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ABSTRACT

The objective of the present study was to investigate the cytotoxicity of adriamycin in
liver cells (group A), and the protective effect of squalene to the hepatocytes to which
adriamycin-induced cytotoxicity (group B) was examined by transmission electron micro-
scope,

In the group A, The cisternae of rough endoplasmic reitculum and smooth endoplasmic
reticulum are dilated/disoriented at 24 hours and 48 hours. The inner and outer membrane
of mitochondria are detached or destructed, and attached ribosomes of rough endoplasmic
reticulum are diminished in number. ’

The cisternae of the smooth endoplasmic reticulum are dilated, and the cristae of
mitochondria are disrupted at 72 hours and 96 hours,

In the group B, the cisternae of the rough endoplasmic reticulum and smooth endoplas-
mic resticulum are dilated at 24 hours. The cisternae of the smooth endoplasmic reticulum
are dilated at 48 hours, The cell organelles of hepatocytes are regovered from cytotoxicity
at 72 hours,

These results suggest that SQ is not only concerned with composition of the membrane
system of the cell organelles but also decreased the cytotoxicity of the hepatocytes. «
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Ab3lE o} (Saint-Leger 5, 1986). A
Jolo] Zhell 71 Wol #Fi-Ee] 9l
TEAME F2 oA A, HF, FsiA
A, PxA o AAE Fd oOF 23H o
(Liu %, 1976). Budiarso (1990)<] 23} SQ2 6
N ol FATE 2T glo] At o] fA ZA¥Y
4 9l7] &l Fa ALE AA & £ g sy
©}. Squalene synthetase (SQS)¥= cholesterol A%
A Ao FeJdl= Fie]w, LDL (low density
lipoprotein)®] VF5EE 257 H3 AUAAZ A
43l7] $lsled A7) AW 90} (McTaggart &
1996). Z(1996)°] 23t WAL
AAY sterole AAAA Z) A squalene epoxidase
o ¥ S 24 4 993

Adriamycin (ADM)-& 34ke] §4-& Azt A
X Z41& A7) diel % AEY XBAZ A
3= AtAlole. e detAlE AN AlEeE
E3& oA Aoz oA U (Koss, 1967;
Kim®} Kim, 1996). o|¢} z-& iAo FAE& 3
aszpsldA Y B uY XNag ERE ol
98 X8 922 interferon (IFN)3}2] B8 8 o|
1} reconbinant human-IFN (rh-IFN)3} FA] %o
g B3 yetegos Xa3 A S¢Ae X8 &
sol F7stda skl (Hong &, 1993). 3,
Park 5(1994)2 1% x| A <AA HAE F
BzA0 2 5-flurouracil (5-FU), ADM3} mitomy-
cin-C (FAM) 5% 3steys Ada § 1 #5,
A ok, 9 AL 7z AA AE 71z o)A

Aste] 47
22 A A
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£ e 24T v 494 U T} 48 BT
2} gl
A7 SQE FA% F F4 A= YA SQ

9] 2xo #3 "\'li:vL(Strandberg 5, 1990), 2¥x
A9 & WA ZpAle e HIAT A ETA
streol®} SQ¥eFe] w3le] B3 dF (Palamarchuk,
1990), AF 9| ZHA oA SQO Al Tt A
¥ 473 B 7R (Kostas 5, 1993)7} 2lgl
om, Desai 5 (1996)el oJ3}d FT¢& 2T e A
#Hol SQE E#3: HEQ RoidexE AHA &
o A2 33. 34%°ﬂ"1 ZF FAel dAHAG
S

2 JFaAEE ¢ AT 34l cycloph-
sphamide?] Tmioﬂ o2 AF AEY siF FAF
SQS FA] Folo w2 ATl ulAx ok H
A+ (Kim3} Kim, 1996) ZA#5 X313 w} 9lov,
E AFAME SQ} Al B4 Fojz} FtAel
gk AEEAL Ao ulAE TS WyozA g
Al gle] W4 8w & Apdeled 83 V) AERE
A3zt 2 4T sysisc

Mz ¥ Ud
1. HEME

Agel A$T AAL FEHFAAN TR AF
8~105% (A% 25~30g) A= ICRAY &4 A
A2 AHgse,

2 NYE 43 % fof wH

1) d¥Z 43

ADM® Fedgt A (AP} SQe 597 AA
A gy 6Y4AFE SQ9 ADME $Alo] Fodt &
(B#)ez F¥3en, SQt AE(F), ADM
ot AL AFE AHES .

2) sQ9t ADM £0of

AFL SQ4 AAA glo] ADM (2 mg/kg)®t H74
Foaigd 2, BE SQ (150 mg/kg)S 24417 1A 2
2 597 WA F F 69 ¥ SQsk ADME %7
Zoslg on] SQ& TA AAMA 24A|7F kAR
Folstda. TG F 244)7h, 484]3F, 72A13F, 96
A A F 4 AP A4 svElY 3 24E A
% 3t

3. MAHo|E B

Ay SEAN 2 240 ABE AAeke] WY
Z£olA 1mm3a7| 2 A F 2,5% glutaraldehyde
(phosphate buffer, pH 7.2)2 247 F<oF A3A
Soich. ATAel B 2 FY 439L A4 10
F 71422 33 A ] F 1% osmium tetroxide
(0sOE 2417 ¥ 1A & o2 FY g3doz 3
3 Adstelsh AAE ARES 44%E 29 og
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&2 943le propylene oxideZ X|#3t % Epon-—
Araldite Eg928 Ivf 31T 60°C LBo]A 30
Azt FgAZAS. Eolld 2AEL LKB-VE ultra-
microtomeS AH- lum FAZ A#L Azl 1%
methylene bluet} 1% toluidine blue® hot plate
(60°C)Ae A ddsleet. 949 ANEE 33 ¥n)
Ao WAl 2AE Hlg o FU3 F90lN
50nm FAZ 28-S A)2sted cooper gridel] -
#8193, uranyle acetate®} lead citrate® o|F ¢
Ag 8 JEM 100 CX-II S8 Azl&u]7 (80
KV)2g #asgd

2 =

24Xk AZE ¥ g% $F3 4L w2y
T2A Jebgeh daAe 9o FddA F3a)
FAFAS. W) F AZAGN BAIE ARYA=
Wekeh Sete] A¥E weEe] Jepd Bt ol
A AR AARE} w3 BFHQS. 2
9 ARANNE Wdel i vl HYE Bt o}
e ARAE] G BAHAT WA 843
9 F2EEe IFHYE sidch FFYANAGL
ZHEANN AYH o2 BFHE FHFEE AR
USRS Bt oz} 27} tha Fege] ek,
FAFYANATES AU YARATS Qs BB
Hed P2 ¢ A3 depge. SarsaAg
& AXA At Z2H G4 FFHUG (Fig. 1). SQ
22 597 ANA & 9 ADMF SQF 54 Fo
& B2 9 Y] wj¢ EFAY B ohz} 9
Aol Wl¢ 5ol AU olAGAA el Hub R
A wel HAFYS. AYYAYARY 2= AR
o ulate] vj$- Aol HFHPR FATEE
333 YR ARA L AP AN AL FH R
A G5 BAHNEY FL BAYL o3 ggon
cristae 9} 7]A AAYHY 2AS B FHH T34
YA FAYAYATS QA QgiET)
2 $2E 4 B3Ee] ANk MEA Wb A
A FARDAEE AZE el V|t o 2
3 FHeA FFHGS (Fig. 2).

48217t A HE 927 G4Lo] RE g

o} FHARAL BedFgich AEA Aule] dA B
. ALFARARL Y TS| YR vag
FAE BeJFQE Wt ohlzt LA BAAS o
Az 2= AXA Avte] AA @2 polysome
ol A= o] st FAYFAWALLE 2447 ol
vty wto] w|ekalgieh. MEA Mule] AX T
HE AFASE P22 2 Y] P g 2
o ohel vute) sty WAbel FH el ARG &
9] sl So| EAsA (Fig. 3). B2
& date] ok BFHEA BRHR ot A3
WAL AH 24 BedFgeh AT Ak
A3 AP ate] 2o glgl o} 2447 B
% e $29 HAAS BAHA ol W
AR A EZAGA ZA BRI BAEAS. o
FANATE 259 el 24417 Zol A} A w) %
BAso] vhebdel. MEA Aule] AA oe s
r ARAE ga AAAEs B BAER S 4T
29 B84 A5 e (Fig. 4).

72417t A2 4 oa BFAR dug 33 9l
on gaAe ARG ojAGYAe] vy 3
A deiteh @ Faels RE5EE AYYAYA
< AYH 2BVFRE YT Yo}, oS3
A AZAANN AFFHE FAYPAYARE 25
$27b WS GRse] Yehde ARAEL €4
e oA A O BAHKET A 2ALE
RelF Az WHe] wl$ H|hS T cristac?] 2| &
Aol Faiat Agel A Jehddt (Fig. 5). BEE
Aoz 4847 BEH $Ah 248 2o Fqig)
(Fig. 6).

9617+ AT 8-> Huto] TI3 GAA e TFEA
HAse. AL PGARARL AEA Aube) AH 1
FA wrgsle) velteh. d3aeMs gl 25
Bahal vdebdd, Bad AT u$ gy
o Qo 29 HAgANe JARA A F
Ho] ARIASe] MEA Ae] BH BAHEH cri-
stac?] FElE B4 BRSNS Bre) sharstad
So] MEA Aol AH BFFUG (Fig. 7). B
H& AYHA 2R B Foo AY YA g
AYA 22722 YT JAon, TAJYA
WAY =8 w)$ deEe] gold. ATANNE @
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L HolagEol #HAHT. 44 da} LA
o|at&-a| A o] el AHAEL Hubdoz
Al 2% Xy TR0} (Fig. 8).

o

Squalene (hexamethyltetracosahexane, C30H50)
= Centrophorus atvomaginatus, garman, spiny
dogfish, aezeme$} 7 Aldjate] ZieA FE31 7]
Folch. Aol MA 242 dWe] =gsA] o
= ZE ZelA AAE] G Abne FFe] ¥
sho] FAE sste] Arlolofd ek ol ot
AN A 0% AP 2 AR T gon]
ekl SQe @493 ATk SQe FHERA (-
COOH)E 7R QA ¢7] Wgoll 7183 oh2n,
A Abxs) Agd & glen, Ak Eag weEd
ool AR A8 :
Soln, Yae A7 FUAL WA 44 s
Aoz oelx v} (Budiarso, 1990).

Shinozawa (1996)= ADMo 2 $utgl EAd o
5te] AATE AFHATE coenzyme QL0 (CoQ),
dextran sulfate @ 393 glutathione?] wle] & 7ol
43 975 AFNM AdEHEd. CoQ, dextran
sulfate, 293 glutathioned} &7 ADME Foisl
AAe Aol ADM (15 mg/kg)et 548 2T
o AE 7|7ke] A e it Storm F
(1993)e) elam 2] Alzol 2% SQE Edtsed o
o2 AR F PANS 2D 23 SQE AR
&2 gz njsld AE 7|17 WA AU she
=

Kostas & (1993)ell ¢J3w 2= A 20 A
Aol SQYA LA EATA AW AR F
of mel SQFE AL g 2er, Jacob
(1995)3 Krisans % (1994)¢] 2J3s}w SQ& Abs}
sAoA gL 3ge. B ANz A7
242175 96Xkl A B3] HABAAFe] Zrbstol
ehts Ao Hol 5Qo Yol HAsFaAs @
o3k AL AlgEd,

Yamanishi 5 (1978)3%} Tilvis?} Miettinen (1983)
o sy WA SQ FEIh BARY, VALEA

_ADME F

AEATIAL, A Aol E.

4 9 243 M= WA Aot FEE
Aol Aol X e AA A At sgeh. =3
gAlQl cycloheximide®] Fof7} 7F ALAA) Feof) A
gAY oA, FHFANAY FRTFE &4

(disorganization) < 7 gcta d4dt, Koss
(1967), Kim3} Kim (1996)¢] &5} 239 cyclo-
phosphamide & £7y FAlst As} A FARAY
o A Aol vepgeiar dlgich. B AldeME
AT FoF 2473 48412 A
F 2 MELT F AN D T
FAupAare] 271 of-% o s Jehon], A
Aol ezt ool o] 3 g @e] FEHG
w3t AR e] At i) detdatel @A
Hadel 72417k 96A12ke] A M EME
HYARALL F972E 4312 A F345
FAA e e oS BAE glglen, AFA
WS vt o cristaed] 327} FEFHYE} 3H B
T 2477k AR AR o] P A o)
FRHR o FRFZE )T e, ¥
A a7t il F s o] lddeh. 4842k A
v A YA 2o FAage BRHA Ak
o} FAFYANAEe] 2= vl FoiEe el
Y= ZleZ Mo} ADMe| HAd| tsle] s 5249
714 Fedsle A22 ALBE T 72417 A HE A
T4 ¢4 AEE A Hlsle Av)sigl o,
9222t M Al &8 Hel Feh o9} 7
2 A3 Hel SQL ADME] ZHH| Eel W3 AEE
Aol B3 2hgoju MEALZ|HY AP Ao Heds)
= AoR ARHA ¢oz AsiehHe dF BQs)
g} 2o},

A2 A ESHT ADME
SQ2) E5& FYe7) Slshed
ADME 2% $q2 A2, SQo2 A4 @ g
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At BFd2 R A 71 AR E] FHas
Aot ARIAE Webah o] 2] g e dAte]
elwteh. 7247k 96|l M T AV A Y
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BFL 244170 A AFFANA G2 33 A
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BoFglony 92A1zb e HAAQ A EE
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Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

FIGURE LEGENDS

An electrron micrograph of two hepatocytes showing a number of swellong mitochondria and
dilated smooth endoplasmic reticulum in the 24-hours group A treated with adriamycin. N,
nucleus. Bar indicate; arrows indicate destructed membrane of mitochondria 1pm.

Electron micrograph of the hepatic cells of 24-hours groﬁp B treated with squalene and
adriamycin. The cisternae of rough (rfER) and smooth endoplasmic reticulum(sER) are dilated.
Bar indicate 1um.

Electron micrograph of the hepatocytes of 48-hours group A treated with adriamycin. The
inner cavity mitochondria matrix of the mitochondria (M) are swelling, and rough endoplasmic
reticulum are disorientation. N, nucleus. Bar indicate 1pm.

Electron micrograph of the hepatocytes of 48-hours group B treated with squalene and
adriamycin. G, Golgi complex; N, nucieus. Bar indicate 1um.

Electron micrograph of the hepatocytes of 72-hours group A treated with adriamycin. Electron
micrograph showing the destruction of the mitochondrial membrane (arrows), and the dilated
smooth endoplasmic reticulum (sER). N, nucleus. Bar indicate 1pm,

Electron micrograph of the hepatocyte of 72-hours grotip B treated with squalene and
adriamycin. The cisterahe of smooth endoplasmic reticulum are dilated. M; ﬁlitochondria. Bar
indicate 1 um. »

Electron micrograph of the hepatocytes of 96-hours group A treated with adriamycin. Electron
micrograp showing two hepatocytes, a number of dilated mitochondria (M) and polysome (P) are
observed. G, Golgi complex. Bar indicate 1pum.

Electron micrograph of the hepatocytes of 96-hours group B treafed with squalene and
adriamycin. Ly, lysoéomes: rER, rough endoplasmic reticulum; sER, smooth endoplasmic reti-
culum. Bar indicate 1pm.
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