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Development of Apoptosis Model and Bioimmune
Responses in Experimental Animal
I. Induction and Indicator of Apoptosis and Hepatic Tumorigenesis

Chung-boo Kang', Woo-song Ha* and Chi-kyeong Kim
College of Veterinary Medicine, Gyeongsang National University(Institute of Animal Medicine)
*College of Medicine, Gyeongsang National University

Abstract : Apoptosis is now widely recognized as a common form of cell death and represents
mechanism of cell clearance in many physiological situations where deletion of cells is
required. In vivo administration of bacterial lipopolysaccharide (LPS) to Balb/c mice induced
DNA fragmentation in the thymus. DNA fragmentation in the thymus was roughly dependent
on the dose of LPS injected and reached the peak 18 hours after injection. This apoptosis in
the thymus might be mediated due to LPS stimulant. DEN (diethyinitrosamine) has been
shown to cause liver cancer in experimental animals and humans. The hepatic tumorigenesis
was induced by ad libitum feeding of DEN only. It was suggested that DEN induced hepatic
tumorgenesis in rat is a good reproducible model for studying biochemical and pathophys-
iological changes associated with the development of hepatic tumorigenesis and apoptosis.

Key words : DNA fragment, apoptosis, diethylnitrosamine, hepatic tumorigenesis, mouse and rat
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A Fo7 AR JE FEED)C] FrEa Ld
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FEAAM S AR B ARdde A AATL AHE
Hoj o} o= DENFA 93 wpjo] F
2 E8EI QoA

HAFTEZFANN 53] mouse E rar> FHo| Fo}
D717kl Z719] DNA S#MLEZNE 3t HifsErt
A EE AR #3E 5 S By ojg
AHez Ao e RAE IRFE & Qo FF
& SRS d7sked g4 810 QA
Hi Aok AzrellMe] A DAATNA Y] ofE
A F, A7NEt A AAHE AX dARide
, o] BAE ol g 2U|H¥e & 4t
S BT ope} AP FHLE a4V} BAEE
T e F TY 9HE Y ¢ e dHe
Zka1 Ql7] W&ot

DENS TS5F-of°%8at olu]g} acetylaminofluorene
(AAF), ortic acid, phenobarbitial, benzopyrene, N-amyl-
N-methylnitrosamine, CCl, 5% 37| Foisie 2
FHE #HRdrd 8HT glom WY Tl
T RS dod Bl ohst RouRE kst
PR FRIT Bo] AREHI Jusrnnns 53
FZol= DENS 13| Fodln B ff AAES
A fHES #FE AlVle R g8A Jdn
w3 I B 93t fr=d AolMEY Z E
% EEEY @) ZEo] XU olE AXE
W =284 SHoE e oY TR BE T
e ARH 4 9A Wls et & Ao
WolE AL It}

DEN2 Aol A mulrd & AFolA akylhydro-
xylation=|o] Jf MEje] RNAo| #rE dozloxw
A OHES Btk RAeE AZPEI glon 213
g S M) Maed old EME T {AfEe] M
Wasrgio ) BETF I (gene expression)2 T W)
i HEeEe] ERAQ #LE st A7e Ay
2 A7 d-de el g AAHJ] 7o)
Lo A && F flok

£ deAe o AAEL Qe 3 FEA
B, e BE SUAE g2 T3 gz &
AdEe] 26l 7 gute Ut 2dg pgEA
8% ¥ Sprague-Dawley strain rat® ©]-&, 0.01%

)
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Al HAEA g

etz dlo] setupEH Mol EAY7IA AT F
Aol 7S A ofA), PR =38
© B4 58 T8k RdE g8dle EE
apoptosis®] T WAIA}e] HMoF 7|E AMEH
3 e gAY aRE ARSAY A 2 £
Ue A FHEHNE Wisle BHEE o)E
74 sh=d 3t

Mz

HEEE ¥ A=A

Balb/c mouse= AFE 3FHA 1558 7AE
31301 hepatic tumorigenesis LHAHL Y3 rat
(Sprague-Dawley strainy= A% 65-% % SPF Sprague-
Dawley 53 F& & ARSGAA Egude} 25
Zr EBIE HEREY BMtAIReH, 133 8FHY
AF 120~150 gme] FETHS Aol AMSIGET. B
BEme BFZAL 25 2014C, FUFE 45~
60%, 871 35 10~128)/hr, ZBAIE 23 9A~2
I 1IN, 2% 150~200Lux AEi2 B E ARSA
oM AR, A3l o] Fo] ARSI

Balb/c OFA0AM2] apoptosisel FEXH HE/
= ¥

Apoptosis®] %= A7|2 F dEHA JE thymussS
12} e 3t f=Ale] A 27 AEE 44
3t AYEEES £F£9| Balb/ec mouseE THA
o2 3t

FEERE 37PN RE 1059, vort 155
HAe] HAR 3. FE=AZEE lipopolysaccharide
(LPS) from Escherichia coli serotype 026 :B6, 055
:BSE AMSSIRAL B L 1uge] LPSY 4
(1pg, 5pg 10pg)lA FE 100 pgZhA 2 3tAx
Eoie B 9 tail vein T2 AAIEA

frize] fdale B F A3 7HF o2 3l A4
Fo & 22RMAARZ St dxTeAe A8
Fhe FAXY 2FoE 9 ARARE, FoAEF
Hol) gk AAE ARSI

Opf2A EMMZNAS| genomic DNA fragment
(ladder DNA)2| £2|
Thymus®] &t Balb/c mousecllX12] apoptosis
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ToM FHE, FAF AP, Fo% 2 Al
Wk HAZAS AR A% ZF ov) A¥e
AT

Apoptosis®] EAYESE HHHoE &3] 9
3} DNA2] neucleosome THdllxel ©H3ls A
Z£317] 98l FAHHMER FE DNAZHES AAISH
Aot 23 Broe AXsEdMe] =AE d%3)
71 St AuldEE & Ad $3, AEFEL 2X
108 g5¢0] HFsle] o8 A8Z 3t 0.05M Tris-
HCL(pH 7.5) 2mloA] ARHFAIA =T 100 pg/ml
o] S| proteinase K& H7Fste] Zh ©AE A3
AL AX DNA pellets: 558, 575} agarose
gel electrophoresis® FR13FAT).

RatOf|AM{S] hepatic tumorigenesis®] FT @
apoptosis®| FT

o u)432 hepatoma®] 5] FEAZ LA U
£ dicthylnitrosamine(DENYE AM&, o3, Tt
H 2 XA AR i 4F AP S A
sk 7RHoRE ATFS ol /P #4s)
AME HAEo] o] BEEE 3YEd 7|EHS
Z2¥& olgie} Zth. DENGSE T4 Qlojx F
ol F 11135 ZA gl 7P g8 JAPdn
T ol WHEF wwsty] A3 YF 8FF
7079] Foll DENE 25 =4 14570 og3) 2
oldle] AgAA Fodte] Y, dAE £4E 4
Al & ARE o] B AP ARSIt

B AFL diethylnitrosamine(DEN) = 2o 4
ol 9lo] 11~1350 AA #Eo] 7P 438 2
PATk= o]He WHET Hlwdl] 3 115004
1373 DENFZE 242 12~1571EE A¥a,
Umz] 68l 1058, 283 145FodAM e svt
oA erlElE A¥std 4 FHEY #E A8S
FANHRT H2TEL F 0 E 12F B¢ BE
EAS FH3A &2 S57e Fod FoF By
Z sonlelE AT WEEES 59 001%
FEZ diethylnitrosamine(DEN, HRZELg THE#KN &
e A7FEA sden HPrE FAAM= LA
Alge A+ T

Ratol A 2] apoptosis frEv 7]EH 0 Z = Balblc
mousecll A1) FEZAT Zo| 3t AAEGHoU F
g2k vl9-2e] 3-5871A] FFAIA ARSI

pEER ¥ XS0 s FER dE 5
Hepatic tumorigenesis &l th3t ¥e] sz

AF2H 2 FEE Hsld g A48 AAEKT
Ao AL FEolMe BE HE IS 98
& DENE A& Fogt & 653HTHE 14577}
A ATZ PEEE T3S wmes AA8IEeH
Zt FEY BEHE =S Hlusly) Ykl Y
2 Hies st AM, FeE wslke FTES 3t
At

Hitg A HMES WEstY 71E3F9SH, ether
3 & gig AA A e 1A FEsY HER
< BiESRT

MBS P @IFx, HE)

%S #HREE mouse ¥ rats TY9HT &
T 5miY Mmke A% Riskd 1217 i WX
3ted BEEAIZ] £ 2000 pm, 1087 LYEES A
Bad miES MmEAE A7R -28°Ce HESH
ARBBA T

=

Bzo| £ CHHA 9 albumin =T =3

F @ 32 Bradford Fi%(Coomassie blue dye
binding method)ol wat 2008 3% MmiF 100 pl
o] FLEW[0.01% Coomassie Brilliant Blue G-250,
47% ethanol, 8.5% phosphoric acid] 5 miE 75}
Agox HhgF 1217 Yol B33 4] 595 nmel| A
HizE 3] bovine serum albumin(Sigma Co)S ARE
3 ®F 44 93] @EstEct

Albumin ¥ BCGHE #KiEoE 3 wye=
AR A A2H[albumin(ALB) Al2f(Asan Co)] &
Z 58, Aol 1087 BXE ¥, 308 ol Al
ok blank® WEZ 9 630 ol FREES fE
slo] HEMoA gFF FE T F AGHIE &
A=

Zite| SorN ZE

Z27 2 DEN Y9 rar Z8Hd s wiF 3~
554 BAsl B3] 7+ 5% wsh dAE
et S 2748 A s

2 I

A=A

PEEIl DENS 2t S04 A& A% ¥ 75
Ho| AASAA <zte] 47H sibst BE Fo]
Ay AN Yehtr] AFEEc. 19 AT 14
~18ml A% &F%E DENS A% BAF §:H
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o] BAsAX FE Z2FY T3] AlFEA 107
g olFME 10ml AEE FFF] ALIASS
HEY & AT

AlE AHFE DEN FoAF 7-9370] Zoskd
A ZFH sty DEN BAF 1258 o)l
A AL dAER AR 1Y oF wjAdHe
DEN Fof Fo] ZFAFrE A wet =3
Aaslgont AAFog & zlole LAHA A%t
T WMEAS B3l ¥1 e 2PoF 1230
d AR gETAE Boldt ERER € tE
ABEr g E-HA 29

Balb/c mouse ¥ rat0liM2] apoptosise| &

k920 FAATAME 3~45FHAME 7153
O} 5~65%olA DNA fragment®] T&E-&o] 7134
w3ow 13FHAMREE vl B, 155HAAMe
AFo] HA go} FHE e HESE Aol7} 3
QAL, A e AMddME F9A = zelrt
G A B3kt

AZPEAE DNAGZA 9] B gL EoF 18
~20M7F Wejeoll e 71 E3kont 244813t ol %7t
A& R&Eo] MIEFdAe] A sleAS 1}
Elfjo] et

F %2 lipopolysaccharide(LPS)2] 73-%- HATF

: Normal mouse

sLPS 2.5u¢ / mouse
:LPS 5ug/ mouse
:LPS 1048 / mouse
s LPS 20ug / mouse
1 LPS 40ug / mouse

Fig 1. LPS-induced DNA fragmentation by agarose gel
electrophoresis in mice thymocytes

40~100 ug A%o)X DNA FFAe @3 go] =
AL AFGS pgeldh A9 o FoolMe wd
ol vi¢ A JElthFig 1. 3=X).

SD ratAe] FEZA-L moused} Zo] dlo F
AL 3R E SHAA AAEIY L mouse
o} Z& 271 LPS BEFATOZE DNA frag-
mentation E= R}

BAE 9 FFEEC| w35

BEE| DENS A B 7o 2 +43 Ha
#ibe BWEEE 5954 &< gz &
DEN & 13T o|FFHe foskA Aap<
0.05), iFEERE 9A) gzl visie s 2
HAoY 7t FHF 7k fo4e IR Fdoh

faEo U FRE Hh&de 7 FHEZe 22
9] 3.9410.53%00 HIs|] BWEE £4%9] nFHLd
ME 3721£070% T FAERL, OE FHY
DEN FoFME A9 Aol Jou 11FHT
7 Hlsg e Yeho] ZaERod FARHS
2 Fo3 zlole fIAThH(Table 1 F=).

% ZFH/E ¥ albumin =5, albumin/globulin
o| Lk 2t

Total protein &T2| ¥S}: Total protein FE=E
zTol HlaiA 6FHAMTE FolHA Hip
<0058 Yehfo], o] F71&4E total protein
9 FEe UL A p<0.053 FFS LRI
U, 8, 95783 13FHedME FTke oY o
9] oL A=A GtthFg 2 ZR).

Albumin #ES| #t: Albumin LT UERTo|
v 6,753 HISkA 8530 o't A (p<0.05)7t
UNT, 9,107FHAE 237 ETHRT o3 F
7Hp<0.05)F, T 11FHEANXNE 1053 RT} Fos
ZA7F JPA T dx2FEHe] Zole AUTE 1257
O] FRE] 1458 AloldlME albumin FEE FHZAF

¢ ZAE el ArhFg 3 ).

Table 1. Changesofbodyweightsandliverweightsindiethylnitrosaminetreated rats

Duration of No. of

treatment (weeks) rats used B W (g LW LW/BW (%)
0% 10 359.32+18.09 14.15+£2.31 3.94+0.53
11 12 314.98+£31.26%* 11.74£3.09 3.72+0.70
12 15 327.54+34.12%* 11.94£2.55 3.64+0.94
13 12 296.23+58.72%* 10.24+2.58 345+0.82

*Control: no treatment during 12 weeks. LW : liver weight, BW: body weight.

**: Siginificantly (p<0.05) different within column,

Korean J. Vet Clin Med. Vol. 16. No. 1. 1999



104 AR - 3 eE - AAA

i

|
|
1 i

Fig 3. Albumin concentration.

A/G ratio?] HE: Albumin/globulin ratio= 6%
of thzwte] HislA Foe F7Hp<0.057F AR,
ol% A& ZAEHTIZF 107%d HuAZ o 224
10.18& YERAATE

AG HZ&2 1= albumin 747} thERF] H|
8] oF7r ZAIIAY TAE HolA] &= ¥hH total
protein®] Zrahe iR Bls| 7AE BHYo= &
A globulinX = AUideg I ZHAX7 ZUl8le s
A albumin O] globulin tha&s tRFo) wis IR
& 571 FdE JERAUTHTable 2 32).

FoRERe B

BEERS S e mmREy 2AC 2= R
(DEN) FoF 1057%o] Zte fFHIAN fel 273
S5mm oJete] W X7] itk RA, EEE e
Mt gl ot BEEIeH, F2 59 Hd
Foll @Esel Bol TS 1ol T S

Table 2. Albumin/Globulin ratio

Weeks No. ratio

control 10 0.76+0.07
6 6 1.35+0.12
7 5 1.08+0.09
8 5 0.71+0.08
9 5 0.83+0.06
10 5 2.24+0.18
11 12 1.12+0.15
12 15 1.58+0.21
13 12 1.40+0.12
14 5 1.49£0.16

z27) 7Y @4= #FT 4 T DEN B

AHg FolMe A AR Aol
27 5mm AF9] FEMME BE, FDEEe) ¥
AU Y] e FUEds 31 £ 9l
AtHFig 4, 5).

1259 o|F9 EH FATIME WEESY =
719 7Y Uk 7HR2 Ak fEES A3
F Ao 7ol AsEHz 7k THe] Fu=Eglen
FEo] ATESE HA HEE &% &H Aol
AT i 0199 AreME o &Pe
HEsla] gorot AR Aol e IsREke) 4§
A5 Ao BAHIE SI¥TE DENE A

Fig 4. The hepatomegaly and hepatic tumors on the
peripheral areas in the rat treated with DEN on 10 weeks.

DE N 11V [REE.
Fig 5. Numerous hepatic tumors in the rat treated with
DEN on 11 weeks.

Ao ks)A), Al16d, A1E, 1999
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ER AT ERS ofy &3] wHEHA @¥xn
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A 711 giA JopaE HZ FHg 4
A2 1% B 2 Edo] AEAY KA
FEFE VH Eddel ¥ ZAF &S HEsY o
A7 A2 iFE ok

BEWEY 4% DENS aminoazo dyesE Fo
3IHE o Ve 7oA Wkl #AKnecrosis)
2 Z2)(hyperplasia)®} 3% 713 (hyper basophilia),
a8l F%(tumon)®] Aol &eA It DEN
< cytochrome p4500 4] A& M4k (bioactivation)=] ]
smooth endoplasmic reticulum®] B-& HLLEFRTH
o] BFEE HBAIFIIL FEAHAE (steatosisy S HEE, T3
DENS EE EHEFAX v g A9
WE gas S°18 Bk 9 sz g8A A
E HA¥oAe dizgol ¥isiA #EEl DENS F
gk FollA gBE A 2 FFEEC] A% fofsh
o7t UL, feEO WE FHER e o g4
BIAAEE & Apole AT

LPS *2] apoptosis % rat e 2T 3
zlel7t §lol 7+ Zlsde FA BACE (S ¢
T AAt

1993 Rogers et al.'>2 EBiEEEo] AHAL A%
o gamo] A AAFT Fom, 1987 Matsufuji
et al.'®% N-amyl-N-methylnimtrosamine ©. 2 & E#
(esophageal carcinoma)®] #FHEEE F oA Plv]g 8
& A7t Aok Basiok

o] ¢ DEN& FoIdle] S #HEtst] MES
#rE A7 Ao ZE 19919 Lagopoulos et al.!*
< up-2E 0|83l DENOE RS #FBAZl &
5078 7MA At fgEC] IA AAIuE Ag
H3gk vl ok 19941 d o] 5¥o] EHolA Folpet
< 543 & DENOE IHES AEHS o) faEol
gk Brel thads #bEs gl WiE)] ol wlu|g
E717F AAEE, 1993 Laconi et al'*& DENZ}
orofic acidg | TS wie} 4 S UEO
2 FAYES wo] BEd S e FA kES
BlESIAEY MAFoZe ofFF wvg Ft 3l
Rem o] F DENTHECE FAYS w7t 71¢ ¥
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MiFEel A1) total protein®] F=v WiZRTol H|3)
Al DENS T8t oA 18al $47) F7HE
o] #A39gTh

Albumin/globulin®] tt#&% DENS] 2<7l7to] &
V88 o] F7KIGTE o] albumin AT oF
7+ ZAFAV Z4AE HolA] b= HPA total protein
9] e B ZAE HYOZ F A globulinX| =
ddezr o ZAaA7E F7MESE albumin o
globulin thZ&& 2T HS) DEN £4% 0]
2 37t s e FF SR R
o] Z71%t AoE HerET)

WEREY TEES BT BRERY Hils 1S 7]
How se] Ao BE U4 R 85 - A HHZ)
A, O HEL AR RN ]RE Eo)
Ueht Hel B wan Eee Sus &
B REEES F4do]l 107394 FE F3EA #
Z, 1157%57EH 1 ZPEo] 1258 o|FdMe HA
S5mm W$]9] EEMMe] HAZoE EXHo o
W DRAE wbE kel @ s 1EE +
Qo] el FgHE A & 5 A

fLBWE o8 Y 7P S e 5
AL ZEAIREe]l Etl(cytoplasmic swelling)$t A%
P (steatosis)' 302 o]FH £A4L ALY 3}EH A (carbon
tetrachlolide)ll Al 2 Ve Ao2 @A Johs
ol¥ ThFSt IHE &4 EZo] ©r|zt okelA
|3l AE=Z 3B F A& Aolx, VI A%
SEAY A A MEEAde] ErFYE3Ed HAE
dox sEEAY uel iEHEER (cholestasis)
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o] E¥3lr] ARt ET ole EiEe HATAE
2 7HEEEo] Bk apoptosis 7= FA 7198
Ao Z aEn AYFENAY apoptosis et
ratl e FAAEL in viro AZNAMTE, moused
Me HIZHEE o835 Aol Ao AHRH¥E o
oz ol webd, ASA) & e oE
Aol dgel A Jed B AFdME 22 2
A2 dA Ho mouse BIFAESY in vivo -FEO|
0]o] rato A 9] hepatic tumor HHS FHE Ao
Riedi=

4 £

Balb/c 9}9-229] FXAAEN St apoptosis LH
56570l 71 B3 135 FeNE wHEo|
o) Tk el gt zlole AAHA ket
apoptosis FEAE AFE3E lipopolysaccharide(LPS)2]
Tl gzt 9Ege] S ¢ = AU

ohA ZHPEA (hepatic  tumorigenesis)®g 2 7]
AATE Y3} diethylnitrosamine(DEN) F9ke] SD
ratollAe] F4dsl DA FAF 1057 o] FellA
HEl= 9454, 1 715dEAE €@ 73389 719
£ FFANNE TSR] AYE & F Yo
hepatic tumorigenesis TH TT= & apoptosis
o BEATE A 7l Ao waEd.
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