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Antidiabetic and antioxidant activities of ethanol extracts from Moutan Cortex
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Abstract : This study aimed to fully utilize the resources of Moutan Cortex,40% ,70% and 95% ethanol solutions were used
to extract the active components of Moutan Cortex by ultrasound ,and 40% ,70% and 95% ethanol extracts (MC,,,MC,, and
MCys ) were obtained, respectively. The contents of total phenols and total flavonoids, as well as the antioxidant capacity and
anti-diabetic activity in vitro of the three extracts were compared. Finally,the zebrafish model in vivo was used to evaluate the
hypoglycemic and peripheral motor neuroprotective activities of the extracts. The results show that MC,, had the highest con-
tent of total phenol (59.17 mg GAE/g, gallic acid equivalent) and total flavone (82.59 mg QUE/g, quercetin equivalent) .
Meanwhile , MC,, exhibited the strongest antioxidant activity, with ICy; values of 34.20 wg/mL and 16. 30 wg/m for DPPH
and ABTS free radical scavenging capacities , respectively,and MC,, showed the weakest antioxidant activity. In addition, MCys
exhibited the highest inhibition rate of glycosylation (95.92% ) ,followed by MC,,(81.44% ). The experimental results of the
hyperglycemic zebrafish model showed that MC,, treatment resulted in a 52% decrease in blood glucose levels and a 56% re-
duction in peripheral motor nerve injury,compared with the model group. The results suggest that 70% ethanol was the suit-
able solvent for extracting antioxidant and hypoglycemic components from Moutan Cortex,and the extract has good antioxidant
and anti-diabetic potential , providing a theoretical basis for the subsequent high-value utilization of the peel.
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PEACIME SR o BEE IR TG KT i 4t 3 A A T
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2L AR T AR FE , Ak 2021 4 3R E 1Y
WERIG R A 1.4 AN, R BRI N S B0 35 2
T 5.37T AN, AR 10.5% 12 0 BEIRIE
X NRAERR Y 1 A MAE A, Bid 25 EHE
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V18 2 2 HL T BT, 5 O A TR AN N T
AR A N BRI R LA 22 1 3 O, fre
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EKE L Ak & 77 ¥ (advance glycation end-products,
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FFEz (Moutan Cortex, MC) , & F RBHFE P T 82
WRE Ry A e — M G ny b 256, A IE I
MR, E A TR I . BFFE R T e 4
) BA Z2 R0 2 BV AN PO PUAk Bt
W PRI S5 R, b P Bz My R W (5 T W SIS R T
KA EEIE Y o Zhang 251 KB,
PRz Wy FAT B . A A S SR AR BE ), BESE A O A%
K7 E2 #H3¢ K- 2 (nuclear factor erythroid 2 related
factor, Nrf2 ) /Kelch £t ECH #H & 9 1 ( Kelch-like
ECH-associated protein 1, Keapl ) -3 & 1k v & Jo A4
(antioxidant response element, ARE) {5 5 {4 ( Nrf2/
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PSR, LUBCPE B AN R B2 £ st i BEOY) v 1) s
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1.1 #R5RF

P e W T v [ e R 2 R % PR IR 24 b, 48
VLG U9 R 2% 3 W 4% %5 0 B R W) 4t
Paeonia suffruticosa Andr. 1T 1 Kz, F 5 wE ALK
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AAEBHE AT 51, 1- 228 5-2- = i 528 ik ( DPPH)
(4l =98% , 4t 5 : M8GZJ-ET, |- ki 7y Z ALl T.
v A FR 2\ ) 5 4-XF i F 2R JE-o- D R A 25 4
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A B A BR A A E B IR R Eh (Ll =
98% It : MKBV7865V ) | ] | b ( 2l fE =99%
it : LRAC2934 ) 4k Il M 8 (1 (4l =98% |, 4it
5 WXBC7823V) | o~ % A 11 1l ( 41 8 =99% , #it
5:000232545) ( 3£ [# Sigma-Aldrich 2 &) ; M iz &
(4 BF =98% , it 5: 2230818002 ) . Mk ( 4l i =
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P18 P Al 5 AIE B 25 ( AAALAC) 19 3A 3iE ( No.
001458) , 555 ) 47 18 P H A 38 1 AT M IR FEAE P
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(42 . TACUC-2020-2574-01) ,
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AR IRA ) 5 AZ100 H B R A LR
5% ( H A Nikon 24H]) o
1.4 FHik
1.4.1 FrE P ERSRGRR

FRE— 7 o1 I P R By AR 4% 12 20 (g/mL) (1)}
W43 95 40% [70% F1 95% .8 4,50 °C ,400
WA 1.0 h, 8 e LIS TR, BRI PR IR
RO R — v, TR AR W 45
C oM T B WA, e Ja Vo R T 1500 A B 1 e 42
) MC,y MC,o F1 MCo , V5 i 1 — 5 R B (S WIS
AT Iaseomr.
1.4.2 RBrfe i kA4S0
1.4.2.1 MAles

SRR B e € 3 00 5 A 5 EEY L 200w
TR B 1Y 4R B S W B B F R (gallic acid,
GA) 5 0.1 mlL Folin-Ciocalteau i3 )2 i} 5 min, filI
A 0.3 mL 0.2 g/mL Na,CO, %W 1.0 mL 7£48%
K BESG RN 25 min Ji5, SR FH AR AN 58 S AR F
TE 765 nm Kb ARG RE , DLZRIB KA R S E S H.
PL20 ~ 100 pg/mL [ E - FR VA W R A E i 2 1)
PRUEMZe . 45 IR E IR 2 it mg GAE/g K,
1.4.2.2  JATEHR &5

KH AICL - 6H,0 gkl i b i & i
100 WL v B 3l A HR B 1 I S5t B2 2= ( querce-
tin,QU) 5 100 pL 60 mg/mL AICL, - 6H,0 %k IR
A& T RN 15 min, 0 52 W AR R TE 430 nm K 4b
IR, F To K B AR SR 2 i dL. DA
5 ~50 g/ mL it B2 28 AR T 22 B B bR o
2, AR P AR AL ST FRE i b B A Y i, 45
FHHi e 22 5 mg QUE/g K,
1.4.3 4RI AACTE R F

W5k DPPH [ B 3EF1 ABTS [ B 535 15 8 1 3F
NARFHR B it 8 AL e 11 . DPPH [ iy 223
WA HE T AE 43 SHL 50 WL 75 8 2103 BT VR BE A RE S
FHiHEz 2 5 150 WL 0. 15 mmol/L DPPH H B/ T
96 fLAEFRMR FIR A, % 2 i 30 min f5 T 517
nm I EAE(A) o

ABTS [ 1 ZLIEBRAE T B 50 L AS[a] ik B
(R it SO 2 25 43301 55 200 L 76 BE J5 9 ABTS [
1 JEVA R T 2 IRV 6 min, 2R 5 FHEERR AN 52 07 44

ZAAE 734 nm BYRIEAE (A,) o ForfH 70% W B
PR T0% W BEIE WA TE K £ B 03 S A A i
I AR K AR 1 oh 0 53 531 R o
MA1(A,) M A 4L(A,) s s H4L(4) . H
HIBEER R (Ry) BT AT
(A, -A,) - (A, -4)

R = A A, x 100% (1)
1.4.4  4kSMFAE Fogm it 2
1.4.4.1  HOBEIALIEE BT

K H 4E I 7E A & [ (bovine serum  albumin,
BSA) — R b A L A0 A B TP A0 4 5 1Y B bl L Ak R
J177 0 1 pH 7.4 (1 PBS VR AC # 20 mg/mL
BSA #1500 mmol/L A SRAMHIEW ., B 1 mL BSA ¥
W1 mL RBHA S 200 L 1.0 mg/mL # 5 5
AT 55 CR 48 he )73l A 370 nm Al
440 nm ORI AR SIS, HPOL T
e DGR AR, B 5 1Y) AGEs JE il il % (R,) H
n 2 R

_(FI,-FI,) - (FI, - F1,)
- FI, - FI,

Horb FIFI, (FIL I 53 500 R il 4k R
X RS A RIRE s A DGR
1.4.4.2 o~ % W1 TS T 400 1 BB T 20 A

ZHR Yu ST, BSOS R A 4
WIS 50 wL 0.1 U/mL 1 o~ %5 B8 H BT 96
FUBEFRAR L34, SR 6 min JEHIA 50 uL 5.0
mmol/L f) pNPG,37 °C Jz i 10 min J5 AT A 100 pL
0.2 mol/L Na,CO; ¥ Z 1E N, 7E 405 nm Zb &
WROGAE o LABRTJ500 Sy BE A 0 R | AR 4k SCRiR Ty 12
THEE G A0 10,18
1.4.5 AR A B o430 BAY 235745 5% 5
1.4.5.1 RS2 e8I 2

FEMLIEHL 390 2 5 dpf Bf2E A AB i RS fh
T 50 mL BEAR R, A SR A 30 . iR SRk Ay
S A MR E R 62.5,125.,250.,500,1 000 £1 2 000
g/ ml (Y PF B SO, RSB AR T AR AR ER R 25
L, S50 20 141 P v W v B DDk A 7 B £ 5 1l A
R RZ25 7.5 h GBS TR, S W) Kt 42
TH5 SE I 20 BB 1 0 FE TR T K A B, e
P Rz SRR v I BE S £ A5 T8 (1 e AT A7 Wk B
( maximum tolerated concentration, MTC) .
1.4.5.2  HiBhFEMBEDDROT A

BEMLIEHL 270 2 5 dpf BB A AB 0 R 5 A

x100%  (2)



Vol. 36

ik BRESE SHI LRI AL S AR R T PEAIF Y 765

T 50mL BERR T, AL AL 30 B iRl FR K A
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H) , R 510 Sy BEPE 6T R ST 6 20 34 FH v W s g 1)
Al 57 5 T 5 Y 525 7.5 b, HE L4
PR, A B CR B £t , 20 B U
1.4.5.3  SMA@ s a8y iv o

BEHLIEH 270 & 5 dpf e HL P iz s £ onak ()
PG R BE DT 50 mL BEAR P, BN SE R4 30
&, 1) ) 3% K b 23 IR BE 2 1000, 1 500 Al
2 000 wg/mL (PFRZHR BT, PUAR 7T Sy BHAAE XS IR
S ZH 45 Y v o o M A A S R D g IR Y
BRGZT.5 h EE ARG RSB A
BEALZEI 10 RRIE S 8 50 BAMEEAR IR, 23 B Hoilk
e AL 7 PRANAT BTTE X I 0 S 2 sl il 29 i
138
1.5 HESITHN

A T SRR A R SRR AR DT
{8 = bRiE2E RN . R SPSS B i it 74t it,
K Duncan FAR 2 5 2253 BT (one-way analysis of
variance , ANOVA) 73#r i 244, P < 0.05 N E R
HAG 225 3, B Rk A Origin 2019 il GraphPad
Prism 9.5 24,

2 HRE5HMH
2.1 REEHEER
ARSCR AN R R JBE 2 B iR s 7 A Bl i

BOTE R e Z R a4y, SR AR UL 1, MC,,
PRI (8. 4% ), MCoo 13 R AK (4. 98% ) , $2 HUA

REHAE OB AR RN, e TR, AR
ARARLAR A R, 4 2 Bk B Ry 40% s 5 I 1 AR
K FHE R R R I T 2 0 5 3 TR
2B EETF R 70% |, 75 WO M s/ M A5 5 5] v
(1) R 40 SR e /> | 5 8T e 5 (HL 2 2 v i 4k
SR, — B0 i VA 0 I 114 2 R ) o 1 B
Hke AR AR R T
2.2 EBMBERSESW

W 1 iR, R B (1) 2 BEAR B 1 7531
(0 RIS B BT A — A 25 5 R AR B 1 2 B
FREEC) F T R B T e DA B
MG,y >MCos > MC,y o MGy, 119 50 B FI1EL 35 i 55 5y
W 59. 17 +5. 61mg GAE/g F1 82.59 + 0. 49 mg
QUE/g, &5 F MCos Fll MC 0 MCo 119 0 1 25 2 13
B B 8 3 R MGy, 11 4. 24 F5 1 3. 81 4%, i MCys
Hh S I LR TR 1 1 i 5 MGy MORH 25 R R, LT g
R S DR 2 7E — R W B 2 S R, Bk /N T
T0% i, P Bz i P 5 ik 1) 1 25 TN B IR 251k 5 9 5
VT KA R 1 CBE R B B I RE i
Bl v J3E AR 388, P Bz 2 B v %) SR M
TN 2 LB R T 70% W Bl £ BRIk
(R T, — 5 TV 390 A AR B =2 A8 /N 575 — T T PH B
rh AL R B T | 1 DA B H Al %) 2% S5 ) 5 I+ i
PRARIU O, 5 BUR U h i BB SRR S T
W0 £5 40T, T LR B 70% 2B R,

i B P S IO P B F A s B R B 1 S R
ik,

®1 ARRBYHSERLBMDIHRSE

Table 1  Extraction rate, total phenolics and total flavonoids content of Moutan Cortex extracts

AT (G ST S
Sample Yield(% ) Total phenol( mg GAE/g) Total flavone(mg QUE/g)
MCyp 8.40 13.95 +£1.99°¢ 21.68 +0.53¢
MC,q 4.98 59.17 £5.61° 82.59 +0.49*
MCos 6.45 17.83 +2.06" 23.65+0.28"

T SRR R 27 B (P < 0.05),

Note : Different letters in the same column indicate significant differences (P < 0.05).

2.3 PBRERMEINISHENDH

DPPH [ th 335 B fE J1 1 ABTS [ th JE 35 5% ik
IR Z 38 TR R R 7 M B AL RE 1 45 %,
REARTE IR B i 09 1C, B MR , 158 W1 T AL 0 1k
MR, CYPUALY R ER B s A R R
(i IR 2 e , PR I T L sk W OIG fE F) T A
FEVEATRE S DPPH [ iy 2L 35 BRAE 17 . g 2 A

K1 s 48 B0 1 2R 8545 DPPH H 25T BR
REJJFN ABTS H HH JEVE BREE /1. MCos B A 5 1Y
DPPH [ G BRAE /1, H 1C, {H N 16.30 pg/mL,
2y b 2R (1C5, =37. 02 pg/mlL, P <0.05)
19 2.2 4%, DPPH [ pH 235 R 6 77 5% 55 9 /& MC,y,,
1C4, {8 K 106.73 wg/mL, i MC,, ¥ ABTS [ i 53
FrBe ) Aok, HAY 1G5, fH R 16. 30 weg/mL, eIk T
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peg/mL) o DLESERIEW], B d3EEERAE 1 S5 )

Hh S R ) A — o AH G, AT DA ) A
A
120
2 10| 22 b
i % 80
T =
%E 60 <
% E
440
g
20
’ A MCy, MC;, MC,ys

Aminoguanidinium

o-H AT T A=

a-Glucosidse inhibition rate (%)

=~

PRSI0 R SETEBRAE ST IRk e 3k
YA BA R BT AR T

004

804
604 = MC,
o MGy
4 MCys
404 :
i
204 4
LA
0 T T T T T T T
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#J% Concentration (pg/mL)

B 1 FEZEREE DPPH(A) 1 ABTS(B) B EEBRZE
Fig. 1 DPPH (A) and ABTS(B) radical scavenging rate of ethanol extracts from Moutan Cortex
®2 ARZERBRYNTEMLN o FEETEINIEE
Table 2 Antioxidant and a-glucosidase inhibitory activity of ethanol extracts from Moutan Cortex
vn i _ Hih %?ﬁﬂ%‘?ﬁﬁ - R B
RS Free radical scavenging activity (1Cs, , pg/mL) a-Glucosidase inhibitory activity
Sample (ICsy , pg/mL)
DPPH ABTS '
MCyy 106.73 £16.02° 63.44 +2.83" 191.22 £3.00°
MGy 34.20 +0.36° 16.30 +0. 88 3.58 £0.35°
MCos 16.30 +0.74¢ 76.86 +4.57* 14.94 +4.43"
Mt iz & Quercetin 37.02 £0.24" 31.89 £2.46° -

I FFIR R FRFRR 257 B3 (P < 0.05),

Note : Different letters in the same column indicate significant differences (P < 0.05).

2.4 FIMIBEELEES TR « BEEEEIF
iEE
2.4.1 HHEANEESH

WAL A R 1 0 3 O S A SRR
B 0 AR T AGEs 2 S 3045 28 FR s 1 3
RAE ST N B RARPURE S 20 IS R
FafE ™ o DRI, AR AGEs 72 A8 Xt 51 57 A4
WE DRI B I e HA SR S PR RV S
TR U X B Ak 1 4 o) A LR 2, fh T
L, CHREG LN 0.09 mg/mL i, MC,, FBE JE AL
2 AL A 55. 56% , % T A% & EE K
(98.65% ,P < 0.05) . MCqs XJ 4 K AL ] 5235 3]
T 95.92% , Sk, I H MG, B4 il Z ik
F 7 81.44% . LB MC,, \MCos HA ELHF 14 B AL
ilBe s .
2.4.2  o-R) EHEIEEEEIPHR G AT

- A WY B — L R 0 430 A O R Y
TRAKAC A VK A6 , B TR OB | = R SR 2 A

SRy P W HSCER) S R S LB b T % o R o
VER, A0 oo 36 W Y TS 14 8 BN Ry 2 2 R B
5 S HOF R B k2 — P P S [ e
ST oo 81 7 AR T T 2 00 1 B ) il 2 Ji
P A M £2 D18 2, e TRl BT AT A 4 B
HREAT R o3 7 0 B0 1 BE J1, MCo 1 1C,
fH R 2. 15 pg/mL, MC,, Fil MCys 1Y 1C,, {5 53 5] K
12.30 pg/mL 1 19. 27 pg/ml, T AR AE S BT 5 i b
() 1Cs fi ik 2. 22 x 107 pg/mL, L 3L 5 T Fi A L1
SR P B 53 o IR RE T SR MCy , 2 h B
FUHERY 1032 5, F Wl MCo 1Y -7 4 5 T il
MHIBOR o 258 2 i AV ST M AG T 10 235
TEFE MCop FH T 5 LR PF B 1A IR I BEAIE S o
2.5 {ERAFEDAET G
2.5.1 mRAZRE

ARk, K HA 5 5 WARH A ISR B 2155
AL SV D i A S S0 B Eh f— P
iR AR 25 ) rh e 2 W AR 2 — o
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=

004

804

= 604 & = MGy,

4 .

i 4= MCys
404

204

0

40 60 80 100 120 140
#J% Concentration (pg/mL)

0 20

2 PR ZERRERYIE) AGEs(A) N o- BB WEF ERHIHIZE (B)
Fig.2 AGEs (A) and a-glucosidse (B) inhibition rate of ethanol extracts from Moutan Cortex
PR TR FR R 27 8 (P < 0.05), Note: Different letters in the figure indicate significant differences (P < 0.05).

ABIFSE R o W B2 f AP BRI AR
MUBEKSP AR 238 0 PR AP B RE T 0 FEAR SER 25 A

FE I I (T 2 000 jug/mlL 7R 23 BE I £ 19 1
B T S U S S5 S0 o 6 P e B 1

TP A B St MTC TEILER 3, HIERATN, JE B SRR S5 4 JC OC A8 BB W i ] DL s .
£33 MC, HIEEM(n = 30)

Table 3 The maximum tolerated concentration result of Moutan Cortex extracts (n =30)

415 WeHE FETHL FET- % REMEFRTY
Group Concentration (wg/mL) Fatality Mortality rate( % ) Toxic phenotype
Xt #EZH Control - 0 0.0 TG 3 IE 5 W e
MC,q 62.5 0 0.0 15 T Rk
125 0 0.0 T 1E W] i SR
250 0 0.0 T I3 IR T 5
500 0 0.0 T 7 1E R T R
1 000 0 0.0 T J3 IR W 5
2 000 0 0.0 T I ] R

2.5.2 Sy AE Rk

WA 3 fR, 5IEH 24 (control , Con) AH L , FEAY
ZH (model , Mod ) 1) B 55 f01 1l 4 {6\ 2% 42+ = 2. 06
mmol/L,500 .1 000 F12 000 wg/mL fi¥) MC,, AbFH 5,
Bt i (E G 2 0 5 B AR 2 1. 55 mmol/L (1. 45
mmol/L F1 1. 05 mmol/L, [A] i} 18 wg/mL ¥t 4% %1
fili ( pioglitazone , Pio ) W Kf B {H T F& % 1. 10 mmol/
Lo HHen] 0L, RS 1) B S SOk B i B T, SR
Xof BEZER F , B0 £ K P 0 IR R BRI (P <
0.05) . HH12 000 wg/mL MC,, FInH A% 51) i b 2 1)
TRE R DAY I AR (L AH X A Y o) R 2 ol T B T
52% F148% , W] 2 000 wg/mL MC,, HAT FIFRAE N
AR B MBS DR, o T RARAE W O o3, A7 %)
PUARRIVE RN R IUEBE 4 (8 B SR 3, R B )
B A R UBEFIBONE PR Ul EAT BRI g

2.6 SMEIEZEMERPHROEN

W B ] L 28 9 728 SR ARl Do RE i DL T A8 e
I RAE  PEHEBR A I R B 00 T R85 2t B F
AT RERET Iz S AUESE ) AHOCRREIR , A 5 5+
W AL IR T RS, BRI B, 2 2
I T ) R B R ORSE T A W TWE PR 7Y o5 I
BT RS B AR 25 L 23 B e A1 Ji w22 At i g A
1, AT A2 45 o 22 4 % 2 A6 A2 . Ghalami
26527030 R SRS 2 B, PH B T R SRR R 284
—EMRFYER o A T VPP R RO PR I A RE 1Y
PSR R, A S Ao A6 )z i PR3k I £ b o Bl
LR BRI P B A 2 PR B TR

& 4 s, 1000.1 500 £1 2 000 wg/mL £9]
MG K a3z Bl A 25 10 52 ik B2 P AR 280 B 20 1Y
139 884 14 & /i & 175 371 178 855 #1217
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