1995; Cohen%, 1984; Comptons-, 1986;
Lundbergs-, 1991; Meyng, 1994; Mountz%, 1994;
Sung, 1992, 1993; Thompson, 1995; Tomeis- , 1988;
Wyllie S, 1982; Zuckers, 1994). £3] ofz} okx] g2
A apoptosis7} #FE] AFH v gl o (Kers,
1994), kx| 55 918 st oyAl= de] AMgs 1 9f
+- etoposide& W|F&Fo] cisplatin, doxorubicin, bleo-

tosist  AAHA <l

3 embryonic mor-

mycin, cytocine, arabinoside, nitrogen mustard, metho-
trexate, vincristine-5-©| apoptosisZ -+Hgichy W wE 7
itk (Kerr%, 1994; Thompson, 1995). 2] 37 o]{gt 3}
FOHATE FUrAWD ohlel PAALIE
apoptosis & R 7o 2 Az ch(Meyn 5, 1993).
FAel = Ae]A 3Hnegative selection)ye] ©]Al<
FAAMEL] AAA L ohe}t A FFIFE Fo|
=, SR g St a A Soll 2324 v
Mg FAA EA  apoptosisZt i ch(Bertrand 5,
1991; Blankenship%-, 1994; Corcoran%, 1994; Suns,
1994; Thomson%-, 1991). z2=]3 3}3reA|Ql cy-
clophosphamide+= v}-$-2~2] FAAM|F} FoFA| ol 4]
apoptosisE gty ¥ % vl ¢lti(Meyns-, 1994;
Naruse-5-, 1994).

A sEo] FErEAdd 2E5e A= e
9 olel £% FHFo] Uolubul CommentS,
1992), statEA e o3 FAI 52 =X AlEe &
Al FA9 AAA] 7132 Asl = T2 stem cell
ol o] <d3ke]l 2]&l prothymocytes] o] E7}4 52| 7]
Aell ) fEE= Zew AlgkEdch(Aguilars,
1994; Beschorner%, 1990; Fine%, 1990; Maestronis,
1994; Pieter%, 1992; Suns, 1994). Etoposidesl] &}3F
P o] 4 0] FA19ELS apoptosisel] 23+ FA Abu] A
HEZTe A od fHEdwm Roasglod

fr
5]

(Corcoran-z, 1994; Naruses-, 1994; Onishis, 1993;
Sung, 1994 ), etoposideol] 23t Wt =i F4
e T 32 apoptosise} UL A8 FH 5
gitH(Maestroni 5, 1994). F41¢&-2 eebd o 2 n)
s FAAZE Aol uhel A7} golxd Aol
g FAde ArdFEr) gtashe o] Ao
(Comment, 1991; Sun's, 1994; Waals, 1992), -4
o) ezt Wl 2 FAY AT g A FeES
FAY 5 A2 Hol o] 83w glr).

Apoptosis<= Heghd o 2 alo] Wisly} Ealzoe|r}.
F dYAe] F5E o] dute] spbxle]d] 24 mof
L7 REIA Aodne] anEe A2 g £
Mol zhasle] Faladw]7d kol o shd A E R0
5553 Belth(Sorensons, 1990; Uedas, 1994;
Wyllie5, 1980). ¢]2igt A|EE52] M F4-7]|d2] &)
v 7S A2 fAlE e Aoty daAle AlE
2tol] ojs) A EFzixted apoptotic bodyE ¥AJdch
(UedaZ, 1994). 18] 1 apoptosis7} dovtz 9= A
Zv JAHAZE e GAAE sl B AstE,
oluf F|Alel= ] AFHES-E FHFER] b 7o
Ex]o)th(Fukudas 1993; Meyns, 1994; Narusel,
1994; Sunz, 1994; Tomeis, 1991; Uedas, 1994;
Zuckers-, 1994). 224l apoptosise] 3}shA w3}
= YgAale] Fx2 wislo|c} olejqt 2 w3
+= apoptosist2glel gk MEAY ol F
Zhell wE 2 2]&A 249 endonuclease?] 343}
2 ZF(host) DNA7} 180W=] 2007) o§7)*o]s}e]
oligonucleosomeZ ¢]2] DNA fragment 2 A whgl © 2 44
agarose geloll A 7]<d5A] oligonucleosomal laddering-&-
el = Zlojr}. wbell A= ¢18} pyknotic nuclei
o] Z5~= A71%45 A1 DNA7} smearJ el 2 sz
2 AstetA 0 g2 w|alele] 7HHo] 7)gset

22 F 1ol 4] apoptotic nucleiS #elslr] 9131 by
L. 2= in situ apoptosis detection kit7} dg] A5+
dl, ApopTag in situ apoptosis detection kit-peroxidase+=
apoptotic nucleiol] 7558 Ea}sl= 3-OHW ol ter-
minal deoxynucleotidy] transferase(TdT)e| Zvjj A8 0
digoxigenin-nucleotide5- W2-A]# antidigoxigenin 3} )
HH-S =35 W o] tH(OncorA}, 1994).

FA 55 ¢e) FetaniAZ de] AR Qe oy-
clophosphamide7} ©%17]5-g- AAgHEqt ofe} F4=
F¥7) e JAZcy ¥ vy gl ©v(Ballantyne S,
1993), cyclophosphamideel] 2131 A]3) U] A3AF 2 ob4
FEel|x]2] apoptosisi= Wo] d-Ee] gFort Aol
apoptosisel] el 375 vl = ErhMeyns, 1994).
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Cyclophosphamide(CPA, Sigma)el| 2]3] F-49j&3}
FAME] apoptosis7} frtE]=R] otolr ] °1 z‘s]]
CPA(25, 50 & 100 mgkg)S ZFH5d] ol 3
mikgs] oz Ak Sas) Al 19 Hp ol
t}. CPASS] 3 24, 48 & 72A]7bo]| ethern}2 5}oi 4]
yrstel BoiEuo e WU T TS A
o e 2 F 148 B3 dvlAH RS 99
10% FAEZHA wFsdon, vzl 122
DNA fragment®] #4802 70°CYE1o] EARE
skt = FAY S FA| £ apoptosisf- =242
Hedg e 2alal) S8l H93e) dh=le dFahod
fetal bovine serum(Gibco) 4 mi2 TFA|AH F+5 A
#Hsl -70°CF el FHEEEIAC £ CPA-
& FrrEe FAAAEL apoptosise] 7AW WIS
*—Jiﬂiﬂ 913l CPA(100 mg/kg)ys 542 xof 13

FHAF 0,2, 4,8 % 164170l 37 sko] Sloll Aok
o dues $0 % BoE ade

4. BMMZ| Ha| ZXSH 2E

109% FAZ=RAe] 24T FALS 25, H2}A
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A% 2 Toinge AN F zAd9e Adatel
hematoxylin & eosin®d 8- dlo] Pt3v| Ao 2 Ik
shgich.

5. BMMIX ) FTMEQ DNARA

-70°Cell FAREFR FAI FFE 1089 lysis
buffer£-2(10 mmol/L Tris-HCI, 0.5% Triton X-100, 5
mmol/L. ethylene diaminetetraacetic acid, 0.5% sodium
dodecyl sulfate, 200 ug/m/ RNase A, pH 8.0)l] zj3ie}
A7l F 37°CollA] 147} wiekgl t}hL proteinase K
(200 pg/mly2 Hrste] 37°CollA] 18A]7HEQY Hels}
g}, o]oix phenol/chloroform/isoamylalcohol(25/24/
Mgl o2 23 DNAE 233 I chloroform/isoam-
ylalcohol(24/1)Z. phenol&- A& % A 10 piE
#sl ethidium bromide(0.5 ug/miy’} ¢ e 2%
agarose gel(Nusieve, FMDYol| 4] 100 volt 2 3582}
A7)19%5S  slodch(Fukudas, 1993; Sambrooks,
1989). #17]ed%3F % UV transilluminator2 B]3¢]
1Kb DNA ladder (Gibco, BRL, USA)S tfz & 3}
DNA band& #<la}gict.

6. EMMIEO| HASHY ZHE

10% FAFX=DHe) wA3 22AHL ApopTag
in situ apoptosis detection kitperoxidaseS o]-§-3}o]
apoptotic nuclei§ W43}t Apoptotic bodyel|
AFER EAs= 3-OHYwe| digoxigenin-nucleo-
tide-E- terminal deoxynucleotidyltransferase(TdT)2] Zvjj
2hg-of] 2]a H-2HA]71 ¥ antidigoxigenin-peroxidase S
vl-S-X| 7). 22]57 diaminobenzidine substrate solu-
tion® 2 A Wuk-g-8- <4 7 on] methyl green® & tj]
2948 & F DS

7. X122l EAHIX =

F49] A58 2 apoptotic thymocytese] &8
%(%)—"— PCSTAT statistical packageS- o]-&3}o &

AHE-A (one-way ANOVA)S- Al A)sleich. f-oAle
%"3] 95%(p<0.05) H 99%(p<0.01)2] FFoflx 74
atodct.
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CPA(25, 50 += 100 mgkgys ol ZTFoigt
324, 48 2 724 7bo]l AFHZE FA19) ATl ol A
3 1 XN A]——g‘GP A= oe3} Zel(Fig. 1). &, CPA
Fol T FAlo] AFEE BB Skl ik
ZFAE Bt 24*17%1]% F 787 (50 mgkg) o
T18-2F7(100 mg/kg)ell A o 2] 0.322%¢1 H]3)

77} 0.185% 2 0.211%% %° g 7 E Blom(p
<0.01), 4847k & 724 7}ell = & gukTol| A f-2] 3}
Al Zhaste] FAlo] HA3] 95 H U ckp< 001) CPA
(100 mg/kgyFol 5 7AW FAle] Ad5ake 1647k
o 0.218%2 T2 0.323%° u}3) %-43}71] Ed
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Fig. 1. Dose-dependent changes of relative thymus weight in the
rat treated with cyclophosphamide(CPA). Relative thymus weight
was expressed as a percentage of thymus weight per body weight.
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Fig. 2. Time-dependent changes of relative thymus weight in the
rat treated with cyclophosphamide(CPA, 100 mg/kg). Relative

thymus weight was expressed as a percentage of thymus weight
per body weight.

8191 th(p<0.05)(Fig. 2).
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SMMES ZXH

CPA(25, 50 = 100 mgkg)S ol 13]
oIt F 24, 48 H 72X 7kl FAIS A3
& 95| hematoxylin & eosin 3 A&+ 3 3+

7Aog AgE Ay Fo{F 24X 7be]| BE GEF
/H apoptosis®] E3]el #e] 2 (condensation) =
A (fragmentation)g el FAIM £50] Ao
A thaAd (multifocal) 0.2 F2]F A3 Balx]o] starry
sky R oFo 2 viept ot %‘aok“éi A3k Apoli= K
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3. Cyclophosphamide5£0{ £ EMAMIE & ZFME

2| DNAS| M7|HS4

FAMze deFolt -] Hegx Wzt
programmed cell deathe]] 2]gF o Malo) 2321 w3}
o Sls) AAXL FHelstr] $lsko] CPAR] F 4l
MEAA 3237 DNAE 2% agarose gelitollx] %17]
o3 Z3}o] ethidium bromide 2 G MgF A3} 24] 7bo]| =
) 27g Aelsta 25, 50 % 100 mg/kge] v S8k
7ol 4], DNA band2] densityol|+= o} zfo]7} gl o
oligonucleosomal ladderingo| Z+2H=E|giv}. 12v} 484]
ool Fele WrEe wlEste] wE Serreld
DNA ladderingo] v}elubx] ergkrh(Fig. 4). CPA(100
mg/kgys FoI A Al el A= 2417 2 447kl
= x273 vhxriRl 2 DNA ladderinge] Yelutb=]
Sporort adehabd Wbt Fe 847 2 1647
DNA laddering-&- ¥ %3 th(Fig. ).

b FAl9 o] FrMEe] apoptosise} WEIgl=
x| & zALE7] s FA 24 Fe2l3 DNAE ¢
o] Bl o Hrledxglt A fFFEol4 oligonucl-



Fig. 3. Histopathology of rat thymus following the treatment of cy-
clophosphamide (100 mg/kg). H&E stain, X200. (a) 4 hr; (b) 8 hr;
(c) 16 hr after the treatment of CPA: (d) higher magnification of c,
X400. Thymocytes with condensed or fragmented nucleus were
observed(arrowhead).
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Fig. 4. Agarosc gel clectrophoresis of DNA extracted from rat
thymus 24 hr after the treatment of cyclophosphamide(CPA).
Lane 1. DNA size marker(l Kb ladder); lane 2, vehicle control
(distilled water); lane 3. 4 and 5: 25, 50 and 100 mg/kg of CPA,
respectively.

eosomal ladderinge| F&xlgl o] CPA(100 mg/kg)5
o F- 2417k & 4A| zbell= ol s density 7} %
2 DNA band7} 5-&#e]3] ov}(Fig. 6), Fof - 84
7F 2 164 Zbel| = &= 7-2] DNA bandZ] &2 33bg]
71} DNA band7} 2= =] oshc}. 18] 3 CPAF-<]
F- 244 7F o] Froll = HEE A3t B STl
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Fig. 5. Agarose gel clectrophoresis of DNA extracted from rat
thymus after the treatment of cyclophosphamide(CPA, 100 mg/kg).
Lanc I, DNA size marker(1Kb ladder); lane 2, 3, 4, 5 and 6: 0, 2,
4, 8 and 16 hr after dosing with CPA, respectiviey.
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Fig. 6. Agarose gel electrophoresis of DNA cxtracted from bone
marrow cells after the treatment of cyclophosphamide(CPA, 100
mg/kg). Lane 1, DNA size marker(1 Kb ladder); lanc 2, 3, 4, 5 and
6: 0, 2, 4. 8 and 16 hr after dosing with CPA, respectivley.

DNA ladderingo| JH2x| =] oFgte}.

4. Cyclophosphamide50{ £ EMMEZO| 0{HHA
e

10% FAE=ZUH| A3 A AH AL ApopTag
in situ apoptosis detection kit-peroxidase & ©]-§-8}o]
g Mgk A2k CPA(100 mg/kg)Fod 5 164 kel th 3
ol vl s ot AE L ZHM o7 of x| ofAdul
& Wole AlEr) Frhatsl o o]2gl ofdukge
hematoxylin & eosin<d Aol 4] 2=l starry skyd & of]
A vlebdeh(Fig. 7). 2eivt FAlelA 3efsty Wsot
e b ZE starry skyod Hol]4] oFAdub-3-S o]
= Sk & yesb o g dlrEs Hol= AlEn
thi= 2] FA-H W A| = apoptotic bodyE viel= AlE
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Fig. 7. Immunoperoxidase staining of apoptotic thymocytes after
the treatment with cyclophosphamide(CPA, 100 mg/kg). Methyl
green counterstain. X400. (a), O hr; (b), 16 hr after the treatment of
CPA. Apoptotic thymocytes with a positive reaction were observed
(arrowhead).
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AE7E o
off digh AdFEEel ZFavt SR A o]ci(Comment s,
1992; Fineg-, 1990; Sung-, 1994; Waalg, 1992). &
od-7-ol| 4 % cyclophosphamide(CPAYFo] o] 2}sl) 244
Zbell= FA1Y AlFol ek A Feke] 50 mg/kgol4t
o] g-afell A thzol vlal {-2]3hA] FHA(p<0.01)%+
£ 482)7F B 2A7bel A= BE Skl A% 7t
Z3te] FAlo] AA3] 2155 AU ck(p<0.01). o]2igk 4
= etoposide S Fo93F ol 2] o] F A9 Z7) A}
shod th(Suns., 1994).

Apoptosis7} Lotz 9l AlE2] EAlAel et

A e @] $E5o] Helel T YA
@Eo2 UgHo] BATW ATLHo] Pashy A
E X2 microvilli®] 245-0] dofrhi= Ze) EAA
olct. olsh o] H2E 7 WY B Arkslo] AT
AR AEo 2 2 Telxkel apoptotic bodyS ¥AI&H
t}H(Cohens, 1992; Comment-E, 1992; Meyns-, 1994;
SungF, 1992; Wyllie5-, 1984). CPA(25, 50 =+ 100
mg/kgyEo] ¥ 24X 7bell wE SFTolA B5H A

© 7FAl apoptotic thymocyteS©o] FZEglow, wok

(100 mg/kg)e] CPAS Fodg 30| ZAH W3}l A =
apoptotic thymocyte 50| 8A|7}tel] v}el}r] A]zbslo]
(p<0.05) 7o F 16A|77kA] A]<45] Gl ck(p<0.01). o]
&3 (condensed)¥ FAIAE+= FAAA chrAlos
vtepgtet. o]2|gk A= P =o ctoposided Fof &
F FAIA Wo] 530 FUAEA vehte Fefzt
A wisjel fAslelon] whrel CPAS Fold &
hehbs g4e] Felsha wistel o7 shelrh(Naruse
&, 1994; Sun-z, 1994).

TR 8h= nhe}l ZFo] apoptosisx= F4A 2] st
W37} ERAo]u](Naruses, 1994; Tomeis, 1991),
ol2igt el dal WM3li= DNATRS A3
W 3}(laddering)5- Tz} Bt oA, 3 2% % vt
A 52 oJ2]7}A] apoptosis-fHal Aol %A apop-
totic nuclei promoting activity(ANPAY’} -5+
(ChowX, 1995), 71 A3} AEW Zgel Z=71E en-
donuclease”} &4 35l%]o] host DNAE 180tH:2] 2007}
d71%2] oligonucleosomeZ o] 2] DNA fragments &
tt=]o] oligonucleosomal ladderingo] +}el}e], o)z &k
DNA laddering> apoptosis2] A3}3t4 x| E g o] &5
3. lth(Uedas, 1994). £ At A4 Fo 4]
DNAE F&3}o] 2% agarose geloll H7]|¢d-E5lo] B2
73} DNA fragment®| §-5F 2 AAPH HlE wgl
t}. CPAS SI3F Hefsta wWatsh vhirlAl e Geby
sz Fol $ 2447kl 25, 50 8 100 mgkgel A
DNA band®] density+= th4 Z}o]E B} vE &
ol 4] oligonucleosomal laddering-2- B.9) 0w 7 A
H Hte X Fo] F 8X7ke]l w]ekgk DNA ladd-
eringo] T en] 1647140 G DNA
ladderingo] #2=|gic}. o]eigt Axl= CPA(200 mg/
kg)S vh$-~A(ICR strain)ol] o0&k 3 244 7ke]l DNA
ladderinge] ‘lebdrle= Hoarel §-A}8)SI 2.m (Naruse
=, 1994), B o FollA= 200 mykgrch o gekol
25, 50 2 100 mgkge] B=Folr] F4F 2447kl
DNA ladderinge] #&= = 71 22 Wo} 25 mg/kgol
of| 4] %3] apoptosis7} -§- L5 Ao 2 AztEict



DNAR-AJo]| o]ojr] ApopTag in situ apoptosis de-
tection kit-peroxidase-&- o|-8-3}oj B-o]2 gl weddAH-2-
gk Aol oA CPAC osf Helstx] wisir} o
ot gle FAME L SRS HY o2 FA
A 3£.2] apoptosis7} &<l = 9dct.

Al FA ekabA ol 2] DNAZ} endonuclease®] 2H8-0 2
A F-2l ol AdE|o] agarose gelH7]od-5AellA oli-
gonucleosomal laddering®] HelE el AHEES
5479l P apoptosisE 2oJFH, o]2{gk DNA
HeH e 954 vebhs lysosomedd FAIAIEA
Al2] DNAMIZle} E-g o2y F7px| HZALE &
= AR E AREEY] giol e N FEARRER SIS
A7 5 wel Alzate] ez} detA]AvE A Z2A
o] A W3y} 9l& 4= 9171 sl apoptosisel] o]
o] necrosisZ o] A= L] A o2 A 3lei= T
Zro| A|7|=15 9JrHCohens-, 1992; Naruse S, 1994).

CPAS 23t FA A Follx 2] apoptosisi= 3 el 3+
2 Aslahr 0 2 Hol ol iz 8A7 el FrEE o]
24X 77 2] A E= 02 Holw 48k e} HE
= gExw g S37o FAEg o, Fof F
48217k 2 724 7elli= A o] HejEhA] WskE of & 5
Ao Tl FAANEI}F FAaEe] HA £Ao]
sl A FEER] dstel o]2{g Wsl= CPAC ¢
3] apoptosis7} X% o] 24X 7 7hR] A= 484]7F
2 72417 el AR HA L] A} FEAEE o]
FAAze] FAlel vla] FAMEL] A ot F
ol 4] 2] prothymocytes?] o] 573t 4 Sof &3 HoR
Az e}, o]#1gk PR ol 4] CPAC 2]3F E4=A] ol 2]
¢38kg- 3kolslr] ¢l8l) FSollA] He|g DNAE 7]
353 A3 2ol viste] Fof 3 242 2 4x]7E
o] DNA laddering band®] density7} 7} 7]+ 3k
21} tfFx=Foll vls) A zpo]7) gt £ Al
#]3= CPAC] 93t T4 2] apoptosis F7h= ¥4 3}
2] ok o} ol &bl FAIAIES] apoptosis®E Ql3F AljH
Aol t3ted F4 stem cell?] $7F A3 3] 7hs)
of FEzdrlge] JAMFLZN EFore] o5zt
4 w3 FA S Fe] g HoRE o AR

CPAo| 2]&)] otzx=]2 HA|Zk el apoptosis7} fr&
o] 8A|7kel| ] 12A]7kel] Fa1x|ol] o] Ertal B3}
AAthMeyns, 1994). & A7 A= FAIAHZ2] apop-
tosis7} 841 77 oll vreb}r] AlRFsEe] 1641717l #H 1
2ol o] B F 24A1774X] FAE = HALRE Hol k&
Z o)A 2doji}i= apoptosise}= 7 Al K o2 of7k x}o]
7} sdglem, Hhaldol]l 23k apoptosis 24| ZF WA
3A17 el AlAkste] 4417F U1A] 6] 7l Farx]of| o] &
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F 24 7bll= AAHE Folthes HI(Meyng,
1994 H = A fres ot £ o kAol 23
A= 29 WA] 3l apoptosis7} Loviw] o]2idh
apoptosis+= 90% A EX|AFEEol|A] dofdr)y B 73}
Sth(Meyn%s, 1994; Sorensons, 1990). CPAe] 2|3k
apoptosist= G2M phasee]| ¥ o] =& A FALE B
o)A} AEF e BYH T FEH] WE AT
AHE do7]= Aol o3l AEE ™ 7Hel A 8433t
F T3S Fale] A 2 kx| o]2H o]
GE A= BAERY e Exe} AelEhA 7
Lo o|Ftm ¥uEw 9lrh(RaymondE, 1994
Sorenson-g-, 1990).

Agx oz B Aol CPAel &3 e F419]
ZollA] FAIAE] 3elstz] Wsl= programmed cell de-
ath®] AJ3}sh2] 5418 2|v+= apoptosisetal Azhe .

vda E

2 o33 3}st 2 H A (chemotherapeutic agent)3] cy-
clophosphamide(CPA)el| &3l vt FA1$F0] #F
A M E2] apoptosise} T2 o] =25 Ao} 7] 3
sapshslcl.

Sprague-Dawley =71 Zl=.o] CPA(25, 50 += 100
mg/kg)yFol § Aol HE FAle AT =88
2 A wighol| 4] df Zel] vl {2l 3tA 7hasshed
9152 BtHp<0.01). 958 F4& Fef3td e

FAE A3} CPAFY F 817 He F5EAY
Ayl A& 712 A3H <l apoptotic thymocyte 5|
Ao thiAdes AR Azbsle](p<0.05)
6A1 7 el 2 2ol B3led (p<0.01) 24A| 7H712] A=
Aot 48417k o] Foll = FAAMET} Al EHA 2ALE
78] [AEA odskar, AL Al fFer 43
o] FR-o] &R dotrt. ol2’t eIt W=
FAAMEANA 253 DNAE agarose geldd7]od-Tof
°lgt Aystsbd DNAEA ZAyele dx|3hgict. CPA
Fol & AW W3lol|x] 8A]7tel] oligonucleosomal
ladderinge] wleksbAl vreh}r] AlAbsle] 164 7kl =
asislorn, §EE R ch Aol 9lovt 24417
o] BE LukFo)|4 DNA ladderingo] 2 gir}. o]
213 efshA ol Aysista] Wsb= in sime apoptosis
detection kitE ©]4-3+ G A Aol oM A
wkS-& Byt

gty FAgSEo] FA|Eel apoptosiset FEHQ =
] zARE7] $8 F5AlEelA He]gk DNAE aga-
rose geloll A71°35% A= CPAF] F 2417 %
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4A]7}o]] FoH o] B]3] DNA ladderinge] thi Z7}5)
Rovt FANEH EAEL] apoptosis®] A
&8s o E ] ket

AEAH o7 o] CPA 93 $4% FA9=
M HEE= FAMES Hefshd wWik= pro-
grammed cell death®] A5}stx] EA1-S 2= apop-
tosisZ} 3. A2}
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