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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 (MCao,
MC7 and MCos) 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
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used to evaluate the hypoglycemic and peripheral motor neuroprotective activities of the extracts. The results show that
MC7 had the highest content of total phenol (59.17 mg GAE/g, gallic acid equivalent) and total flavone (82.59 mg
QUE/g, quercetin equivalent). Meanwhile, MC7 exhibited the strongest antioxidant activity, with ICsy values of 34.20
pg/mL and 16.30 pg/m for DPPH and ABTS free radical scavenging capacities, respectively, and MCs showed the
weakest antioxidant activity. In addition, MCos exhibited the highest inhibition rate of glycosylation (95.92%), followed
by MCr (81.44%). The experimental results of the hyperglycemic zebrafish model showed that MCr treatment resulted
in a 52% decrease in blood glucose levels and a 56% reduction in peripheral motor nerve injury, compared with the
model group. The results suggest that 70% ethanol was the suitable 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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1.1 # R 5 5

FEB 0T b B 2 B 2 IR T R IR IR L B, GVL VGG K 58 W B % 8 N B ERHE 4
#} Paeonia suffruticosa Andr.( 1AM, FIRBENUY YIS 4 °CIRAT & H -

2,2 BRG - (3- 2 FE FF R E LI -6- T ) (ABTS) (4 =99%, #it'5: E2018132, gk
PLT AR A D 5 1L1- R 2- =R (DPPHD (4% =98%, #it'5: M8GZJ-ET, k
HEEA B TV R AT+ 4R FE K I -o-D-ML IR A A FEE (pNPG) (4 =99%, #itS:
JISHS188691, LilgJimEMR AR AA) «+ AEMEBEREE (A4E=908%, #t5:
MKBV7865V) .\ Fil-RihE (4ifE=99%, #it'5: LRAC2934) . A4 IiEHE A (4 =98%,
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A SRR AN E P SRR 2 (9T TACUC-2020-2574-01)
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FREL— & R P BB R % 1:20 (g/mL) (RN L2 315 40% 70%F1 95% LR &
50 °C, 400 WA H2H 1.0 h, il R BIGW, PR g BRI ARGk, HEfE S
I EIEWI ., 45 CCHAT T EHAWRAR, B AR T 1853 5l 13 200 B 32 BV MCaon MCro AT MCos,
VR R — B R FE A WS F T a2 M e
1.4.2 &8y e B K ER A2 2
1.42.1 B & &

SR AR AR T e (030 52 Sy 2 204, 200 w38 B IR FE AR BV A I B & IR (gallic acid,
GA) 5 0.1 mL Folin-Ciocalteau i 7l )< . 5 min, JIA 0.3 mL 0.2 g/mL NaCOs ¥ i 1 1.0 mL 7%
WK, WG 25 min 5, SR BEFR AN E SSAR R AE 765 nm AL FIOGEE, DLZETRAACE L

E2 Ao L 20~100 pg/mL I & FRRIEBCNHE 2 dlbrEm 2k, SRR E T4 E mg
GAE/g £7R .
1.4.2.2 MEEHE& &=

K AICL*6H20 (v 0 52 s T & B 0S), K 100 pl 3K JEE 4038 A 32 B0 ¥ W s it 0 2%
(quercetin, QU) 15 100 pL 60 mg/mL AICl3+6H,O ¥R & = 5 N M 15 min, I Ak R7E
430 nm WAL IIOGIE, A TEK BB REREAT A4, Bl 5~50 pg/mL Hit 5 2 AFRME R 2
LB B e Am v Al 2k, ARAE BRSO P R A, g5 SR AR 4 E mg QUE/g
TR
1.4.3 MRS Fu AL & P &

it DPPH H A ABTS H HEE B e /1P A RSB K Pt ae /0%, DPPH H H
FEIHERAE JITE : 73 AV 50 pL FRE 338 B B2 A i A B2 3K 5 150 pL 0.15 mmol/L DPPH HY
REVE T 96 FLEEFRIR LR &, WEY 3 IR M. 30 min 5T 517 nm UIMROGIE (A

ABTS [ HAEEBRAE JJME . BU S50 pL A1 B2 R i B B2 354310 55 200 wL Fike J 11
ABTS H H3VER T %R %S 6 min, K5 I EEAR OGN SRR R AE 734 nm BIOGIE (40 o Hrf
HI 70% F AR LS . 70% P ISR TE K L5 SR B R AL A B eh B VA W oK S AR
B E BB B IRA (4« SEEAA () FREREAL (4) - BHEBRE (R
kAR T,

(Ac—Ab) — (AS_Aj)
Ac—Ab

Rs= %x100% Q)

1.4.4 AR 9P FUHE SR s i P ) 2
1.4.4.1 HUBEREAGTE VS #r

K45 & E (bovine serum albumin, BSA) — SEMHbEJEAL AR SFA/BE 5 A HORE 3E1L
Ae /107, H pH 7.4 (1) PBS ¥ AC & 20 mg/mL [ BSA 1 500 mmol/L HJ 5 ¥EV# . B 1 mL BSA
W 1 mL SRHHA S 200 uL 1.0 mg/mL #GiE B A Ja T 55 °C [V 48 ho 8 Jim 73 Al LA 370
nm Al 440 nm Jy O BASMUR BB, 5620 66 THIN E e iR AR, BRI AGESs T2
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96 fLEGFA R IR 2T, =R SN 6 min 5 I 50 uL 5.0 mmol/L f¥] pNPG, 37 °C 3 10 min J5 I
A 100 L 0.2 mol/L NaCO3 iR 1L 87, {E 405 nm b 52 I GAE o AR J50 A BE 14 %o HEL L
AR SRR 7V v A 20 ICs0 1AL
1.4.5 ¥R 1 [ 4333 4 BAY 22 B 45 PR b
1.4.5.1 S K 32 Bl 5

BEHLIZEHL 390 2 5 dpf B 2E 7Y AB & RPE S T 50 mL etk 1, FANSREG 30 B. MR
AKHF S BIIINIRE N 62,5 125, 250, 500 1000 F1 2 000 pg/mL (747 3B, FEASBEM Al
PRVRFN 25 mL,  SB02H 35 FH b e AR T k) T B T £ B AR A, RERAG 25 7.5 h, ELLAY
PR, S0 B IR) R B G0 T 25 S 06 4 A B 1 A0 T B RN SRS IR, R A s P R B A X v f
BT I f AR (1 B KT 329K ¥ (maximum tolerated concentration, MTC)
1.4.5.2 4 B B 1005 Th 300 A

BEHLIEEL 270 & 5 dpf BF A AB it RBE S+ S0mL Fedff, MANSEIA 30 . tagEK
H 3 NN EE D9 500+ 1000 F1 2 000 pg/mL I FF R SR EUY,  iibas 51 g PR R, SEEG 203
JH v e R DR ST B T g R, BERZA 2 7.5 h, EBGAW KRG, A M OCR L4
5, S BT R A .
1.4.5.3 41 AIZ B & TR S PPN

BEHLIZHEL 270 J& 5 dpf #5 3 R B R4 T 4% (07 s i RBE By f1 T 50 mL bedrrr, AN SR80
30 B, [BEZEAKH AR EE N 1000, 1500 F12 000 pg/mL 7 RSB, PEkSZ0TT A pE 44
ot o ST 2 ¥4 P v A v PR TR L B S UBE AR R, R4 2 7.5 h, EEAAWIR)E, 1E
AU A R BEALIE I 10 BBE D 0 F 28 Rk e, oA L AL b 07 P A AT BITTE X
SN I AN R IR
1.5 EGe it 7ih

AP SEI I E R =R, SRIR A R LCFMEARHEZE KR . R SPSS B A X i dfE #k 4T
giit, I %M Duncan #.[K K J7 2 /047 (one-way analysis of variance, ANOVA) /r#fr & &¥E, P
<0.05 NAZERBEA SR L, B R Origin 2019 F1 GraphPad Prism 9.5 £ .
QERS S
2.1 IREVEE

AR P AN TR B 2 T 45 5 8 75 R B3R B R I 2 B R L&), RIS R L 1,
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MCu 3R B (8.4%) , MCrofF R (4.98%) , IREUVEREEH LEEERIRER N, S8~
B 5 3 0. ARAEARAUAR T SRR, 24 B IR A 40%H VA VR BOAR A R, B R A R A K 4
B2 H O W THm s MO REIREE TS 3 70%, V6 O U0/ G 45785 751 o 140 R AR A 420 I 9 A O
My AFEN R B ORI AR S IR, — R A R A M 1 AR S AR SR R, R
B F R I,
22 BB R RIS 200

Wk 1 pR, FAAFKRER ORI A R0 aR .. SEETER TN ER, AWK
JE 1) £ 4R B v e By i 35T 25 5 M o B R B 9. MCa0>MCos>MCago MCro 2 3
S S B2 9N 59.17+5.61mg GAE/g 1 82.59+0.49 mg QUE/g, L& T MCos Al MCa0. MCro
(1 Ty 2 R 5 4 il & MCao 1) 4.24 5 A1 3.81 1%, 1l MCos H st By LG B A 1) 5 & 5
MCuo XARZEA K, HATREM SRR A — B IR E RGN, BIVREE/NT 70%0), PRz e ik
B ATy S RN B 2R AL S 5 Vs T ARV R BV b, T SRR VA BB IO R 5, B LK
FERISEIN, FHESREY ) S  STE A N 4 SRR B T0% K, BE R 2R 1Y
I, — 7 TR PERE 2 A8 /N, 55— D5 TP R b A R MR A e s Mk DA B Ak 1 2% B 40 I
[ B B SR B >, S BB U v ) S B L B R RO, 2R B Ar AT, RTRARIE A 70% L
VT, i IR P SR IO P B e A B R B 1 R A

RI1FIRERYNBRREBMNS RS R

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

‘ A% S I

BE _

Yield Total phenol Total flavone
Sample

(%) (mg GAE/g) (mg QUE/g)
MCy 8.40 13.95+1.99¢ 21.68+0.53¢
MCro 4.98 59.174£5.61° 82.59+0.492
MCos 6.45 17.83+2.06° 23.65+0.28°

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

2.3 PR IREBIEIMAE LEE I SR

DPPH F t1&iEBRAE /R ABTS H HHESHFREE 1R 7218 F - FAS I K AR F= b A BE 1 i
b, FERIE R B IR ICs B, B HPTEAE IR . APTA U B hiEE, B
AN RS R RO AE sk 2> TR, R AT s i WO AR 1 B AR BE VT4 R DPPH H R i BR g
PN, fng 2 FE 1 TR, SIS B i) DPPH H th B TS FR AR 71 ABTS [ th 2R g
JJ. MCos B A B 52 i) DPPH H HJ& i FRAE /1, H ICso 1879 16.30 pg/mL, 252 by vk it 4t B2 3R
(1C5=37.02 pg/mL, P < 0.05) 2.2 4%, DPPH [ 13 1% B3 it 1 5% 55 1 /& MCao, ICso fH 1
106.73 pg/mL. 1l MCro '] ABTS H HIEIGFREE ) feom, A ICso fHN 16.30 pg/mL, ik T K
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K (IC50=31.89 ug/mL) , MCa X2 (ICs0=63.44 pg/mL) .
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Fig. 1 DPPH (A) and ABTS(B) radical scavenging rate of ethanol extracts from Moutan Cortex
R 2 P} B BRI R B o 380 0 B T B T
Table 2 Antioxidant and a-glucosidase inhibitory activity of ethanol extracts from Moutan Cortex
. R bR o TR FF BT 1
i Free radical scavenging activity (ICso, pg/mL) o-Glucosidase inhibitory
Sample .
DPPH ABTS activity (ICso, pg/mL)
MCyo 106.73+16.02¢ 63.44+2 .83 191.2243.00?
MCro 34.20+0.36° 16.30+0.884 3.58+0.35¢
MCos 16.30+0.74¢ 76.86+4.57% 14.94+4.43%
Hi#t ¢ % Quercetin 37.02+0.24 31.89+2.46° /
He: FSIAREFRFROREREE (P<0.05) .
Note: Different letters in the same column indicate significant differences (P < 0.05).
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Fig. 2 AGEs (A) and a-glucosidse (B) inhibition rate of ethanol extracts from Moutan Cortex
: BRAETRRRERES (P<0.05) . Note: Different letters in the figure indicate significant differences (P
<0.05).
2.5 R AR M AETEAN
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Ty g — B 0 10 AR R 259 h B 32 WO AR AR 2 — o ASHIE SR Y s W Xt 5 f R
WP e SEHU BEAR AR AP R 24545 ORI IR RE JT o FEARSCIG S T, FHEOWBE D 1 1) MTC ¥
W 3. HmRH, FHEFRIIREMT 2 000 pg/mL A2 BE - £ (1) 1 5 AV o e, E s
J5 825258 A P AZ R B 1P B SR A of S50 1) I SR AR B VA W) A W L ) S
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Table 3 The maximum tolerated concentration result of Moutan Cortex extracts (n =30)

WK . BRI N

HA TET-HL BRPERM

Concentration Mortality rate
Group Fatality Toxic phenotype
(pg/mL) (%)
Xt HEZH Control - 0 0.0 V& J1IE T oI B R

62.5 0 0.0 IR W R 5

MCro 125 0 0.0 I 115 T ) A
250 0 0.0 IR W R
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PEFFE 2.06 mmol/L, 500, 1000 F12 000 pg/mL ) MCro AbFEJ5, B 55 i pEE BE 2 2 5 PR 2
1.55 mmol/L~ 1.45 mmol/L F1 1.05 mmol/L, [FIf 18 pg/mL IMtA% 5IEH (pioglitazone, Pio) 4%
MAEAE NP2 1.10 mmol/L. HIBEF W, BEAEPFEARBUMRE B BT, SRR AL, B85
AR P B B 35 BRI (P < 0.05) o 1 2 000 pg/mL MCro AR % %71 B A0 242 F BE 25 £ 4 Py 1f
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Fig. 3 Effect of MC7o on blood glucose levels in zebrafish (A) and its hypoglycemic activity (B)
W BHRAEE R REREE (P<0.05) . T, Note: Different letters in the figures indicate significant

differences (P < 0.05), the same below.
2.6 SNE B Eh A ARIP IITEMN

PR 5 J) 1A 225 A8 A2 W PR R8O LIRS M O JORE , ZEHE R A 5 PR R 195 100 F S8 2
L B2 D) ReBRAG CGEBI ARG MRIVEEIR, WU R w . M ST TS . AT
FORIN, #0224 R 5 P SR E 3 S A0 TR A W, T B PR R D e LR R S R A L B
FER A AR 2 AN AR, AT 2 fof ) PRl b 22 4 R AR AR 2], Ghalami 252758 3 KBRS 56 &
L, FHREm T RREAMEE — SRR ER . T R0 P B B R 3 AORE I TR E R, A
SCIE I G B R RV B T £ 4 JE S Bl 20 5 R SRV PR R e 8 1 R 47 Th R

M & 4 Frzs, 1000+ 1500 1 2 000 pg/mL 1] MCro 4 41 JE 12 5 44 28 11 2 5 B i A 0 %) B 21
(1 139 884 1% £ 7> B HE /i & 175 371 178 855 Al 217 877 1% &£, 350 pg/mL (¥ 74 #% 51 T
(sitagliptin, Sit) HEHZUOEHEHRTHE 179 8718 R . BEE P IR 3T, BT a4k
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