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ABSTRACT

This paper aims to prove the effects of Squalene (S5Q) on the cellular toxicity of 5-FU

to the mouse which pretreated with SQ and then treated with 5-FU.

The results of the group A (treated with only 5-FU) are as follows. The nucleus was

destroyed at 24 hours and 48 hours group, however, somewhat repaired at 72 hours

group. The dilated inner cavity and the irregular lamellae of the rough surfaced

endoplasmic reticulum (RER) were observed continually until 72 hours group. The inner

cavity of the smooth surfaced endoplasmic reticulum (SER) were dilated in all groups.

However, the destroyed and the normal membrane were observed simultaneously at 72

hours group. The inner membrane of the mitochondria were almost repaired at 96 hours

group.

The results of the group B (treated with 5-FU and squalene) are as follows. The

nucleus was a little influenced by the toxicity of 5-FU at 24 hours and 48 hours, RER

were observed to keep the typical lamella structure of cisternae from 24 to 72 hours

group, but inner cavity kept on dilating. In SER, inner cavity were also observed to

flatten from 24 to 72 hours group. Mitochnodria were always shown normal. All cell

organelles were simillar to those of normal groups at 96 hours.
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Accordingly, it can be said that the treatment of SQ prevents the cytotoxicity of 5-FU

on cell oraganelles of liver cell and that is concerned with the formation of membrane

system of cell organelles.
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5-Fluorouracil (¢]8} ‘5-FU’ 2 3)2 Heidel-
berger$} Scheiner (1957)¢) 23] ¢X8E 93 3
FAHAZ AHEEE o] F d7] o] 44X 9o 5-FU
< ¥A 9 pyrimidine baseo|™ |A] FA L oA
s AZ 248 Asjse JA TAz 2eA
alt}. Ansfield®} Curreri (1959), Zubrod (1962),
Nadler 2} Moore (1968), Watkins % (1970)& 5-
FUo| AjAe] w2 Z44 2] RNA % DNA 44
o #<) (incorporation)Fe] MES] AL A 3}
A AAL AF1BR o] whE ofA] FoFe] X3 E
A SgdA 2 AT Busleld

Cohen % (1958), Heidelberger % (1960), Keyo-
maris®} Moran (1985) 2 Tsukamoto$} Kojox 5-
FU o 5—F1uorodeoxyuridine (FUdR)e°] 5-Fluoro-
deoxyuridine monophosphate (FAUMP)Z A 3}%¢]
thymidylate synthetase (TS)Z YA|sle] deoxy-
uridylic acid® FAEA ¢komg DNA Ao 4
Atz s on, Danneberg®} Heidelberger
(1958)Y} Goldberg® Pardee (1966)2 5-FUo}
pyrimidine nucleotide® &AL A 33l ribonu-
cleic acid (RNA), deoxyribonucleic acid (DNA)2)
AAE Adgetn s

Squalene (hexamethyltetracosahexane, CsoHso,
o]g} ‘SQ g )= AN FH2EHE FHAA
o F3 A=eln A AFETE 9 HESAA ¥4
e B3] AsjAte] (Centrokphorus atromarginatus
Garman, spiny dogfish)®] ZtejlA| wo] &f-d =hz}
$4 3EEolt}, Saint-Lenger 5 (1986)% SQ2
A2 ZH2HE FAAE £ mevalonate?] Ak}
#A ¥ farnselyl pyrophosphate® A& FTAEH AL,
squalene epoxide$} lanosterol& A Zd| A So}

FAHARA =Y gea AlEEe] o|FAFSE FT
alel E<HA s A Asg 4 e shsd

Strandberg (1990) ol 2Jsld 7~30d B¢t 3}
Foll 900 mg SQE& AtelA F4% A oF 60%7}
F4E 929 serum triglyceride?l SHAHE Fef
< WA ATt 319.2m, Desaie 5 (1996) &
ks ol AFd SQol E3td 33E9 Roidex®
HMAWE o, Roidex MAF2 FF2 33.34%7} o
A Ao, ARAFA F-E FoAME 3.44%e]
A=Getr B89, Storm §(1993)2 CH 4
A AFAA 2%2] SQol FFH HolE Hel F whap
A& A E A dzvie 99 o Y&y
o3 shgleh. Tilvissh Miettine (1983)ef ©]8kd 1%
SQel Ff¥ HelE =X 3 SQF methylsterol
o] AAsA Frlstgdetn slgdvl. McTaggart %
(1996)° 23ld SQ¥AHEALLE xS A
Ao Wejs}md, LDL (low density lopoprotein)$]
Y55 EE FF 9ok Currerie §-(1958),
Floch®} Hellman (1965), 8]3X Stalzer (1965)=
5~-FU2| A EAA - $4 9 A28 FA Toflwt
AdHoz 28314 o3, A NEZA 53] A4
o] w2 A AFMNE, F4] 2IME, ¢ 7}
Ao AN R = FA JAHEE doA 547
45 e By

o2} el SQo #3 A= SQ FAHEA A
28714 gt AEEA A9t 5 o|F9leH,
FAA 87t HHEo A NBEF oo = A}
A F2hgeo] E Hoagle] HIA gl Aol AMle)
of ERA AFAEAE R AL oY
shebA o A ZEA wfFol] B A S WA o

SQo AA7L AE Y 2 ulA)e o, &3] 7
A2 Lol gt dFE ol AR ged B
3] gaAlel 5-FUE Fo 3ls o AXA sQ
4o #g A7 A e AAoo. wEAM £
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AN SQ2 MA7F 5-FUS HEEA] n)x=
32 AR & AR 2] W mal gt

Mz o oy
1. A8 =

Aol AHE-E AFe ASFAA AL, FHEslaL
AE 8~1053 (A%F 25~30g) A= ICR A %9
| 27 34 AR (A £9 57k H)E A
HEgRL FEASA A BoFdet APMAA clean
racke] Wi F43 FAA AL AR (AY
FAAR, Co.)&t BE ad LbitiumhA o2 ZF3)

At

1) g dFe o3 2o

SQ& 597 AANAE SA D 5-FUT Feigh 4
BZ ()5 AF oI W), SQE 5U% WAAR ¥,
697 SQs} 5-FUE $Al Relat 2 (ol BE
e ) FoE FRAQLE, SQ AR AF
& At

2) sQg} 5-FU £of

AFE SQez AAA 844 g3 5-FU (5 mg/kg)
27 B sl R, BFL SQ (150 mg/keg) & 244

7 AL E 547 AAA FF 6UA SQF 5-FUS
7} B slgon] SQE& ®A A7 2427k 7H

Esiedet. FolF 2443, 4827, 72417,

A#F 2 A9 sulY 2AL HEa

3. MAi@o|ZuE

AY FEAAM 7t 2A]] dF-E AFH3)] HTAA
Lo A 1mm?3 7|2 M-St F 2,5% glutaraldehyde
(phosphate buffer, pH 7.2)Z 2A17} E¢F AR
el AaAe] B 24 FY 43AE A 10
B 7Aoo 2 33 AMAHS F 1% osmium tetroxide
(OsO) 2 2A17F ¥ 24 & o €Y g5z ¥
WiE I 60°C B A 30412 FAFT Tisl
Z2E54 LKB-V3 ultramicrotomeg A& 1um¥F

AZ AHAL Azstd 1% methylene bluett 1%
toluidine blueZ hot plate (60°C)/tell A G2 3ts]
oh A" AEE FgEnALE fEE 23S
g o 393 F9AM 50 nmFAR 2R
& A)A3led copper gride] &3} 3L, uranyle
acetate®} lead citrate® o]F @A3 & JEM
100CX-1I 533 AAdu]H (80 KV)Lez #3314
=}

z o

2407t AN de dute AAZAMNNY F2
A Jeptont, @85 4L HEE s3He) A
AL =7} o A debde, ZRSEAE 24
& o|FT QA F%E Wt ofie} Wrdel wi$ Ao
Hol qlglen A Ees HAFe Hlde] Bl =
27 Jeig 29 o5 2daxAe) FuReMe
HolagEo| vp4 HRFG . ARAE W7ol v
Ao) o0& Bk of)z} Yimte] Wi w3 He] AR
Aol A2 #AHA GAY IPE AT YA
o WAl EARNE stdet. 25 E29AYE
H AgubeSe] ATy AP 74 T
kg are] FeisiA el (Fig. 1). B2 d&
gute] £TT GAAL AAAAAR oA Al of
v @Y 124 dehd FAEHe] ol HIY 5
d9d. ZHAZAE AT Aube] 2A oS W
o] Y& B et 371 FYHA FRTEE
o] 21 giglett, Wke wS BuEo] ehdeh =
WAZA FHANE BoladEel o HAH
oh4e] ARAL 2RSEAL 429 s g
Ued Aol ulste] Aoj@atolt wetel wxaia
o FAEA ok FHLTAE ATA) 9l
A Fz BAFHRE o5 WAL u$ Ao
A%l (Fig. 2).

4847t A2 99 dute] tha BRI o)WY
Ao Aol vlsted o] BAFYUTH, ZHAEA
o $2EL 2WFIE o] FT Yoo} FEALe]
WAl AAZ] Wizt Tk WA ehdel 2447
oM HFFGD R AR BAHA Gt
o WAZAE AEAY JAReM F2 A=

d

ol
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o W7del o HE duct AR AE AL
MAH Az Al AA o FRHYD AR5
AL Felo] veltont, olF 7148 AxUEE: A
Aol w)ste] vl A A= (Fig. 3). B2
o] dto] 24417t Foll wlEted thA B A EA G
A3 AL AT AR 271E HodFgo
P4 FAE AEA Aubell AA E2Astgen, iy
& ol Aol Ads AAlE AEA A 2
# 324 FEHLGEC, AT g7t e
Fglsb vepgon 71Ae vlwd AAYEr} B4
F2&H T (Fig. 4).

T2 7 AL de] 3o BapE s} Al v
74 3124 Jepltt, 2HAEAE TR £2E
< AR FRT2E YA S B o=
PR & o AR FARHA FRFHAS. A
HA L AxA Akl A Jepgov d¥e] Re
ulS- A o] vhebyhg B9 ohdzt Al Al S e =}
A=Y 1AL e ARA EAE AYstze F
z3t5]o] Slsdvh. UmA] Al Al AAZAAM HAEH
A9 A A 274 BTk F N EE A}
olo| Al A Fho] T (Fig. 5). BZL 39| ¥
dto] FEI GNAL HATINM AHH wlaAH 312
vehde, 2HAEAE £EE] AATAMAE S
HT2E o] F et AL oy g FAS
B Fglel, o] & FHME Ae|adEe] v #2
Hooh SHAZAE 2 dgEe] et o) A
FelA AU B P4 At A
A AP 7oz B AATH F45 24
S Be Fgouy 459 AL ax EAFH i
o] B aAEe] AFRAY $2 E HEd s
of byt (Fig. 6).

96X 7t AFL 2| dfe] v|TAH FIIL o] FHe]
el S B2 5 ok gAn G Aes
A &8 BFgie  ZHAEAY 25 2
BTFEE o] FX Qdsien, FARAAEE AYT
A HNF o5 fAED ARAE F2YTS I
oz {AEALY 93 AL AFTAN FEH
e ARG oA FA FAE S Babohdg) W7l
AMe dF gA" PAE BT ZdiEzAE
o ddEe] sl o] ATl FAHIW

ARG Eol MEA Adle] 2A Yebyet(Fig. 7).
Bz 2 39 o] v Al sht HA
3 A4 AT AR 278 B =
HAZA S sEE FATAA BRHALD AAH
AP FHFEE o F den. FHYRE o
Al B fARE 278 BeFdn ARAE o
FE TT¥olden, AT Fee 1AL A
e} A fAbetae (Fig. 8).
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3!
%] FAAE F FHE A FFEZ JE gukz
Aol 5ol BlAA) FEE e Aotk AT 1Y
stoll A E4H ¢ XNEAZAM AEH AR FA
o FPIT Qe ol AZE DNA 712 4
ulel o] & B4 Sl Solazl] wlEelt)
Willen#} Stenram (1967)2 5-FUS Fof3sl i
8 7¥AelA ribosomal RNA® EF43tA2 AFE
Z o] cytoplasmic ribosomal RNAZ &%= ¢ko
D2 ribosomal RNA¢] FAle] dAdu T 38}
= Danneberg®} Heidelberger (1958), Goldberg$}
Pardee (1966)= 5-FU# 7 A=A ¢l 5-fluorode-
oxyuridylateZ} thymidylate synthetaseZ & A|3}e]
pyrimidine nucleotide 3AE A 332 RNA ¥
DNA® A4S Aalsign wusigon Skalko %
Jabobs (1978)2 A5 A 5-FUE FolstF
nucleotide §] & 33}l DNA A g9} 4T
Ab 7ve] A aAE 973 A3 5-FUe thymidy-
late synthetaseel|] 2}83le] DNA #Ao] dA|Hq
upet A E£7F AApstA "o BuEgc
£ AedME 5-FUT FS3F AF9] 2447k
A de dAwte FIA Jeiktodt Az g4l
g sde] TG, 48A e ME 244 7HR ¥
o] oL EFAsa P A HAYES) A
ARY g4 34 JePged oA 5-FUe| 4t
9 AL AsEr] gl AR EH.
o2&t 5-FUS| AAboA| 282 opA] FokA| Eoj
ot g ALz gl Ao ofe, HARAMX
53] Aol wE A3 AIHE, T 2YHE
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o} ZbAe] AN R = FFE w|X]7] wfEol] T
d, AAL TR, WET 9 4% FaE8 9 A
o, XY 59 FAALEL JYepicy HuET 9]
o} (Stalzer, 1965). £ S (1974)2 AF 4| 5-FUE&
Folsled AT} W 1~29 Aleloe AEde] UK
3, 39AFE Jehr] Alztsted 3~69 Aol @
< Frds £ F a2 st

B AgME A7 24X 4847k A A3}
AL st RGe] FARIAGATE, 724 el M FE]
Hute 2} daAe] n2A FE3le Y-S
B, 96A1Zkel M dte] wlad T G4l
32A Hgon o]Fute] AAFE AT Hol 724
Zt o] FHE Ax7} EHE Aoz Aladd

o] §(1981)L 5-FUg T A9 7AAAE
A ZHAER, AA R GolgiBgA} &4,
S84 FrE g Euskedd

E AY AT 24473} 48417 o) FFANE 2L
FA FaTz gAY 9 A% Age] FTg
AA BHE, BdaFAZL PR 4o veh A
wb oz Axe fAie] FrEzon, ZHAR
A, AEA L GolgiEgA st £AHL, feaA7) F
ZtElel. olEd #@Ae 5-FUS A4t g4 JA=t
S0z s 1Y AAA I EAFY) g Eolet AR
e},

SQE EEXIetsyaza As]de] (sharks)e] 7t
o d @& ool 3% HI, AEYME olivefo] @
< kg et sloh 53] JAY FHeM e AW
Z7](240.0+33.0 pg/g), FFL(12.5%£2.9), ¢
(6.4%1.4) o Z3rEe gled, A7 Az
2 BolsARE SQY =7t ¥A dehdd. 8%
Aupukgo] U, 20%E A E W] H3E microsome
o] EAsl=d, A|HAET= microsome o]
EAQ8 SQel A (membrane system)e| HQ il
24 =48z Byskgo (Tilvis$ Miettine,
1980). ‘

E APJNE SQF 5-FUE FAg FoME 24
Azt A 2EAY Y ZRAEA G GHAIAE
oi AR, AR AR} A Jehgte
] 48A| bl M 2447k ATt W3y BolA ¢
g}, ZHAFAL BHAZTAE o] 7 HF

ol vehgdy, AAE AATIM XY O @3
Hud. = 72X 0NN ZHAEA = A vkt
qem, ARA W7ol ozt HFWEHPT FFTRE
3 Rokx BAFT 96AI A ZHAENE Y
A FRTEE olFUeH AHRAE HAEH FA}
ok, st 22 2R ARA e EAEe
SQ¥F oF-2 FE T SQo] ZHATA, s
A, AHA T AE 27 Rl 243 HoE AR
"

Tilvis$} Miettinen (1983)+= 1% SQ7t 639
AHRE 3 Fof| T39S d gAIAANAA 9}
A9, 7 2 Az SQ9 4 A=) A
A kel g@AxARFADY (very low
density lipo-protein, VLDL)®| %X %3 £7}13}4
o Fged, o Aeld 9% SQ IHm o
o] 9lvt B 3lgc}. Strandberg = (1990)2 Abgd
oAl SQ (900 mg/day)& 7~30d T T3 A
oF 60%7F F5 HLem A SQFEL 179 FU13)
ot dAe] 7P g2 AFs AUy AHES ?
F ZY2EHE T2} OlivetrE AHS31A] 4 A
Exc Hodoty 2usled

E AFAME 5-FUFH SQE A4 543 72412
3 96X 7S] o, ZHAITA, BHAEA ) AEA
7t 22 HEE S e AL T3 SQY ALl
I Ae

SQel E3rgl 33E< RoidexE FoFe] 4% A
Foll MAYE o AL FF 33.34%7F A H

2n, MAsA gL FAME 3.44%%o) HAIHS
o 19) 3 (Desai, ¥ 1996), #FHe zreA] SQ2
FAEAE AXA 9 microsome fractiond] £ X8}
9led, SQ¥AEALE hypolipodemic drugsé}l die-
tary treatmentZ% ZA I ¥ 3t} (Stamel-
los &, 1993). A 7 (1996)) &lsbd SQH st
Al cyclophosphamided #F o Foigt A3 744
ANZEY £ E7 A vehle AL AXAF
S5Qe &ty Barslgld.

o|Z o E Hol SQ2 AHubd oz 5-FU9 HEEA
S AAIE] el SQ HA o] HA3A] 42 FH
o A 247 HEY A s} WA vehde, At
22 8Qe] MEAZHS GAYAH BT 7ho
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URE A F4E F8 A7 Aoz AR

2 =

alo] S At MZFAL Adstes 3
AMEAQ 5-FUS AEZEA] gt SQ &2 &
oli7) St&] AF SQ& HAA & & 5-FUL ¥
o33 t2A & AR Aoz B2 & A ge3)
22 A3RE oo .

AZdAME do] A" 24473 4841 7H2AA
T3 fAH) 12470 FeARE g4 FBg
o] Ztoh. ZHAEA = 24| 7 A RE W7k oY
A3 #x8 s 97zt FEHAA et
7} Alztst e, 7247k o] 27] 71x] Wikl o
o] AR, FHUAZAE 2447 )M FE 96
A2 W7ke] Bejd el FeisiA Jehygth A}
HA L 24417l M FE) Wby} S dAte] T2 A7
vehdsd 72417k e ZabE A Al 4
< 2 Aol A FRHUL, 9643 ME 5-FU
8 MESA e A8 ot T3y AL HelFg

BZel| M 244123} 48X 71ell A 82 5-FU 54
of thAd GFL WoATt AFeA HAAFHW Ao
HA AL ez gkt ZRAZAE 24471
A 2212 o] 2] 74X 20 FuTFA4L WA
d FelE TR AT e H AL A4
ettt SHAzA w3 24Xl A 724707
o277A] Wrde ARAAE AFY 5 A A}
HAE L5 AT AR 2738 BeFqd
B9 96471 ME BE AEA7| RS AAEH
FA ARE BdFQeh. ojet e AR} SQ9
MA7F 5-FUS| AEEA o] 7+ AE2 AEi7| T
oA Qo] 3t Baahga A Eiv)He 94y
Aell #dshe 2oz AlgEd,
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FIGURE REGENDS

Electron micrgraph of the hepatic cell after 24-hours treated with 5-FU. Electron micrograph
showing that the cisternae of rough endoplasmic reticulum (RER) and smooth endoplasmic
reticulum are destructed or dilated. A number of zymogen granule (Zy) and transition vesicles
(arrow) are observed. The outer and inner membrane of the mitochondria are detached or
destructed. L, lipid droplet; N, nucleus. Bar indicates 1pum.,

Electron micrograph of the hepatic cell after 24-hours treated with squalene and 5-FU, The
cisternae of the rough endoplasmic reticulum (RER) and smooth endoplasmic reticulum (SER) are
dilated. A number of mitochondria (M) are observed. N, nucleus. Bar indicates 1um.

Electron micrograph of the hepatocyte after 48-hours treated with 5-FU. A number of
mitochondria (M) which was dilated more or less are observed. N, nucleus; RER, rough
endoplasmic reticulum; SER, smooth endoplasmic reticulum. Bar indicates 1um.

Electron micrograph of the hepatocytes after 48-hours treated with squalene and 5-FU.
Electron micrograph showing a number of mitochondria (M) and zymogen granule (Zy). The
cisternae of rough endoplasmic reticulum (RER) and smooth endoplamic reticulum (SER) are
dilated. N, nucleus. Bar indicates 1pm.

Electron micrograph of the hepatocytes after 72-hours treated with 5-FU. A number of dilated
mitochondria (M) are observed, but the cristae of mitochondria are destructed. BC, bile cana-
cullie; N, nucleus; RER, rough endoplasmic reticulum; SER, smooth endoplasmic reticulum.
Bar indicates 1pm,

Electron micrograph of the hepatocytes after 72-hours treated with squalene and 5-FU. The
cisternae of rough endoplasmic reticuium (RER) are dilated, and a number of transition vesicles
are observed. M, mitochondria; N, nucleus; SER, smooth endoplasmic reticulum; Zy, zymogen
granule, Bar indicates 1pm.

Electron micrograph of the hepatocytes after 96-hours treated with 5-FU. A number of
mitochondria (M) which was destructed at cristae are observed. N, nucleus; RER, rough
endoplasmic reticulum; P, polysome. Bar indicates 1um.

Electron micrograph of the hepatocytes after 96-hours treated with squalene and 5-FU. M,
mitochondria; N, nucleus; RER, rough endoplasmic reticulum. Bar indicates 1um,
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