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Effect of Medicinal Herb Prepared through Traditional Antidiabetic
Prescription on a-Glucosidase Activity and Evaluation Method for
Anti—-Melanogenesis Agents Using a—-Glucosidase Activity

Mi Jin Kim, Kyung Ran Im, and Kyung-Sup Yoon
R&D Center, Saimdang Cosmetics Co., Ltd.

ABSTRACT For the purpose of investigating the in vitro antidiabetic activity of a medicinal herb and herb mixture
extracts prepared through traditional antidiabetic prescription, this study examined a-glucosidase inhibitory activity.
Tyrosinase, a type I membrane glycoprotein, is synthesized and glycosylated in the endoplasmic reticulum (ER) and
Golgi. The enzyme is subsequently transported to melanosomes, where it participates in melanogenesis. Previous studies
showed that disruption of early ER N-glycan processing by an a-glucosidase inhibitor suppresses tyrosinase enzymatic
activity and melanogenesis. According to the results, most oriental medicinal herbal extracts were stronger than acarbose
and N-butyldeoxynojirimycin, known as an a-glucosidase inhibitor. Interestingly, ethyl acetate layer of enzyme hydro-
lyzed Cheongsimyeonjaeum had an inhibitory effect on melanin synthesis in B16F1 cells, although it did not inhibit
tyrosinase activity directly. Together, a-glucosidase inhibition activity could be used to evaluate anti-melanogenesis,
although cross-checking with melanin inhibitory assay is recommended.
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ol o3 w5 Rt} vl A o] N-linked glycosylation
£ endoplasmic reticulum(ER)ol| A e+l ska] H 3} st
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ZHol=ETH10). ERAIA o]¥ &4 74 -& oligosaccharide
o] Tk Fo EA35H= mannoseol A 3712 glucoseE a-
glucosidase 13 I7} Eoj5o =24 A1ZHETH11). 18| =
2 a-glucosidaseE A &|5}A F 9 tyrosinase?| glyco-
sylationo] Asjso] 2+ W1 &34 Jejz A}
»=E0 7 o|%slA Hol 274 22 melanogenesis?} &
AATH12-14). o] 9} L tyrosinase glycosylation A&
Aol gt RuEZE Imokawa$®} Mishima(15)7} B16
melanoma A|¥ v ol A glucosamine¥} tunicamycin &
2 EZE9] tyrosinase? glycosylation HF&-& #] &) 5}¢]
A o] s8] A F A5S Hiskqlal, Fran-
chi 5(16)2 calcium D-pantetheine-S-sulfonate”’} ty—
rosinase? glycosylatione #3353} tyrosinase? ¢H4
=5 Aslsks 93-S shvbal B askgint 18] al Petrescu
5(12)°] 9J3H ER processing enzyme$! a-glucosi-
dase I, I A4l N-butyl-deoxynojirimycin(NB-
DNJ)¢] B16 melanoma M X2 &84S AAstH v+
of Hlal 2%< #epdrte] FAHATIE KAt ty-
rosinase glycosylation A8} Aol that G- E0] o] Fo]X]
I deEs & oAUk

2 AFolA = 53 B =1 T& Fot] G a3t
= 9A F a-glucosidase Ad A& Hol= AIAE
Qi) o] 5 ¥ e 5357k §lal a-glucosidase A
gl &4 9] ICs %kl 1 mg/mL oldtel™ A & 4 A=
ARAS-(Euonymus alatus Siebold)(17), AA-E(Nelumbo
nucifera Gaertner)(18), A3A A (Viola mandshurica W.
Becker)(19), A% (Alnus japonica Steud)(20)S A1 733151
3 e sl B 22 Ao ARl S A=
UE Solizhe] azdid 7AlE 53 gy} whiA
Z B BEE AAE 2geA o H4A 7
A= vkel(Cannabis Semen), = & (tabasheer), @&5
SAHEMA KT, S5 AHTIACT), A AR (D
70, @852 SOHMEEAFEFOCDS A48
A7ge AkAl 2 AW HE] a-glucosidase A3 &4
= Yotrton, o] Whgo] W Ax] ~FEdS AT
&3t F7PERAAE Lolr gkt
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¥ % (Chuncheon, Korea) 258 T3} A1831352
592 592 ¥ (Damyang, Korea)oll Al T3kt &
IS SRS sl e, M5 (Liriope pla-

typhylla), A2 (Anemarrhena asphodeloides Bunge), %

o rz oo

® 5 X

3 (Trichosanthes kirilowin), 24 (Panax ginseng), 2.7
AW Schizandrachinensis Baill.), Z+(Pueraria lobata), =

B (Poria cocos), A (Rehmannia glutinosa), 7%
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(Glycyrrhiza uralensis), A1 =3|(Lycii radicis Cortex), &
A& (Nelumbo nucifera Gaertner), 37|(Astragalus mem-
branaceus Bunge), 3+ (Scutellaria baicalensis), XA}
(Plantaginis Semen), -5 (Asparagus cochinchinensis
(Lour.) Merr.), 3}591(Trichosanthis Semen), UWFA}SI
(Cannabis Semen), B (Angelica gigas Nakai), <A 3}
(Rehmannia glutinosa), A 3 Rehmanniae Radix) S &
T35 o] AtKTable 1). & Ao AH&H &ulE2 Alek
& AHge AT

9]
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AokA FE2E AxE At AE S 1099 75%
EtOH 8945 7}sle] 60~90°Col A 4413t &<t 737
st A FZ38ta o] 3% (Whatman No. 2, Whatman GE
Healthcare, Westborough, MA, USA)& o #3514t} &3
Ak 288 Table 19] Al 74 2 v &2 A %5
o} o] 3% #AS 23] wkEElal 40°ColM 4 F5ske
44 54 4 Y5 AxE A EE AESIATHT5% EtOH
Ext). o] FE&d F/HTE 7l8to] 7heshat & 53] v
Rl Z 220 =(CHCl) 9t ol EolAlEI o] E(EtOAC)E &
b o 2 H7tele] GullEES At £8ES AATHH
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2] dEolMH ol E 3 & (hydrolyzed EtOAc lay-
< 75% EtOH Ext.& 10% EtOH =802 &3 5§
g3 G492 Viscozyme L(Novozymes, Copenhagen,
Denmark)< %2 3Fe] 50~60°Co A 20A]7F Eob k-2 A
7 5 o3g $ 7S sFsA o] FEE FHT
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a-Glucosidase”} p-nitrophenyl(pNP) glycoside]
glycoside H-&& 7|42 A4 slo] pNP$} glycosided &
AWhg o8 FolFaL, o7lelA FolA U pNPY &
405 nmol A EFE=E SA3le] o]|ZA 2 & a-glucosidase
& - o s S4TH23). 0.1 M phosphate buf-
fer(pH 6.8)° A&} a-glucosidase(l unit/mL)E ¥ i
37°Coll A 53 WA ZtE o1 7]l 2 mM 4-nitrophenyl
a-D-glucopyranoside® 7}al 37°CollA 1087+ &4t
-5 A7 ¥ 1 M NaxCOss go] w88 AAA17]3 A4
H pNP¢] %< microplate reader(Synergy, BioTek In—-
struments, Inc., Winooski, VT, USA)Z 405 nmol A 3%

% 24590k
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Table 1. Composition of traditional prescriptions for diabetes
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Composition

Dose (g)

Maekmundongeumja

Liriope platyphylla

Anemarrhena asphodeloides Bunge
Trichosanthes kirilowii

Panax ginseng

Schizandra chinensis Baill.
Pueraria lobata

Poria cocos

Rehmannia glutinosa

Glycyrrhiza uralensis

8

Mundongeumja

Liriope platyphylla
Schizandra chinensis Baill.
Panax ginseng

Lycii radicis Cortex

Poria cocos

Glycyrrhiza uralensis

Cheongsimyeonjacum

Nelumbo nucifera Gaertner
Poria cocos

Panax ginseng

Astragalus membranaceus Bunge
Scutellaria baicalensis
Plantaginis Semen

Liriope platyphylla

Lycii radicis Cortex

Glycyrrhiza uralensis

Hwalhyeolyunjosaengjineum

Asparagus cochinchinensis (Lour.) Merr.

Liriope platyphylla
Schizandra chinensis Baill.
Trichosanthis Semen
Cannabis Semen

Angelica gigas Nakai
Rehmannia glutinosa
Rehmanniae Radix
Trichosanthes kirilowii
Glycyrrhiza uralensis
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RIEAS % M| EZ52] B16F1 melanoma cell
S ATCC(American Type Culture Collection, Manassas,
VA, USA)ol A FeFabol ARS-3F3 o1, A3 Hj ool A-E-H
8] %] (Dulbecco's modified Eagle's medium; DMEM)+&
10% fetal bovine serum(HyClone Lab., Logan, UT, USA),
1% antibiotic antimycotic(100 U/mL penicillin and 50

al M HHQE
ASS u]_O/\ F/\H
h

ng/mL streptomycin, Invitrogen, Carlsbad, CA, USA)<
g3 wAE AHgshe] 37°C, 5% COq incubatorel| A vl %
&FaL 70~80%2] cell culture confluencyE R w A3 &
A A 88Tt

M=z M=g A"
2 2o A B16F1 melanoma cellsol] th3t A1 5.9 2 g
22 AAs7] Y& MTT[3-(4,5-dimethythiazol-2-

yl)-2,5-diphenytetrazolium bromide, Sigma-Aldrich Co.,
St. Louis, MO, USA] assayE Mosmann(24)2] #H< 9
galo] AAaledtt o] BAMe g =g 7]Hel

MTTE A2 H|4=8A formazano. & WA 7= Ao}

2= Al E 9] mitochondria dehydrogenase?] &3S o] &
Holth, A E formazan?] ¥ Aol e HAE =9
H] | gt

B16 melanoma cells& 5x10° cells/well 5 %& 96-
well plateol] &3} 37°C, 5% CO; 7 sl A 24417
S Mgtk Mg 5 WSS AAG L ARE FEE
2 wjAe] s ete] wA g F FHF 200 nM a-MSH(a-
melanocyte stimulating hormone)ﬂ HE=E H7lshe] 48
Az sk o wgstleh. g $ MTT assays &3+
A BAEES FRlsglt

I
N‘ ) o2

oF

Wiy 4 542 Oka(25)9] WHS WEslo] A3
t}. B16F1 melanoma cells& 6-well plated] 1x10°
cells/wello] S Al 103 & 2443+ &<t 37°C, CO, &2
71 A vl FE ATt Bl A S A A A EE FEEHE HH
Aol s|Aate] A = HF 200 nM a-MSH7}F = &=

A7Fste] 48417k &<t o] vkt 2T a—MSH“}
A7k A= siglom Y T oRE S ARE



shlth. o & ke A 3kar PBS(phosphate buf-
fered saline)® A1# g ¥ 10% DMSO(dimethyl sulf-
oxide)”} ¥ 1 N NaOHE #H7}st & 50°C &-=ZolA
AE W AebdS g AFH T o] S microplate reader
£ o] 839 490 nmollA FFEE S35 F v
Foz ®HAst.

Tyrosinase X3l &M =H

Tyrosinase®] o3k &L 209 mL, 0.1
M <lAkeE=ol(pH 6.8) 1.0 mL, 1.5 mM L-tyrosine &
1.0 mLE ¥ ¥, 37°Cell A 1083+ ¥H-&-A171 F mush-
room tyrosinase(1,500 units/mL) 0.1 mLE #7}ste] 37
°Coll A 1087+ ¥F-3-A)71 & microplate readerE A}-g-3}o]
475 nmol A FHEE S

7 s A

DOPA(3,4—dihydroxyphenylalanine) oxidation X5} &
4 =53

DOPA oxidation A3 &4 Z =9 Als 100 uL,
0.1 M ?l/‘i%z""(pH 7.0) 800 uL, 5 mM L-DOPA £}
50 pLE ¥& F 37°Coll A 383t WA 71t} Mushroom
tyrosinase(1,500 units/mL) 50 pLE #7}sle] 37°Coll A
123 WAL § iceoll A W& A A Y microplate
readerZ ©o]&3to] 490 nmolA FHE=E SH3A

2o 1
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a—Glucosidase &4 X35l St
Tyrosinasew thet 24 A2 5 AA U 994 3
3374 <l glycosylation #4& &3 ot
Zol A7} A tyrosinase] T F-Eol o]o] AW
Az W Febd A A<l melanosome
o7 o]FdtA FEstAY o] Fstt et tyrosinase®] 4
< YERA XA H 3 upeba depdoe] AR =t
a-Glucosidase® glycosylation ¥4 o] Bojsls= e &
2 % S E a-glucosidase A AAE T3] v LAAS

tyrosinaset
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Loﬂ/ﬂ T 7H” 92 X5 gadrt st
P A 2 A ES 75% EtOH 8 o=
=559 a-glucosidase A& &S H7}
=9, A5, Ad, AdA5%e] 100 ng/mL
Oﬂ/\i 90% ooz wolu A A ars el
o] a-glucosidase &4 Ad|A=Z LHA A= acar-
bose(¢F 29% A 3l)¢} N-butyldeoxynojirimycin(%F 19%
As)rt gde g5 ekl Aolth thg o R mhele
57.2842.15% A3 &35 B2, a-glucosidase A
Al &37F Szl s G2 2.7140.21%= A 54
FEolA= A Al 2t AL JERA STt B3A

o o
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p=R
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Wl A ARG 37.2442.26%Y A3 EHE BHYO
H FYEEFARE(11.2847.19% A3l), HE=5-21(13.23
+2.62% A3l), F5SAH7.26+3.77% A3))e] 75% EtOH

Ext. °ﬂ’\1~ a-glucosidase @74 A3 &37} A9l YehY
A g 9kti(Table 2).

Table 29| AoF =5 = 43 —glucosidase A
A3 a7t debd Ak FEE aEY e S4E
A B35S daA 75% EtOH Ext.5 AZ3star o] & o E
obAlEo|E, MddASretol=r FIsth. 2 23 73}
R AL 75% EtOH Ext.ol H]3l EtOAc layerol 4] a-gluco-
sidase &4 50% A3lsl= 5= IC5 #hol 13.34+2.88
ng/mL= FFE R om, B3l A AASS EtOAC
layer, CHxCly layer, hydrolyzed EtOAc layerol|A4] ICso %k
o] 747} 4.46%1.05, 37.24+2.26, 2.04£0.33 ng/mL=E &
7t FFHATH AT, A, A2 EtOAc layerell A
ICs0 %ol ZH7F 0.99+0.06, 1.76+0.20, 1.57+0.23 ug/mL
2 75% EtOH Ext.oll v]3l FAMtAY 2F1F &3 A95
YER AT WA A9, A4, AR5 CHeCle layerell A
ICso #ko] 77} 46.20£4.96, 26.6440.99, 12.43+1.33 ng/
mLZ 75% EtOH Ext.ol Hl&] &4 A& a37F 7343
o}, 23y a-glucosidase Ad|A = &4H A acarbose 2
N-butyl-deoxynojirimycin®l] Rl = 453 395 1
% tHTable 3).

Table 2. Inhibitory effects of 75% EtOH extracted medicinal herbs on a-glucosidase

Medicinal herbs

Inhibition rate of a-glucosidase

Tabasheer

Euonymus alatus Siebold
Alnus japonica Steud
Nelumbo nucifera Gaertner
Cannabis Semen

Viola mandshurica W. Becker
Cheongsimyeonjacum
Hwalhyeolyunjosaengjineum
Maekmundongeumja
Mundongeumja

Acarbose
N-Butyldeoxynojirimycin

1Cs"=21.77+2.32 pg/mL
ICs=1.76+0.15 pg/mL
1C5=2.71+£0.07 pg/mL
1C50=1.91+0.20 ug/mL
57.28+2.15% inhibition at 0.1 mg/mL
46.314£3.21% inhibition at 1.0 mg/mL
37.24+2.26% inhibition at 0.1 mg/mL
11.28+7.19% inhibition at 0.1 mg/mL
13.234£2.62% inhibition at 0.1 mg/mL
7.26£3.77% inhibition at 0.1 mg/mL
1C5¢=447.73£18.90 pg/mL
1C56=569.80+15.80 pg/mL

YICso: concentration of the sample required for 50% the activity to be inhibited.
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Table 3. Inhibitory effects of solvent fractions from medicinal
herbs on a-glucosidase

Inhibition rate of a-glucosidase
(ICs,", pg/mL)

CHCl, layer EtOAc layer

Medicinal herbs

Acarbose 447.73+18.90

Euonymus alatus 46.20+4.96 0.99+0.06
Siebold

Alnus japonica Steud 26.64+0.99 1.76+0.20

Nelumbo nucifera 12.43+1.33 1.574£0.23
Gaertner

Viola mandshurica - 13.3442.88
W. Becker

Cheongsimyeonjacum 37.24+2.26 4.46+1.05

Hydrolyzed - 2.04+0.33
Cheongsimyeonjacum

YICso: concentration of the sample required for 50% the activity
to be inhibited.

i X =t
T+ol 2™ mushroom tyrosinase &4 #3
WA a-glucosidase A A8 &7} 53
A& FEE9] tyrosinase?] N-glycosylation 3745 # 3f
shoZa dabd 348 Adigthe Bavt 9le, a-glu-
cosidase &4 A3 a#7t ¢ g FEE] dagd
A Aall &3 E AT Bk Qh26,27). ool & Aol A
= AASS 838 a-glucosidase &4 A3 adE
Bl JAAAE FE2EY dbd A A3 gl o3l
ool 1 gkt

MTT assayE &3t HAAAE hydrolyzed EtOAc
layer: 100 pg/mL =714 Al AEo| J&s Fx] &
= A& FJsttHdata WA ). Fig. 1elA¢F o] A4
AAFS hydrolyzed EtOAc layere= 20, 50, 100 ng/mL &
Lol 27t 26.13+1.78, 32.17+12.71, 49.13£3.92%]

r& fols

Table 4. Inhibitory effects of medicinal herb extracts on tyrosinase

120

100 A —

80 *x

60 *x *x

Melanin (%)

40 4

20 4

0 pg/mL 0 pg/mL ‘ 20 pg/mL ‘ 50 pg/mL ‘ 100 pg/mL
200 nM a-MSH

Fig. 1. Inhibitory effect of EtOAc layer of viscozyme hydro-
lyzed 75% EtOH extract of Cheongsimyeonjaeum on melanin
synthesis in B16F1 cells. The cells were treated with Cheongsi-
myeonjaeum at indicated concentration for 48 h. The absorbance
was measured at 490 nm and corresponding total protein content
was used to normalize absorbance. The results were expressed as
the mean+SD from the three independent experiments. P<0.05
and " P<0.01 vs. control group treated with o-MSH.

A A As) a3E JERSY ol gk A3 Hof
Al AA}S hydrolyzed EtOAc layer?] a-glucosidase &
A Al arF depbd Ao dES & Aoz AZE

Tyrosinase 24 2! DOPA oxidation X5l =1}
AT A FEEENA in vitro MY EST 2384
S 9% PP os 9] o] &5 tyrosinase B4 A8 2
DOPA A543t oA a37F A=A Lotr gt Tyrosi-
nasev Wahd AFA AROA M o 27 HFE4AA
Ao #ofs= mAo]H, DOPA oxidatione HEhd 34
g A tyrosine®] DOPAE A3 DOPAquinone 2. % 7
%+%] 31, DOPAquinone 2. 256 A}g4ks}h w53 g4 dk&-
© 2 DOPAchromes A4 Wepdo] A ¥ = v Hofshs

oZ |]||0|'

(at 1 mg/mL)

Medicinal herbs

Inhibition rate of tyrosinase Inhibition rate of DOPA oxidation

Arbutin (at 0.5 mg/mL)

31.45+1.52% -

75% EtOH Ext.
CH,Cl, layer
EtOAc layer

Euonymus alatus Siebold

- 28.60+2.17%
21.75+2.25% 48.15+3.27%
- 28.40+1.24%

75% EtOH Ext.
CHCl, layer
EtOAc layer

Alnus japonica Steud

15.50+1.35% 37.04+4.90%
12.98+2.25% 30.86+6.08%
33.85+3.06% 37.04+0.62%

75% EtOH Ext.
CHCl, layer
EtOAc layer

Nelumbo nucifera Gaertner

2.17+0.28% 17.90+1.63%
7.34+2.14% 10.49+0.62%
13.06£2.27% 52.47+3.86%

75% EtOH Ext.
CH,Cl, layer
EtOAc layer

Viola mandshurica W. Becker

75% EtOH Ext.

CH,Cl, layer

EtOAc layer
Hydrolyzed-EtOAc layer

Cheongsimyeonjacum

21.81£1.89%

1C50=0.21£0.00 mg/mL 1C50=0.93+0.09 mg/mL
43.02+1.57% 59.26+4.82%
36.73+0.50% -

9.9242.35%
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7 o] TH(28).
a-Glucosidase &4 a7} FZ399 kA F&5&

59 tyrosinase &4 574 A3+ Table 49 YeEFH ST
H| L3 A3} arbutin® 500 pg/mL =4 31.45%<] A
g &7F JElgen, AHS B AR FEEAANE
A &do] YeEUA ket 1 9] FEE A& arbutin
I fFAEAY W A a7E JEhglon, AR
9] CH.Clz layerol A<= 1C5=0.21+£0.00 mg/mL=Z %3 3k
A g37F vebst oy FA A7 hydrolyzed EtOAc
layero| A= tyrosinase &4 A3l a7t YeRA] Sk

tl. DOPA #Hs4ksl Asf &4 4 A3 A3AH FE5E
e AF7F UEhA 2okon I 99 FEHETAME

frAbet As 237 vEbsT ol e AR e B o A
A}-& hydrolyzed EtOAc layert tyrosinase &4 A A
7} o} tyrosinase?] glycosylation inhibitor® 2}-83Fo
24 dapbd AG A a3E VERA A0 R AlR Y, o]
2k 28 7|Ads A8 QA E FAAAS hydro-
lyzed EtOAc layerol 4 €] tyrosinase N-glycosylation #
gl &3] s Lolulof & Hojr}

P

2 o

B oo to A= AAE Aok 2 BEalx ko] q-glucosi—
dase A&l &35 Gotrfon, o] WhHo] mul Ax) ~5
IS A 78S HIPHJAE Lolr i), kst 1l
oA Fize] A 2 Xs a7 sk &elzl Aok
A LAY F 59, A4, A, AAS, vkl AR
9] a-glucosidase &4 Azl &= A5 dFddA
acarbose®} Hlw&le] B o} 93 S JERYSIT A
W g 37F el AAES e A AR hydrolyzed

EtOAc layeri= 100 pg/mL &=l F 50% dehd A4
A a7E Bk 3 Y AAS hydrolyzed EtOAc
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