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HAETS d, AL 20 R RS A E G AR L fak 2 8-F A ANE IS A 41 (8-mop,4. 25 mg - kg ') \3-OH AR & 4%
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Enzymatic Preparation of 3-Hydroxyphloridzin and Its Therapeutic Activity in Vitiligo

LEI Jingpeng', WANG Junzhi'*, YU Haili*, XIE Yang', DENG Zhangshuang', DENG Gaigai', YANG
Mengyaol , Xu Peiyong3 ,SHUI Xianfan’ (1. Hubei Provincial Key Laboratory of Natural Products Research and Development, Three
Gorges University, Yichang 443002, China; 2. Angel Yeast Co. , Ltd, Yichang 443003, China; 3. Hubei Province Badong County
Guandukou Town Agricultural Service Center, Yichang 444399, China)

ABSTRACT: OBJECTIVE To design and optimize the enzymatic preparation process of 3-hydroxyphloridzin and investigate the in
vivo anti-vitiligo activity of 3-hydroxyphloridzin, thus to provide scientific basis for achieving the mass production of 3-hydroxyphloridzin
and vitiligo prevention and treatment. METHODS  3-hydroxyphloridzin was prepared in a system containing L-ascorbic acid and
crude polyphenol oxidase (PPO) solution, with phloridzin from the aqueous extract of young leaves of Malus hupehensis being the sub-
strate. The molar yield of 3-hydroxyphloridzin was taken as the index, and factors including phloridzin concentration, pH, tempera-
ture, reaction time, L-ascorbic acid concentration, enzyme concentration, and stirring speed were selected to optimize the preparation
process conditions of 3-hydroxyphloridzin by a complete randomized design, Placket-Burman (PB) test, path of steepest ascent meth-
od, and central composite design ( CCD) -effect surface method. To verify the feasibility of the preparation process, the reaction system
was scaled up to 250 L. Besides, Vitiligo model was constructed by applying hydroquinone cream to the back skin of C57BL/6 mice for
75 consecutive days, and the mice were randomly divided into blank group, model group, positive group (8-methoxypsoralen (8-
mop) , 4.25 mg - kg™") , and 3-hydroxyphloridzin low, medium, and high dosage group (10, 20, and 40 mg - kg™") on the 20th day
of modeling, and were administered with 55 days of gavage. The mice in each group were depilated every 5 days, while the modeling

area was videotaped and the hair decoloration was scored. At the end of the administration, blood was taken by removing the mice eye-

ST WAL 5L VU5 R (R 15 T HE 45 R PR % B (HBGC-2021-167C)
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balls, and the serum tyrosinase (TYR), cholinesterase (CHE) activity, and malondialdehyde (MDA) content of mice were detected
using the kit. In addition, skin was taken from the dorsal lesions of mice and sections were stained with hematoxylin-eosin (HE) , then
under a light microscope, 50 hair follicles were observed to count those containing melanin RESULTS  The optimal preparation
process of 3-hydroxyphloridzin was as follows: phloridzin concentration of 1. 70 mmol « L.™", reaction time of 6.0 h, and PPO concen-
tration of 25.0 U » mL™". In the amplified experiment, the reaction solution was decontaminated by a macroporous resin, concentrat-
ed, and dried to obtain 334. 80 g of crude 3-hydroxyphloridzin with a purity of 70. 32% , and the extraction rate of 8. 37% , and the pu-
rity of 98. 10% of the 3-hydroxyphloridzin was obtained by further isolation and purification, which yielded a pure product of 3-hydroxy-
phloridzin with a purity of 98. 10% and the yield of 68. 50%. In vivo activity experiments showed that compared with the model group,
the hair decoloration of mice in the 3-hydroxyphloridzin low, medium and high dose groups was significantly improved, with a signifi-
cant decrease in hair decoloration scores, serum MDA content and CHE activity (P <0.05) and a significant increase in the number of
melanin-containing hair follicles and serum TYR activity (P <0.05). CONCLUSION  3-hydroxyphloridzin can be prepared by enzy-
matic extraction of the aqueous extract of young leaves of Malus hupehensis, and the method has the feasibility of quantitative produc-

tion. 3-hydroxyphloridzin has therapeutic activity for vitiligo, and the mechanism of action is related to enhancement of tyrosinase activ-

ity to increase melanin synthesis and improvement of oxidative stress damage to slow down the development of vitiligo.

KEY WORDS :3-hydroxyphloridzin; Malus hupehensis; vitiligo; tyrosinase
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1 # #
L1 #4535 A

WAL SO, R T AL KRR BIAE,
HY =R T T Se S S s SRR 1 AL 1 3 [ Malus
hupehensis (Pamp. ) Rehd. ] ; 375 (R M S #E T
AR 5 B H X B (4l =98% ) \3-OH i
X B S (Al =98% ) ( =W K2 KR =M 5T
SR AW AR  HEE O (@) ;48
R AR B A R AU L
EAR(DMSO) ([ 24548 kA0 BRA | ) s sk
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Py P VR AN S SCXK(55)2022-0012, SE50 37 ) i
JAE FAFATIE S SYXK (56)2022-0061 , 3l ¥ 18 B
At g5 2023020X, 4 55 o0 SPE 2845
B, A gF Ak fF MR BE (S5 £ 5)% il BE
20 ~25 °C, Bl POk,

2 7 &
2.1 Fgikdl4& 3-OH AR g 4
2,11 CIHE SO K SR IO b T S i
100 g,98 CIRIRAEE 2 U, 265 1 U 12 £5K 26
2 YN 8 K kg, A IR E Y A A 2 R
WA 50 mg - mL ™ AL FMO K IR 2 L,
RO (1% 2 (HPLC ) 0 5 980 A 765 37 B 7K $2 0
MR 5 4, SR 5 B2 K B2 WA B 7 B S AS ] ik
AT RS T AR
2.1.2 ZEyE AL (PPO ) A A R 5 ORGP E
FEBAPRIBCHT LA 78 100 g, VEVRDIRE, ATV

fERRZE W 200 mL(pH 7.0,0.1 mol - L™") %
T, 2o A 0k, 75 PPO FLEGIR , 73 20 mL 25
DA =20 CY VR , IO I 3k 6 S 52 Rl

PPO JEPERIIE : HX 1 mL #KEEH 0. 1 mol - L™
AR I A 10 mL X% b A pH 7. 0 BERZZ
Pk 4 mLARA], I PPO KL | mL, DAWERRZE i
VAR s NS AR 7E 420 nm AR 5E Sz AR FR O
BEAE, 5 30 s e —WR . #4508 n 0. 001 A4
HEJE(ERE N 1 ANEHE S8 (U) P
2,13 BIAGTEE SO K 4R R L 1 A5 3-OH AR B2
T BOHAC I S O K SE K 24 mL, AR IR
(20 mmol + L") ,NaOH 7K¥# (1. Omol « L™") {35
pH 2= 7.0, I A I mL PPO B J5 JT 46 B hr, 7
25 C R BN 6 h, BB S 5 3% 0. 5 mL, 80 C Ik
HKAE S min, KR EEFREMA 0.5 mL HIE
VW, 2o DA o 7 U, HPLC 0 7 S 1y 9 Hh AR Bz
T M 3-OH MR ECH Y& 4t o
2.2 RMEAENEREREELTE

B2 117 J 2. 1. 27 T A ke 4% IR T 41
TS HEAT B R E A 10 pL; 35 A : COS-
MOSIL 5C18-MS-1I Packed Column (4.6 mm x 250
mm,5 wm) ;EIAH A K, B Ry ZNE i SRR
0 ~25 min 25 10% ~100% B,25 ~30 min >}y 100% ~
10% B; Hii#: 1 mL « min~"; & 0 3 K : 285 nm;
FER :28 C

A0 A T S RO 7K B B SO W P AR R
3-OH MR Ry & i, JF 5 (A0 1) 715 3-OH A

T E 2528 2024 4E 6 H 5 59 5 11 )

HEEIR =5

3-OH R B HEE /R % (% ) = (C3-OH R/
C HALRTAR 2 1) x 100% (1)
2.3 BHEIXEZRMAMN

F AN [) s DX R AN [i) s ] SR 47 49 A 1 3 e
AR A 25 5, B R N T2 LA L i
SO KRR P AR B R O IR T ok A
P TR AR 2. 27 I vk I A5 L T
SO K B VR AR Bk B i B DL Wk R A
(1.02.0.3.0.4.0 mmol - L™") [il#E L PPO #1
it FP TG oA DR 2R AR 2. 1. 27 0 A O 5
PURBREE(10,20,30 ,40 U - mL™") |, Sz i 3 8
Pl e D 2R R B N R . SR IR B (15,2535,
45 °C) Bidhm A (2.5 .10 .20 .40 mmol - L™") |
BB (500 .1 000 .1 500.2 000 r » min ') S
] (2.4.6.8.10.12 h) #]4fH pH(6.0.7.0.8.0)
R R R A AEAE S BAE T 1 LA PR 25 %)
3-OHAR Bz B8 /R 7= 1) s i PR 28 647 B R R S0 00
WAL, 3 8L e -1 2 ( Placket-Burman , PB)
SEIG PR R AR K R S % (i ) i 2 LA
25 mL AR R R HEE) .
2.4 Placket-Burman( PB) 5Z 15 1% 1t

FERLR R S0 1 SE Ak L, 4y ki 7 MR R B
R 2 K, @it Design Expert #07F#E47 PB X
T, LA 3-OH A1 7= 38R e AR Yo i o) H:
B W MR, LRItk 1,

&1 %ok 3-OH AR JH B /R %4 F H & 8 Placket-Bur-
man( PB) % it A& F
Tab.1 Placket-Burman(PB) design levels of different factors

affecting the molar yield of 3-hydroxyphloridzin

Low High
Variant Factor
level( =) level( +)
X; ¢(phloridzin)/mmol + L~ 1 4
X, T(reaction)/C 25 35
X3 t(reaction)/h 2 8
Xy ¢(L-Ascorbic acid)/mmol + 1,71 2 20
Xs Enzyme concentration/U + ml ~! 10 40
Xe Reaction system pH 6 8
X7 Stirring speed/r * min ~! 500 2 500

2.5 EBEMEH LR

$¢ Placket-Burman SEH i i} (19 3 >N R 47
IR BENC ST , AR R v JE AN e S5 A E AR, Ak
IRRETEY Py SADORTE 3 SN IbE Y, S LB S F
v, AT E 251 PR 2R A RO BT A DI e 1
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B
2.6 AR IH(CCD) 2 % AL

R f5% B G 355 X 56 T A 2 1) o A v o0 i, 1A T
CCD {56 B i1, 3 o X 25 SR AE AT 502 M, 459 31 BT
o T o7 {51 PR 2 A TRUA
2.7 BRI EHRRIERKAK LR

Z B AR TS IR S A 22 5 700 B b
PR T 3-OH MR K il 5 o FRIBUHT
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7.0,0. 1 mol - L™") | BESZHLAG GBS 3¢, it 6 45 PPO
FABGW . WAL S 4 ke, iMA 240 L /KA {142
HUHE 98 CHEH 2 h 4RHUSEEE 5 BRI 22 35 °C, A
LR IR 352 g, {4 F NaOH (1.0 mol - L") J PH
7.0 JInA 10 LAHBEE T WA EEIE SN, )2V 6 h, 2
N ZEF TR 2 80 °C fin#k 10 min £ 1| 2 by, BUR
VR 2. 27 TR J i i 3-OH A B i EE
IR 2 N YR g, HPD100 780k 7L W A W%
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IR 3-OH AR RZ 1 % F H B B 0k b Rk A )2
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TR A5 VRS VR A U A 7 A B R 0, 3 3 )23 J2 A 12 7
FE 3-OH MK T e 4l 43 , WA IR AL 43 VR I, e 4
T4, 15 3-OH MR A1 4l , FH T 5 Sei g S PR 2544
YrE BRI S
2.9 3-OH R e piEEmEE

FREL 10 mg [y 3-OH # Kz 15 T4 210 5 F Metha-
nol-d, Fis it , et ARG T, R ARG 2L 3 {0
E 3-OH ARz 17 &0 S ity , B EAE = 1 R 817
2.10 g RETEREAR
2.10.1  MEEERUN BT g A CSTBL/6 /)
BUG, shidE M AEE 3 d. 55 4 K, 8B/ R R
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IR (8-mop 4.25 mg - kg™') \3-OH AR K 1%
(10 mg - kg™") P (20 mg - kg™ EA A
(30 mg + kg™ )41, 4% 0.01 mL - g~ Py E H 4
2455 d, e S, S 4N S d R 1R, AR
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4y, BRMEHER <10% ;2 43,10% < B K €1
<25% ;3 57,25% < BRETH<50% ;4 57,
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TP R AL B2 B, 10% £ R By AR, A s 3, )
o BUZIRA A3 Y) (4 um) #E47 HE 34,
TE62 BT B IEE 50 B TS BEER
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A AL S SR FH A R BR kI, RS LA
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2,11 GitFa

A SPSS25. 0 A AT AL EE i DL (2 +5) 3R
NHLE T 22 T A2 E L BCR B 2 ANOVA
P <0.05 FRzEFHAGIEE L,

3 & B
3.1 R A ORI E RO B R B R

22 HPLC I 5t 1) A g S5 RO 7K 0 b AR B 1 vk
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D
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)
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D — WL KRB B
A —Phloridzin; B —3-hydroxyphloridzin; C —Malus hupehensis leaves aqueous extract

200 225 250 27.5

C — 3 b ¥ S K 2 98 S N T 5

before reaction; D —Malus hupehensis leaves aqueous extract after reaction.

1 ¥t % KR R AT JE & B A %
Fig.1 Malus hupehensis leaves aqueous extract HPLC chro-

matogram before and after conversion

HIE 2B RIHL AE 15 ~35 CC, B SO IS RY
T , WA T P 15, 3-OH ML B T 10 BE AR 7 R Bl 2

FHE (SRR A 45 CHE, = 3R 200 T R, T g
bl p S o ST i (AL 8

Hi 1 2C AT T, HoAt A% 1 — 2, 56 B vz ik &
HPCIR LR 1 BE , 3-OH AR B 17 7 56 T i ) °F
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B Sk s mf, A AR —Fh i e R, T3
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BH.1E 3-OH AR5z 1 i #E— 25 Ak , MU il 2 S 1 3
PR A, 3-OH AR B 1 1) JBE IR 7™ %8 B AR 3 3] °F-

HI & 2F AT, B8 S0 ERF [ 4 AS B 1 o, A
HAWIBIE AL AR 3-OH AR 1T, JLUR B AT Tt e, 7
HERWT ETH S, 2 S N E] A F) 8h 5 ,3-0H
MR TR A PR P A T i 181 2F AT,
Ft A — 30, I S AR & o PPO f¥ L 3-0OH
W PR S BTSSP

1 [& 2D A1, 7 pH 6.0 ~8.0 &4, LA
TLREAL TR RS T ,3-OH MR 11 Y B8 IR 7 S kA
S, G 26 FIR, FEIE S AT P O
3-OH R EZH A BEZR 7= A RE A K, WLIET 2G
3.4 ®w3-OHREHFHMFEZRRNHE

T PRECE R T L 0 3-OH AR R R /R )
R E R 7E RN F IR A RSl bt T
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A - phloridzin concentration; B — reaction temperature; C — L-ascorbic acid concentration; D — reaction system pH; E - reaction time; F — enzyme concentration;

G - stirring speed.

B2 FREER3-OHRETFELRFRNGHE. n=3x%s

Fig.2 Effect of different factors on the molar yield of 3-hydroxyphloridzin. n=3,x +s
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2 Placket-Buman % it T & [F % 4 1 B ACF T xf 3-OH AR 4 ER = F . n=3

Tab.2 Effect of factors at different levels on the molar yield of 3-hydroxyphloridzin in a Placket-Buman design. n =3

Factor Molar yield of
Number
X, X, X3 Xy X5 Xe X5 3-hydroxyphlorizin/%
1 8 35 1 20 40 8 500 67.85
2 2 35 4 2 40 8 2 500 45.07
3 8 25 4 20 10 8 2 500 24.83
4 2 35 1 20 40 6 2 500 55.76
5 2 25 4 2 40 8 500 39.12
6 2 25 1 20 10 8 2 500 36. 85
7 8 25 1 2 40 6 2 500 63. 62
8 8 35 1 2 10 8 500 38.90
9 8 35 4 2 10 6 2 500 17.10
10 2 35 4 20 10 6 500 12.84
11 8 25 4 20 40 6 500 42.33
12 2 25 1 2 10 6 500 27.89

[l AT 1 7 22 3 B A 3800 oo AT L3R 3 ~ 4,
SOSERTR] S 7 38 5 A B pHL 3 3 0 3-OH
AR BT AR R 27 38 5 TE RO, R B 9 JBE AT IR IfL
PR BE R JEE IR 7= AR B BN o e P AR B2 e E g

%3 @it Placket-Burman % 1145 2| | V3 42 A 45 R o 7 = o4

T AN TR] R 2 A2 26 (P < 0.05) o Bir LR
PR 2 AR B2 U RE T A Ik 1)y e E MG 1
M V7 T S 36 ) PR 2R o LA PR 3R T AR B e K,
RO UK

Tab.3 Analysis of variance of regression model results obtained by Placket-Burman design

Source of variation Square sum Degrees of freedom Mean square F P
Model 4348.13 621. 16 18.74 0. 006 6
Inaccuracies 132.58 33.14
Aggregate 4 480.71 11

response average 41.01

root mean square 14. 04

R? 0.970 4

variation coefficient 14. 04

precision 14. 008

#& 4  Placket-Burman 3% i [F 2 # A& & & F & %t 3-OH R &
H R TE R BN T

Tab.4 Main effects analysis of the influence of factors on the
molar yield of 3-hydroxyphloridzin in a Placket-Burman design

regression model

Factor Effect F P Significance
X, 9.63 3.713 0.045 8 3
X, 2.93 0.345 0.8917 7
X3 -19. 66 15. 483 0.002 9 2
Xy -2.00 0. 161 0.682 5 6
Xs 24.19 23.448 0.000 9 1
X 2.76 0. 306 0.172 4 4
X5 1.11 0. 050 0.512 8 5

3.5 HERHERRITRER

R4 PB SZ I 45 L, R FE A R A AR i i
BEMEHESC R, BE R Z MR BT RS R ES,
TES 4 5086 55 F L 3-OH AR e 1 BE IR 77 b i,
VEPRES 4 dHAE A I S oy T fIE Ak ) Hhs a5
3.6 mMEERER
3.6.1 ARSI EEST 500 E RaR SR Ak
fili I, SEHCEZ I 3-OH AR 2 11 B /R = i 2 H &K,
NiFH Design Expert 8. 0 B 7F47 52 50 51, S50 %
TSR W6, 7 23K 7,

R5 BB T R ¥ EE N R AR Tt 3-OH &5 BEARF £ HHH. n=3

Tab.5 Effect of different levels of significant factors on the molar yield of 3-hydroxyphloridzin under the Path of steepest ascent path

method. n =3

Serial number t( Response) /h ¢(Phlorizin) /mmol « L ~! Enzyme concentration/U + mL ~! Molar yield of 3-hydroxyphlorzin/%
1 2 4.0 10 28.85
2 3 3.4 16 39.48
3 4 2.8 22 50. 64
4 5 2.2 28 68.01
5 6 1.6 34 62.58
6 8 1.0 40 55.57

- 1016 -

Chin Pharm J, 2024 June, Vol. 59 No. 11

Hh [ 2720 5 2024 4F 6 H 5 59 5 11 )



RO N EIRBAT B F E & WL E AT 3-OH AR FHERFENEH. n=3

Tab. 6 Effect of different levels of significant factors on the molar yield of 3-hydroxyphloridzin under the response surface method. n =3

Number X, ¢(Phlorizin) /mmol + L =1 X, t (Response)/h X5 Enzyme concentration/U + ml, ~! Molar yield of 3-hydroxyphlorzin/%
1 1.42 3.27 16 59.80
2 2.58 3.27 16 38.48
3 1.42 6.73 16 72.48
4 2.58 6.73 16 45.57
5 1.42 3.27 34 47.75
6 2.58 3.27 34 36. 69
7 1.42 6.73 34 56.72
8 2.58 6.73 34 41. 46
9 1.00 5.00 25 72.49

10 3.00 5.00 25 51.37
11 2.00 2.00 25 29.23
12 2.00 8.00 25 65. 39
13 2.00 5.00 10 67.24
14 2.00 5.00 40 38.21
15 2.00 5.00 25 73.65
16 2.00 5.00 25 68.23
17 2.00 5.00 25 65.43
18 2.00 5.00 25 72.69
19 2.00 5.00 25 67.78
20 2.00 5.00 25 73.91

RT w M LI A LR AR AR T £ AT

Tab.7 Analysis of Variance for each experimental group and regression model of response surface experiments

Source of variance Square sum Degrees of freedom Mean square F P
Model 3 802.24 9 422.47 12.01 0.000 3
X, 882.21 1 882.21 25.09 0.000 5
X, 660. 27 1 660. 27 18.77 0.001 5
X3 503. 87 1 503. 87 14.33 0.003 6
XX, 11.98 1 11.98 0.34 0.572 4
X1X;3 60. 11 1 60. 11 1.71 0.220 4
X X3 4.56 1 4.56 0.13 0.726 3
X2 200. 50 1 200. 50 5.70 0.038 1
X,? 1122.71 1 1122.71 31.92 0.000 2
X532 693. 84 1 693. 84 19.73 0.001 3
Residual 351.68 10 35.17

Mismatch 287.36 5 57.47 4.47 0.063 1
Inaccuracies 64.33 5 12.87

Aggregate difference 4153.92 19

I F] Design Expert 8. 0 #0455 2 7 i 50 55 4
AT 2 o0 BA 347, 45 3 3-OH A H 1 BE IR ™= 28 (Y)
XA R EE (X, ) RN IFI] (X, ) (PR (X)) 1)
TRZITIEIA TR Y =70.28 - 7. 94X, +6. 87X, -
6X, —1.22X,X, +2. 74X, X, - 0. 76X, X, -3.57X,” -
8.44X,> —6.64X,", 45 R FRU KA H LN 3-0H 4
KA R 0 2, BIZE I P <0. 01, B W] %A
U] 5 75 P B 3 5 S, RS SR P > 0. 05,
PEIZASE R LA B vl Sk, =0.915 3, K51

T E 2528 2024 4E 6 H 5 59 5 11 )

10. 517 , Frififi 2% 0. 074,75 5 2%k 10. 36, jx Lb 2

Fo7 U B P R 1 [0 051 5 R A A e b T S B 25 2R
3.6.2  HimEAHT  LPA Design Expert 8. 0 %44 [#
TE— PR N F A A TR R e B A — e Ry
FEVEATAMFEIZ B, 0 BIAE = 2w 17 1 (81 RN — 48 55
B e 1 TS RE Y BE N P22, RN T AR FR 4%
P AR S B EURE R /e I 3 SR T
PR 235 SR 53 B T R < AR R R R L S IS [ Tl R A
HAERARE,
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Yield/%
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C:PPO/UmL’ 2933 229 A: ¢(Phlorizin)/mmol.L"
33.662.59
D Yield/% E
33.66 73
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B
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2 2500 =
e &
o
© 2067
16.34
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2.00 229, 2.58 1.71

6.73 2.58

Yield/%

2.00

A: ¢(Phlorizin)/mmol L

Yield/%

229 A: ¢(Phlorizin)/mmol.L"

C: PPO/U-mL"

229 258

A D — AR BE AR B TR RO RN s B, E — B2 )-S5 AR B 17 B B0 5 € F — AR 355 S0 I ) PR 500

A,D - effect of enzyme concentration versus phloridzin; B, E - effect of time versus phloridzin;C, F — effect of enzyme concentration versus time.

B3 AEFREZYHERNEEEERESHLE

Fig. 3 Surface and contour plots of the interaction effect of factors on potency

i3 Design Expert 314 73 H o B 5646 T
VORAR AR EE 1. 69 mmol - L' &AL ]S, 92 h,
B 25.00 U - mL™" pe 45 fF F i AU A B
WIHN 75.11% 25 B3 SLBRi VR Fn A 7 448 1l 55 )
RO, 36 I S 5 S PR U A AR RS 1. 70 mmol -
L' AR EFa] 6.0 h, iy E 25.00 U - mL™',

3.7 ERILKRIE

SO 5 DN A5 3-OH A K2 1 (1) B8 7R e A 3y
(72.50 £1.53) % , 5PLIRAE 1% , PRI 70 1) 13
ML ARE . VIR KL AR ER AR, vedn , T4
3-OH AR f 0L 334. 80 g, #LHU%E K 8. 37% ,HPLC
DA S 3-OH AR R 1 By 70. 32% , 71 it %
AR B SR R 2R A A TR 2 5
3.8 3-OH AR H o0& Ak

3-OH R B 1K i 48 B AT 2 A 2 A6 15 3-OH
MR 2l 229. 34 ¢, 155 68. 50% , il g 134G 4
B4 98.10%

3.9 3-OH K EHahsafsx

"H-NMR (400 MHz, Methanol-d,, & 6.73 (d, J =
1.3 Hz,1H,H2),6.72(d,J =4.4 Hz,1H,H-5),
6.59(dd,J=8.1,2.1 Hz,1H,H-6) ,6.23(d,J =2.3
Hz,1H,H-3"),6.02(d,J =2.3 Hz,1H,H-5"),5.09
(m,1H,H-1"),3.92(dd,J =12.3,2.1 Hz,1H,H-6"
a),3.74(dd,J=12.3,5.5 Hz,1H,H-6"b) ,3. 58 ~
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3.49(m,3H, H2",3",5"),3.49 ~3.39 (m,2H, 1-
CH,,,3.27(m,1H,H4") 2.83(t,J =7.5 Hz,2H,2-
CH,) . C-NMR(100 MHz, Methanol-d, )8: 207.2( -
CO),166.7 (C6'),165.4 (C4"),161.9 (C2'),
145.5(C-3),143.7(C4),134.8 (C-1),121.0 ( C-
6),116.8(C2),116.6(C-5),106.8(C-1"),101. 4
(C-17),98.4(C-5"),95.6(C-3"),77.9(C-5") ,77. 8
(C-3") ,74.4(C2") ,70.7(C4") ,62.0(C-6") ,46.6
(2-CH,),30.9 (1-CH,) . L F- %4t 5 S ik it
1 3-OH AR J 1 —34

3.10 3-OH AR & 4 3t & & A/ BB % v

3.10.1  3-OH AR Hz 1 % 1 9 X )N BB & I 62 1) 52
Mo IEEXTHRAR LB AR ABS, AN EAH
0, 51EH XF B4 H i BRI /NR R B B 8, HL
I EBE IS, BRI B ET (K 4) .
SRR, R4 25 55 d J5, FHPE4Z, 3-OH i A2
AR R A AL BB & e s DL B G, B
NN T [

3.10.2  3-OH WREHX HBMINRERORE
PR AR BB T o] LA W5 1E 5 4/

FU , BRI 2] /] B R A5 AR B O A o = T A A TR o B
WEEBG (B S Lot ife) , BRAICR AR (K S
AL Bl R S RO R BRI T
FRRAR (K SG) o SEERILL AL, 3-0OH AR BT

2024 4E 6 H 4559 B4 11



Hom N R, B BRI A A B R R, S RORTBEREE TS

- 6

Hair decoloration scores

Control Model ~ 8-mop 10 20 40

p(3-hydroxyphlorizin)/mg-mL"'

A =514 B — BORAL; C ~ FHHELL(8-mop) 5D, ELF — 3-OH AR ECTFAR P R HE41(10,20,40 mg + mL=1) 5 523 (AL HLAEE, D P <0.05,2) P <0. 015 SRERIL L
% .,3P<0.01,

A - control; B —model; C - positive(8-mop) ; D, E, F —3-hydroxyphloridzin low, medium, high dose group ( 10, 20, 40 mg - mL~'); DP <0.05,2) P <0.01, com-
pared with the control group; 3)P <0.01, compared with the model group.

B4 ZaREsa/REKERF(A~F)(x2) REAMEF2(C). n=6,x%s

Fig. 4 Photographs of the skin of mice in each group after treatment (A —F) ( x2) and hair depigmentation scores(G). n=6,x +s

50 o

1)3) 193) 3) 3

40
30

20

Melanin-containing follicles count
S

0- T
Control Model 8-mop 10 20 40

p(3-hydroxyphlorizin)/mg-mL"

A - 259415 B - B4 C - FAYEAL(8-mop) ;DL E,F - 3-0H AR B 414K 5 741 £ 41(10,20,40 mg - mL~1) ; 55 (41t , D P <0.05,2) P <0.01; 541 L
B,V P <0.01; 2L FHEAL — /IR HAL K WA B, 20681 3k — /N SRUSABLALL B2 Ik TE 46 3 B3

A - control; B —model; C - positive(8-mop) ; D, E, F —3-hydroxyphloridzin low, medium, high dose group (10, 20, 40 mg - mL~') ;)P <0.05,2)P <0.01, compared
with the control group; 3)P <0. 01, compared with the model group; The red box — shows the cuticle of the skin at the mouse lesion ; The red arrows — show the melanin — free

hair follicles of the skin at the mouse lesion.

BS Z2iREsANRAAKALRHEINRFH(A~F)(HEX100) &4 B 6 FEEITH(G). n=6,x+s
Fig. 5 Histopathological sections of the skin of mice in each group after treatment (A — F) (HE x 100) and count of melanin —

containing hair follicles(G). n=6,x s

3.10.3  3-OH AR Bz # %F B 98 X/ B I 3 MDA
SR & TYR CHE 3G VER R0 4545 R %01,

W, S FAUM L, RN /N B TYR 35 1 2
AL, SRR LA 3-OH MR Rz K P i 7 =

TYR J2 08RG A BRI , 76 2R K A B A4
B R O A AR AN RS A R

T E 2528 2024 4E 6 H 5 59 5 11 )

1% BH R4/ KO3 TYR 3E PO T
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PELTT . MDA K CHE 35 5 B9 TF 25 78 1k 8
DIBEA L E R AR KA . AR SR 45
L 525 AR, B 2 /N BRI VS MDA & &
CHE &% .3 7t &, 5 BE R 4140 L 3-OH A f2 1F
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X
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52 AL, VP <0.05,2 P <0.01; SHUMALER, S P <0.05,4P <0.01.
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T
Control Model 8-mop 10 20 40
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P <0.05,2)P <0.01, compared with the control group;3)P <0.05, )P <0.01, compared with the model group.
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Fig. 6 Effect of drug administration on TYR(A) , MDA(B) and CHE(C) in vitiligo mice serum. n=6,x s
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