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Ginkgo biloba extract (EGb 761) is a standardized extract of Ginkgo biloba leaves and has anti- atherosclerosis
properties. Many patients with atherosclerosis disorders take Ginkgo biloba extracts to supplement current therapy. In
addition, normal healthy individuals also take Ginkgo biloba extracts for prophylactic purposes. However, it is unknown
whether supplementation of Gingko biloba extracts in healthy individuals offer a benefit. In this study, we assessed
whether EGDb 761 could provide beneficial effects on serum cholesterol levels in normal mice. Wild-type C56B1/6 mice
were orally administered EGb 761 at 25 mg/kg (Group 3) or 50 mg/kg (Group 4) every other day for 40 days. We found
that the serum levels of HDL-cholesterol (HDL-C) were significantly increased in EGb 761 and lovastatin treated groups.
Treatment with EGb 761 and lovastatin resulted in reduced serum total cholesterol and LDL-cholesterol (LDL-C)
compared to control group. Serum lecithin cholesterol acyltransferase (LCAT) levels were higher in EGb 761 and
lovastatin treated group compared to the control group. However, no difference was observed in serum APO A-I levels
between the control group and treatment group. These results suggest that EGb 761 can increase HDL-C resulting in

increased serum LCAT levels.
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© 2 93 H thHolvoet et al., 1998). “12]1} high density
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transports &3l S EY B o] Jof FY|2HES AV
S gmel Too AN oAsks Ao oAt
(Cockerill et al., 2001; Ishikawa et al., 1992; Parthasarathy et al.,
1990). ©]& 3 o]fol &} f LDL % A8} 3 HDL
FE 7MY frEe TSk oWshe shbe] ol
= 4= ITHO'Conell and Genest, 2001). &<} U] LDL ¥
HDL 55+ 2ojalos ZH= 4= At 2lo]ayo
2 FY2HE] di S AlojskeE A= A7hR1e
B2 =9 Algte] Fgstal FHAste] /i o &
stz gHAI7E vk i AAEE ] AE2R1 A
AY k= FoE St 5 FUlzHES EEAY
A Ae] AHikskE wAske = ATt
thFetAl A H AT 2ok A} Fol BAle] HAF=E
52 8 FUsEHE sRE Wae den4st et

= Ao % HIHTHMuramatsu et al., 1986; Mori et al.,
2008). FEZM = statinA] 2FE©] HMG-CoA reductaseS
AANA Hs FolzHEY] FEE Aol Fel2E
= 4T SApolM A5 HAom AREH AL QITHLI et
al., 2016; Yamashita et al., 2010).

Ginkgo biloba extract (EGb 761)2 X38}H 23]l
FEERA 24%2] flavonoid glycosides®} 6%2] terpene
lactone 52 $H+-3lal 9O (Wang et al, 2017) &, A3
¥ o] 3184 =4 9 AIDS 59 o H x5 o83t
7] 913 A7) Eibs] 78 % 1T Tehantchou et al., 2007
Liu et al,, 2005). EGb 761° 3% flavonoid AL 2] 3}t
2 AR W AE 3tk gAstar, st oo
3ol i o a7t e Ao® B A THL et
al,, 2006). - $-2]= EGb 7610] thd<dol mar 9l
(Rhee et al., 2014) type 17} type I T4
7619] Fo7F A oS matH e

ox M
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HDL re=E o

o 1-= 3L
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ZA1Z H 3} tHRhee et al, 2015). ©]2]3 &¥=E zh=
EGb 7612 do &3k /1418 98l 558 Hda 7zt
AFshs 497 Wk T1elu EGb 7619 Fe7t dE =
e Ee] wxd vX & gl waxe ol Azt
7} SIT}. Al-Attar (2012)¢} Drieu et al. (2000)2 EGb 7612
Fo7b dF FU2HEY shole d3%s vXA &=
Aoz waskglct sk $-8 9 ou] Aol = EGb
7619] Fo7} vl HFo] FHAHES] vRE Wi
Ao VFERY

2 ATl e dF Fu2HES w5 gk EGb
761°] E2HE E3] shaat sholrh 2 Rdllo] opd %

gel vk ARESERIAL X[54]1 EGb 7619] Fol7
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st dF Ful2HE9 HEE lovastatin®] &79F
ATk gk EF Fel2HE] % 7] o
= Yotwy] 9Jste] HDLO| FAEolal Ze 2|
Fom FEate] tiakE FXskhs &l apoli-
poprotein A-I (Apo A-1)Z} lecithin cholesterol acyltransferase
(LCAT)®] 5%E ELISAHS o83 SA3qirt. Egt
Zollr A whgie] Wstel AT Agrke] WskE 45t
Ark

WEREIETT

Al
=

]

S= H U=

2 A3 A8H EGb 7612 powder FJENZ F
Schwabe Pharmaceuticalsol A X A3}A 35 Ekor,
lovastatin Sigma-Aldrich (St. Louis, MO, USA)°llA] <13}
Atk A=E 47 sEel 2 2 vk~ 7 0.2 mlo
salinel] 3]Aate] A" Folsiict nh9-2m P Aol
25 £ 0.7 g91 287}2]9] C57BI/6E Nara Biotech (Dagjeon,
Korea)oll Al T-3te] 17U 1F A-3A15 0 7mhe]d 4+
o2 o] ARSI &3 AFS(EEGI30060; Cargill
Agri Purina, Seongnam, Korea)= AH+-57 AT 4= =
= ST Al FEAAaT 93] SRAME, KW-
161001-2). AY® HAL AF7|E ol&ate] ATS =
A3FaL A3 A7kl saline, lovastatin 2] 32 EGb 761%
ool g F 203] AT~ TSI AFFAY 2=
(18£1T)2F ™ H(09:00~21:00)> 12417t cycle Z=HO=
HAQGENE FAAFLE A 40 7] HE doll= 124
F AAANZ I v o2 AlFS ARl dHE v

o

O =T =
A F Al el 0 AZele] ¥ S48
o 24 AAg A% e EEdrlelelse] nyeln

A& A Arn WEAT

western blot analysisE $] 3} 4l
T 80CollA Hualqlth. AstetA] ArLE 93k A

ol

o 1A A% WA Baste] el SaARTh L
o 5

1,500 pmell A 2087 AR F YL Hsfe] 4
o AHg-3Hsr,

A & glucose & insulin st &AM

Glucose2] %2 ACCU-CHEK Go (Roche Diagnostics Inc.,
Korea)s AH&-3t] 54313t} Insulin®] 5 %+= ELISA
kit (Shinbayagi Co., Shinbukawa, Gunma, Japan)Z. 450 nmol|

A 43

-81 -



A = triglyceride (TG), free fatty acid (FFA), Sa|A
E{|Z(total cholesterol), LDL 2|1 HDLe| s& £EA

F/J A2 AceChem TG Kit (YD Diagnostics Inc., Korea)
&3to] Sgskglnh I 10 we AAEE7E Fe
of ¥i 848 1.0 met Egete] Aol s8I
18k & 96 well plate®] &7 1A1ZF o]l standard A]2F
Z2 3k9] 600 nmel M F3=5 S48l 2
HES 94 10 WE 9718 FEol 9L total
cholesterol kit (YD Diagnostics Inc., Korea) 1.0 mle} &35}
o] 2ol A sEIF WIS T 96 well plateol] &7 1A
o]l standard A1oFS ThEE 3lo] 600 nmoll A FFEE
431tk LDLS 9% 10 wE dA4lEe)r]8 Fuo ¢
I #A-8-NLDL-cholesterol kit, no. A308-L, YD Diagnostics
Inc., Korea) 1.0 ml$} &3}sfo] 204 sE3F Whx]st &
96 well plated] &7 1A1ZF ool EFA|FS 2= 3
o] 600 nmoll A FFEE SA3ISIth HDLS &3 10 s
DAEE 7S FE| Y § 489 (HDL-cholesterol kit
no. A308-H, YD Diagnostics Inc., Korea) 1.0 ml¢} Z3}35}o]
Ao A sEZF BEX| S T 96 well plateol] =7 1A]7F ©]
Woll EEAIoFE R 31e] 546 nmoll Y FE5=5 57
B3I T Free fatty acid (FFA)+= Free Fatty Acid Quantification
kit (Biovision Inc., CA, USA)S A}&-3&to] =A a1t

[ o
)

e 531 Al dAlsle] 4T gddsio| = s &
b B 5 Ay S fdl ayostats AHESEA] 5

2 YF sl - AeE AA 9
A EE5S AFste] 4 um T mAEES vHEo] &
o|le=ZFepie] F-AAZITh A2kl &eko]| == hemato-
xylin and eosin (H&E) 45 Ald)3lo] Faldn] g o=
23515 Y Emamat et al., 2016)

8d & LCAT, APO A-l s& &4

LCAT®] 5%+ ELISA kit (Cell Biolabs, CA, USA)E- ©]
&5to] 450 nmel| A TS ST APO A19] F 12
+ ELISA kit (Uscn Life Sciences, Wuhan, China)E- ©]-8-3}¢]

450 nmol| A =5 S48l
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Fig. 1. Body weight change and liver/body weight ratio. (A)
Body weight change of mice administered with saline, lovastatin
(30 mg/kg), EGb 761 (25 mg/kg) or EGb 761 (50 mg/kg) for 40
days. (B) Liver/body weight ratios of mice administered with saline,
lovastatin (30 mg/kg), EGb 761 (25 mg/kg) or EGb 761 (50 mg/kg)
for 40 days. Values are expressed as mean £ SEM of 7 mice per
group. Statistical analyses were performed with one-way ANOVA
test. No statistically significant changes in body weight and liver/
body weight ratio were observed.

d& AR FrelaES P<0.052 Sk3ith
2 1
HE e}

nh$-2=9] 40 dzte] A W3HE Fig. 10 YeERfITH
A2 A5 593 salinew T} H]ulE}e] lovastatin 30 mg
kg T3} EGb 761 25 mgkg =+ 50 mgkg Foill
A oAl AT Wk Ve SokthFig. 1A). Als
o] 7ke] FAE vERE YERITFig 1B). Salinew ¥} H]
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o] T(198.4112.2 mg/dl)¥} B LE}3S w lovastatin 5
©31(194.818.6 mg/dl), EGb 761 (25 mg/kg) F4(194.9+
8.7 mg/dl), EGb 761 (50 mg/kg) F°]-(193.2+6.8 mg/dl) &
FolA TG %] Wsh= #EE A e3kthFig. 2A). FFA
74$-%= salinew"(1.4£0.4 nmol/ul)¥} ¥ uL3}SI S W lova-
statin o] <(1.420.2 nmol/ul), EGb 761 (25 mg/kg) Fol*
(1.3£0.2 nmol/ul), EGb 761 (50 mg/kg) Fo137(1.140.3 nmol
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A LY glucose ¥ insulin &

3 W glucose -2 Fig. 2C] YE ST, Glucose2]
TA| & saline F99(133.1£5.5 mg/dl)ell H] )] lovastatin
Fo]4(135.244.6 mg/dl), EGb 761 (25 mgkg) Fo1-(136.8
+52mg/dl), EGb 761 (50 mgkg) 5] 7(130.7+3.2 mg/dl)
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Fig. 2. Effect of EGb 761 treatment on serum levels of triglyceride, free fatty acid, glucose, insulin, total cholesterol, LDL-C and
HDL-C. Mice were administered with saline, lovastatin (30 mg/kg), EGb 761 (25 mg/kg) or EGb 761 (50 mg/kg) for 40 days. (A), triglyceride
(TG), (B) free fatty acid, (C) glucose, (D) insulin, (E) total cholesterol, (F) low-density lipoprotein cholesterol (LDL-C), (G) high-density
lipoprotein cholesterol (HDL-C). Statistical analyses were performed with one-way ANOVA test. Values are expressed as mean + SEM

of 7 mice per group. **P<0.01.
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Fig. 3. Histology of liver section. Mice were administered with saline, lovastatin (30 mg/kg), EGb 761 (25 mg/kg) or EGb 761 (50 mg/kg)
for 40 days. The liver was excised, sectioned and stained with hematoxylin-eosin. (A) saline, (B) lovastatin, (C) EGb 761 (25 mg/kg), (D)
EGb 761 (50 mg/kg). Representative images are shown. ><100 magnification.)

RO A fo] 29l WMahs B2ER] ekdthFig 20). 874
insulin 3% Fig. 2Dl YERARATE Insulin®] E% 3|
= salinex(4.51£0.8 mg/dl)oll H|S}] H]E}] lovastatin T
T44.310.6 mg/dl), EGb 761 (25 mg/kg) F1(4.610.7 mg/
dl), EGb 761 (50 mg/kg) 71 (4.0+0.7 mg/dl) R0l A
o]l M= #AER gk

A U] TC, LDL, 12|11 HDL 5=

TC®] W3}= Fig. 2Bl YERt) Saline 7012482+
47.8 mg/dl)ell H]13}o] lovastatin F77(163.6£10.4 mg/
dl), EGb 761 (25 mg/kg) F1"(158.3£17.4 mg/dl), EGb 761
(50 mg/kg) FoI(152.5+14 mg/dl) 5 o2 o7 7ia
&1k EGb 7619] As% FoI4(25 mgke)d} LEE
o350 mgkg)oll A E1= oA s vEhA] Stk
LDLS] W3} Fig. 2F°] 7]23}Sich LDLO] 79~ saline
F015(50.946.8 mg/dl)oll M]3} lovastatin 7] (34.6+
4.5 mg/dl), EGb 761 (25 mg/kg) F°1(32.716.6 mg/dl),

EGb 761 (50 mg/kg) Fo17+(29.1£3.1 mg/dl) =5 F2] %
o2 7F43F3ith HDLO| Wsh= Fig. 2GollA] YERATE
HDL 8% A= control w(41.7£4.1 mg/dl)°ll H]3}A
lovastatin 017%(59.4%3.7 mg/dl), EGb 761 (25 mgkg) 7]
T(60.5+5.8 mg/dl), EGb 761 (50 mg/kg) Fo1(61.1+4 mg/
d) B fre]A o= Skl thFig. 2G). LDL¥ HDLO]
5o gk EGb 7619] FoI lovastatin®] Fo] <} H]uL
alo] H)=3k =] 92 B9 o EGb 761 As =9t
AEE BT 2] h oE gy YERR] 29tk

FARE PN =y

kA o] Akahge] Wals et Ay Fig 3o U
ERIL). Saline Fo)w(Fig. 3A)#} H]uLake] lovastatin T
-(Fig. 3B), EGb 761 (25 mg/kg) 5o1+*(Fig. 3C), EGb 761
(50 mgkg) T (Fig. 3D) EFollA A ukatge] Wsle
S tH(Thoolen et al., 2010).
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Fig. 4. Effect of EGb 761 on serum levels of LCAT and APO A-I. Mice were administered with saline, lovastatin (30 mg/kg), EGb 761
(25 mg/kg) or EGb 761 (50 mg/kg) for 40 days. (A) lecithin cholesterol acyltransferase (LCAT) and (B) apolipoprotein A-I (APO A-I).
Values are expressed as mean £ SEM of 7 mice per group. Statistical analyses were performed with one-way ANOVA test. Values are

expressed as mean = SEM of 7 mice per group. **P<0.01.

8 LCAT sk

% LCAT 32 Fig. 4A°] YERATE LCATS] E7

= saline F917(3.18£0.46 ng/ml)oll H]E}] lova-
statin 737(5.06+0.33 ng/ml), EGb 761 (25 mg/kg) Fol*
(4.80%0.43 mg/dl), EGb 761 (50 mgkg) Fo17(4.84+045 ng
mlyol| Al B SAA foAdS 2 S YERT

A | APO A-| SE

A% APO A1 &2 Fig. 4Bl YERNSITE APO A-12]
I Ul F%+ saline Fo37(18.51£4.63 ng/ml)oll H] 15}
o] Jovastatin F<(18.2843.17 ng/ml), EGb 761 (25 mg/
kg) F9135(19.2414.55 mg/dl), EGb 761 (50 mgkg) T
(19.241+2.17 ng/ml) E7oll Al SAA oS 2t WSt
= YEhHA] &skeh

a

[ld

H ATA HAGE ] mhg-2aol o] Eel & W, F
203]¢] #1441 EGb 761 A7 Fol&= o Ul TCo] &
L9} LDLY ¥52 fo4 o7 7HA4A7]a HDLY &%
T frodes T AeE WAL o5 9
Ul F5= gk EGb 761 A% FoIr(25 mgke)? iE
= FAT(50 mgkg) 1Fe] w94 a3} 2ol YE}
WA 9kth EGb 761 701 F3= lovastatin 30 mg/kg

7ol m¥el vlaLskglek. Lovastatin® % TC9 LDLE
TAaA7l= @37F AL et al., 2016; Yamashita et al.,
2010). LovastatinE 30 mgkgs] L= o] & W, &
208] 7B Foidt dah g f TC9 LDL| FE A
AT 0] 3 EGb 761 Tt matel vl AR
A G4A Y] mlg-2oll A EGb 7613} lovastatin
o] x&AQl A Foli= TCF LDLY] 9 W 55
N e dEith
2%lo] Aol A= EGb 7617 lovastatin®] 2|42
Fo= g} f HDL s =7F S71 5 Stk Ao
H Sl HDLo] #d3}i= reverse cholesterol transport
He| Jof FH=HES AlAst] el =
AAFowHR I FH2HE ANES T
7}A]1Z1tBadimon et al., 1990; Holvoet et al., 1998; Rifai et al.,
1999). # <+ Aol w2 HDL-S reverse cholesterol trans-
port ©]e]oll k= gkt 2hga} 4l Ao R vy
A BSte] Wfsmdy o] ol geo] qivkal &
%] 9JTtHAssmann and Gotto, 2004; Asztalos et al., 2007;
Cockerill et al., 2001; Parthasarathy et al., 1990). ©]&]gF A}
= EGb 7619 77+ Folel HDLO| T7hH= TC| 7hAaet
LA BHo] e o dtEc) $-2e Ao A
lovastatin®] A% }1 %= HDL®] $7+& 7HA sttt sf
A9t lovastatin == statin AlGe] b4 Fo17} HDL 5%
o Q&S WAA] ErhE BaE QUKL et al., 2016;
Yamashita et al., 2010). $-2]2] A3}= A 3 el A EGb

I~

—
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7619} lovastatin®] A&l AT Fo
Ul HDL®] 55 7M1 F dvke
2 A3 A7k

HMG-CoA reductase= ZH~HE A S5 =24
&}+=d] EGb 7613} lovastatin= HMG-CoA reductase®| in-
hibitor®] S &= Ao ® A ATHXie et al., 2009).
LCATE= FHllA g Eo] dgos Wy ol4le] &
7}shH LDLE] F%7F #43}Al ¥t Assmann and Gotto,
2004). sHEsh= e e Alare] F2ol o3
uko] wlgjste} Folo] FY~HE S 22 AL Q)
53] "} W] LDL &3f1¢] o]/te] wAste] LDLo| &
o] g2 Al zet oA azel] FA 5w At AFEA E(foam
cell)7} FAF 3 o] I A o]& Mol apoptosis”}
dojdtt. o] AFAMETE WolxHA FHele]] xipo] =
Ax]o] FMAsIF dojuAl Eri(Ishikawa et al,, 1992). -
2] Aol A EGb 7617} lovastatin®] X]&2]Q1 7 Fo
= g o] LCATY] 4= o8 A F7HAZE oA
2 EGb 7617} lovastatin®] F01%= LCAT®] & S7HAIA
gl U] LDLY] FEE #AA7)E Ao god.

Apolipoprotein> A2 o] 1k} A ekl H3 A
agjar o] 2k, g3 W, ApxAlelA tiAbE = E
&+ 2] %-o|ChDurstine et al., 2002). L 5 Apo A= LCAT
gAslete] Txrxd T da Y FYAHESS
FHU=EHE o ~HER HAFAA toz FEeith [dk
H ZY2HE o ~HZ% HDLZ °]&3dle] HDLZ 3}
a TUAHES AAM T 98-S $ol(Assmann
and Gotto, 2004; Miller et al., 1979). 53] APO A-19] 7=
A slzo] Ak 3= HDLY Z7fe} vlelehs A
o7 o] x] dUH(Taskinen et al, 1992). & 2131 9] ZAu}o|
A5 EGb 7619} lovastatin®] #4421 - Fol&= APO
A-19] Tl el JEs WA e Ao0E E
Xt} Cholesteryl ester transfer protein (CETP)+= reverse chole-
sterol transport®] =8 FHQIAE 7ro|A KA E o] HF
o7 B|E=y) o] HDLSF Z2gslA P tKTall, 1993).
CETP= ¥ ~HE o|~H 25 HDLZ4-E] VLDL/LDL
2 o]%S Al7]3 TGE VLDL/DLZH-E HDLZE ©]&
A7) 28-S F(Barter et al,, 2003). 34| % CETP2)]
749 mouset} ratoll A= AHHoz AL o] gloevmg
(Hogarth et al., 2003) ¥ 2 3lol A= CETPY] &= W3l
S48 gkl ko' EGb 7619 Fol7) mA e g
Ul HDL ¥ 75l dist 714 A+ o] asirtar A
7+ Tk

o fo

B ATES type [} type I i o)A EGb
7619] Foi7t F TGY w58 Wiv advt itk
1 18} THRhee et al., 2015). ©] &= EGb 7612] #|4:7]
17} type 19} type 11 3] Aefell o3l f=¥ 1
W LPLE] s SAIES7] wiiEolick & AFelA=
A2 Aefoll Al EGb 7613 lovastatin®] A543+
Fol7t mA|= AAike] Wsks AuEaa dH O TG
o] ¥, FFAQ] ¥k, 18]al el o] Aite] Wsls
A R gkt 4047E o] 5] g EGb 761 T TGO
FL%, FFAQ] 5%, T18]al FhellA o] Xrate] wsle] of
H Jee WA Qith. AR om B AGE 3l
ul-g-2=0f] 4047t o] 5o g W EGb 761 Tl o U
LCATS] 4& S7HA LDLY sLs TAA7]
HDL®| %5 S7HA TC 5%5 #HAA]

FE o]#3 ZI= lovastatin®] Fol &I}
Ao A7 er)
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N
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