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The Effect of Tranquilizer on 3-Hydroxy-3-Methylglutaryl-Co A
Reductase of Liver and Brain Tissune of Rats

Haing Wan Woo, M.D.

Depariment of Neuropsychiatry, College of Medicine, Ewha Womans University
{Director: Prof. Nak Eung Sung)

The incidence of mental illness in the modern scciety has been increasing and
the use of the tranquilizer for the treatment of these illnessés has been increasing

also.

The side effects of the tranquilizer are reportedly, minimal and the Iong term

use of the medicine is widely practised in this field.

But the question of its effect on cardiovascular system has been discussed pre-
viously and the level of cholesterol and triglyceride was found to increase in

patients who have been on the tranquilizer for a long period of time.

The current study was undertaken to find out the effect of tranquilizer (chlor-
promazine, thioridazine, perphenazine, haloperidol, and pimozide) given to the

animals for 4 weeks.
And the results are summarized as follow:

1D In the animal group given chlorpromazine, thioridazine, and perphenazine, the
level of total serum cholesterol was increased and the activity of microsomal

HMG-Co A reductase was also increased.

However, in the group given haloperidol and pimozide, there was no increase

of cholesterol Ievel or activity of microsomal HMG-Co A reductase.

2) The correlation of serum total cholesterol level and the activity of HMG-

Co A reductase in the liver and brain was significant.

From the above results, it could be concluded that the effect of the long term

use of tranquilizer on the cardiovascular system should be reevaluated.
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Tranquilizer & A4% 4 sl& 997 42 A4
HE 2 Fo] e Ao A% ASE: Ad, AA
AgEtn g GEFAAL T ad dFAe gstm
st Agstm ole Bl

oz o] $EEL FHAAA N ALl F4
g2 FaALE AF 4o Be FAE] A4 &
45 E A SEEEE Fokets] sEe] S4)
b et A

%7} &}k (Kim, 1981).
A go] Ab&5lx gl $ERA £ phenothiazine
-# =8l chlorpromazine, thioridazine, perphenazine
3} butyrophenone # %) ¢l haloperidel 5} butyroph-
enone A o 4] =3 diphenylbutylpiperidine %]
¢l pimozide 7} Qv ol & ALt @] HIT A
Wy FAAY kA2 indol A -E4 molindone 3}
benzoxazepines x4 clozapine o] g, o] %
& Az il vl g A4y
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W GA BA RAlE Eoew glv}(Simpson, 1978). ¢1E
GEE A7 F45%E #xle AF5EAE 2450 o
ol AH T AR Rl dFE PEdE
237}t gv}(Baldessarini, 1977). o] W alkaline
phosphatase, cholesterol, 17-ketosteroid, transamin-
ase 5o] Z7tE b Aolg. 9 chlorpromazine 2+
2 et
of Adste] H7 vz s o olx T W49
A 54% EAE dorA wedxr 4
W A F85 Ak glelA TR
v}efy T low density lipoprotein &
rol &% F79 240 4F 549 F4E EolE
= AFaaddd 93¢ £ 21z e (Costa
%, 1978: Alexander %, 1978: Kim, 1981).
Cholesterol ¥t=ke] &7} 224 cholesterol & =i
o ol 4 £ Rz dH2 Felg Eqelwtx
T 4 gt A cholesterol grafel wel A g4
o] 24Ad 3 s+ (Trocha ¢ Sprinson, 1976: Su-
djic 3} Booth, 1976: Heller 9} Shrewshury, 1976:
Bagior ¢ Booth, 1977a: Baqior 2} Booth, 1977b: Bres-
low %, 1977: Mitropoulos ¢+ Venkatesan, 1977: Bo-
chenek ¢} Rodgers, 1978: Iijima 1979: Sinensky &}
Pinkerton, 1979: Kleinsek 5 1980: Ide &, 1980: H-
unter ¢4 Rodwell, 1980: Ingebritsen 5, 1981: Areb-

A4

alo &, 1981: Stange -5, 1981).

& cholesterol A F4-& 45 GFEIUY Alo]4] Foff
del 2925E Aot

Cholestercl B34 Ao go] 2R T 4L2A HA
e %) L2 cholesterol AFA IFY <£xAAx}
A4 &4 3-Hydroxy-3-Methylglutaryl-Co A red-
uctasc o= o] Tht 22A, 2FAG2Y o H=
HolA 2 g4l £& Aew wusel gk o &
4= HMG-Co A & mevalonate & 3447 = 244
e AF o, Aolxal, AAAZRE B gsid =
A R e} (Trocha ¢} Sprinson, 1976: Sudjic =+ Booth,
1976: Heller ¢} Shrewsbury, 1976: Bagoir ¢} Booth,
1977a: Baqoir &} Booth, 1977b: Breslow &, 1977: Mi-
tropoulos 2+ Venkatesan, 1977: Bochenek ¢} Rodgers,
1978: lijima %, 1979: Sinensky ¢} Pinkerton, 1979:
Kleinsek ¥, 1980: Ide %, 1980: Hunter & Rodwell,
1980: Ingebritsen ¥, 1981: Arebalo 5, 1981: Stange
%, 1981).

o} 1} tranquilizer & A7) 545 gxto] geojd 4
olzzlstE A gle] 83 % cholesterol grafe] = A
glo] o] & oFFo] HMG-Co A Reductase 9]

t Aol ohdst e GEg 2 3
1Y 58 AF tranquilizer =
3 Z74 HMG-Co A Reductase ¢
49 waE SAstgsde €49 cholesterol F7b
a7 2 ¥ x4 HMG-Co A Reductase &4 7}
da4d de Frgde 25F 494 23 s 9

oI},

£atdn. FEE & s60ElE A 55 4439

W 218 (C), chlorpromazine %o F& (Cp), th-
joridazine & ¢ (T), perphenazine T & (Pp)
haloperidol ZoF& (H), pimozide T & (Pz) &
FEstz AFvrek 11wk o A ehgd e

A% FEL AF ke 0.5mgd FF A 2mle
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4847 7A-& stomach tube Z o] £-3]

Fol dgch
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1579 2o 4ol 494 SE4E 4L

shsieh,

E. 4=%E

3-Hydroxy-3-Methylglutaryl-Co A [3—C'%]

(New England Nuclear A} A &)

3-Methyl-3-Hydroxyglutaric acid(Fisher 4} A &)

[5—H*}-mevalonic acid(New England Nuclear 4}
A E)

NADP*, NADPH+H*, ATP(Sigma G-6-P, G-6-P
dehydrogenase(Sigma A} A &)

chlorpromazine, thioridazine, perphenazine, halo-
AgdA Tdaa 7 &
FH & B Sigma o)A FUFA,

peridel W pimozide & XA

F. 2%z

AEde FERAT T A gid ohAge] F4
Al FEAA BAE AR Az AA%n dedle
SRt AN F4 g 7 HE A4E gk A
%3 2 g HadE 9% g —20°C A BFs
o whg Age] Agshgle. s BA 447
Ago] YRR} 3,000rpm o2 AAFT B
2, 94 A AR —20°Co A g5 2o

gk

HAF

G. X} &

(=)

Tranquilizer A7 5« 3=} #F-L a4 T
W4l 1dolAr ol sle Tranquilizer 2 %] B8.F¢]
= o40-¢ Adsd FEA 4L AFGgn 94
2o A 447 WA G s 3,000rpm o 2 A5 e
w1 Bestn AL AR —20°Cd A madgdsh

s

o
e

1. Liver micresome 2f &2
HMG-Co A reductase 8 Z-A-2 Bagior$ Booth
(1977a) 8] el £k ok el AFstgleh
Phosphatebuffer (pH 7.0, 50 mM Potassium Phos-
phate, 200 mM Sucrose, 50 mM EDTA, 2 mM dithio-
threitol) 2mlef] 23 1gm £ 2 3 Potter-Elvehjem
type glass homogenizer 2 ice bath ] 4 30% hom-

ogenize §+t}-& o] homogenate & 15 &7+ 15,000 g of
A %i‘%}ﬁ AR S vhA] 100,000g 2 70 R 4
kgl o}, 42 microsomal pellet = buffer -§o#

o] -.—Trxlﬁ —20°C oA mastgdc),

2, Brair microsome o] E2
o 2] bufferd] om 9 > x4 & @,—-ﬁ— # homogem-
zer & homogenize 3}¢] 800g 2 20 27 YA sm
FA-g vhAl 105000 8 = 9027 4% 5}e] microsomal
pellet & o] —20°CellA] oh& AFWlAx B3 5
k.

3. gienmio] Hat
Lowery 58 W19 (1951)& ¢]-&3lgrt. ZFEJo=m
Agstgd o w2 trichlo-
2N-NaOH o] ©}A] £31 4

X bovine albumin &
racetic acid 2 A A7 2

e

4, HMG-Co A reductas =X
Baqior 8} Booth(1977a)dl #3kew 4mlEo] Be-
5t §#Fe] 1.5mle]
g5 E& FzA5+3 microsome pellet & buffero] ©hAl
FfAA Lomlg gt ofdf 2 242 £°Cd
A o] =ejAer., A 37°CellA 527k preincubate A}
71 o3& Co factor €4 (4.5M mol G-6-P, 0.3 L.U. 8
G-6-P dehydrogenase, 450 nmole NADP*) H 50 nm
ole ¢ DL-HMG-Co A-3-CH(¥] &4 6,000 nmol dpm),
1 nmole[5—H?)-mevalonic acid (30, 000 dpm) (¥] &4
19, 300 dpm/nmole) & sHatel,

37°C ol A 15 & incubate 3}z 25ml 10 M HCl & 71
3le] inactivate AZied, el 37°Ceol A4 30 E7 la-
ctonize 8tvh. 2 v}-8- 1-£7F Beckman 152 microfuge
= centrifuge $+¢] denatured protein-& A A9},
o] AR gz w3 chromatography & A &3
o or ofwl 4] acetone: benzene & 1:1-& A4
tgo# REE 0.6~0.9 o] %

-1 spot & Zgl 2 ubEste] dioxane flour 10 mleff
YL}, (dioxane flour ¥
naphthalene 100 g ¢f] dioxane 17/-& 7}3F
nting & C¥, H? & EA]4]

.
e gBy 24

ckman microfuge tube & o]

diphenyloxazole 50 g =-
Aol cou
geh) 24 F 43 meval-
& shgsh gl AEsgh

nmoles of mevalonate—3—Cl=

onate-3-

2 78 mevalonate-5-H(dpm)
3|43 mevalonate-5-H?(dpm)

X

3 43+ mevalonate-3-C**(dpm)
spract- HMG-3-C**COA (dpm/nmole)

— 131 —



L

E\!ﬂﬂ

&1L & cholesterol srgt

AW & cholesterol & Fe Zak(1954)9 wrw

of &8sk, &, 0.1ml 832 35 25ml volume
metric flask o] ¥z 10ml ¢ methanol: chloroform
9 1:1 248 493 boiling water bath ol 44 s 27}
Qood WAl Adstn AeAA A4 F 9A
ol 2 25ml 7% Lok 41 MM Whatman filter
paper 2 & h3}e] °4°%‘—% Age AgB Aol 20
cm A#a 3AE FHsd AdA AdE Euwk 1

ml, Bell = ﬂzﬂ—r%‘m‘ 1ml, Col& 2&EL (Img/ml

chloroform) 1ml-% ¥ 3 ©}A] boiling water bath 4]
A 4% 94 AR, AYAe deAd 41

F 7 ARl Y2LE amld stz oF
(FeSO, 9 W z4r48) 2ml & Hristd & 243 &5
1527 4ee] o HEANE b4 540nm o] 4 sp-
ectronic 20 spectrophotometer o] 9J&te] &3}k

J. =z phospholipid gizte] Huk

¥4 4 phospholipid 4 #%-& Connerthy & (1961) 9

Wl Fsldeh. &, 16x150mm  glass-stoppered

tube(10ml 4 EA)o] 8% 0.2ml¢ ¥z 5% tri
chloric acid 5ml & Assled & Es 5 4354

ob, A A8 gAs A A digestion E &) (d-wa-
ter: C —H,S0,: 70%-perchloric acid¢] 2:1:1) 1ml
Yol digestion A]Zlv},

digestion o] ¥yt F J A 1mlFFHF+E Yw 15
z 54 Ag9get, 2% 50% sodium acetate - 1ml
Y43 10ml Z47AA $FF2 A&k 2.5% ammon-

ium molybdate 1ml, p-methyl-aminophenolsulfate 1

3 glass bead &

ml& ¥3 & E¢dstd 1537 4347 F 700 0m
NA FH=E FREA

K. sy triglyceride &arEa

A triglyceride ¥%-& Handel 5} Zilversmit 3
(1957 o) FFSYeh F Zak ¥y (19504 93
ZE3% 49 1 ml g glass-stoppered tube(15X 300 mm)

o] Y& alcoholic KOH 0.5ml-¢& ¥ =r}(Saponified
Sample),

Al 2 A8 ol = alcoholic KOH 0.5ml& ¥}
(unsaponified Sample),

AR REE 60~70°C water bath o] 15-E7F
£ 0.2N-H,80, 0.5 ml & A5t 28 5 2
o] 15 27}k o] alcohol & A AT}, H=s

roee
> %

I

p
B

7 sodium metaperiodate 0.1ml-& ¥ 3 (0 &E so-
0.1ml & 75t ox1dat10n |
Zr}. iodine 4 o] Alebal & chromotropic acid 5ml
e e

100°Cel A 30 & spdsted o

dium arsenite &

37447 H 570 nm o) A

A. Tranquilizer X7 223A ™Y 715 K|
& gher

ZolA Bupel o] tranquilizer & A7) 2-&
T 25~490 418 Ael S gl B
phospholipid & triglyceride §r8F3 &3
olesterol #ak-2 o] glo] 328.9%41.8mg%, o
A glo]l AL 356.8139.9mg% ©]¢ x phospholip-
id &= P2} 196.7139.3mg%, o1} 204.7+36.9mg%
o] o= triglyceridee] gle]AlE ¥ 240.2+39.2
mg%, ¢=} 305.7+3l.4mg% 2 AA4 = cholest-
erol 186.71+18.5, <17 cholesterol 160.2415.3 3}
triglyceride 181.2£26.3(¢=}) 3 155.6x14. 9(4 =)
o d]s] =A =7+= A vkl 9l = phospholipid = ¥}
187.5+20.2, &=} 170.3+17.78 BAA o] wlghe] 5
H2i Sk ek
Table 1. Lipid contents of normal sera and tranqui

lizer treated patient’s sera

% cholesterol,
R} % ch-

(mg%)

Lipids Total Phos Trigly-
Cholestesol pholipid  ceride

Normal M 186.7+18.5 187.5+20.2 181.2+26.3

serum  F 160.2+15.3 170.3%17.7 155.6+14.9

Tranquili- M 329.97-41.8 196.7%19.3 240.2+39.2

zer Treat- o g5q 8139 9 204.7426.9 307.7+31.4

ed serum

B. A€ SS9 7t= tranquilizer £0{5 HEY

& cholesterol sfaf

-|-

4 A4z A3
2.3} A 2 E4)]

4 7t tranquilizer & F 4

H3 o w & cholesterol gk

i

ol

e

L.
=

_rNr >

Jl
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A neulel 2 AsE 24w, F chlorpromazine
B Fe w0 252.3+12.5mg%, Rl 221.2E1
9.1mg%, thioridazine FoFd] glefjAE <A 273.5
+921.3mg% A 213.4+17.2mg%, perphenazine
B 7L £Ho] 226.2+18.9mg%, ¢RA] 189.5+1
9.3mg%, haloperidol F]T& <A 185.4%11.3
mg%, orA o] 135.3+10.2mg%, pimozide Fo{ L&
A 170.1+12.2 mg%, <A 130.5+16.3mg% o4l
or HzFd o] =4 135.6L17.2mg%, ¢A
112.3+12.3mg % =4 haloperidol Eb%?—ﬂ} pimozide
BT Adstns 25 Sk S4E 29
Table 2. Total cholesterol contents of rats serum
treated with tranquilizers

D. Tranquilizer S£0{5t 2} Mg=SETY o

=%
A4z 2 vl o] AFFEY ¥ FTEd
vﬂ%_?r_‘ a el A -1.7230.17g¢0lgl o tranquilizer
Fo] ¢le] AL chlorpromazine & F9] 1. 7540,

21g, thioridazine & Fo] 1.76+0.33g, perphenaz-
ine S-of o] 1.81+0.28g, haloperidol FeJio] 1.72
+0.20g, pimozide FejFo] 1.7440.27g L 24 =2
Tk 2 F7k oot gy,

Table 4. Brain weights of rats treated with trang-
uilizers

(mg%) Administered drugs Brain weights of rats

Administerd drugs Male Female Control 1.7240.17

Control 135.6+17.2 112.3+12.3 Chlorpromazine 1.75=0.21

Chlorpromazine  252.3+12.5 221.2x19.1 Thioridazine 1.76+0.33

Thioridazine 273.5+21.3 218.4£17.2 Perphenazine 1.814+0.28

Perphenazine 226.2+18.9 189.5+19.3 Haloperidol 1.72+0.20

Haloperidol 185.4+11.3 135.3+10.2 Pimozide 1.74£0.27

Pimozide 170.1+19.2 130.5416.3

C. Tranquilizer =0t 2t M SERO| 7t S2F
A 3ENA Bk vl o] 4P FFe
‘H:.T:—Tv:oﬂ gle] 26.540.4g
1— B}\O-]/q

‘chlondazme ol F

o]gl o7 tranquilizer %o
chlorpromazine S & 37.3+0. 6g,
& 36.7X0.3%,
o &% 34.520.5g, haloperidol 5o F-2 30.240.2g
pimozide e F-L 33.210.4g Fo24 A ¢ 3
FYL G A8 2AE 2d Fg0,

perphenazine %

Table 3. Liver weights of rats treated with tran-
quilizers

(2)

Administered drugs Liver weights of rats

Control 26.5%10.4
Chlorpromazine 37.3%£0.6
Thioridazine 36.7%0.3
Perphenazine 34.5+0.5
Haloperidol 30.240.2
Pimozide 33.2%0.4

E. Tranquilizer £0| ASEEZo] 7t & o
Z=xIL micresomal HMG-Co A reductase

Ety
A 4 FolA BE wle} o] chlorpromazine Fo F
o gdelAE Hz=d g4 R 0.8510. 13 nmol/m

oA 0.73+0.04nmol/mg/min, ZFZ A 9]
A 1.25+0.12
nmol/mg/min, thioridazine Fo] & H=zAd] o]
7 0.72+0.09 nmol/mg/min, ¢ 0.53%0.11 nmol
/mg/min, 7+ zAd] glelA & A 1.87£0.09 nmol/
mg/min, ¢¥#A 1.01-+0. 15 nmol/mg/min, perphenazing
FdFd dejAdE Nz £A 0.58+0. 11 nmol/
0. 44-+0. 09 nmol/mg/min, zkz= o] 4]
1.2430. 13 nmol/mg/min, ¢A 1.85+0.11
haloperidol HFoFd A& =
el A == 0.43-40. 09 nmol/mg/min, ¢A 0.35+0.
12 nmol/mg/min, kx4 =7 0.85+0. 15 nmol/
mg/min, ¢35 0.76+0. 13 nmol/mg/min ¢ = pimo-
zide T Fol A= HzAA 4 SA0.47£0. 08 nmol/
mg/min, 93 0.38+0.08 nmel/mg/min, 7Lz A
%7 0.95+0. 19 wnol/mg/min, 9+ 0.83+0. 14 nmol
/mg/min o]gl o= ole] #lg HETL H

%% 0.35%0.09 nmol/mg/min, 7 0.25+0. 07 nmol

g/min,
A %7 1.71+0.16 nmol/mg/min,

mg/min, %A 0
= %3
nmol/mg/min ¢] ¢} =

EXEE
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Table 5. HMG-Co A reductase activities of rat liver and brain microsomes treated with tranquilizers

nmol/mg/min
Male Female
Administered drugs
Liver Brain Liver Brain
Control 0.85+0.19 0.35x0.09 0.74+0.17 0.25+0.07
Chlorpromazine 1.71£0.16 0.85%0.13 1,25%0.12 0.730.04
Thioridazine 1.871+0.09 0.72%0.09 1.01+0.15 0.53£0.11
Perphenazine 1.2410.13 0.58%0.11 1.35+0.11 0.44+0.09
Haloperidol 0.85%0.15 0.43%0.09 0.76+0.13 0.35+0.12
Pimozide 0.95+0.19 0.471+0.08 0.83+0.14 0.38+0.08

/mg/min, 2z A <7 0.85%0. 19 nmol/mg/mim,
¢+#A (.747+0. 17 nmol/mg/min 24 haloperidol, pim-
ozide Zel el gejAE dzFd e € wWEst
ddo At FE T T gAAE Az v
o F7 FA4E ez Uk

&

ki

A, Tranquilizer =0l o8t €& & chole-
sterol EHaf

A 1,28 A B akeh o] tranquilizer Foef
o1&k &a 9 cholesterol #ekg A7 Foigzbiedl 3
o] At %'4%%-1'011/‘%% B z=Fe] ¥ld 5% St
& Hola th, 23 tranquilizer &7 Fo] FX
H
o

hxad

GEL FE TREE THE T
b ez A4 As A
A9 Fad wek =y 7

&
p P

tranqulhz r%_— r

2Ad wel Babgel A dEE FEE Fisha
z2)9]9) 7l5o] web4] 27} tranquilizer & EFF
of st YA MEelvh, 2 R glo] F cb-

olesterol gk =} 3k7bsb 328.9+41.3mg%, o3
FA7F 356.81439. 9mgeA I A4 BAW F
cholesterol &8k 150~200mg% (&, 1962)e] ¥} 3}«
< 60~120%9 Az o] A
= g%el Faka] 120~170mg% (A, 19624 ¥ E
2 100~120%¢ Fh&& Relm ggwr. Trigliyeer
de = @b, o=} T3] Fd BAR 120~200mg%
(,ﬂ 1962)efl ¥l Fld 100~150%Y F/hEE Rl
SFEEo] 7 432l cholesterol A Ao =}
7L AL F3 g}, o]d g Faust

E (19779 B me] & 'I—Uﬁ_ oF-E-6]13 alcchol 5 hepa-

FThEE B

nsity lipoprotein =Fo]
oA E DAY
H FE

FhRvz & ¢ g & 4
Aol A JEd Askeh fabstel 4
9l o] A = chlorpromazine, thioridazine, p-
erphenazine Foi T folAE We Fal #zZo)
Wste] o 80~100%9) Frhgel vE A AT
=l e 245 Holm ¢gl o} haloperidol 3
pimozide & Fof g oFFo] 01°J|/<1TL_. 20~30%8 =7}
£ Lolm 3o A HA GE R4 1 2 F
e wolA @steh oF FEY 4EL AxaA
o] chlorpromazine, thioridazine, perphenazine -2
phenothiazine # =312 = o gz haloperidol 3} pim-
ozide = butyrophenone == o 3o T AHAL
WAl kgl L] Yol A= Zhol st gl xjel E3

.
AAEEF) 1AL §FE BHE Aoz vrhia

]

A3

.‘XL o},r

B. 3-Hydroxy-3-Methylglutaryl-Co A redu-
ctase (HMG-Co A 1eductase)z4 wist

A 53] B alel o] HMA-Co A Reductase
ZAd AL $4 A4 B
mazine, thioridazine, perphenazine Fof Fol A =&

chlorpro-

I3 E2AEE Agoes 20~100%Y S/bEo] Byl
HzAd dAAE 60~150%9 FrEL Relx I3l
t}, cholesterol A A FL AHAA4 gz 74
%‘r@f‘{‘: zAFoln Ae &% AH2A, ¥ AR

o] o] Ze} zrtw s4eb(St. Clair ¥, 1977:Be
rde-é—, 1977: Kuroda %, 1977: Cark, 1979: Toaff
=, 1979: Maltese &} Volpe, 1979: Bhattacharyya 9}
Eggen, 19081: Gallay %, 1981).

3 HMG-Co A Reductase = Fig, 144 1 Zo]
A A We) A cholesterol ATAL zEdts XA
F4224 HMG-Co A S 3435le mevalonate & 4 A
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C
1 ceetyl - Cad - osety! tronsferose
c 29

Hyd-oxymathyigluteryl - Co A syntheigse

o
hd
Py
T o
AN
Ty O
)
I o
)Xo
'
1
'
!
P
1
]
L3 g
' a
) )
H I
|
t
P
i
)
I
i
'
i
i
1
'
|
)
e

=0 iy
~-SCdA l e

1H3C-C = OH—»->»—=3>-» Cnolgstarcl
]

i
Hez . CHa
NADPH+HT NADRT |

=0 CHaCH

mevgicno*a

e e

3~Hydroxy - 3 - Methylgiltory! ~ CoA

Fig. 1. Scheme of 3-Hydroxy-3-Methylglutaryl-Co
A synthetic pathway.

e,

9 HMG-Co A Reductase =
stemo] $3= T4 24 Fig. 2014 mivlel Zo] H
MG-Co A Reductase = Cyclic AMP dependent u
independent reductase kinaseo] 2jste Aol zA
ek, =3 7txA cholesterol 4 8412 low densi-
ty lipoproteine] &3lelx zZEelx ?ﬂ"’ﬂ (Breslow
= 1977)0] #He] HMG-Co A Reductase =3¢
494 At 229 4 33 Fig. 2614 2% %
8} Ze] PKE ¥ E35tey RKK= PP-1 w9l E-x-3)
cascade system 4] o] &l =7} E*‘”/P -"Fz]--"’] R
F2E WS 249
¢l o} (Bagior 8} Booth, 1977). lﬁii 2 A=l
23 o] cascade system 9] o] L X4 tranquilizer
Z ZFLetexE £ 3 o cyclic AMP depend-
ent ¢ 7 %L r-aminobutyricacid (GABA) 1} Dopamine
Fo] adenylate cyclase S Z43 s Ao x <A
971 & (Ingebritsen 5, 1981) HMG-Co A Red-
uctase 8] AL EolA =gz w4 cholesterol g
49 £go] EoAX FgEs Atk wR Ao
Aoz vhEkg cholesterol & Fosld Rz o] &
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