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Modern people have an increased incidence of metabolic diseases due to changed eating habits, and
diabetes is considered the most significant metabolic disease. Given that existing diabetes treatments
are accompanied by side effects, the aim of this study was to identify traditional natural products
that have anti-diabetic activity. The potential anti-diabetic and antioxidant activities of natural products
were examined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay, a-glucosi-
dase assay, and protein tyrosine phosphatase 1B (PTP1B) inhibition assay. Methanol extracts of Ulmus
davidiana var. japonica, Acer tegmentosum branches, Nelumbo nucifera seeds, and Carthamus tinctor-
ius seeds were found to have high anti-diabetic activity and further fractionated with solvents using
ethyl acetate and butanol. Consequently, the ethyl acetate fraction of C. tinctorius seeds (MG-11-E)
with high a-glucosidase and PTP1B inhibitory activity was selected. MG-11-E was subjected to prepa-
rative thin layer chromatography, and fraction #6 showed high a- glucosidase and PTP1B inhibitory
activity. Fraction #6 was analyzed and fractionated via high performance liquid chromatography with
50% methanol as the mobile phase, and anti-diabetic activity was observed in the sample that eluted
after 4 min as a single peak. The a-glucosidase inhibitory activity exhibited by this sample seemed
to be greater than the PTP1B inhibitory activity; thus, it was concluded that a greater anti-diabetic
therapeutic effect may be achieved by combining this agent with natural products that inhibit PTP1B

activity.
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Table 1. Sample list used in this experiment

Lable Scientific name
MG-1 Citrus tachibana peel
MG-2 Lonicera japonica
MG-3 Ulmus davidiana var. japonica
MG-4 Angelica gigas
MG-5 Taraxacum platycarpum
MG-6 Acer tegmentosum branch
MG-7 Nelumbo nucifera leaf
MG-8 Nelumbo nucifera seed
MG-9 Allium cepa
MG-10 Hijikia fusiformis HF

MG-11
MG-12

Carthamus tinctorius L. seed
Nerium oleander L.

s A FRAEE FA Amf ol A FF]iE)
AT}, 2,2-Diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid,
a-glucosidase, p-nitrophenyl-a-D-glucopyranoside (pNPG),
acarbose, p-nitrophenyl phosphate (pNPP), ursolic acid+
Sigma Chemical Co. (St. Louis, MO, USA)ol A T3} 2
™, protein tyrosine phosphatase 1B (PTP1B)< Cayman

Chemical (Ann Arbor, MI, USA)°l A F+U3IHTE.
HMAE FE29 M=
Az g AAE 10 goll WEE 500 mlE 37t

e A 383 FE3AGh ol F 45 Hskel Modu
4080C vacuum concentrator system (Hanil Science Co.,
Daejeon, Korea)E F3ll |§ul&E SEAA AxS & A=
© 4C WA BastuA AejgdA &4 A 345t
o ARg3kAT

S F£

Azxd Mgs F2E NS SHRT a1 F,
22 HEo oA H o EE Yo E¢stal wikslgl
t} 10,000 pm O & 387 YA R s T Z07 YFa
oA Bl ESE mlolAE JIE& o] &8t 3}
Row, G2 7ol FEe&S F2 ¥ EE &9, uydt
5 O AR FReS FEoE Y3t
olFgA THH oMo EF, FEEF, F5S Y

24 Aol A

AdE FE=9 F4ts A2 DPPH free radical
scavenging assayS ©]-23}% Tt DPPH (2,2-diphenyl-1-pic-
rylhydrazyl) = ol &hH&& AF&3L] 1.5x10" M2 F =2 3
Noto] G Ax=HGOM, 4T YAIAN % B
3t T HAAE FFE 10 et DPPH €9 90 pls
HoA Aedld 3083 GAAM HF WA T,
VersaMax™ microplate reader (Molecular Devices, Toronto,
Canada)E F3l 510 nmol A &FEE SAH3ATH12]. &
B OETOR RS0 RS, P NETORE as-
corbic acidE AF&3ITh ©] W inhibitory activity (%)=
gt 2o Ao ANsAT
Inhibitory ( _ ODsample — ODpjank
activity (%) ODnegative control

%100

a-Glucosidase inhibition assay

A4EF g-glucosidase, &4F5&H S Z 100 mM sodium
phosphate buffer (SPB, pH 6.8)2} 7]& 2= p-nitrophenyl-a-
D-glucopyranoside (pNPG)E AF-8-3F$1Th 100 mM SPB 24
ul, F=¥ AR 6 pl, 0.25 unit o-glucosidase 30 pl, 2.5 mM

o ==
pNPG 60 plE 7}t 158 2t 37T incubatorol A BE-S
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Al 7] AL, VersaMax™ microplate reader& 53l 405 nmol 4] Protein tyrosine phosphatase 1B (PTP1B) inhibition

FEAEE SAHATH6). 54 B VE S HUbeHA @ assay
blank®ll = 100 mM SPB 114 pl¢} w52 A5 6 W 7} $#ZgN O Z Tris-buffered saline (TBS, pH 7.5)¢} 71
3T ©] W inhibitory activity (%)= AISE U &0l Z = p-nitrophenyl phosphate (pNPP)E AF-83} %3 ). Blank
eSS 54 2T R AAsty g 22 2oz o= TBS 50 pl, 40 mM pNPP 40 pl, F 5% A2 10 pS,
Aikat ot A& o= 40 mM pNPP 40 pl, =5 Al Z 10 pl, PTPIB
enzyme 50 plE ZH2t H7bske] WESAIAATE o] W TBS&

Inhibitory ODsample ~ ODplank

o . - - Xl
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30 el 1 M 1,4-dithiothreitol (DTT, Sigma)< 10ml TBS®
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W= 5 mle DTT-TBSO 3] 45} A}%o}%ﬂ. °]% 37C
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Fig. 1. Anti-diabetic activities of methanol extracts from natural products. (A) DPPH free radical scavenging activity. (B) a-
Glucosidase inhibitory activity. (C) PTP1B inhibitory activity. All data were presented as means + SD of three independent

experiments. *p<0.05, **p<0.01, and ***p<0.001, compared to control.
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Preparative thin layer chromatography (TLC)

TLC plate (20x20 cm, 0.5 mm, Merck Co., Darmstadt,
Germany)oll ASEES JT2A FAAZ F 22X EM
B2 5 /{9 (4:2:1, lower phase)S /&2 A&}
&3t AT A= TLC plate®] AT 1 em F-271=] 213)
st e, A7 BUE TLC plates & A2 ok,
UV lamp (254 nm)E 33 2/1E BEY AXE 1A
ot o] glE i AAMNE wet AEE fractions

High performance liquid chromatography (HPLC)

£4 717]2& LC-10 series (Shimadzu, Kyoto, Japan)S
AHE3H oM, column® 2+ pBondapak™ C18 (@ 3.9x
300 mm, 10 pm) (Waters Corporation, Milford, MA, USA)
2 CAPCELL PAK-MG CI8 (@ 10x250 mm, 5 ym) (Shiseido,
Tokyo, Japan)E A}83}3 T Column column ovenoll A
50CE frAstAon, o] 5o 2= 50% MEES o &
3+l 2 mi/min2] flow rate| A 203t €FA17]3L 220 nm
o] ZAol A BEHE 7 AES AEIYUT. o] F &F
Al ZF (retention time, RT)ol Al &8 & & who}

=)
% 52 I4Y F pYRe $du 94

tlo
i\

o ATHs 39 W Fashel Qojzl ROz,

Uro] ZF 7219 silica gel FoUl £813 &, 2 ml9 ANOVA©] 93} #4138} mean + SDE FA|
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. Anti-diabetic activities of organic solvent extracts from natural products. (A) a-Glucosidase inhibitory activity. (B) PTP1B
inhibitory activity. M: methanol extract of natural product,

E: ethyl acetate layer, b: butanol layer, W: water layer from

methanol extract. All data were presented as means + SD of three independent experiments. *p<0.05, **p<0.01, and

**%p<0.001, compared to control.
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free radical scavenging assay S Z‘l?’l?fﬂ' A3}, 100 pg/mle
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3}l &go] g ASE HE] & AS AT U

o,
HolE £&80| #Pn &5 &%
A% FE20| Fn BHE S48 981 ag-

cosidase A3}l €433} protein tyrosine phosphatase 1B (PTP1B)
A& BAHE S

a-Glucosidase inhibition assay®] A%, Al52 FE&
100, 300, 1,000 pg/ml©. & 345t Hgd Ax, 7 &
HZ MG-3 (=FYUF)olA 59.52, 91.02, 97.54%, MG-6
(AU 7HAD N A 80.22, 95.66, 96.68%, MG-8 (A1 A Sk)dll

>

0o-Glucosidase inhibition assay

100 B30 pg/ml

Inhibitory activity (%)

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12
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A 71.23, 81,15, 88.33%, MG-9 (F3hellA 53.41, 76.10,
94.50%, MG-11 (&3} A oboll A 80.09, 90.33, 94.63%2]
A FAES BHAoH T oEH o2 AP U}
391 TH(Fig. 1B).

PTPIB inhibition assay =3+ A5 FEE 100, 300,
1,000 pgml = 3|4 std Hsiglon, 1 23 72+ 5%
HE MG-3 (=FUF)ol A 66.17, 77.58, 86.27%, MG-6
(BUE 7FA)oN A 7839, 89.11, 94.55%, MG-8 (&1 A holl
A 81.31, 87.11, 92.06%, MG-10 (¥)°llA 71.39, 80.25,
89.53%, MG-11 (&3} A oboll A 84.13, 87.10, 94.34%<]
A FAdS BYor F= &3 o2 FU15Y thFig.

10). 9% a5 dE 37X AP S AES
A3 MG-3 (=54, MG-6 (BYUF 71A)), MG-8 (A

A Sh), MG-11 (E3F Noholl A gatsl 9 g &%)
=7 UrEPdr A& ; 18 4= ATk mebA 4702 AAE
Tl FrHH R AYdAES

e ggdo] Hlud s Aoz Eld 4714 ¢ W)
M) FE=Z5H oot H o] E(E), F&H-&(b), T
Z B35 ARES U E o-glucosidase

B PTP1B inhibition assay

Hkx

100 - @30 pg/ml

Inhibitory activity (%)

#9 | #10 | #11

MG-11-E

#1 #2 #3 #4 #5 #6 #T #8 #9 #10 #11 #12

Fig. 3. Preparative thin layer chromatography (TLC) of ethyl acetate fraction (MG-11-E) from methanol extract of Carthamus
tinctorius seeds. (A) o-Glucosidase inhibitory activity, (B) PTP1B inhibitory activity. (C) TLC captured under UV lamp
at 254 nm (up) and after anisaldehyde sulfuric acid staining (down). All data were presented as means = SD of three
independent experiments. *p<0.05, **p<0.01, and ***p<0.001, compared to control.



788  WFULIPIX| 2023, Vol. 33. No. 10
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I MG-82 b% B8 EoNA B2 A3l A4S HYth(Fig. £ A}8-3}9 preparative thin layer chromatography (TLC)3}
2A). 30, 100, 300 pg/mle] F=o|A PTPIB A3 &4& o 2 &AM et MG-11-EE & 117] 7822 Y5
ZAE A MG-3, MG-63 MG-8& W& £33 Eof A, 7zt &89 i A4S FAAS. a-Glucosidase A 3
MG-11& EZ 354 52 A3 &4 B AThFig F4e TLC B E #59 #6°) 4 (Fig. 3A), PTPIB * 3|
2B). Wt MG-119] o DolH H o] ES(MG-11-E) £3 gAge TLC B E #9) #69) A (Fig. 3B) LEFT) o] =

A . 98 Minutes t 00804 Vot -
Detectpr A (220nm) : ! ] i g :
210814 MG-11E-6 MeOH 100% Not.dat |
" I — "N N N SN SN A S— — S
A SN | SO SO NN SN SN SR AN SO N A S N N
9 NSNS SN WO TSI SO SIS SO WU S S S S — —
oo U SRS S S S 2
P SN NN | SN SN NS WU W S — SNSRI S S S— ——
5 3 3 : 3 a 1 5
% SO SSSSUOR | HSINSSOS SSSSUNIANS SSUS: SUUSMUSOS SRS VRSSSSUOE S S A— AN SRS S— —
% RS NUOL | NOUS SN SN UG SUIND: SR NS SN, SUNUS UGS S S -
? ? ? ? ? ?
] 2 4" 8 10 |;2 14 |I6 1;8 Zi) 2;2 2"4 2 2;8 0
Minutes
B 0o-Glucosidase inhibition assay PTP1B inhibition assay
100 ke 100 -
ke k
g 90 = @ 9
S 80 — < 80 - W30 pg/ml
£ 70 7 £ 7
- —] >
2= 60 A — W30 pg/ml = . . Z
k> . éE } _ 5 60 03 times diluted
: 50 ’é: B89 times diluted = 50
= 40 O 7 — . . =40 L )
= 30 s ?: B3 times diluted S 30 Boriginal collection
= K — =
= 20 E éE Boriginal collection = 20
E 10 /% E 10 B3 times
0. 7 — 0 concentrated
#6 RT 4 min #6
MG-11-E MG-11-E

Fig. 4. (A) High performance liquid chromatography (HPLC) of preparative TLC #6 fraction of MG-11-E. HPLC was performed

by using Shiseido CAPCELL PAK -MG C18 (@ 10x250 mm, 5 pum). Sample was flowed for 20 minutes under conditions
of 50% methanol and detected at 220 nm. Flow rate was 2 ml/min. (B) a-Glucosidase inhibitory activity (left) and PTP1B
inhibitory activity (right) of fraction collected at RT 4 min by HPLC. All data were presented as means + SD of three
independent experiments. **p<0.01 and ***p<0.001, compared to control.
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