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Abstract: The regulatory effects of blood glucose, lipid metabolism and free radical elimination were compared
in streptozotocin-induced hyperglycemic rats among the following treatments: Ginkgo biloba leaf extract (EGB),
the biotransformation of EGB by Hericium erinaceus, a cultural filtrate of H.erinaceus, and the cultural filtrate
of H.erinaceus plus EGB, together with the normal control, the model control and the positive control
(Metformin). The best results were obtained from the biotransformation treatment group, which could
significantly reduce the levels of blood glucose and fructosamine. However, the treatment did not increase the
blood insulin level. The EGB transformed products could obviously increase the serum superoxide dismutase
activity and reduce the malondialdehyde level, but the reduction of malondialdehyde was not obvious as
compared with that of the other treatment groups. This study provides a useful information on improving the
medical properties of the herb extracts by biotransformation.

Key words: Ginkgo biloba leaf extract, biotransformation, blood glucose, regulatory effect, elimination of free

radical

BEJKHi (Diabetes mellitus, DM) &—Fp WL A 7 b AQHHE T, HRWE R E E
T, G N FERE G A . DR AN LR - AT RO BE PRI R L ARE
BA PR FIG ST DhEe M 25 a e o 2 2T EAL . Tk, AT h Ry F34
RORIR ST R R S SLTT RAE 2545 T4 N0E H 7O R (BRE B4 1999) o Wil
ALY (Ginkgo biloba extract, EGB) , H: 3= A s R AR A W ls, WF9T Sk
SCEGB A FRIMAE . AT AR V5K F RS SO MU PR A LR O UL R I oA 2 4 o &5
R (BT 2004; ZEMEREE 20000 o HAET, SCERDEEIAIR 25254 O
LA OB BE R 1T A OB I 2 —, T AR W) e A 2 AR m i B i 25 H
MR ELETFTRZ .

HMandal et al. (2002) FJHFusarium oxysporum 4k 31 CU i 7= 4= caprolactone.. FF 5 HH B2y
KEFTERL (1992) @B TR B2 RIS FREL TN J50R),  FH 24 FH B0 R R WA T, A I i i
T B ZARRACE PR SRR A “Patk i, Al e rh 2 A .

%k #iHericium erinaceus)& 141 %% H Russulales% Sk £} Hericiaceaef *k J& Hericium, &
FEHNA AR, KPS ARBOR R T & 20K 2R & T EY, A4
227 2 FEEM COEHt. FITNE” BpiEr iR, HFRAPURTEE, GeRGRALA R D)
e, XHL RS Wi MG 555 B HAT W74 (Wang et al. 2005; Yang et al.
2003; XIMERRAIAMLIR 1998) o FIFHME K BT AL Ay it U IR AE AT 5, AU
AT “HPER M 24, A RelE— PR m I H R A DR, H AR 2 8
TR AT AR 2 MR 25 F B B IR 2 K HACEGB I T T oAb 551, AR
WY, Wk B Re A R AR A ISR ), iy EL R A e 1R PR R4 W i i i (o
EIHEE 2006) .
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A SCHRIE T G Sk B e A R AR A IS B A JUR A 1 22175 5 1) v IR s M e 2 5
PRI R B« ofi S P U8 7 P o 00 s R K R I3 A A A L R Ak AR,
SEAH L, WP AT TSk A P A AR R KBRS P TR BB A R LB
1 #r5 ik
1.1 ##Y

W3k B Rl Hericium erinaceus CZ-204 H A MV RF27 Bt B FR AR5 0y s EGBIY B 1% MM 44
FEZATBR A T, %77 W S bR dE AR B >25%, BAEE>5%, AR <10x10°.
AR T HEGB4 4 [ L™ i o
12 Hi%

1.2.1 WSk W AR A S R B R i 45 (RO BHAE 20060 = FEiE A 1R Sk R P4 Nk
P AR AL Bk K=1:1) , KiF%3-5d, FHAFFRIFRIE CERM10g/L, Hi%HE 20g/L,
FHAMR10g/L) , 28°C, 150r/min (fEE SRR, BV EAEY TREA ) Kig2d, #LI10%
(VIV) (IR NREERT R IE (BRH 10g/L, FOKA# 10g/L, HiZpE 20g/L, &
JIlf 4g/L, KH,PO, 1.2g/L, MgSO,0.6g/L, EGB10g/L) , 28°C 150r/mind%757d, BN & 8%
TR 5 5:<0.02%  (NaNOLFIAICL 835 , ARANRBEREIE AL S N6 >93 % (A4
KA 2006) o KIFERB000xg Ly (BRAVA VR ESLHL, VEHJouanA w]) 10min, HU bk
TS5

1.2.2 W JRIPS SRR () s N R S0 A 4 ARG . AR PR AR BRUCR FHSTZ 5 s ARtk
MEEA 5155 S (Pidaran & Leelavinothan 2007). 1E# MEPESD AR (44AHE200+20g,
H e LT SE RSPty A RIE 5 SCXK 75720020018 ) SE5G IS W SR S5d,  BEALHEL
10 R EVE N IEF R, HA KR ZEfr24h)n, $230mg/kg A 711 J 3 S A0 I e v ik
CURBER AR 2 10% ), I FH T P AR R ER /KT &, AR I8 2 41 i e 52 S DRV 1 3R S A 1040 5
15minJ& PA100mg/kg 4 BT S 5E IRV B 2 STZ (STZIKFE 1%, pH 4. 4K AR 22 v I T
FIFCED . FESTEE I, 1E 50 RO Ml k), B M s TR kL (15.75%20E W, 7.79%
FERE, 2%/R[ERE, 0.5%MH1R, 4.66% Atk JEAtARIZH M. 12%M 5 A, 60.98% K
VERY, 15%BERE, 7% oK, 1%4EAE =R, 4% PEE, 0.02% M) 14N He 14 H
JEAEET3-5h, R EER KL E W AR BRI, 2% 25 5l L1 OmL/kg K T (1) 771 8 11 IR 24
2N 5 D E 20 T

HRAEWHO199 740 JRA 2 WibrifE ChAREE 222 PRI 7325 20000 K4 2 IR IR EK T
Tmmol/L, HH 5 2hiE{E7.0-11. 1mmol/L, JAIWT Ay i il o 38 K Bl B 1 K U BB ML 20 g 61
IRIGA, ARG LA AR RRE S B & VR IR TR, 0 BN EGBEAL AL, Wik R B+
EGB4, Mk KRE#K4AL, EGBAL, BHMEZyMxt Al (XU, Lo IE2nLa RA A,
R A dg/L) DA AT, S50 K R R 4% 20mL kg PR T 1 Ry IR 2, &
grendiled, ERE8ANNE AT RIRIEE, WA, HEKWAEE, SBERKE, HREER
i, FEEUFRERVE L, AT R FRRR b o BV LR B R I, I35 SR T 2R P
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BV . S b BT K AR IEZ 12006, AN IR, A2 K, A oK.
1.3 M;EFALALD IR IBFRATN E

M FE R ZE10000xg, 4°C &L (BR4 UK E/OHLBRAL, VEHIJOUANAH]D 10minfHf
i (John & Anne-Marie 2002) , 73BT LG T MBEAE . SREIG CRBEICARIG, F ik
Y TR « RIEERE (TC) FH W= (TG) , HATCFITGH 2Tt AH N A7)
& bt EE AR R AFD #7087,

FREUTFAE SR IE0.2g, IN1ORHARR KK AEBEER K, WS R0, F3STH T4
W ALEE (superoxide dismutase, SOD) FIA [ (malondialdehyde, MDA) 5§45,
SHTTERHSOD. MDA KRG (R nU A TR ST, BE P R &
BEIAIEAT

7

F1 ALK AFR R AN E

Table 1 Test group and preparation of test solution

ks il T

Test group Preparation

TEH T AL K

Normal control Distilled water

TR0 20 2K

Model control Distilled water

AL IRIN1% EGBRIMR K 1 R B

Biotransformation Cultural medium with 1% EGB, taking the cultural filtrate after transformation by Hericium

erinaceus

KIEWH +EGB 4l
Cultural filtrate + EGB
il

Cultural filtrate

EGB 41
EGB

ORI

Metformin

SRR S L 5 BB A AREGB, KRE1% (W/V)
Centrifugalized cultural filtrate of H. erinaceus plus 1% EGB
MK VR A IR 5 00 S ) R

Centrifugalized cultural filtrate of H. erinaceus

EGBW# TZ&MK, WIE1% (W/V)

1% EGB distilled water solution

ZHOBUIR A T 75K, W 4g/L (W/V)

Metformin distilled water solution at the concentration of 4%

1.4 FitFabig

A E s LAX £ SDERR, HPXOUVPME, SDERINAMEZ, KUK (PMRER
2002) SHTIRE ) EETE, P<0.05IAHZER R, P<0.01N N ZEFIEE,

2 GRG0

2.1 ML BE 4L EGB A& B% i Xt 2 Y 48 PR 9 K R L ¥ A3 546
SEZUG T i 25 AL 2 282 . SSTZ A S e ARNHAE S G, Bra ik 56 4 i 2 s
FIEFEYL, EARA R e T K. SRR AT B, 45 25 iRt & 4 UopHE TG B 2 2=
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5 (P>0.05) , SEZU0 5 ¢ 2941 LUK BH M B AL S5 3 A AN R FR BE I BRAIG, Ferh7E SR 8d ISR 16d
HeALAL . R A+ EGBAL. EGBALATBH I X e 4 i B i 55 35 A1 T 55 280 ek M 201 (¥ afu s i
(P<0.01) o [FI}, AL MBE(E R B BAC T K+ EGB4L. EGBAMIKBARA . 1445
VLA SR H AL EGB A I 1) A IR 5 A B+ EGBAL . K IR LA S EGBAT L i A7 12
E LT

%2 TRLEESHBARBHRZMIEEBHEL (mol /L)

Table 2 Changes in blood glucose level of alloxan-induced diabetic rats in different treatment groups (mmol/L)

MHE{E (mmol/L)

41 A Value of blood glucose (mmol/L)
Test group Number of rats

0 8 16
I H %) F 4 Normal control 10 5.67+0.54 5.730.62 5.76+0.64
T %] B8 41 Model control 10 9.37+0.80 9.33£1.78 9.27£1.56
AL 4 Biotransformation 10 9.36+1.14 6.94+0.69" 5.92+1.06"
R +EGB 4 Cultural filtrate + EGB 10 9.39+1.00 7.69+1.06"° 72140917
R4 Cultural filtrate 10 9.34+0.82 8.17+0.83"°° 7.94+1.06°°
EGB 41 EGB 10 9.29+0.80 8.21£1.07° 7.84+0.86""*
ZHIXUIT4L Metformin 10 9.33+0.94 7.17£0.91" 6.14+2.04"

Vi HRARTRALLE: TP <0.05, TP <0.01; HHELLHEP<0.05, **P<0.01

Notes: In contrast with the model control group: ‘P <0.05, P <0.01; In contrast with the biotransformation group: *P<0.05, **P<0.01.

2.2 TrEEE 1k EGB Xt 2 BUE PR R (K A SRAE Bz 89 520

Bl 2 24 b 0 2 1 BT T R AR AR BB R AL SN, AR I BUR AEAN T I AR A, g
Ja T AR FEAL P74 (Advanced Glycation End-products, AGEs) o 1% 5 N £E B JR I 74 N
HH T v LB I e, e T A8 7 AR AR A AR AL, e R L P R A R /N ER A BT
SEPIRIL . MRS AGEs 7R B4y FA i SRR DUAR, ANTEAG VA, 5 AR Y
B 40 L P e RGP R, P P ZE A B A ML, SRS PR, MEEZMIFR
SE (RENTERANPE R 1999) o HIL¥E AR SRR b o I35 v 61 4 B 5 o 1 B 8 AR R 02 S N e
T IR T R A i 0740 o LR o SRR ek P35 (1 e 1K ] S e S A 9 2 J 9 It 7K
AN 5 L7 e SRR fr A S0 P 7 A 70 PR S LT RO R AT B . IR A IR (& D
WIRE T ARG A SRR e B 6 s T IR A AL (P<0.01) , BB AL &R e v]
M. g5245)5, P ge 25 20 SRR IO L0 B 2R TR AL (P<0.01) , JF HE L4 W
FICT KR A+EGB 4. KIFHAL. EGB 4L —HXUMAL (P<0.01) o %45 Rik—5ut
I Sk T e Ak EGB i R TR R 110 Bk IR AR Y 1] Jed 3
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2.3 MELEE1L EGB X 2 BUMEFRIRERAR 7 iR B RIER IR

IR %y 2% 2 TR %) - M B 440 A PR PRI R, DAY I W R 1 A Rl 1 B A T A
o & REAEREREAE L2 A S A DL R T 260 B A2 pok s R T 7, A0 D S A 0 T 07 40
fiff 0T O TURIAZ R 1A G, 3 — 20 B0 5 0 R0 TR AR DG IR I S (T AR
20000 o DRIHASI T R0 24 Pl B BRI i B B SR B e (] 1D o g5 ER, A
U0 HRAH R B IR E (59.3uU/mL) 3 IK T IE W AT RAE (79.3uU/mL) i BHAE AL & ] LA
{FFI. RiE2)5, A4 (60.1uU/mL) « KR +EGB 41 (61.4pU/MmL) KK
41(58.6uU/mL)Fl EGB 41 (60puU/mL) Ji & 25 7K V-5 R0 FUATAH LU JE 18 3% 72 5= (P>0.05)
ML T ZHXUIN (P<0.01) , BEHPRESLFEAL EGB Ja W i ik i 28 BE T 18 25 5

- Fructosamine concentration [ 1insulin levels
120 4
35
[T )
#k =
ee® |3 T
ok =
_— Wk -
- =
E T
= 25 E
2 =
= ]
- 0
- o
B 2 5]
w =
b= &=
L e
z 15 2
o o
- -
L) w
= =
1
035
L1 0
2 &
Q-O _oi.&
&5
42"
<2

B 1 SEHERMMEPREDRMRERS BN SEERALLEP <005, P <0.01; SHALAILEP
<0.05, **P<0.01.
Fig. 1 Effects of various treatment on the insulin levels and fructosamine concentration in type 2-diabetic rats. In contrast with

the model control group: P <0.05, *"P <0.01; In contrast with the biotransformation group: *P<0.05, **P<0.01.

2.4 YrKFHFELEGB R BE R X KR IAERIFZ

BRI 3 LS “ =2 — 7, MIZIR. 2K, S ERED, RILAETE
] AR (¥ S 2B PR AR o SRR - AL s sh W) R i fm) BB W M 22 5 (P>
0.05) , YWHIKHPAAFLIE GR3) o HESGHE, SHEAN AL, EGB4IM —
FEOUIICZL P S 5 B0 1 e A R A IR AL 10 P o S R R B AT e vk 2 22 5. Kl
WA Sk T e AL BGB A IR VRURT 2 W b K B BB B 2 RS
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*3 FHXWAREKELML (¢

Table 3 Effects of various treatment groups on the body weight of rats (g)

A

45 Weight of rat body (g)
Test group 0 (day) 8 (day) 16 (day)
1E 5 %) 8 4l Normal control 191.2£21.9 194.5+18.9 220+20.4
T IR 41 Model control 205.9£21.8 194.5+18.1 193.2+14.3
A4 Biotransformation 214.2+15.4 208.1+16.8 204.6%15.1
R W -+ EGB 41 Cultural filtrate + EGB 203.5+18.3 202.5+17.7 198.4+16.1
R4 Cultural filtrate 207.3+16.7 207.4£16.1 201.3£15.1
EGB 41 EGB 208.6+15.4 214.5+17.2" 215.3+18.3"

U4 Metformin 212.4+17.1 213.4£16.8" 219.6£17.9”

FE: GHBALEEP <0.05, TP <0.01: SELAILLE"P<0.05, **P<0.01.
Note: In contrast with the model control group: ‘P <0.05, P <0.01; In contrast with the biotransformation group: *P<0.05,

**P<0.01.

2.5 e EEE L EGB i ILiE A AR KT RO 220

Carley & Severson (2005) A4y, 2 ZUHE IR NAEECAERE JRIE N 58 5 e AL MR AR 256
NRARHZELADUE 2 BUBE R AR A5 R, R BH R R AE TR S i A b — AN 22 52
DRIZE o B DR B8 00 ML 90 S5 PR R A R B T 3R S A B PR i N\ Wl 8 18 vy, LA i
K2 — R G AT M IRAC S 59 T B0 (B 3008 2004) o AN [ A ER 4B PRI R AR It T 8L
R4 PR,

& 4 ZEMFMITRE KR M E o Eh = B F1 S BB EEZRY S0 (mmo | /L)

Table 4 Influences of different samples on the serum TG and TC levels in the model rats (mmol/L)

2 Huh=mE (TG) SMHERE (TC

Test group Triglycerides (mmol/L) Total cholesterol (mmol/L)
1E % % 8 41 Normal control 2.01%1.11 7.57+2.09
BB B 41 Model control 3.18+1.16" 9.83+1.68"

ALY Biotransformation 2.37£1.05 8.25+1.54

R +EGB 41 Cultural filtrate+ EGB 2.88+0.93 8.82+1.42
RIEHAN Cultural filtrate 3.16£1.16 9.31+1.82

EGB 41 EGB 2.7340.98 8.66+1.56

T HUIT4L Metformin 2.52+1.34 8.49+1.15

e HIERSHRLLHEP <0.05, TP <0.01; RN % " P<0.05, **P<0.01.

Note: In contrast with the normal control group: "P <0.05, P <0.01; In contrast with the model controlgroup: *P<0.05, **P<0.01.
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4 AR, 5 IEH AR, B AL TC F1 TG & & W T (P<0.05).
GG, SHAH &L SHEA A ML RE 2R (P>0.05),
2.6 MEKLEEE L EGB XFHLIRSE LUK S B 5200

YRS A AR S AN A2 B R, HLrh90% AR H Bk . fEIE T AEDAA N,
S0 BRI AR SRR T AERHOKF I ARICH ISP . — 7T, A E TR IE 4
BRARU TN 42, 25 T IEWE YA N SR 25 7 Wl UART BAER . @ et
T A P (0008 SR 2 ) N S i S W A e 2 B e A B R ) I ) 5 A s o — T T AEAL
RPN R RN B R = 2 T — 28, A PAUA N S P4 B S BR R (nsoD.
HEANARCAT. B HIGE 2 WEGSH-PX . 4EE KA. 4EERES) HERimAE T
PUENUA . BRI RN B AR 2, WUERBURAG BT E RIS, AR B e A
REA EIEBRIMAR 2R o A BV R TR, MG 5 HAB TR A S T T ORI 1) B R S BR
TEPESR (reactive oxygen species, ROS) %844, 1 H R NATEAT SIEBIE. H ik p)x
Tl S A A A G BT 2 5 100 s I P42 P Pt e LA 38 il 5, G iy I D g R 1
JFAA . DNASSAR FER W, IR . AN M B v 55— R GBI IR R o IR 18 3R
A=A A 2RI Re ), ARSI IR A 11 25 nT DL S 308 5 25 20 WA 2 B0 BB o
2.6.1 XA SRR PER R AL ISR (SOD) J2 H t AL BREE, Lot
VER TR B L, (RN 052 A HIEMIE R85, SEi 4R (B 2) BoR, M
X IEE XA (204.4NU/mL) , B AR SOD fiE T (137.8NU/mL) 3 K, H
25 )5, IXFP AR AR 2] T B (P<0.01). [A] I 4414 SOD BG4 (187.2NU/mL)
BINEFE T EGB 41 (155.6NU/mL) . KAl (150NU/mL) . K% +EGB 41
(156.1NU/mL) H1—HIXUITZL (163.3NU/mL)  (P<0.01)

220 -
dok
wo L [ e o e
o vl
.

=
=
T

w
S
T

SOD enzymatic activities( NU/mL)

2 FEMERIMEFBE L EEEERIRN  GEARALLERP <0.05, P <0.01; 5H LA ELE"P<0.05,
**P<0.01.
Fig. 2 Effects of various treatment on the activities of serum SOD in alloxan-diabetic rats. In contrast with the model control

group: *P <0.05, **P <0.01; In contrast with the biotransformation group: *P<0.05, **P<0.01.
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2.6.2 XTI IS A H A UARERIAERE RG24, SON YT 2
AR TR B A BGEAE, HRRES RGP S8 ) N, AR IR PO S84k ), s (A
T MDA . WEE DL A B8 R A H B ARAESE . MDA VRN AE IR 2R G o A A 4147 X
IR —F =), 2 s WAL S A A543 T B ) e 8 B2 e A AR AR 2 — o P24 R
TEWE R A3 F8 25 R A 284 B A I 0 A KT 2 (AP AE A OGHE (Aydin etal. 20015 By
4 1999) o DA LA MDA (955, n] BUR Bed g G Bock S840 AR R, FF vl im)4% T
FENUAR A SPUE RGO, WRIRLE R (K 5) 5 RIRSHEHIE, BRI A
W MDA (11.25nmol/mL) &3 & T IE# X B4l (5.84nmol/mL) . 452524 Bp Kk Ik 4l
(10.65nmol/mL) 5581 G W2 22 e Ah, e - AL v o 5 R 0 I TR A X B
P SR (P<0.01). HEALY] (7.86nmol/mL). KEK+EGB 41 (8.92nmol/mL). EGB
20 (9.32nmol/mL) 5 —HIXUATA (8.80nmol/mL) Z [T HEZH (P >0.05), iXibgh

ULEHAALA]L . EGB UK +EGB 1] LA & PR N 1t 3 s LR S A B i L
{HHAL EGB Jo [0 K TR 5 IR EGB A LLAE H %A i 35 8

5 SEHEMMERFRAZB SS90 (nmol /mL)

Table 5 Effects of various treatment on the malondialdehyde levels in alloxan-induced diabetic mice

ik £ W
Test group Number of rats Malondialdehyde (nmol/mL)
IE% 41 Normal control 10 5.84+1.32
MR %] K2 Model control 10 11.25+1.58
441 Biotransformation 10 7.86+1.83"
R +EGB 4l Cultural filtrate + EGB 10 8.92+1.64"
RIEERAL Cultural filtrate 10 10.65+1.87
EGB 4l EGB 10 9.32+1.53"
SFERUIRAL Metformin 10 8.80+1.57"

P SR ALLEECP <005, TP <0.01; HEALAILLEP<0.05, **P<0.01.
Note: In contrast with the model control group ‘P <0.05, “P <0.01; In contrast with the biotransformation group *P<0.05,

**P<0.01.
3 it

BRI R, T RO B0 D8 10 20 T BRI 5 ¥
o I ST RIZ e R . IR o S 2R R L BB A b

OB A THEEIZE, w3 24 sp e SRR MBI B 4170 (K
UL AR B A BE R PR MLBR RIS Bt b 2y S 2 (K sk 5 5 i, B AL 22 20
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JIEFI 2T SRR I D R B, A 48 vp = 24 RS 5 AR = 25 BRI 25 6K R HERE R
2B VR PR R N 2E R

ARSCR M SL AR AT A3 EGB BT HAAL, WP VAL et =4 1) B v
S5 ULH EGB b 2 OB PR BAT R B R R, X5 O M2 B g R A —
B, M5 EGB A WSk BRI M S TR R B P s INAH R BE 1R EGB AHLEE, %4k EGB
P50 )81 IR 2 B S 8 it (HUS 5 ARG 21— AE 38 R R Ly sl i s v ik 3R
ACFIIER o %48 R A Sk 4k EGB R R nT e A7 /e L e B OB HLEE, i Bl At
PRI e 2B R B 5 A AR A

WSk A EGB R IR RE A% 1 1 2 808 PR i i IR AR, (H 5 R ALY EGB AR LG 2=
FEAK; BEUGRE [ RHIF L F L EGB R W 35 38 mi vk Iy B S B A ), BRI A
FHERIR A, ORI A3l 1 e R A0 0, AR LB R T i S8 A 0 T8 — e ()4 A 15 21
SHLIEER . YT EGB AL 5 SN 25% LA EBRKE] 0.02%, ASHETRAL, HLRR MR
M T BE R AR TR KSR, WRATTE EGB AL =Wt i L E K.
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