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Abstract: To investigate the synergistic effect of Cistanche phenylethanol side (PhGs) and glabridin (Gla)
against skin pigmentation, the mass ratio of PhGs and Gla was screened by in vitro tyrosinase inhibition
experiment, 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH) and 2,2-diazo-bis(3-ethyl-benzothiazole-6-
sulfonic acid)diamiammonium cation (ABTS") free radical scavenging experiments. The UVB-induced
cytopigmentation model of B16F10 was established, and the inhibition on melanin production was
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evaluated using tyrosinase activity and melanin content as indexes. The inflammatory model of HaCaT cells
induced by lipopolysaccharide (LPS) was established, and the anti-inflammatory effect of the drug was
evaluated by inhibiting the release of interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a). The
oxidative stress model of HaCaT cells induced by azodiisobuamidine hydrochloride (AAPH) was further
established, and the enhanced activity of superoxide dismutase (SOD) and catalase (CAT) was used as
indexes to evaluate the antioxidant effect of the drug. The optimal mass ratio of PhGs and Gla was
determined by the above three cell models. The results showed that aqueous solutions of PhGs/Gla(1 : 1),
PhGs/Gla(5 : 1) and PhGs/Gla(10 : 1) prepared with m(PhGs) : m(Gla)=1 : 1, 5: 1, 10 : 1 exhibited
good inhibitory and synergistic effects on tyrosinase activity and antioxidant activity. The inhibition rates of
PhGs/Gla(1 : 1), PhGs/Gla(5 : 1) and PhGs/Gla(10 : 1) aqueous solutions with a mass concentration
of 0.4 g/L were 94.37%, 92.93% and 88.06%, respectively. The scavenging rates of DPPH free radicals
were 89.44%, 88.72% and 88.10%, respectively. The scavenging rates of ABTS' free radicals were
100.13%, 100.01% and 99.87%, respectively. When the mass concentration was 25 pg/mL, PhGs/Gla(1 : 1),
PhGs/Gla(5 : 1) and PhGs/Gla(10 : 1) aqueous solutions showed no cytotoxicity to B16F10 and HaCaT
cells. The inhibition of tyrosinase activity in PhGs/Gla(l : 1) aqueous solution was stronger (tyrosinase
activity 23.80%), and the melanin content (30.90%) was significantly decreased. PhGs/Gla(1 : 1) aqueous
solution showed the best inhibition effect on IL-6 and TNF-a release, and the ability to enhance the activity
of SOD and CAT. The combination of PhGs and Gla showed good synergistic performance, superior to
single drug and higher than PhGs/Gla(5 : 1) and PhGs/Gla(10 : 1) aqueous solution. The combination of
PhGs and Gla played a synergistic role in improving skin pigmentation by inhibiting melanin production,
anti-inflammatory and antioxidant effects.
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HHHERREAW, DERH/RKEYRHEARAR; A
IL-6 ELISA i3l & . A\ TNF-a ELISA if#]& . A CAT
ELISA i{fl &, RIGERAEYRHEARAR; BHEA
ik (SOD ) Ml il &, R sty TR
WFFERT, AR R At

Multiskan FC A 4 K FR1Y . Heracell 371 %!
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58, PhGs Fl Gla 43 3 In AR £5 28 v W
(PBS, pH=6.8) SR/ E N 50% L BEKE W,
Jic AR 9 B SR 0,001, 0005, 0.025., 0.1, 0.4, 0.8,
1.2, 1.6, 2.0 g/L (W% 2R)5, ¥ PhGs Fl Gla %
W8 m(PhGs) : m(Glay=40 : 1, 20: 1, 10: 1, 5:1,
1:1.1:5,1:10, 1:20, 1:40 B
B N 04 g/L PhGs/Gla ¥ W, 4¢ lid A
PhGs/Gla(40 : 1)~PhGs/Gla(1 : 40)¥A¥K
13 HEHL
1.3.1  BARBRBGE M4 25

T, 78 96 FLAR R INA 50 pL A i 4
# . 50 uL PBS (pH=6.8 ). 50 pL BTk 1 g/L 1Y
L-B R IRIAH, T 37 °C/K¥ 10 min, FEMIA 50 pL
TR 0.4 g/L (HI 200 U/mL ) A4 1% 22 IR 1A

BT 37 °C/K¥ 10 min, LLRESRFT (Arb) MBHE
XTHE, PBS (pH=6.8) A7s (HAXTAE, FHEEAR G &
VEWAE 490 nm AbPME R, FEARPEC (1) TR K
SN TR B (% )s

P IR B A 2K / % = {1—(M]}x100 (1)

K= EHEPLS

s A e W EAFERIER . L-IE IR . PBS FIfK
RIRBE WIS 5 A w5 A FESAW . L-
1% 2 FR S W RN PBS VSR RE 5 A o LT 24 R
VSV . PBS I RURN S Z R BHA AT OCE 5 A srum
J L-B& R R A PBS ¥R G
1.3.2 DPPH A W& R4k A ml 2

e, HERIFREL 0.0197 g( 0.05 mmol ) # DPPH
T 250 mL Jok O, FCEE N 0.2 mmol/L
() DPPH T AR . 285 , 44 PhGs 1 Gla {fi Fi{&F4
£ 50% & BE 5T BC BT SR FE S 0.001, 0.01. 0.1,
0.4, 0.8, 1.2, 1.6, 2.0 g/L /) PhGs ZBEE WA Gla
LBV, Ve OB RIEBCH] o 95, 4 PhGs
CBHAWA Gla CEEH WAL m(PhGs #K) © m(Gla
WH)=40:1,20:1,10:1,5:1,1:1,1:5,
1:10. 1:20, 1:40 WAL, 195 9 FpE R
LY PhGs/Gla S EEE , 53138 24 PhGs/Gla(40 :
1)~PhGs/Gla(1 : 40) LA . e, 7E 96 LA H
FA 100 pL A[EFE AT 100 uL /Y DPPH T AR ,
REWEE, I TG 30 min, BRI E
HAE 517 nm AR . L Ve R BHMENTR, &4
SR A 3 . RIE (2) 115 DPPH [ i 3L 5B
R (%),

DPPHH H#EBRZE / % ={1—E%}x100 (2)
2

R 4, HRESEWADPPH TAER MIWOGHEE ; 4,
FEFRII L 50% L BE+DPPH TARIRIIWOGRE 3 As
R TR AR TR ST B 50% C BER OGRS
1.3.3 ABTS' & o & & ak Al 2

B, R 1g (1.82mmol) ) ABTS T2
B KBS A E N 7.4 mmol/L ) ABTS T.AF
W PRI 0.5 g i BB EII T 258 57K e 2 0k 2
4 2.6 mmol/L Wi i FRH TAEW ; K¢ ABTS TAEW
i SRR e TR S ARFIRST, G 12 h, il
3 ABTS' TAEW. A5, &M 1.3.2 Wik, Bl
PhGs ZEEVS IR . Gla LEE IR Ve SEE W, VL&
PhGs/Gla(40 : 1)~PhGs/Gla(l : 40) BV . ),
£ 96 FLACHINA 40 uL A[EFER AT 160 uL Y ABTS”
TAER, WAHS)E, il PRSI 6 min, FE
FRASCIN RE VS TFE 734 nm ARG . R4 (3) 3
L ABTS' H A FRE (% ).
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1.4.1 Zmpii

£ BI6F10 fil HaCaT 4N E )5, W HIEM =
DMEM = #8557 5 (3% B 4040 10% 8645 3 . 1%
HHERIRAW) B, T 37 °C. CO B 5%,
TR 70%H R FRF PG 9% 24 h, 76 A T gk 4N
Ja A RORAL AR 20 A R A T e s A AR
142 SE¥a4

BORHBUE K B16F10 A1l HaCaT Ziifitd, LAi&E
YN ECE R T 96 FLAk b, 53R 24 h (4RI EE
H1 DMEM 3% 37 3 e il A [] J57 £ v BE (A A VT o X
BHIEWH , B4 | PhGs il (125 pg/mL) 4 .
PhGs "3 (250 pg/mL ) 4 . PhGs &l &

(500 pg/mL ) 41, Gla fiiHI& (6.25 pg/mL) 4.
Gla H1if i ( 12.5 pg/mL )4 | Gla &7 5 ( 25 pg/mL )
HAFHRWKE 25 pg/mL PhGs/Gla(l : 1)41 . PhGs/
Gla(5 : 1)44 1 PhGs/Gla(10 : 1)4H .

1 UVB 551 B16F10 (A Xl G Al h | #i)
AR A 30 uL 19 PBS (pH=7.4 ) & T UVB %4}
FIMOETJ7 3 em 585F 110 s; SCER4156H 100 pL
AN TR 5 e B R A A VTR B 1 h S 30 uL 1)
PBS # T UVB S4MASHMIE T 7 3 cm 5 4) 110 s;
1EH AL IR A = DMEM 55 35356 5 28 (U4 AN b
Hif, R,

1£ LPS i S HaCaT il Jifd 4 SiE A5 10 rpr | B AR 24
JHFHHEE N 20 ng/mL Y LPS Y PBS VA 557 24 h;
SCETA SR 100 pL AS[R] BT I B AR il Y U T Ak B
24 h J5 A 20 pg/mL B LPS IR 9% 24 h; 1IEH
HIRZAE ] DMEM iR FR 38 o8 R4l AR HEFh 4
o, RZEmEEEFRAE,

16 AAPH 175511 HaCaT 4008 AL i b, 46
HIZHFH 100 mL & 4 25 mmol/L ) AAPH (2.5 mmol )
TRIE R 24 hy SCIAH A 100 pl A [) o H v B () B
M AR AL PR 24 h JEINAWKREE RN 25 mmol/L Y
AAPH IFTIGF% 24 h; 1IEH AR ] DMEM = b
Rl SHANERgM, R SRR,

P hRgRE 3 MEF, BT 37 °C. CO, 1k
FRATEL 5% . WBJE 70%035 3846 P85 35
1.43  fmpadrem &

R CCK8 I 5 40 it 14 o BR80T i
B16F10, HaCaT 4 fitg, i FH 57 & 434K 0.25% Mg 1
f£ 3 min, $EFRILALHEAIE R WRIT, Hil R E

1x10*4~/mL A I BT, B s 03 R0 T 96 FLAR
B3l 100 uL, A EAFLIN PBS, FRai il eE 5
ISR e v B OREI, Rl 3 AMEFL, B TRE
37 °C. CO KRR 5%, TBJE T0%1E 3546 i 77
24 48 .72 h JG 3 FTA IS A RFE0 10%
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K H L-DOPA %€ it 2 FREGTG 1 . % 1.4.2
TITRAC AN 48 h )5, LW, FH PBS(pH=7.4)
e 2 W, BHFLIMAE %L 1%00 Triton X-100 AR
50 pL, I HHA-80 CYKAH#AF 30 min, F il flfl,
fEgpEnizd, T 37 CHilk 5 min, BFLIMAWKE
10 mmol/L #J L-DOPA ## 10 pL, T 37 °C. CO,
IRFUE 5% . TR T0%RI B35 F i E 1 h, FHBEbR
G 52 R I AE 475 nm AL ROGE, SCEE A 3 IR,
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it 2 IRBEE s B R SR/ % =
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15 REETFEENEN N BIEFRNE
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K (36.92%F192.71% ), H PhGs/Gla(1 : 1) PBS A
BP0 % 5 PH ME XTI A FH Y . &I
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Fig. 2 Scavenging rate of DPPH free radical (a) and ABTS"
free radical (b) by PhGs ethanol solutions and Gla
ethanol solutions with different mass concentrations;
Scavenging rates and CI values of PhGs ethanol
solution, Gla ethanol solution and PhGs/Gla ethanol

solution with a mass concentration of 0.4 g/L on
DPPH free radical (c) and ABTS" free radical (d)

JE 2b W LAE L, PhGs AW . Gla ZEA
WA Ve LN ABTS' [ 2 1Cso 43 591K
(22.709+0.686) . (11.677+0.120). (3.237+0.345) pug/mL,
XF ABTS'H HH HEIE BR B J1 i 59 ¥R Ve > Gla >
PhGs,

M 2¢ FTLVEH, YBTEE R 0.4 g/L B,
PhGs/Gla(40 : 1)~PhGs/Gla(1 : 1)L B4 DPPH
Al TE R (87.02%~89.43% ) & T [6] 5 2 He
H) B —214 (PhGs CEEE WA Gla LA ) BTG
FRR (85.32%F1 83.31% ), S5 FHM:XT ] Ve G FR R

(84.54% ) M4, £1it%#., PhGs/Gla(l : 5)~ PhGs/

Gla(l : 40) ZEEWW) Cl>1, BAREIIER;
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