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ABSTRACT

This study was designed to determine the effects of Protaetia Orientalis larva (Gory et Perchlon) on the in
vivo lipid metabolism in Sprague Dawley rats with the administration of carbon tetrachloride to induce damage
in the liver. At the end of 8th week, serum levels of GOP and GPT, hepatic cholesterol levels, HDL~choles-
terol, triglycerides and phospholipids were determined. In addition, activities of antioxidative enzymes were
also determined. The administration of carbon tetrachloride resulted in increase of serum GOT and GPT, liver
triglyceride and total cholesterol. On the other hand, those fed in combination with carbon tetrachloride and
Protaetia Orientalis larva decreased those lipid parameters. Carbon tetrachloride feeding resulted in decrease
of liver phospholipid, whereas that of the rat fed in combination with carbon tetrachloride and Protaetia
Orientalis larva was increased. In antioxidative defense system, carbon tetrachloride led to a significant de-
crease in activities of catalase, total SOD, Cu, Zn-SOD and glutathione-S -transferase. However, those activi-
ties of the rat fed in combination with carbon tetrachloride and Protaetia Orientalis larva was significantly in-
creased. Hepatocytes of carbon tetrachloride administered rats showed increased lipid droplets and micro-
filaments. However, those of the rat fed in combination with carbon tetrachloride and Protaetia Orientalis

larva were reduced in the number and the size.
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welol] Hg of2]H moll W UYL A9 o|F
o) 2] ¢igket. 2| 3 F el oS Foid) 7+ &4
<+ f=3 F FHelE T8 Flelrt A 7k
A-AY Aol A JeFE AR Ao, AL F
ek 23 Z=71%¥ triglyceride, & cholesterol,
LDL-cholesterolo] Fuleo]& AHFA Aoz H o]9
£X28 7}4A|Z o1 HDL-cholesterol-2 ) o] 2]
A#H 2 2715 9o (Kang et al., 2000).
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24 el P Adekn AYe e =
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LR P BT T ERESERE
Isloz 9elA ek A2 Faksie s
sqea ohje WA
generating system)ol] 2]8] A% oxygen free radical
o] #AgFoRA ofZIHAT A= o]efF free
radical®] %52H4-& A A HAFE free radical scaveng-
ing systemo] EAFoZH AT £AE B3I
gko} (Simon et al., 1981). 221} o] & systemA}o] 2]
FEY ) 92, 249 &4, w3 B 5 55
Lo SEidy od#FHY (Edwin & Irwin, 1977;
Richard et al., 1981).
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1. 8 S29 Mg

APEE2 AF 100g A=5E Sprague-Dawley
A $RLANE AVFRAH 2T 2o wo} 2
FU A AT F Az BE d=pde o
S A 2 % 10924 3zen el 85 F
Asaisich & AP Aol Agelets
o2, A shetact o] YRR ToR TR
o AFgAle] 2H 2 LR 20~22°C, S5 50%,
AFe 120257 zFolgom, B Agzol o
ot AbEe vl dAEE Az o
Ao 797 AFE 7 294 SPskg

3}3) 3

T o

AYEES diets 779 Ao
8l powdered mixed dietE A}-2-5}gch =g A
o] A1 casein 17%, AIN-76 mineral mix 3.5%,
AIN-76 vitamin mix 1%, DL-methionine 0.18%; a—
cellulose 2.0%, corn starch 20%, corn oil 4%, sucrose
5232%°190v A¥EFESY Zrey FFS FAU vk
A= AT 4 A 363 (ad libitum), JH 3= 2
2eldd e ATE FA dU. FHlele $AA=xE
of YRS FAHT F 2 FHEHRE caseindt

starch®] ¢F& Folx HAl dietell 5% zgy}s}gau}. Al

EE\_

HEZ 71 &4 f2x A193etAE comoild 1:
19] ¥]g= S3)A)A A kg 12mLe 83 %
ot 6 A7 Fodsigich

3. M2e| =8 o X3

B AYEES 1247 T AT
delzz =N F AFEdEHel st mAbs}
2, A2 RE dAS AHsAt AN @"—‘P
3000 pm (4°C)ell A 1587 A Eedste] AL »
g3t 718 A7 FAAH F F4) HEs *3
HAEFR ANt ARz w2y $EE A
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3 Qe ABele 213
of 2t A2AZ & RS 2Ys] 2A2 PR
T3t 1 ¥ A& chloroform 3 mLe)] g3 gt

2 total cholesterol, HDL—cholesterol, phospholipid
£ ZAaRAPYE o] 48 kit(Wako Co., Japan) & AH4-
8} £33} 574 (Beckman DU series-70)2 505 nm
oA ZAstH.ew triglycerider 550 nmol A E3F %
= 23890,

5. HE 2e| 7|54 REEL BN

GOT (Glutamic Oxaloacetic Transaminase)&A] &=
37°C, 340 nmel| A 587} &4 319 GPT (Glutamic
Pyruvate Transaminase)¥ 37°C, 340 nmel| A 387} &
Aslg et GOT @ GPTEA]-2 Johnson and Johnson
Ektachem#-47] (USA)E o]-g3te] ZA3lgon, &
AR 9 Imge lunitz Hepi s,

6. 2t Baksl FAAIEE 9IS G4 =H|

0.3M sucrose, 2 mM EDTA, 10% glycerol, 20 mM
HepesE &% pHE 7.52 9E buffer (Ahmed
Masmoudi et al., 1989) 10 mLe]] 7} 5g2& de] 3,000
rpmel| A FAFA)FZ] £ total volumed 25mL2 9k
I AZz2E AE 9L 1000xgoA] 158 (4°C)F<t
A2 A F e A2 A de Adsde ‘:V‘l
100,000 X gel| A} 1A]7H(@4°C)Er Al Rejstod A
Zole o 7, cytosolic fraction2 catalase, Total SOD,
Mn-SOD, Cu, Zn-SOD, glutathione sulfur transferase,
glutathione peroxidase, glutathione reductase®] &4
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7. BAME B2 BM &F

1) Catalase
pHE 7= %3 50 mM phosphate buffer2 cytosol

0!
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< 1008 FAMg % 3.0mL cuvettes] 50 mM phos-
phate buffer 1.99 mL., 30 mM H;0, 1 mL, cytosol 10 uL

€ Y3 39 Ax shakingdt Foll 240 nmelA] 202
Aoz 337 FAsPH. 4] B EE H0, 5
FHAZ A 2429 & Y 1mgd 187
o] wh-eA w2 el

2) SOD (superoxide dismutase)

4ul] E A cytosol 20 uL, 50 mM Tris-cacodylic
acid buffer (pH 8.2) 1 mL, 0.03 M pyrogallol 20 uL-&
Az 7bgE ® 420 melM FREE 2339z,
Mn SOD+= total SODH} )] 1, mM potassium cyanide
(KCN)< 50 mM Tris-cacodylic acid buffer (pH 8.2)$}
1:1¥]€2 Arls) &4siglem, Cu, Zn-SODE: total
SOD2] #AeA] Mn-SODEA& ZHabste] Al&s}
9o} (Stefan & Gudrun, 1974; Shero et al., 1983).

3) Glutathione reductase

1 mL cuvetteel] 0.2 M potassium phosphate (contain-
ing 2mM EDTA, pH 7.0) 0.5 mL, 2mM NADPH (in 10
mM Tris—HCI, pH 7.0) 50 uL, 20 mM GSSG 50 uL, 20
vl 3438} cytosol 70uLE Y11,33F 2H4=z FHE |
mL7} =% 24 F o] & 30°CellA] incubationA]
70 ok 30nmel N FF=g Skt

4) GST (Glutathione sulfur transferase)

GST3= 2000) 3|48t cytosol 0.5mL, 1 mM reduced
GSH 1 mL, 1 mM CDNB 1 mL-g 3mL cuvetteo]] 2
shaking3t ¥ 340nmel|A 20& 7+F o=z 383t =
g oo DA 1mgd 1879 uke
9o} (William et al., 1974).
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5) Glutathione peroxidase

Reaction mixture¥ 3%t sample €3 A] P-EDTA
azide buffer 0.8 mLe}] 2.8 nM NADPH, 49.9 nM reduced
glutathioneo] THH=S A 3lgEet. 7 £ cytosol
0.1 mLell reaction mixture 0.8 mL& #7}3F &2 025
mM H;0, 0.1 mL& 7}3}e shakingd 3 340nmel| A
&2 519 v} (Donald & Willam, 1967; Deagen
et al., 1987). Glutathione peroxidase®] FAiJ-& chujjzl
Img 1¥7He] vHgA =2 Jelfgle)

S =
TEEE
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8. Zto| ojM|7=X @E

7+ APZe] Aol 2t 22 HEdle] 2AEH
& A28k %, paraformaldehyde 1%} glutaraldehyde
1%7} Z3Hg A Rol) 2417+ A 143k 1 458
A 8t ©-S, 2% osmium tetroxide £-Yol] I TAF}A
o 7Y 2AHEARLE &g AAHE A Lowicryl
HM20¢)| Ewj3}ed Reicurt Yung ultramicrotome 2. 2.

u A9g Aasidoh Azte =29 2AdHE

=
£ gridel] B-&ste] lard citrate2} uranyl acetateol] |
=

AN 3led Zeiss EM 109 £ A8 0|7 (Transmis- ‘

sion Electron Microscope) .2 #3314},

9. EAME

B AgA odojzl At BAA FolAZL SAS
(statistical analysis system) program-g- ©]-&3}e] Alg
F % T Mean) £ EFHA (SEM)Z B85,
74 29 HFare BAA F94E& p<0.05 FFNA
Duncan’s multiple range testel] 23] ZA &3

4 =
1. ZI[FH2t SH s

Flele) AH7} At B
A 2 A7l A vl S

Table 15} 7t} Body weight®] 73-$-
dslont Algdsetd Bo A drFRe o
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ool vldl oha Frkehe e e
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W
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Table 1. Body weight and liver weight of the control and ex-
perimental rats

Body Liver Liver wt./body
Group weight weight wt. ratio
® (8 (%)
cb 332.6£6.92 8.8+0.6° 2.6+02°
CCL 330.4+10.6* 116+0.3* 35+0.3*
CCLP 337.6+3.1° 99+0.7° 29+0.1°

NC: Control group, CCL: Carbon tetrachloride treated group, CCLP:
Carbon tetrachloride and Protaetia Orientalis larva administered
group.

2 Mean=+ S.EM. (Standard error of mean). Values within the same col-
umn with different alphabets are significantly different among groups
by Duncan’s multiple range test at p<0.05.

7re] BAE AtdEuts Fod i ff¥ez F
FFetdm F9elsh Wesdgtess 94 A 7
asigieh webs AZel A 2 29 vlgE Al
sfeka B 2ol foldow Z7}5tee} (Table 1).

2. 2t X =chA

Apdseta 9 Fo] 7} b AR AL v]H

= o3ke AulB A= Table 29+ 22}, Total cho-
lesterol F3k2 A o] Z3} AA3atA FojF 2hel
949l zpel7} glalen, Argdsetset Ffe] W
L2 7E Ag3EkA s FojFd vlE f2A
ol #&E Jepigich Triglyceridels A AHA o] 2ol
u)s) AlgsletaTed o] $-9He F7HE vEle
v, At gtetas) Flo] WEFAT S Algsiei:
DE Foj e vld 7t Aot f-H4e A
o]= ¢)¢ith. HDL-cholesterol & 7+ ko] 214 <l
AZo]7} glgl.e™ phospholipidyE A AMA] o] 23 A}ed
sels B Zzbe] 494 AL g3 Argsteia
o} Fuo] WEFTE At FojLo HlF
371%%2718 A 244 el st

3. B39 275 NERA BNE
Aqsieke 9 gaole) Felrt 839 2 A%

A% FAQ glutamic oxaloacetic transaminase (GOT)

Table 2. Effect of Protaetia Orientalis larva(Gory et Perchlon)
on the liver lipid parameters of experimental rats
(unit: mg/g liver)

HDL- . . i -
Group Cholesterol. 5o o1 Triglyceride Phospholipid
ch 0.234£0.43®D 323+0.35" 3.784+035° 9.95+0.76®
CCL 9.55+037* 2.84+022° 437+0.19* 8.74+1.34°

CCLP 8284046 3.1920.26° 4.03+£0.22% 11.96+1.08

D2 Refer to footnote in Table 1.

Table 3. Effect of Protaetia Orientalis larva (Gory et Perchlon)
on the serum glutamic oxaloacetic transaminase,
glutamic pyruvic transaminase activities in rats

Grou GOP GPT

P (unit/mL serum) (unit/mg protein)
ch 85.6243.54% 4426+2.14°
CCL 140.01 £9.20* 58.75+2.50*
CCLP 11933 +£3.48° 5025+1.11°

2 Refer to footnote in Table 1.
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¢} glutamic pyruvic transaminase (GPT)&8Ad ¢l =] %]
oJ5Fe AlwE A= Table 33 ol GOTY &
£ AArA o] o] ek 86unite]gl ot AMH I EEAT
of o3 140wtz FJHd F7FHE EAZ(p<
0.05), A 2Rash Fuo] WETATo] 119 unit
Agsaks dEsezol vl o1 Fas

ek GPT ¥4 GOT#} 72 Aoz Algsiias
oAl A el ol HlE o)Al £7HE BT A
deieiast P WERZS AdsEs d5R

of Zof] HlE) $-2)Fal ZHAE HYrH(p<0.05).

-
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A

Al stekasl Fule] Foi7l 7k cytosolic frac-
tiono]] EAF FAFEAL A wRE G
Table 48} Zre}. Catalase@A]-2 AAFA] o] Fof w3l
Atdsteta B 15% Fadtgon, A sstias
of ol Hlsl AbdEtetas)l Fole] HA-Fee] 16%
9] Z7}% R} Total SODZFA-E AAF4] o] 7}
0277 unit]d| ®l3] AtG St Te]E 0245 unite
2 f93e FAaE Hgov, Adsutad] Fule]
W4T 22 At slataFed Zol vld o3 F
712 el e Cu, Zn—SOD%HE A AkA] o] 7}
0227 unitel =l B3 Al FeliEedF-2 0200 unito
2 foHez Zasigod, /‘}°§§‘r“<.b—ﬂ = el
B4R L2 ARt DRl vl 15% 5
713 BAA fo94E ehliglich Mn-SODEA &
Ada) ool wls] AtdEstafedFe] 14% 343

om, AGEEtA: hERel L AbdstelAel F

Table 4. Specific activities of antioxidant enzymes in liver of
rats fed Protaetia Orientalis larva(Gory et Perchlon)

Group ch CCL CCLP
Catalase 4440+1402 3450+1.55° 50.10+4.10°
Total SOD 0.277+0.003* 0.245+0.005* 0.268+0.005*
Cu,Zn SOD  0.227+0.003* 0.20040.009° 0.229+0.004*
Mn SOD 0.051+0.00°  0.044+0.002° 0.043+0.002°
Glutathione b b

peroxidase 459.87+£4.88* 376.05+3.75" 386.331£10.21
Glutathione— a b a
S - transferase 5397+1.37 39.01£097° 57.18+0.93
Glutathione a b
reductase 1.39+0.02* 1.30+£0.05 0.98+0.05

12 Refer to footnote in Table 1.
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o MeRel2e A2l At

GST (glutathione -S —transferase) &A1-2- A AFA] o)
o] )& AldslelaselZo] 28% HA4s] EAH oz
$930] slow, Apgsietast uo) WaRa e
Asee gERdzd Hs $o4 e B
91} (p<0.05). Glutathione peroxidase A} 3}eka
Folgo] Aol ulE #oHd FHAE e
WA ApdEtetael Fulle] HEeFAZAE T 2}
o)7} ¢1%it}. Glutathione reductase@Ad2 Aledslel s
Fofizol Aol Ze vla) 7% ZEAAAT )
He oo, Agses BErze v A9
ghaol Fuo] W4-FoFo] 25% 45t (Table
4).

o
ST

¢

5. ztel ojMTEN £

Aol el 7kaAE HAE A2 AF (nuclear
pore)®} & F9|o| WA F A (endoplasmic reticulum)
7b & REEHen ol ZHAEA AbolZ mito-
chondriaz} #93HA EEF e gle 7o AL
(Fig. 1). A9 8=t Fei 29 7tzA Aze A=A
o A5 BAfo] wAFg o] =7 e] teFgt e
o AgThEEel AT B vy DY
o} 2H AT A 9] mitochondrial= HRE AAE O
w, Azael Axe Azs Azel gkl z7e|
B Fig. 3). Aot Fulol WEFAT
9 7tz MEzx AxzAed AyaHe] vi #AFH
gt xR AAL WAL ZHashe EZMIE/\}
o9l el WS WS Qgivh pHozE
™A% A ¢} mitochondriaz} 3= ¢ o *ﬂi’&«]
A3 d4L B2 o 2ql daE Yo (Fig. 2).

o F#

AzHE E2E ez olgHe] gon o
2 ol 8dE FFE o), wol, 2, wu)H %, 53
shz, AW o 309350 D). T F Aol BF

A (Protaetia Orientalis (Gory et Perchlon)]& &7 o]

-7} 16~25mm=E FZo| v wA YA He] 7}

& A ol Qo] BRAY S Akl A

B $AE ol vl%aA R AA4E et 2
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AR e Heloh e s ML g} 274
o AN M 2,9 5 A1 Aehe], 4 Zol
AR 23 ol4fo] AW} o= HIT(FH, P,
AFE), A2, 22, Y9, . %2 ojkn} So] F
z 2xse] glem 3 $e vete) FEA o}
AzsolA 7he] FL Sefolelm Belz ol
2 o)59) ojfdolrt. Tt X2 Ful o]
kel mel i AP AL o] FolxA] ekgko
o, gely B AeAE AHA ArdHeta
(CCL)E Bols] 7HeAte dod)m 2uo)E o3
o7k 78] AARALE MU= o ns)
w3tE WS BAslEAe] @A oW g
oA =xS AH LR} B Q75 Saaglo).

2 A RelA AadHEha e Fojgt ZolA
7 goHos Zrlsgon, o HerzEal
3 o dT7ER fAR A9E B 39
al., 1995). B3] 7te] Alej 2 fetoz Awwgl
= Alg3leks Fod Zol A zhe] withel Qi A6
#5o] Qlgich 8, Al sekas] Rz 27}
o BAS FHole) Mz fHoz a®
Aasietae] o5 7+ o) Fulolr} Bz ke
Aoz Azdc)

7t AAWAE AR A3 Apgsietae o8 =
R & s Fele) Seiz Zasge
o phospholipidi= Wz 24 A Z7+ared.
g AHEe AEses 59 7 Aol BA B
2 Qg 7 £Are] gtz AN AlE A9 A4}
wAjo] dof} HFowel f&e| Zrldoh T
o|@A Z7td & ZAHE Feko] Fulole) 4
2 7296 wel ol Alslelar) ks

o AL
A Hm

7
3

MY e & o B o & X

e

S i,

b B4 ARAEY £48 A 2t g

Zol2t Absg et Phospholipidis A|shA e} 742
49 Bk ohgl AALRb] ZA Hedle AR
A ele] 3 = FF AAr g de AU F
9 el He ez I o (Wakefield &
Calhoun, 1977; Narayan & Mcmullen, 1979). Phospho-
lipidgreke] F¥lo] Foioll 3 F7Hg ez ®o}
Flole] o8] AR WAL FAHe} A7 Fe
A& AR 5 e Aoz A4 o9 2
q4E 849 W% AE 20U ES SAT

tlo o =

Adtel= & dAsz gl ¥4 GOTe GPTE#A
Az WA ol AALE "ledels aAh2A A
Az Aele] BR F FATY w e =r|Ede
B7FAE 242 7hxA] &4 Al vEF dFo02 &
2%t} (Takeda et al., 1964). & A|¥ol|A Apgdzheks
o o zA)e] £AE I GOT, GPTE4¢| %7}
3holal gl o] ¥ GOT,GPTS] &Ade] f-2o)3 o
2 Ztagt AL gHlelr) 2k 71%9) 3 Ee e}
¥ olvke AMlE UFs Uohw Az

ghH, 7k9] cytosolic fractionel] Z&A3dl= 3FALEE
& el BlAE G Aol A A sk
o] 7}A% catalase, total SOD, Cu, Zn SOD, gluta-
thione-S—transferase 2] A w7} Fulo]e] ¥4 T
= %94 97 Z7bshedch H.0,% ROOHE &3
dzg= YtEE catalase:= peroxisome?] A|TEA
2 B-oxidationol] ]3] peroxisomeolA] AJAIE]=
H0:& AlAzt] QA& weldh: 71%5& 7HA 3 9l
o} (Kvannes et al., 1995). 2 A3 oA} CatalaseEA] o)
oA olell vIs| At Etetae] Rodi] 4o,
At stetaFo] Zofl vls] Atisietasl Fulo] W4
Folte] fojHon Zrigd el FHlelo] AH
7} catalase® AFA|A b M x| £A4E B3
Aoz AZrET} SODE: superoxide free radical®] =}
A& Zujjsle] o]&9] |29 o8] W] oxygen-
metabolizing cell S R &3t} SODE 2 AR} o)
Zo A B 7 F<4 (catalytic prothetic metal) o] ©}-& 3%
F<al Cu, Zn-SOD, Fe-SOD, Mn-SOD9] metallo-
enzyme©] 911, ZH7H-2- cyanide®] H,O,¢ &8 9
¥t} (Asada et al., 1974; Droillard & Paulin, 1990). Cu,
Zn-SOD,Mn-SODE E-E2] A2 RE zA &%
Hel glem I F zhel 74 wol EA & (Rex
& Christine, 1989). 2 A& oj|A] total SOD&EA] o] A}
Paekas FYo) WERATAN Fo)HeR 27}
d AL Felrt Adsstaz e A" CClof
ol3l SOD9| AAAl &4} == kA g4 A
NS A7) Loz A= Cu, Zn-SOD#
Y A olel wlal g AT Te) FolHe
2 Zraslglen] ol8dl Ay AldEsbah Fedd
ols] 2t 3 % Cu, Zn-SODEA o] ZrA3sivteE
H 3 (Han, 1997)¢} 98k}, Togashi et al. (1970)=
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Cu, Zn-SODEA -2 71A| EolA O AA L A
Hase] BAakAe o3 FedFd 45 o 4
A LA " Aolgln ®watgch weby Falele
A# 2 Cu, Zn-SODEA o] ZF7tgel uwet A"
Oy & ¥} afH oz A7 F¢& Aoz A7t
o}, GST (glutathione~S —transferase)x 74| 22 €
Ao F=2 ZA}= &A= Selenium independent
glutathione peroxidaseo|™] SAE39] S H
oJd trls EhEA AW QAR AHA
Al BA & glutathione®} EFAIZ 02 H o] & 53}
gle] AAE Bzdle Zle= delx gl (Prohaska
& Ganther, 1977; William et al., 1983). 2 A& A{
GSTEA] o] Aahjolell |3 Abg3sts Fofe]
FH oz zrasigen, ol ATl W A
ek fel ] BAFAY o] WA ATtk B
T (Yeo et al., 1996)2} x| 3tc}. 3k#, A< 3telso)
ol WEFATE ABets DEFoiZol il
GolA el 2712 ¥.9v}. Glutathione peroxidase:= Se
4 3831 AR &4 2 A (Helen et al., 1979) A
Al A H0:9F GSH2RE &3} Ak3}3] glutathione
(GSSG)E A st whs-7t 7]e} FAkelE (ROOH)
GSH3XE] GSSG, alcohol (ROH) ¥ &2 AYAIst=
WeE Eoioss 2 Ad e4e WA
33l AlA -2 )53k} Glutathione peroxidase:
At ek ol o] AabA ol el uE F-2H<]
A5 YehlA T Atdsekiel Fele] B4R 73}

2 Aozt §isith ol Folrt Abd il
3] 7+4A% glutathione peroxidase (GSH-Px)9} F-A]
22l Seo] FHFE /MR ZR) WEd Ao
2 A

AR FA] A e]2e] H§ TaAe|
A A=xEA A nele) =W AF AL mitochondriazt
FEHE A A FAo] deutar glom ener-
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FIGURE LEGENDS

Fig. 1. The electron micrograph of hepatocytes of experimental rat administered control diet ( X 14,000). M: Mitochondria,
RER: Rough endoplasmic reticulum, NP: Nuclear pore.

Fig. 2. The electron micrograph of hepatocytes of experimental rat administered carbon tetrachloride and- Protaetia Orientalis
larva ( X 14,000). F: Lipid droplet. )

Fig. 3. The electron micrograph of hepatocytes of experimental rat administered carbon tetrachloride ( X 14,000). RER: Rough
endoplasmic reticulum, F: Lipid droplet.



No. 1, 2001

s

Korean J. Electron Microscopy Vol. 31




