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Effects of medicinal herb water extracts on expression of hepatic glucokinase,
pyruvate dehydrogenase and acetyl-CoA carboxylase mRNA*
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ABSTRACT

We studied the anti-diabetic effects of medicinal herb water extracts on expression of hepatic glucokinase (GCK), py-
ruvate dehydrogenase (PDH), and acetyl-CoA carboxylase (ACC) mRNA. The medicinal herbs used for experiments
were Cornus officinalis (CO), Paeonia suffruticosa Andrews (PSA), Discorea japonica Thunb. (DJ), Rehmannia glutino-
sa (RG), Lycium chinense (LC), and Pyrus pyrifolia (PP). For GCK mRNA expression, CO, RG, and LC water extracts
exhibited a more effective activity than other extracts. Cells treated with RG and LC water extracts showed an increase
in expression of PDH mRNA to 191% and 124%, respectively, compared to control. Expression of ACC mRNA was sig-
nificantly higher in LC water extract. These data indicate that CO, RG, and LC water extracts stimulates expression of he-
patic GCK, PDH, and ACC mRNA. (Korean J Nutr 2013; 46(2): 119 ~ 125)

KEY WORDS: anti-diabetic, glucokinase, pyruvate dehydrogenase, acetyl-CoA carboxylase, medicinal herb.
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boxylase, glucose-6-phosphate dehydrogenase, 6-phospho-
gluconate dehydrogenase?] &S Z7HA)7|1L A5 G6-
Pase 442 Wo] dg7)skay& epfioiokar shoict™
712 B EEL P9 glucokinase B/dE S7HAIF L, I
] etE FEE2 G2 3| A5k glucokinase, ace-
tyl-CoA carboxylase L A42] &A] 3]&Eof ai}#lo|Qlctar 3}
At} Takeda 572 acetyl-CoA carboxylase Hd 712 7t
AR S0l o] Ealj=lo] o] 7HAE913, Huang 5
< S RE] & FEE A A9 acetyl-CoA
carboxylase &/do] F7}e|o] e A2 A O] 74X 7} =Tt
L R skeiet e, T gkAke) qlalo] gk A2 BeiAl
o] o5t & 49 glucose-6-phosphate dehydrogenase,
acetyl-CoA carboxylase 52 4 A7} 1 QcloH, Wi
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120 / gtopAl} & 2559 P9 a7}
ol QlojA 7+2249] glucokinase 344 E& 2 glucoki-
nase T40] SAJ7FA R 0l5}o] YA} o] &-Bo] AslEtial
SRk L glucokinase”H E/BHEE FEE oA A4k
S 93l AFEEAY Tholl S E|R e 2 AREY] wite] E
o] ZHAgtrhar deA ook’ wheba] PR Qls) o] At
L) Bk BHE FPAPIE AS il A2 i)
uﬂ o %«ﬂs} Ao 2 mekEr)

¥ (Cornus officinalis)= | Z5-€] ShYo|A =3, Al
Xéljﬂr ’5_]7]57& o 5 f5ol Qe Ao ® HsiA 241 gl
S25rol| tisto] otgE 9 utE2E,” T EolA
9 8]"431 2 AR ol YA S kg &
% BUSIAE” 5 TP ool A ol

51| T3t A7 }EJ—Q H} OID}.
Thunb.) - o= WSS uly} (Dioscoreace) AlEE F43
2 ZHEo]al, o]JY|x steroid saponin, allantoin, choline

== A0 2 A Qlek ol A e AFAHE, 4
stEX1, ARE 28l 59 A &E HH 08 ARgshaL %]Ji
ol A= Gy SRS TR S HeElsts AbetEo] &
& A QAL S Ay Qg HHow “}O]

3L 9l '—’%7\]% (Rehmannia glutinosa)®] °F2]%]
2L wE 7 AL dolel Aoalzaakgo] oA 9l
Jeong@} Klm18J o &x|3}o]| streptozotocin -F 1S 3F
o] g7dstatgo] S-4skqirkal Harstglom, E3k EQt
A a1t FAEE T So) HJ_E] ek X2 (Lycium chi-
nense)i= 7FA| % (Solanaceae)ol| &dh= 72| &
T Ao =R oFejakg-0 2= JHH & 53}, patska ) o)
aFaRgo] WAEQIE"™ oAl (Pyrus pyrifolia)= EoHU-
SO M oA ZHe, 717, &5, S, ol & WH] 59
A 7ol AHgE|o] ghet” B3] wjoll A Ee]H EajvE-S WY
o}, Y 2EE A, sl Sol Rt Ao Hal
Eo] ek et b AVNE SRRl ES] i 7]
o AAARD St mlu|gt Ao, A7 7154 Al A
|AI717] S1gh Adegadel S Sl o B ek 2l
gYrlojof o Zl o 7 A7)

QF (Dlscorea Japonica
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7 4= Ql= F25 & 421 glucokinase (GCK), pyruvate de-
hydrogenase (PDH) & acetyl-CoA carboxylase (ACC) mRNA
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U AR R LYool A1 5 108 S5

= }01'04 60T A 24A17F B¢t wHFEHAEA _n_‘ B =

Z3k9ik. o5 Ao Watal o7kt o A s 5]

(EYELA, Japan)= & %3} %L, 7] (Tishin FD 8508,

Korea) & &3] -10CoA Axet A RS YsEusuA
A3t F i 3|45kl gt

T2 1z
e

M= HHQE

OIZF ZHIAIZF HepGE 3H=A| 23238 (Korea Cell
Line Bank, KCLB)oIA 2 &3tem, 25 mM HEPES, 25
mM NaHCO;, 90% minimum essential medium (MEM, Sig-
ma, St. Louis, USA) ¥ %]l 10% heat-inactivated fetal bo-
vine serum (FBS, Sigma, St. Louis, USA)2} 1% penicillin-
streptomycing 37151 370, 5% CO, Z710)\A] vjoFslict

Mz YZE

M| 3E L2 MTT [3-(4,5-dimethylthiazole-2-y1)-2,5-di-
phenyl-tetrazolium bromide] 2+ W& o]8-3}o] =43}
k™ HepG2 AIEE 96-well platesel] 1 < 10* cells/mL &
=& 100 pL #3231 5 24417t B2t vjokst & FBS%} 1% pe-
nicillin-streptomycin®] Z7}F=A] -2 izl ZF A|RE 5
H (0, 100, 250, 500, 1,000, 25,000 mg/L)= A|Z3F 5 Aj3zo]|
A2Jste] 37°C, 5% CO, vie 7104l 244171 &<t st lch
o]3 MEM2] 10:9] 19]] ajddl= MTT &< ( mg/mL)<
7¥saL 37Coll A 4ARE B aiekste] MTTE SHIAIA B34
formazang 2HAHA AASHT 1 thE efxdelA] 30
B+ AZ3E & dimethyl sulfoxide (DMSO, Sigma, St. Lou-

is, USA)E 100 uL &335}0] 1A]7F 59 235138 3 570 nmoll
A EH=E =45

Total RNA FZ ! cDNA

HepG2 M|ZE 6-well platesol] 1 x 10° cells/mL £33}
24A17t &L vkl & FhoRA = —%%%% RAR = L
S}9L 24417 St o wjopaisich, 2t 2 2ol - vl

= AlAT 3 QlAzol lysis buffers 2} wellof] 500 pLA &3~
5t} AIEZE lysis ?F & 70T Esi3ie), Bye Ales A&
of| A =21 % chloroform 200 uL £33} 1527+ 23519
Tk 71 % 12,000 x goflA] 1547 el sto] 4SS iso-
propanol 500 uLo] &9 Q= FHoll &4 A%tk thAl 12,000



X gol|A 1047 Lilaelsilal, o1 S-S AARE £ 100%
ethanol¥} 0.1% diethyl pyrocarbonate (DEPC)E 75 : 252
o] UEE 75% ethanolE 2 FHo|| | mLA E335}9] 12,000
x go| A 5EE Yleldt | ASAE AlAsH AollA
A% A A) Nuclease free waterS 40 pLA# B35}0] =0
% RNA 5 uLe) 0.1% DEPCE 955 uL %7138} 260 nme]|
A FFEE S57510] total RNAE A5

First-stand cDNAZ 344317] 93k SuperScript 111 re-
verse transcriptase (Invitrogen, Carlsbad, USA)E 0]-&3}9)
t}. Oligo (dT);s primer (500 pg/mL) 1 pL, ANTP mix (10 mM)
1 uL, 3=3F RNA (2 pg)@t RNase free water®= 11 uL2 9k
31 65T 58 HESAIZ] & 5H) first-stand $H5-8-2H 4
uL, nuclease free water 1 uL., DTT (100 mM) 2 uL, Super-
Script III reverse transcriptase 1 pL& 41¢1 9 uL.*# 2+ PCR
tubeo]] Tet & 42 ¢4 508, 70CoNA 1587 #-3-A1A cD-
NAE $Hdatsict. Agof AF-8-3t primer sequencet= Table 1

ofjAet .

RT-PCR

T diAF HE =8 EAES] mRNA WS 4517 9
3Fo] cDNAE RT-PCRE AHAI8FATE Go Taq Green Master
10 uL, nuclease free water 8 uL, forward primer (15 uM)<}
reverse primer (15 uM)E 242} 0.5 uL, &+J¢t first-stand cDNA
1 uLE PCR tube®]| ¥-2 ¥ PCRZ AlaJ8}3itt. GCK PCR &
A2 94T A 45 (1 cycle), 94CAA 30%, 62CAlA 30% 1
2|22 72°Cof|A] 302 (21 cycles), 72T OlA] 55 (Icycle)o] AT
YREE 44 185 PCR 272 94T A 45 (1 cycle),
94 colA 30%, 55CoA 30% 18]aL 72 ¢oA 30% (21 cy-
cles), 72°Coll A 58 (1 cycle)o|3ATt. PCR AHE-2 0.002% ethi-
dium bromide %718t 1.2% agarose geloll 100 VollA] 30827t
A7195e & Aol Fo = FAR AR =S olEtt
1 HR=0] =S Image] (NIH, USA) 2ZEojo) 23] %
Eigei=s

Table 1. PCR primer sequences

Gene Primer Sequence’
Forward GCT CAC TCA GGA CTTTGA TGC
oK Reverse AGC CAC TCA GTIG ATG GTATGG
Forward  AAT CCA ACT GGT TAC TTT TGA AGA
POH Reverse AAG AGC TGA GCA GCT GTG TAA
Forward CTC CTG CTC ATC ACA GTA TG
AcC Reverse GCA AGG CTA CTA AGG CAG G
185 Forward GAG CCTGAG AAACGG CTAC
Reverse CCC ATT ATTCCT AGC TGC G

1) Primers are shown 5 — 3
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Al ATto]| Tt SA|#]2]= SPSS (statistical package for
social sciences, Version 10.0, Chicago, USA) L 2 18- o]
Bolo] B + EEoAR BASIITE 2 5= BFAE one-
way ANOVA 415 AAI8HeH, p < 0.05 =0llA4] Dun-

can’s multiple range test®= A7g3FATh
2 I

Nz=d
6% Sl & FEEY MlE2EE gob 7] Y8l HepG2
AJ3ze] 250, 500, 1,000, 2,500, 5,000 ppm 5 H ol A Al
I PELS ZAT ATt Fig, 13} 2} 219} Bl S
of A= (CO), S5 (PSA), Ak (D)), 413 (RG), A&
7] (LC), oF¥ulf (PP) & &5 X5 250, 500 ppm &=l 4]
= 90% o1Fe] w2 Al EES YERYQICE 18y Hot
7o} XZujl= 132l 1,000, 2,500 ppmollA] thET-e} H]
S 0] 55% oo AEER M EEAS YERHITE o2t
= Hlgko 2 N3 GCK, PDH, ACC mRNA WHal#S
| gt 24t FE2EY s E A YL FFS

&= 500 ppm F= HPloll A gkt

I ok

2

=
T

Glucokinase mRNA gtsd

HepG2 AJ2Ee] gHeFAll & &8-S A2lsh & GCK mRNA
I s 4% duh= Fig 29 2ok 2 A5 = 5
252100, 250, 500 ppm HE & A2|5FS wf A8 (CO),
5] (PSA), 4HeF (D)), oFA8u] (PP)9] GCK mRNA A
< sE ooz Z7HERITh AsESl 100 ppmollAl= &
2% (RG) & #2529 GCK mRNA wHé#fo] 165%% 714
A YL (p < 0.00D), oF¥H (PP)= 92%= 71 W& o=
5 Hr} 250 ppmellAl= A% RG)H A1ET] (LO) = 5
ZEo)|A ZH 180%, 154% % =9kom, 500 ppmollAls Ak
4 (CO, 195%) > Zctu] (PSA, 157%) > oFAgHl (PP, 139%)
> AWK (D], 122%) > A& (LC, 117%) > %23 (RG, 113%)
=22 GCK mRNA o] 37k=|qle}, 2ab4 o &2 Az
GCK mRNA H&=kE 7 4= e AR Ak, =

[¢]
o, 548 5 B 4 9

Pyruvate dehydrogenase mRNA &8

SHoFA) & %59 PDH mRNA U8 A=S 243} 2y}
+ Fig. 33 2t} 72t 25& thx419} v gS o 100 ppm
ol A= A B3-S YERA] AT, 250 ppmoll A= A&
1] (LC, 141%)2} <213 (RG, 118%) & 5+&52] PDH mRNA
drggFo] Z71E21a1, 500 ppmoll A= A&y (LC, 190%), <
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o 10 b TL. Tl laae I8, Iie 1l
z ? b
R
>
° b
O 60 ? a
a bp Fig. 1. Effect of medicinal herb water
4 a a extracts on the cell viability in HepG2
or d aQ cells. Results are from three experim-
ents and expressed as Mean + SE (n
20 - = 3). Means with the different letters
are significantly different by Duncan’s
0 multiple range test (p < 0.05). CO:
Cornus officinalis, PSA: Paeonia suf-
co PeA pJ RG te PP fruticosa Andrews, DJ: Discorea ja-
ponica Thunb, RG: Rehmannia glu-
‘ [] Control [] 250 ppm [ 500 ppm [E& 1,000 ppm [l 2,500 ppm [l 5.000 ppm tinosa, LC: Lycium chinense, PP: Py-
rus pyrifolia.
co PSA DJ RG LC PP
0100 250 500 0 100 250 500 0 100 250 500 0 100 250 500 0 100 250 500 0 100 250 500
oo ke ISR R BT e
- —— ] —— ] _ ]
250
[] Confrol
§ ] 100 ppm
C
[}
O 200 i Il 250 ppm
§ d Il 500 ppm
S ¢
3
g 150 | b
2 b c
Z b b b Fig. 2. Glucokinase mRNA expres-
5 100 | @b @ a a sion of the water extracts from medi-
o cinal herbs. Results are from three ex-
° periments and expressed as Mean
% + SE (n = 3). Means with the different
3 50 F letters are significantly different by Dun-
% can's multiple range test (p < 0.05).
ks CO: Cornus officinalis, PSA: Paeonia
suffruticosa Andrews, DJ: Discorea ja-
0 ponica Thunb, RG: Rehmannia gluti-
co PSA DJ RG Lc PP nosa, LC: Lycium chinense, PP: Pyrus

pyrifolia.

A8k (RG, 123%), Ak (D], 112%) & F&50] Walsko] =7
UeERstT] 7B Ak (CO), =) (PSA), oFAHl (PP) & 5+
252 547} Z718=8 PDH B4 AXA 02 7HaA7
31500 ppmoflAls thtETE W 0] S Bt o)
24 PDH mRNA S@FE 3202 £ ¢ Q= A=
Al Zu| et &X|8o 2 Al

Acetyl-CoA carboxylase mRNA &5
HepG2 A|3o]| thaFat %= (100, 250, 500 ppm)& gHFA)

5 3253 423 3 ACC mRNA ¥d A=E 24351 Ay}
+ Fig. 49} 2t 500 ppm s= =2 A2st9S wf A= (LC,
333%), <5 A1%F (RG, 127%), AFek (DI, 115%) 22 ACC mRNA
HAS Z7M7 = A2 YERETE 250 ppm FEoA= A
=7 (LO 2% (RO) & F2E= A3 o) 22} 188%,
120%2 Yebgt), 22 100 ppm FEo4= ACC mRNA
WhEsFo] it Bt oFfh WY fARE - YERHQITE
oA Aufol A AU ACC A0 AL 7 =Y = 2
£ &A= AETE Vet
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co PSA DJ RG LC PP
0100 250 500 0 100 250 500 O 100 250 500 O 100 250 500 O 100 250 500 0 100 250 500
o —— T T Bl e
- — — === — — -
250
= [] Control
g [] 100 ppm
g 200 - c B 250 ppm
S Il 500 ppm
C
Ke) b
g 150 -
a()
b b e
Fig. 3. Pyruvate dehydrogenase mR- & o b c
NA expression of the water extracts | £ 199 I €. € c baba a 9 a 4 c
from medicinal herbs. Results are from ?_ b b b
three experiments and expressed as | 2
Mean + SE (n = 3). Means with the dif- | &
ferent letters are significantly differ- é 50 |
ent by Duncan’s multiple range test | £ a a a
(p <0.05). CO: Cornus officinalis, PSA: | 2
Paeonia suffruticosa Andrews, DJ: Dis- | =
corea japonica Thunb, RG: Rehman- 0
nia glutinosa, LC: Lycium chinense, PP: co PSA DJ RG c PP
Pyrus pyrifolia.
co PSA DJ RG LC PP
0100 250 500 0 100 250 500 0 100 250 500 O 100 250 500 0 100 250 500 0 100 250 500
cc R I Yy T .
=== ——————ha=———
400 -
s [] Control
e} C
£ 350 [] 100 ppm
§ Il 250 ppm
§g 300 - Il 500 ppm
=
8
o 250
g
[0}
b
< 200 -
Fig. 4. Acetyl-CoA carboxylose mR- | ¢
NA expression of the water extracts | ©
from medicinal herbs. Results are from | @ 150 g
three experiments and expressed as | © c b b < a
Mean + SE (n = 3). Means with the dif- | & 100 | < < S ad g a a c
ferent letters are significantly differ- | §
ent by Duncan’s multiple range test E a
(p <0.05). CO: Comus officinals, PSA: | 3 50 - a
Paeonia suffruticosa Andrews, DJ: Dis- | -
corea japonica Thunb, RG: Rehman- 0
nia glutinosa, LC: Lycium chinense, PP: co PSA DJ RG c PP
Pyrus pyrifolia.
& FE&F0] Jrjal ¥ 84¢] GCK, PDH, ACC mRNA
o & A o vl 9L PRSI HepG2 MEE Ut
hepatocyte®] 7|55 27 7HA AL Qlal FAEo] w=7] of
e A prcell 715 218 T chAtel BRAE ol A} T Aol o MBS AlZOIL), T Hep-
A0 S AR R FeshA] Hohe ko2 oux] G2 A|ZE ofgste] thAM] T3] B, BT A5k
YO 2 ALgElojof SH= Fo] Al £02 FH3| F4ER  BiEo] 511 9tk Nakamaru 572 B2 24] AICARS
Falh 2 o] o] g-Fo| Wopx] |7} ol Aol HepG2 AXEo| A2]gt - AMP-activated protein kinase (AM-
B Ao Al Ak, Eoha), Abok X% A)Zw, o] PK) E4o] ZbE|ITkL B8k, Choi 50 i &
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Gl Ae)A =H GCK &/do] @A3] 451l GCK-
knockout @46 sk Ao dA Qlok o}
2h4 GCK B4& S7M71e 212 Eierd A& 9 $8.
gt Zojw, 2 AolA= Ay, HH, A% & 5=
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37 @A ookl ¥ skylch Kondeti 52 &
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w5 7RI 4= QIERAL HAISEAAL, Choe 572 W5, &
li= PDH &8 371710 BlAks ACC 242 371

o

ATk Bk} St oFAIQl Triglitazone> ACC B4
Hysgon” Kim 59 A20 & 225
10 mg/mL x{E]Oﬂ oJaf) ACC E4o] 160.8% Z7F3ittal \
Tatolck &£ AtellA] 2B & 559 ACC mRNA 2
2 0.5 mg/mL FEo)A] thRT} H|ste] 333% 57HE|9S.
o, o= A FT] & FEE0| G $% dge AR
A12] 7}3*3 < AAlskL Uk

202 B Aol Ag-H FhekA] 7k Ak

o

A
2 ‘3-< gy & FEES Pz Qs /o] Wokl GCK,

PDH, ACC mRNA &S 71 FHoluAl S7HIHe2A &
S Fo o] g-at A4 el Bt el 2-gate] @
T FAT A AN 4= S Ao wdEd =5
ARl 279 il E Aol A4S RFithE o =2

o] Pl Al Aol g2 4= S Alolth

Fl

P
T

2 ¢
B A= Ak, B, Aok £R]3, x| ), ofAul
o sl % ZZ 50| grjAl & F49 GCK, PDH, ACC

% A5}, HepG2 Al
A3} GCK, PDH, ACC mRNA
Z250] b WO A3 Y=
=100, 250, 500 ppmE ZA5kIck GCK
mRNA &L 100 ppmow SR & F2EE0] 165%= 7}
% =7 UEFAL, 250 ppmolAle A1 AlEY & &
o] 217} 180%, 154% & =9kom, 500 ppmol| A= A&
(195%), =H] (1579%), oFAJul (139%), Ak (122%), A=) (117
%), A3 (113%) 2] <=2 2 GCK mRNA ¥&o] S71=gich
PDH mRNA &=k 250 ppm FEolA] A&7, A% =
FE=oA 22 141%, 118% S7F=E91AL, 500 ppmollAl= A
T3], A% & FE 5N 22 191%, 124% 5713k ACC
mRNA F&EZEE 500 ppmoll A Z&5] (188%), <413 (126%)
7}’8 A I%EP*E} %}ﬂgi GCK, PDH, ACC mRNA
Zlﬂ%

Literature cited

1) Egede LE, Ellis C. Diabetes and depression: global perspectives.
Diabetes Res Clin Pract 2010; 87(3): 302-312

2) Joo CN, Koo JH, Lee HB. Study on the hypoglycemic action of
the fat soluble fraction of Panax ginseng C.A. meyer in strepto-
zotocin induced diabetic rats. Korean J Ginseng Sci 1993; 17(1):
13-21

3) Joo CN, Kim SJ. Hypoglycemic action of the fat soluble fraction
of Panax ginseng C.A. meyer in streptozotocin induced diabetic
rats. Korean J Ginseng Sci 1993; 17(2): 101-108

4) Kim OK. Antidiabetic and antioxidative effect of Lycii fructus in
streptozotocin-induced diabetic rats. Korean J Pharmacogn 2009;
40(2): 128-136

5) Park MJ, Kang SJ, Kim AJ. Hypoglycemic effect of Angelica gi-
gas Naki extract in streptozotocin-induced diabetic rats. Kore-
an J Food Nutr 2009; 22(2): 246-251

6) Takeda Y, Inoue H, Honjo K, Tanioka H, Daikuhara Y. Dietary
response of various key enzymes related to glucose metabolism
in normal and diabetic rat liver. Biochim Biophys Acta 1967; 136
(2): 214-222



7) Huang TH, Yang Q, Harada M, Uberai J, Radford J, Li GQ, Ya-
mahara J, Roufogalis BD, Li Y. Salacia oblonga root improves
cardiac lipid metabolism in Zucker diabetic fatty rats: modula-
tion of cardiac PPAR-a-mediated transcription of fatty acid met-
abolic genes. Toxicol Appl Pharmacol 2006; 210(1-2): 78-85

8) Kang SY, Paeng JR, Seo KS, Woo JT, Kim SW, Yang IM, Kim
JW, Kim YS, Kim KW, Choi YK. Regulation of glucokinase gene
expression and activity in the liver of diabetic rats. Korean J Med
1994; 47(2): 203-209

9) Lee EB, Choi BC, Cho TS. Pharmacological studies on ether frac-
tion of Corni fructus. Yakhak Hoeji 1985; 29(1): 1-10

10) Kim OK. Antidiabetic and antioxidative effects of Corni fruc-
tus in streptozotocin-induced diabetic rats. J Korean Oil Chem
Soc 2005; 22(2): 157-167

11) Joo HK, Jang DJ. Effects of Shanshuyu (Cornus officinalis Sieb)
tea and market teas feeding on the hematology and liver function
of rat. Korean J Diet Cult 1989; 4(3): 257-264

12) Seo KI, Lee SW, Yang KH. Antimicrobial and antioxidative ac-
tivities of Corni fructus extracts. Korean J Postharvest Sci Tech-
nol 1999; 6(1): 99-103

13) Fukuhara Y, Yoshida D. Paeonol: a bio-antimutagen isolated from
a crude drug, Moutan cortex. Agric Biol Chem 1987; 51(5): 1441-
1442

14) Mitsuo M, Maruyama H, Kameoka H. Essential oil constituents
of “Moutan radicis cortex” Paeconia Moutan Sims. (P. suffrutico-
sa Andrews). Agric Biol Chem 1983; 47(12): 2925-2927

15) You JK, Chung MJ, Kim DJ, Seo DJ, Park JH, Kim TW, Choe M.
Antioxidant and tyrosinase inhibitory effects of Paeonia suffru-
ticosa water extract. J Korean Soc Food Sci Nutr 2009; 38(3): 292-
296

16) Park S, Jun DW, Park CH, Jang JS, Park SK, Ko BS, Kim BJ, Choi
SB. Hypoglycemic effects of crude extracts of Moutan radicis
cortex. Korean J Food Sci Technol 2004; 36(3): 472-477

17) Lee ST, Chae YH. Botany of herbal resource. Seoul: Hakmun
Publishing Co.; 1996. p.130

18) Jeong HJ, Kim IH. Comparative studies on the antidiabetic ac-
tivities of Rehmanniae radices -the effect of Rehmanniae radices
extracts on streptozotocin-indeced hyperglycemia in rats-. Chung-
Ang J Pharm Sci 1990; 4: 22-31

19) Cho YJ. Charactrization of biological activities of Rehmannia
glutinosa extracts. J Life Sci 2012; 22(7): 943-949

20) Cho SI. Effects of the Rehmanniae radix preparat on ovariecto-
mized rats. Korean J Herbol 2005; 20(4): 61-67

21) Sheo HJ, Jun SJ, Lee MY. Effects of Lycii fructus extract on ex-
perimentally induced liver damage and alloxan diabetes in rab-
bits. J Korean Soc Food Nutr 1986; 15(2): 136-143

22) Kim BW, Roh KS. Study on the activity of GOT and GPT in the
hepatotoxic rat treated Lycium chinense mill. Korean J Biomed
Lab Sci 2000; 6(3): 187-192

23) Yoon CG, Kim HH, Chae SN, Oh MJ, Lee GH. Hepatic oxygen
free radical and alcohol metabolizing enzyme activities in rats
fed diets supplemented with Lycium chinense ethanol extract. J
Korean Soc Food Sci Nutr 2001; 30(4): 668-672

24) Ahn BY, Gwak JS, Ryu SH, Moon GS, Choi DS, Park SH, Han
JH. Protective effect of water extract of Lycii cordex radicis on
lipid peroxidation of rat skin exposed to ultraviolet B radiation.
Agric Chem Biotechnol 2002; 45(4): 218-222

25) Yu TJ. The food guide. Seoul: Munundang; 1989. p.166

26) Choi HJ, Park JH, Han HS, Son JH, Son GM, Bae JH, Choi C. Ef-
fect of polyphenol compound from Korean pear (Pyrus pyrifolia
Nakai) on lipid metabolism. J Korean Soc Food Sci Nutr 2004; 33
(2): 299-304

27) An BJ, Lee JT, Kwak JH, Park JM, Lee JY, Son JH, Bae JH, Choi
C. Biological activity of polyphenol group fraction from Korean
pear peel. J Korean Soc Appl Biol Chem 2004; 47(1): 92-95

28) Chung MJ, Walker PA, Brown RW, Hogstrand C. ZINC-mediat-

&= 4 98} 3] 2] (Korean J Nutr) 2013; 46(2): 119 ~ 125 / 125

ed gene expression offers protection against H.O»-induced cy-
totoxicity. Toxicol Appl Pharmacol 2005; 205(3): 225-236

29) Nakamaru K, Matsumoto K, Taguchi T, Suefuji M, Murata Y, Iga-
ta M, Kawashima J, Kondo T, Motoshima H, Tsuruzoe K, Mi-
yamura N, Toyonaga T, Araki E. AICAR, an activator of AMP-ac-
tivated protein kinase, down-regulates the insulin receptor ex-
pression in HepG2 cells. Biochem Biophys Res Commun 2005;
328(2): 449-454

30) Choi HJ, Kim SH, Oh HT, Chung MJ, Cui CB, Ham SS. Effects
of Adenophora triphylla ethylacetate extract on mRNA levels of
antioxidant enzymes in human HepG2 cells. J Korean Soc Food
Sci Nutr 2008; 37(10): 1238-1243

31) Ferre T, Pujol A, Riu E, Bosch F, Valera A. Correction of diabetic
alterations by glucokinase. Proc Natl Acad Sci U S A 1996; 93(14):
7225-7230

32) Muiloz MC, Barbera A, Dominguez J, Fernandez-Alvarez J, Go-
mis R, Guinovart JJ. Effects of tungstate, a new potential oral an-
tidiabetic agent, in Zucker diabetic fatty rats. Diabetes 2001; 50(1):
131-138

33) Postic C, Shiota M, Niswender KD, Jetton TL, Chen Y, Moates
IJM, Shelton KD, Lindner J, Cherrington AD, Magnuson MA.
Dual roles for glucokinase in glucose homeostasis as determined
by liver and pancreatic f cell-specific gene knock-outs using Cre
recombinase. J Biol Chem 1999; 274(1): 305-315

34) Pari L, Rajarajeswari N. Efficacy of coumarin on hepatic key en-
zymes of glucose metabolism in chemical induced type 2 diabet-
ic rats. Chem Biol Interact 2009; 181(3): 292-296

35) Jung UJ, Lee MK, Park YB, Kang MA, Choi MS. Effect of cit-
rus flavonoids on lipid metabolism and glucose-regulating en-
zyme mRNA levels in type-2 diabetic mice. Int J Biochem Cell
Biol 2006; 38(7): 1134-1145

36) Kondeti VK, Badri KR, Maddirala DR, Thur SK, Fatima SS, Ka-
setti RB, Rao CA. Effect of Pterocarpus santalinus bark, on blood
glucose, serum lipids, plasma insulin and hepatic carbohydrate
metabolic enzymes in streptozotocin-induced diabetic rats. Food
Chem Toxicol 2010; 48(5): 1281-1287

37) Ko BS, Kwon DY, Hong SM, Park S. In vitro anti-diabetic effects
of crude extracts of Platycodi radix. Korean J Food Sci Technol
2007; 39(6): 701-707

38) Shimizu T, Parker JC, Najafi H, Matschinsky FM. Control of glu-
cose metabolism in pancreatic B-cells by glucokinase, hexoki-
nase, and phosphofructokinase. Model study with cell lines de-
rived from B-cells. Diabetes 1988; 37(11): 1524-1530

39) Matschinsky FM. Glucokinase as glucose sensor and metabolic
signal generator in pancreatic f-cells and hepatocytes. Diabetes
1990; 39(6): 647-652

40) Lee HA, Sim HS, Choi KJ, Lee HB. Hypoglycemic action of red
ginseng components (I1): investigation of the effect of fat soluble
fraction from red ginseng on enzymes related to glucose metab-
olism in cultured rat hapatocytes. Korean J Ginseng Sci 1998; 22
(1): 51-59

41) Kim HS, Ro YJ, Choe M. Effects of Cordyceps militaris on key
enzymes of carbohydrate metabolism. J Korean Soc Food Sci Nutr
2005; 34(10): 1531-1535

42) Choe M, Kim DJ, Lee HJ, You JK, Seo DJ, Lee JH, Chung MJ.
A study on the glucose-regulating enzymes and antioxidant ac-
tivities of water extracts from medicinal herbs. J Korean Soc
Food Sci Nutr 2008; 37(5): 542-547

43) Thampy GK, Haas MJ, Mooradian AD. Troglitazone stimulates
acetyl-CoA carboxylase activity through a post-translational me-
chanism. Life Sci 2000; 68(6): 699-708

44) Kim DJ, Chung MJ, You JK, Seo DJ, Kim JM, Choe M. Effect of
medicinal plant water extracts on glucose-regulating enzyme ac-
tivities in Goto-Kakizaki rat liver cytosol. J Korean Soc Food Sci
Nutr 2009; 38(10): 1331-1335



