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Abstract: The enzymolysis peptide of peony flower was studied herein to promote the development and utilization of this
flower. The molecular weight distribution and amino acid composition of the peptide were analyzed, and the beneficial
effects of the peptide were studied by assessing their ability to inhibit tyrosinase activity, advanced glycation end products
(AGESs) formation, and hyaluronidase in vitro. The in vitro results were further verified in a zebrafish melanin accumulation
model, results indicated that the active peptide was a small molecule comprising 15 amino acids, with an average molecular
weight of 644 Da. At 10 mg/mL, the respective in vitro inhibition rates for tyrosinase activity, AGEs formation, and
hyaluronidase were 88.96%, 90.50%, and 60.43%, respectively. The respective DPPH (2,2-diphenyl-1-picrylhydrazyl) and
hydroxyl free radical scavenging rates were 74.77% and 94.74%, respectively. The zebrafish model studies revealed a
melanin inhibition rate of 40.59% when the sample concentration was 1000 pg/mL. In conclusion, the results of these in
vivo and in vitro studies preliminarily indicate that the peony flower enzymolysis peptide can potentially improve skin
health.
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HALEWY), S PP RARA T T REME R0, 2013
A, PHRUHPIER AN ACHT IR A 721, Hos FR N
FE st gl ok i e e iaE . Jal, XHFF
R PHERIFFEEE T T 22 W5 | SRS NG PR o B
B, DA R Gy i A FEPTRE AR | BeAa Akl R
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Rz RABRE T4 1T PR FE A DL o

PRI, S T S0 E A A4 T A JUR Ko Bz JiR g B ) 47
HEHVEF, AFST B St li i it PHE RIS T E e bR
YT, SR 38 I 5 SRR P PR Tl 1325 U Jor A T (1
HIVEM, ARG EALZER ) (Advanced Glycation
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R« H a2 - 1 Sl AE 202 2 k- 2 k-
HaEw: P EHRERAI B 17 FREILRRIR AR
HESD B RIERIEAT BRS Wl 5 BA 32 40 i) i =R
R A AE R A BR AN E 5 158 2 B2 1 (=500 U/
mg) dbEIEIARVE YRR IR BT A B LLT 4
RN SRR LA iR T A1k
FBHE B BRA ] AW H AR 423 C. ihig . 2
FEWN . (o ER AN . 1,1- 2 gk 2 P L )l g
(DPPH) |57 TaRAEALRIHE AT R W w2 b
PEBERIE A BRA A i S fb Sl D-SRE 254
ARG A R T A I3 AR AHERPE AL T
B AT BN 7T HAthi 5024 [ r= 434t

LC-16 785 20 W AH (0 35 A (B0 A 58 S0 ARG I 2% A2
GPC 4bPRFRSE)  H A H H] s HH-4B #4 1441
TERAK GRS EARCE ) AES 6 UV-5100 BI58
ShRT LAY GG EE T B T HTA RS A BR A A
MULTISKAN SPECTRUM ZlfEHR{Y  SEEFEBR K

HIRBHE S F]; HC-3016 AU S YR 2508l &2
TR} fERL SRR A R T SZX 7 Y f 1 W ks
H 7= BLAK B 37k a0 £ 45 TM300 78 g £ B4
PC-10 FUF74H{X  H A Narishige 23 Al
1.2 XWFHE
1.2.1 4HPHEmsfF RS B FHREE e THE
AKBIERFTH, FH NaOH #8775 pH £ 9.0 /&4, #2670
SrdEdE 1 h, FIRGERERIEAY pH = 4.5 224, 4rEsieE)]
ULVE o W UTTERE Falizk v, Y875 pH 2 8.0 247, il
A 1% BEcPEE FI I, BEAE 4 h, BSOS 24T KAt
H, BHIEERG, WRo-n st . Bk
&, 15843 5<3000 Da By FIAEZ IR, dE—4hE
weAi BEER O S5 v IR T458, R gt PR B ks -
1.2.2  4HPHERGR KBRS AR E
1.2.2.1 FEHEEEME I8 GB 5009.5-2016 & i
274 [E AR B TP B I ) P ER — 1L
P U e P A AR B 1 B & i
1.2.2.2 AX-FRESMNE SR GB/T 22492-
2008 K T AR 57 A JIRAH R 43 S5t i 4341 i)
T7 R ) B0 1R RO A RS AL T s o B R AL A
TSKgel G2000SWx1(300 mmx7.8 mm, 5 um); i3}
FHR 205 1 7K IR 2 05=20:80: 0.1 (fRFL L) ; KAt
[a]: 25 FEPE AR 30 min; FEE: 0.5 mL/min; #6700 75% 1< .
220 nm; FFEAAF: 10 pL.
1.2.2.3 Z&IEMRA I E =% GB 5009. 124-2016
CE A E ZEARUE £ T 2 IR i s Y1 S AH =5
RO AR A% v R AT LR AW R . %A GL
InertSustain C,¢(4.6 mmx150 mm, 3 pm) ; i 8 #H
A FHZM 40 mmol/i 1R £k 2% vh i (pH7.0), B AH R 2,
Jiti/HH g/ 7K =45:45: 10, £6 5 B (0~1.00 min, 10%~
12% B; 1.00~2.50 min, 12%B; 2.50~2.51 min, 12%-~
16%B;2.51~13.00 min, 13%~36% B;13.00~13.01 min,
36%~38% B; 13.01~25.00 min, 38%~100% B; 25.00~
28.00 min, 100% B; 28.00~28.01 min, 100%~10%
B; 28.01~35.00 min, 10% B); & 40 °C; &&=
1.1 mL/min; KM% 338 nm; FEFEE 10 L.
1.2.3  {RAMESE R BRSO 5
1.2.3.1 BEEZAMREGEIDHIFRI e MRS SCHER [18]
VEXT P A B R 1 B 2 BR B i R AT 2 . T
FEME (T I 1.0 mL B R AT 0.5 mL B
PRI, TEARE ARG A (TO) 4 A A 1.0 mL #f
AR AN 0.5 mL 2z v, 7RI S A8 (C) him A
1.0 mL ZZ by F1 0.5 mL BEEBRBEIA R, TR A
B(COFIMA 1.5 mL Ewi. #EHFBT 37 CK
WIEE 10 min Ji, BHIA 2.0 mL BIZE €22 LIS o
FIRJZY 5 min J&, T 475 nm AZAGII0E R OSCREE . AR
ST UL R E A FEPEXT B, ARHE L =016
P S PR PN 32 (%) :
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1.2.3.2 AGEs #illffill 3N =08 J8 2 4EU0 REE
P BSA/IR JFUBEA Z2 A5 IR 00 52 4 h P F A6 T A7 Ok AR o
Teim . & JeECH pH7.4 BERREh 22 vhiA W . 4.0 mg/
mL Zf Il ¥ F & BSA . 0.5 mol/L 4 %5 #%/D-
SBEVE N 2.0 mmol/L & FENUA W, 2235 i i Ab
B, FERESRZH F1 A AA 100 L BSA. 100 uL #5745
E/D-SBH MR T 100 L 22 AKAE &, FERE 50Xk BR2H
F2 Uil A 100 puL PBS. 100 pL #2848/ D- 5wk
F1 100 pL 22 IRFE &, E25 1 4H F3 i A 100 pL
BSA. 100 pL #ij % B/D- AR E W AT 100 pL B 5%
FI VW, 78 25 1 X B 20 F4 *hin A 100 uL PBS,
100 pL 58] 6] B /D-SHE W 0 100 pl A5 i 35 591 1%
W . A 2.0 mmol/L &3 IN(AG) % Wk FHAE FHEXT
BB, INsEkER S, T 37 °C B3R TEE 7d. ME
H 2 360 nm FCECTR T, 76 453 nm AW ZESGR
B, POR R SSIIREETERE R 5 nmo ASSLLG Tk DA
FEAVE R BHAEXT IR, ARSELL T A0 1HE. AGEs 42
I AR(%):

KRR B2 (%) = (1 _ )x 100

Fl-F2
F3—F4
o F1 RREE Rl 6 ; F2 e it
RELH B YGRE; F3 Ry AL BIOGEE; F4 FKonas
FAXF BEZH WG
1.2.3.3 EHRERAEFID RN 22530k [20]
TE P14 2000 5 o P A Tt i R 1140 35 R o 78 Tt 4TI 1) %5
FE.OEFIINA 50 pL 57 AL W, 4.85 mL
0.2 mol/L & 2. BRENZE PP AN 50 pL 1.0 mg/mL i
HH J5R R A T, FE4F8 20 FF A 50 pL 3.44 mg/mL
5 W R FRANTA MR, 37 °C SN 15 min i, 12 % WA
400 nm P FRIOCREE, iCh AL, FBERE I 27
PRSI GRS TE AR SR I Acl, a5 X RO
L MR A R TR R B VA TR, DA G RE R Ac2, T
FERE B e A 22 v AR O G IE S A0 AR
BT LA AT BRENVE S BHPERT IR . # LU N AT
175 BH SR PR S PR 23 (% )«

AGEsHlI# % (%) = (1 - )x 100

Acl-Al
Ac2-A0

P Acl RRFE ST RRAH IO RE; Al R
FE L P WG BE 5 Ac2 R R4S X FE 4L i W O B 5
A0 FoR2S FZH OB
1.2.4 RIMUEAEES T
1.2.4.1 DPPH H HIEIERRME KIECGB/T
39100-2020 Z ikPréafbiil 2 DPPH 7511 ABTS 75 )
H1Y) DPPH 5 4t FHE BRI DPPH F H 5L
%, B ehodil 50 pg/mL DPPH VAW, 246 76 Al

5 R A1 (%) = (1 )>< 100

BN 3.0 mL DPPH AN 1.0 mL #£4%; 76 A0 &
T 3.0 mL Jo/K ZBEAWORT 1.0 mL AR 78 A2 4
F0im 3.0 mL DPPH A% A 1.0 mL A£ 5575 OK) %
W ST RG34, EiEEE RN 30 min, T
£ 517 nm £ T AN RIS GEE HZER
IKVHFTAREUE) o ASSZEG 7 15 LA e H BRAE S BEPEXT
M. A R AR DPPH [ 3553 (%)
Al—-A0
A2
oh: Al FORFES AL ; A0 FEoRAR ST
BB DGR s A2 FooRnas A IO G
1.2.4.2 A HEIEERRRNE  ARYESCHk [21] 7
UL R R A 33 NENF =Y = 2 S B S 4 SN & et LTt |
8.8 mmol/L H,0, 1.0 mL. 9.0 mmol/L FeSO, 1.0 mL
Fi1 9.0 mmol/L /KGR - B R - B 1E A0 4,
A00 21, AO1 ZHAF1 A1 ZH 43 5 A 1.0 mL FeSO,
VWA 1.0 mL /KGR - LRSI - 7 AOL 1 A1
SR 1.0 mL BYRESR ISR, 76 A0 1 AOL H143-3)
I 1.0 mL AL SR, £ A00 HHJ A 2.0 mL 1Y
FESME R, S A TE A0 Fil A1 FiIA 1.0 mL H,0, Jii
RN, 37 °C ¥ 30 min J5 I ESS4HAE 510 nm
PGS . ASSZEG T L LI4E2E 2 C VR BHEXTIE
F TSR B RE R,

DPPH H H B R (%) = (1 - )x 100

Al-A01

~ A0—A00
o A1 RS BTG EE ;s AOT SRR

X BEZH AYIOGRE s A0 R as FIEH A GEE s A0 3R
TRES X RRZH WG
1.2.5  FL 5 T Ar AR (1) B o ZEH ) SR
1.2.5.1 HeKiita2 3% (Maximum Tolerated Concen-
tration, MTC) ill x&  FEHL#EHL 3 dpf 7 4= 7 AB
fnRBE T 6 fLih, FLEA 30 B, JKE
5 TRE (3R 3), BFUARUR 3.0 mL. BRIEH XTHEZH
A, AR ST BE 2H FRE i 2H 340 D 5 30 1 S B 3 4 it )
PR, ST BT o SR SRR . A 28 C &b
B 24 h 5, PSERE S X TSI MTC,
1.2.52 RBAZEMSZRME EYLEI 3 dpf BF4E
% AB RS T 6 FLP, AFLEHE 30 B
i, KIEHTRERGE 4), FUARC 3.0 mL. BRIE
X RRLH A, AR R ZH AR S ZH 25 B e e v G BE 22
ANNE R FEER, AT BT fa SR IR R, AT
28 C AbF 24 h J5, FAHBEMLEEIL 10 BHES T

B2 1 ph LI (%) = (1 )x 100

S SRR ARG ZIREE(S) . ORISR
Eave/lI o
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A ST FRARAR AL BRZH 1 Sk S SR (A R A5 5o
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1.3 #HiELE

FH SPSS26.0 HAFX SEIG BRI TS T 4T,
SO AN RN R I R ETR 25, MR PR 3Ry 22
SYMTAN Tukey KBS ARiF 4Ll B I GET 2422 5, Hoh
P<0.05 BHAHTESE 4 L HAA B 22N
2 FER55Hh
2.1 HFHEESRRRKAVIR (LR AR
2.1.1 Sy FE40AT R 1 ATAN, $HPHE sk~
H4rTB N 644 Da, HArFE<1000 Da HIJIKES: 5 b
=K 97.82%, XS R UL PIAE S I L3R g7k
N T IRBE . T/ N7 KB HL AT W
TR S, P AR B - s R 7Nk
B HHAT R A st

F 1 HPHERBRIKE 7315 o AR
Table 1 Molecular weight distribution of peony flower
enzymolysis peptide

2 HEPHERGR IR B AR

Table 2 Amino acid composition of peony flower enzymolysis

Byoyva wHSTHR REHRAST

3R

(Mn) (Mn) (P K220 nm, %)

>10000 0 0 0

10000~5000 0 0 0
5000~3000 3536 3582 0.13
3000~2000 2437 2464 0.27
2000~1000 1280 1289 1.78
<1000 618 623 97.82

AHXF o T — 7

LR 45 i 100

peptide
AR HH(g/100 g)

KA 3.60+0.18¢
HER 1.97+0.06
2258 0.57+0.03"
AR 0.72+0.08"
HamR 1.22+0.05°
IR 0.500.05°
i 0.42+0.06°
AR 1.8240.12¢
i 2R 0.74+0.03°

E=VA ND

Jhe iR ND
ETERN ] 1.38+0.10°
R 0.48+0.04°
KRR 0.86+0.06°
SSE IR 1.29+0.15°%
SEE R 1.7040.09°
R 0.88:£0.06"
SRS 18.14+1.25

F{E 2.74

2.1.2 HAFREREIERAN 2, HPHERE
it UK A9 28 A Ol 44.93%+2.92% (DL .

FH e 2 AT, L PIHIERS R R 15 FhaE Zme 4 nk, &

SR & BN 18.1440 g/100 g, 35 il A 55 1Y
7 P SR (020l A A1 L3E T s P 44k . 38
T A SR (AR . 2R S E R 557
TG A Falik RN AR MBS &R ) WY ELIEAS 2 F (E N
2.74, $EE EAKAIFE AR (F {5 3.0~3.5), UaBA4EFH4E
T K B VTR B AR G P2, RN, S AE i
BRI RA 2RI Zr BB =1, o 3.16 g/100 g, HRE4T
IR, S 1.97 g/100 g, 35 I R IR A 2 iR /K-
A A A R FLAEE AR A S oAb o, B
A FF A AR . SR A AL E P e
B IR Pl ST — B KRR, 29 0 s S
M4 4.8%, T A Shy i 2201 ke = 1A 25 90 1A I BT b Fe 7l o
mIEs, i aieid HoA et e ar. AR AT RT3
SEDIRERY . Nk, PR IO — PP A I TR
SR, AT R Z R RetE b o

2.2 HFHEESRERK RO IMR I I BRI BRAE R

2.2.1 XtEEEFREEEMER eI A S ERIE S B
RO AR ) S, EAIR AR L- 2, I —
HHAC R L-Z PR, 2B R g . PRI, m i
RE A FFAEBRAR A 1i% 2d BR IS P 0 RIVE A, T T
PEAS A ] B 2R AR i RE T, BISE TG PERT . i

Z‘)q‘casNDs&ﬂ%mmum; AT B R 44 B R 2 TP 5P 22 5, P<
& 1 ATHL, HREE A 0.625~10 mg/mL B, $H 46 g i
JUR B4 P S0 R T T 2R AT 10.14% F1 88.96%, I H.
B e B T RN o TEHRIE SR 10 mg/mL, $1:
PR T FUR 1) P 2012 Tt 110 1 3 5 E Ao B th R Ak 1
[F—7K -, U BH PR R BT R 25 Rl
[FIEE, A WFoe 2 BH 22 IR ] S 35 1258 il 1) 25 22 it
K, B R DL ISR U PSRRI i R A BAT 2
1) s PR AT i 0% P20

1007 gt o 2 it ik e a

-1 b

S s0f

43; b

= 60t b a

=

2 40t .

o b

it a

# 20}
a

0.625 1.25 2.50 5.00 10.00
HeFE (mg/mL)
B 1 SRR BE (A P A IR T i R T 1) 10 ] 2

Fig.1 Inhibition rate of different concentrations of peony

flower enzymolysis peptide on tyrosinase
T ANRVING FRER AR R T B4 PHE IS PR AL XS
HRZH [ A7AE W 22 5, P<0.05, 18] 2~ 5 [F].

2.2.2 Xt AGEs Aplifgigm  AMpd 2l S
B T e D P RN SR 2 1 A SE R AR N, A2
MR I L R = (AGEs), 1 BB BRAS 3 | RFUL,
RO R, PP R, sl s et
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FHEEE KT T AGEs A= sl 30l 5058, 7T LA sz e
FES PR RE TS . B E 2 AT, 4EFHERE
FRAKMY) AGEs A= B il i b A e B s LT 2
ZePEREIN, 7E 10 mg/mL BIHEE T, AGEs 2= sl #
HIFRE IR 99.50%, 55 BH X BR S LA A7 S 21k
255, UL PR R IR EA B m b e s T, 7
Yo i A AR N T 77 o

| BiRayialiiidiN
B SRR

60

AGEs = AN H % (%)
S

33
S
T

10.00

0.625 1.25 2.50 5.00
WP (mg/mL)
B2 ANEWR RO PHERH R IR AGEs A2 BEi il 5
Fig.2 Inhibition rate of different concentrations of peony
flower enzymolysis peptide on AGEs production

2.2.3 XFiFE BT RRBEHE MR RS2 37 W B R TE B R
A SRR AR K PERE, 110325 W BT R i — T TR
75 W BT R (A i, AT B k7K 43-0ali 2, 32 3507 Bk 1 R
SN D | ARSI 2 A IR, DAIEL 3 AT,
Hh ;AR B R 1% 325 W JB R Pt 4110 1) 32 %5 =, 7E 10 mg/
mL H}AF] 60.43%, [EHHEE 0.625~10 mg/mL LR Y
SEURBERGN,, H 5 IR EE ) BHPEXT B R 4 AH LE,
I TR 25 )38 W B PR B A RS R, DR AR
Pt i IAAE LR IR S ™ i 4 1 FH 7 A AR R - R B
FITTIZHT 5 o

80
~ [ EARRXIAlTIN
S [ RERCRIE b
- 60
i b !
= b
= w0 :
z
B b a
= 20 a
) W 2

10.00

0.625 1.25 2.50 5.00
WPE (mg/mL)
P 3 N[ A A Tt A JORONT 325 Y J 1 ok 7441 i 4
Fig.3 Inhibition rate of different concentrations of peony
flower enzymolysis peptide on hyaluronidase

2.3 HFHEEERRIKAV R IMAE IR MERAR

2.3.1 X} DPPH H HFEIHFEREESIAYSZIE  DPPH [
H AL AT 5P AR BEs &, FEHAE 517 nm 2RI
W, PR B AR ARSI TR PRI PR 8 AR
Pl 4 g0, AL PHERER IR DPPH H i BRiEER RS
WE RIAAL S TEARSE, 7E 10 mg/mL ¥ N AIERRR
ik 74.77%, H. ICso {H N 4.32 mg/mL. 1M1 BH XS

A Ve H IR iy DPPH H H 3 0 R 3219 1C, {H R
1.42 mg/mL. HAHFFEFR, ZHKXT T DPPH H H 519
T BREE ST H B K IR 1) 22/ P it S E
Tt e JUR B A5 45 i AR A B /K PR 2 BRI, N 240 F
AR, s T AN iR IR HAT B DPPH H H
FLIE BRI,

100 1
- I
S sof WA
iﬂi‘% 60
i
H 401
pung
jas)
= 20t
a

(=]

10.00

0.625 1.25 2.50 5.00
W (mg/mL)
El 4 R HFHERHF AT DPPH [ 2035 R

Fig.4 Scavenging rate of different concentrations of peony
flower enzymolysis peptide on DPPH free radical

2.3.2 X¥EEH B IEREE I Mg EARZE A 3k
rh, 32 SR R IR, PRI HLAASS F R, Jin
Pl B . 3l AT ROE RS 3, TR LA
IEH AT S5, B S AT, 4 6 e A K
2 1 TR R R B A B BB BT 58, HL 1C, 1R
2.43 mg/mL, 1fij BHPE X B4 44 3 C #Y 1C, [H h
2.16 mg/mL, VLW FHIE R KA B s 1 2 A
FLIE BRI . AU KB M s R |« 4 s R
SR MR I N, 23 B IR A H R
ABJIIGEIRIOT PRIk, P AR B R 0 i ) ) R BRI
AT B EIERRA L & S s A IR FNA 2R AT % .

100 1

SR (%)
8

e AR
5 3

[33
[=]
T

10.00

0.625 1.25 2.50 5.00
WP (mg/mL)
S NP O A 2T R

Fig.5 Scavenging rate of different concentrations of Danfeng
peony flower enzymolysis peptide on hydroxyl free radical

24 HATBMBKETHRIGERENEGRINGIER
ME

2.4.1 MTC S5 3 3 Al%0, 7TEARSIG S5F T, 41
FHAE A K E IR e R BE M7 3 (MTC) 2 1000 pg/
mL. K, J52:sh¥ 55 ik i & 2 250, 500
1 1000 pg/mL.
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3 HPHERR IO IR 5t A REPEIKEE R (n=30)
Table 3 Toxicity test results of peony flower enzymolysis
peptide to zebrafish (n=30)

A eml) () (%) #
TEH X HRA - 0 0 A DLEH B S
TN HE 2 - 0 0 DL o
125 0 0 SR HR LRSI
250 0 0 SR HR LR AL
P AL R IR 500 0 0 SR BR LR ASHIL
1000 0 0 SR HR LR ASHL
2000 0 0 RN RADRAS ™

2.4.2 MBS AR ORI eI T
BRS04 BB AR TR deh (1 e KT 52 P =, 2E
— 2B AR O MR P R 5 S R L f sl R AR
HEASL R ET, DAPEAS AR S B0 I IRSE I 2k, ik 4
FNE 6 ATHI, FEASLIG AT, AR IZHAH L, IE
X IR ZH 0 B £ SRR (0 3R A5 S 5 B I 2 AR
(P<0.001), UdHIEALM T o 1 4 BE S A+ 1 AN
WRBE AP AR B , DE S A0 S AR A Z D TR

BEA, HLE 032 410 ) SR 25 A S W B ) B8 I T 1 RS,
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Table 4 Inhibition of melanin production in head of zebrafish
by peony flower enzymolysis peptide (n=10)

kAR ERF S

205 e (pg/mL) (8%, meantSE) BAZEIHIH(%)
TEH % B AL - 70854+3260"" -
IR N IR 2 - 118200+4349 -
250 71800+3718" 39.26
LR VIl N 500 7053844473 40.32
1000 70225+4093" 40.59

e SRR FRAH LA, **P<0.01, ***P<0.001,

FEPHEREEAK 250 pg/mL
K6 AhPT AR iR AL B B £ Sk 8 R 60 2R A 50 B A [
Fig.6 Typical figure of melanin signal intensity in zebrafish head treated with peony flower enzymolysis peptide
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