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Objectives: This study aimed to observe the anti—diabetic effect and underlying mecha-
nisms of Galgunhwanggumhwangryun-tang (GHH; Gegen-Qinlian—decoction) in the

Methods: GHH (1.0 mg/ml) or metformin (0.75 mM) or insulin (100 nM) were treated in
C2C12 myotubes after 4 days differentiation. The glucose uptake was assessed by 2-
[N=(7-160 nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-d-glucose uptake by C2C12
cells. The expression of adenosine monophosphate-activated protein kinase (AMPK) and
phosphorylation AMPK (pAMPK) were measured by western blot. We also evaluated
gene expression of glucose transporter type 4 (Slc2a4, formerly known as GLUT4), gluco—
kinase (Gk), carnitine palmitoyltransferase IA (Cpt1a), nuclear respiratory factors 1 (Nrf1),
mitochondrial transcription factor A (Tfam), and peroxisome proliferator-activated re-
ceptor 7 coactivator 1a (Ppargca) by quantitative real-time polymerase chain reaction.
Results: GHH promoted glucose uptake in C2C12 myotubes. The expression of AMPK
protein, which plays an essential role in glucose metabolism, was increased by treatment
with GHH. GHH treatment tended to increase gene expression of Slc2a4, Gk, and Nrf1 but
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was not statistically significant. However, GHH significantly improved Tfam and Ppargcia
gene expression in C2C12 myotubes.

Conclusions: In summary, GHH treatment promoted glucose uptake in C2C12 myotubes.
We suggest that these effects are associated with increased gene expression involved
in mitochondrial biosynthesis and oxidative phosphorylation, such as Tfam and Ppargc1a,
and increased expression of AMPK protein.

Key Words: Diabetes mellitus, Skeletal muscle fibers, Galgunhwanggumhwangryun—tang,
AMP-activated protein kinases, Peroxisome proliferator—activated receptor
gamma coactivator 1-alpha, Transcription factors
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AIEHES s FHoStAF AR RE A
e} A A H(5)8=212F, Nonsan, Korea)S §AE](Table
1). SA13aE; Al =AM 7-8 Dulbecco's phosphate-buffered sal-
ines (dPBS; WELGENE Inc., Gyeongsan, Korea)°l] =o]1L
1,500 rppmeoll A 283t AAEE 3 F 4SAS 0.2 um filter
(Corning Incorporated, Corning, NY, USA)Z HIFA|HAH A
B2 ARSI APolA FAANET HA ol AHEE HE
SUista iAol A Algitol ARS-FTh

H~l
rlo

24|

2. MIZ HHQF

k92~ frE C2C12 =4 M Z(CRL-1772; American
Type Culture Collection, Manassas, VA, USA)= 10% heat-
inactivated fetal bovine serum (Gibco, Waltham, MA, USA)
4 1% penicillin/streptomycin mix (Invitrogen, Waltham, MA,
USA)E &3 Dulbecco’s modified Eagle’s medium (DMEM,;
WELGENE Inc.)2.2 5% CO,, 37°C 70l A Hjaka}s
o} C2C12 MlEZo] E3} =5 ¢3l, 100% confluence”} =
™ 2% horse serum (Gibco)= X33t DMEM H|A| 2 H}-4¢

o 24A|17tultt WA S wESHAA 4YTE AR F oF
== A3k
3. MIEZSMH™IKcell viability)

C2C1290 thgk Alg2] M3 Q&5 H7 = Ez-Cytox (Daeil
Lab, Seoul, Korea)E ©]-8-3t] S8tk C2C12 A|lZE 4
E A 1x10° cells'ml F =2 96-well plate®l] seedings}tal,
ZATEE"” ASE 0.6, 0.8, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0
mg/mlE A3l 24417t B<F vt Th ©] % EZ-Cytox
10 ulE ZF wellell 3718+ 3 1A17F F<2F incubatorol] A HF
S AJZT} ©]% microplate reader (Tecan Spark®, Tecan Group
Ltd., Minnedorf, Switzerland)E ©]83}] 450 nmoll A &
BrE AT

Table 1. The Composition of Galgunhwangryunhwanggum-tang

Scientific name Dosage (g)
Pueraria lobata Ohwi 2
Coptis japonica Makino 1
Scutellaria baicalensis Georgi 1
Glyeyrrhiza uralensis Fischer 0.67
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4. Glucose uptake assay

C2C12 SHAHEANA glucose uptake =72 Shin 59
of WS Hekste] AT C2C12 Al=E Hvd
19 mm glass cover slipsE 22 24 well plate?l| Al 1x10°
cellsyml F5E seedingdt] &3MAFTE E3k€ C2C12
myotubes®ll 2.5 mM glucoseE 7}t glucose-free DMEM
(Gibco)o ZF2EHE | mgml, P4 thxTel WEXT
0.75 mM= st} #2] # 12A|3F incubatorol| A Rh-&-
A AT} ©]F glucose-free DMEM (Gibco)oll 2-[N-(7-160
nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-d-glucose
(2-NBDG; Invitrogen) 50 ug/ml7} Z&-¥ wjx =2 w33}
o AR T WESAIZ] F w2 S A A Sk dPBSE Al
AT} Glass cover slipss E8o|= k2o &7 &
mounting solution (Med-Bio Ltd., Christchurch, New Zealand)
A2l & st T AlZolA2] 2-NBDG &< fluorescence
microscopy (Leica Biosystems, Wetzlar, Germany)E ©]-&-3]]
=43t} 2-NBDG &% density= Image ] &2 E o]
(U.S. National Institutes of Health, Bethesda, MD, USA)&
ol &3t &4 AFHo

IE3H 96 well black plate (SPL Life Sciences, Pocheon,
Korea)oll A 2x10* cells/mlZ seedingste] E3H& C2CI12
myotubes®ll 2.5 mM glucoseS 7}t glucose-free DMEM
(Gibco)oll ZZFHE 1 mg/ml, ¥4 thxa2l 21<E(100
nM Humulin R; Eli Lilly, Indianapolis, IN, USA)< X35}
2] & 12413t incubatoroll A WHS-AIZ L ©] % glucose-free
DMEMOI| 2-NBDG 50 ug/ml7} Z3+9 x| &2 w3ksle] |
AZE B WA F T B A E A ASkaL dPBSE A H &
% welld 50 ul®] phosphate buffered saline (PBS)E 2%
o). 33375+ microplate reader® excitation wavelength

485 nm, emission wavelength 535 nmollAl =3}

5. Western blot

C2C12 BB ZAEE 6-well platel| 4] 5x10° cells/ml &
S & seedingdt] B3 & AIwHd @ WEXRS
24A12F A El8tAt) o] F PBSE 23] Al thE PRO-
PREPTM (iNtRON, Sungnam, Korea) 200 plZ % 7}&}o]
2087 g-38ll(lysis)AZ) & 13,000 rpmol| A 10237 Y412
ot lE F%= bovine serum albuming T35}
o] protein assay kit (Bio-Rad, Hercules, CA, USA)& A3}
o] A7FITE 20 pg] TS Sxsample buffer (312.5 mM

372 MEON 22Y3EYY Y UM ¥ UK X a1

o

Tris-HCl, pH 6.8, 5% B-mercaptoethanol, 5% sodium dodecyl
sulphate [SDS], 0.05% bromophenol blue, 50% glycerol)<}
Aol 98°Col Al 54 #<?0 B 10% SDS-polyacrylamide
gel electrophoresisE ©]-8-3te] Ee]Fth W71 55 &3l
E2]% gel9] @S nitrocellulose membrane (Amersham
Biosciences, Little. Chalfont, UK)S.2 transferdt & 5%
skim milk7} &332 tris-buffered saline and polysorbate 20
(TBS+0.1% Tween20) &4 0 2 4204 1A]7F 59F mem-
brane®] blockingS AR ©]F 12} A E 4°Col| A
overnight ¥+3-A|Zt}. PBS-TZ A3 t}S 231 A=
oA 1A ¥WH-g-A17] a1 ThA] PBS-TE A& 3 - Super
Signal West Pico ECL reagent (Thermo Fisher Scientific,
Waltham, MA, USA)E ©]£3} Bio-Rad ChemiDoc XRS
imaging system (Bio-Rad)>.2 T2 dly H=5 g
o}, ZF Wi=9] density= Image ] £2ZEY ]S o]-83
AMPK®]| t)3} phosphorylation AMPK (pAMPK)®] &3
H&= A 2430

6. Quantitative real time polymerase chain reaction

(qQRT-PCR) 24

C2C12 &8 M X0l A glyceraldehyde 3-phosphate de-
hydrogenase messenger RNA (mRNA) &S 7|Fo0 =2
glucose transporter type 4 (Slc2a4, formerely known as GLUT4),
glucokinase (Gk), carnitine palmitoyltransferase 1A (Cptla),
nuclear respiratory factors 1 (Nrfl), mitochondrial transcription
factor A (Tfam), peroxisome proliferator-activated receptor
v coactivator la. (Ppargcla)®] mRNA Atz @3-S RT-
PCRE SA It C2C12 AT AIEE 12-well plateol| A
2x10° cells/ml FEZ seedingste] E3HA7] & ZAZFH
g 5l MEZRS 24243 A2t Total RNAE Trizol
(Invitrogen)E AH8-3} protocololl we} £ A} &
218 1 ug® RNA+ cDNA synthesis kit (RT-PCR premix;
Bioneer, Daejeon, Korea)= cDNAE §/d%t $ template =
ARg-git). 7+ Al 8= LightCycler-FastStart DNA Master SYBR
Green (Roche, Basel, Switzerland)®} Z} primer (Table 2)&
AH8-3] LightCycler instrument (Roche 480 real time PCR
system; Roche)E 53l F3 3Tt PCR S5 denaturation
95°C 20=, annealing 57°C 15%, extension 72°C 10&%
3t 40 cycle2 133t A3 A= LightCycler Software

(Roche)E Ed EMBIAT FaAe] BT 2A0E
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Table 2. Primer Sequences for Quantitative Real Time Polymerase Chain Reaction

Target Forward Reverse
Slc2a4 (known as GLUT4) GGAAGGAAAAGGGCTATGCTG TGAGGAACCGTCCAAGAATGA

Gk TCCCTGTAAGGCACGAAGACAT ATTGCCACCATCCATCTCA

Cptla CTCAGTGGGAGCGACTCTTCA GGCCTCTGTGGTACACGACAA
Nrf1 CCCCCGAGGACACTTCTTATGATG GGCCGTTTCCGTTTCTTCCCTGTT
Ppargcia AGCCGTGACCACTGACAACGAG GCTGCATGGTTCTGAGTGCTAAG
Tfam CACCCAGATGCAAAACTTTCAG CTGCTCTTTATACTTGCTCACAG
Gadph GACATCAAGAAGGTGGTGAAGCAG ATACCAGGAAATGAGCTTGACAAA

Slc2a4: glucose transporter type 4, Gk: glucokinase, Cptla: carnitine palmitoyltransferase 1A, Nrf1: nuclear respiratory factors 1, Tfam:
mitochondrial transcription factor A, Ppargcla: peroxisome proliferator—activated receptor 7 coactivator 1@, Gadph: glyceraldehyde

3-phosphate dehydrogenase.

T8

rr

W o g AR

7. SHEAN

GraphPad Prism 8 (GraphPad Software, Inc., San Diego,
CA, USA)< ol83l TAEH e oL 228 A43H3)
o 25 A7 dide HFeR2TUAE YT FAE
248 Kolmogorov Smirnov testZ g 7AdS THEsh= 4%
one way analysis of variance (ANOVA)E Al ALE
71742 Dunnett’s multiple comparison testE AH&-3ITh A
d& WFIA Xk 739 ANOVAS| Bl A
5= Kruskal-Wallis testS A|3J3F & AlZd Aoz
Dunn’s test& ATt BAH K948 F4F 0.05

wlgke 2 A4 T

41

2t

1. MZ=d

2oFEe daa) FEEE C2C12 TS A2 A
Ego) A= Yk vact FZFEE 0.6, 0.8, 1
mg/mlol A& AE AEE] M) 90% ooz tiz
ool BlE) BAHoR fofgh vt fidle, 1.5 mg/ml
O JHE C2C12 THA X tisk HAdo] YERTHFig.
). o]F BE A AES5AHE YERR &E F
= T HY 759 | mgml FE2 ATFHE d2AE

A 2] gt

2. Glucose uptake =X %2
oF=ol o Ak 2HH S Wrlsl] S8 iz, WE
2 AR, AIwE" AX| 7ol 4] 2-NBDG uptake 3
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Fig. 1. Effect of variable concentration of GHH on cell viability of
C2C12 cells. Data with error bar are represented as meant
standard deviation using Kruskal-Wallis test and Dunn's post
hoc test. **P€0.01, ***P<0.001, ****P(0.0001 compared with the
NC. ‘ns’ denotes no significant change. NC: normal control,
GHH: Galgunhwanggumhwangryun-tang treatment.
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(a) NC

Metformin (0.75mM)

=42 ME0N Z2E=8Ye o oA & oUX =2 34t

(b) ns
1
*
GHH (1mg/ml) 259 —
@
-f
@ E
1.5
&S 1.0-
g2
-0
[} -
200 E é w
X 0.0- T T
NC Met GHH
Group

Fig. 2. Effect of GHH on glucose uptake in C2C12 myotubes. Differentiated cells were treated with metformin (0.75 mM), GHH (1
mg/ml). (a) glucose uptake was measured by the amount of 2-NBDG taken up by cells in fluorescence microscopy (x200). (b)
Relative 2-NBDG uptake fluorescence intensity. Data for bar graph are represented as meantstandard deviation using Kruskal-Wallis
test and Dunn’s post-hoc test. All experiments were repeated twice. *P{0.05 compared with the NC. ‘ns’ denotes no significant
change. NC: normal control, Met: metformin treatment, GHH: Galgunhwanggumhwangryun—tang treatment, 2-NBDG: 2-[N-(7-160

nitrobenz—-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-d-glucose.

Glucose uptake in C2C12

3
£ 1.5 | 1
o Sagn
AA ah
[ ] A
< 1.0 d -4
° AAA
L)
[J]
-
s 0.5
=
o
2
Z 0.0- T T
& NC Insulin GHH
Group * Normal vs.

Fig. 3. Effect of GHH on glucose uptakes in C2C12 cells were
observed by the amount of 2-NBDG uptake by cells. Differentiated
cells were treated with insulin (100 nm), GHH (1 mg/ml). Data for
bar graph are represented as meanzstandard deviation using one
way analysis of variance test and Dunnet’spost hoc test. Each point
in the bar graph indicatesthevalue treated under the same conditions
within the group. All experiments were repeated twice. *P<0.05,
**P{0.01. NC: normal control, Insulin: insulin treatment, GHH:
Galgunhwanggumhwangryun—-tang treatment, 2-NBDG: 2-[N-(7-
160 nitrobenz-2-oxa—1,3-diazol-4-yl)amino]-2-deoxy-d-glucose.

3. AMPK THHE 2raiof CHet X2

A Agsl g §4E E7%E 482 I 7oA
Qe @

o] AMPK Tz dtdof m]x]

PAMPK/AMPK
= 49 *
SCIRCIS §7]
2 ns
ST S
@
=
ST T R
s
2 1+
=
=
]
L.
NC Met GHH
Group

Fig. 4. Effect of GHH on protein expression of AMPK and pAMPK
in C2C12 myotubes by western blot. Differentiated cells were
treated with metformin (0.75 mM), GHH (1 mg/ml). Data for bar
graph are represented as meantstandard deviation using Kruskal-
wallistest and Dunn’s post-hoc test. All experiments were repeated
twice. *P{0.05 compared with the NC. ‘ns’ denotes no significant
change. NC: normal control, Met: metformin treatment, GHH:
Galgunhwanggumhwangryun—tang treatment, AMPK: adenosine
monophosphate—activated protein kinase, pAMPK: phosphorylation
AMPK.
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4. Slc2ad, Gk, Cptla mRNA L&iof| Cist =k

X5 $549] Slc2ad mRNA HAFE HEXT A
AFolA BAR R FosiAl ZV1e vhd A2 Ew
HAZAAE FARCZ felah ghm Q¥ AlzelA
Zrhohe e moith EEY Qus 4849 Gkol
mRNA LHZFE MEZR HX|ToAe TAZHCE
oA /M, AEEER AX AN FoeAE
ARE STV S H Y THFigs. 5a, 5b). AW 4Fs
Z-o) #As= Cptla®] mRNA A FS dIEH
Azl A BAHE fofgt zto|7t TaE A ekok
(Fig. 5¢).
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SLool g o

5. Nrf1, Tfam, Ppargcla mRNA &3i0f CHst X2
A Lo A Fatksl 283 nEZT o} Aol
F Nrfl©] mRNA HdFe 258 X744
7tk S RO BAZHORE {2 zfolv}
H A= &UTHFig. 5d). THHEL] nEZ =g oo
A o] Aol Fodsl= Tfam, Ppargcla®] mRNA T3 &
AR AT BT BAHORE F
oAl S7F8lHh(Figs. Se, ).
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Fig. 5. Effect of GHH on messenger RNA expression of genes related to glucose transport (Slc2a4), glucose oxidation (Gk), fatty acid
oxidation (Cpt1a), mitochondrial biogenesis (Nrf1, Tfam, Ppargcla) in C2C12 myotubes by quantitative real time polymerase chain reaction
analysis. Data for bar graph are represented as meantstandard deviation using one way analysis of variance test and Dunnet’spost
hoc test. Each point in the bar graph indicates the value treated under the same conditions within the group. All experiments were
repeated twice. *P{0.05, **P{0.01 ***P<0.001, ****P{0.0001 compared with the NC. ‘ns’ denotes no significant change. NC: normal control,
Met: metformin treatment, GHH: Galgunhwanggumhwangryun—tang treatment, Gk: glucokinase, Cptla: carnitine palmitoyltransferase
IA, Nrf1: nuclear respiratory factors 1, Tfam: mitochondrial transcription factor A, Ppargcla: peroxisome proliferator-activated receptor

7 coactivator 1a.
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