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[ Abstract)] Objective To improve the drug properties of insoluble drug resveratrol
through nanotechnology, carry out the prescription design of resveratrol nanoemulsion (RES-NE),
preliminarily evaluate the quality evaluation, and study its effect on preventing skin damage caused
by ultraviolet rays. Methods The solubility of resveratrol in different excipients was investigated,
and the proportion of auxiliary materials was determined by drawing ternary phase diagrams to

prepare resveratrol nanoemulsions. The physicochemical properties such as particle size, Zeta
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potential, and morphology of resveratrol nanoemulsion were characterized. The protective effect of resveratrol
nanoemulsion on the back skin of rats was investigated by ultraviolet irradiation. Results According to the
solubility and ternary phase diagram, it was determined that glyceryl triacetate was the oil phase, polyoxyethylene
castor oil EL-60 was emulsifier, polyethylene glycol 400 was used as co-emulsifier, the optimal formulation of
resveratrol nanoemulsion was the drug, oil phase, emulsifier and co-emulsifier, with the mass ratio of 0.175 :
1.4 : 2.0 : 0.6, and the volume of ultrapure water was 25 mL. The particle size of the prepared nanoemulsion was
(21.68+3.89) nm, the polydispersity index was 0.110+0.010, and the Zeta potential was (0.509+0.145) mV. Large
areas of erythema appeared in the ultraviolet radiation control group, and no or very small areas of erythema
appeared in the medication group. Conclusion The prepared resveratrol nanoemulsion preparation has clear
appearance, safe and stable nature, simple preparation process, high drug load, and certain slow-release effect. It

is preliminarily believed that resveratrol has the potential to prevent skin damage caused by ultraviolet rays, and

is expected to be used in skin care, ultraviolet protection and other fields.

[Keywords] Resveratrol; Nanoemulsion; Quality evaluation; UV resistant; Antioxidation; Tyrosinase

inhibition; Skin irritation; In vitro release
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Figure 1. Structural formula of trans—RES
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724011Y128870) . A FEH H MRS ( Lauroglycol
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800 r/min % J7 i $% 15 min & RES 5¢ 4 1% %,
FA 20 mL B 4li7K, 4k%E LA 800 r/min R J1 45 FF
10 min, 20.5 kPa {5 3 5 HE 3 T 4 Uk, 1l 48
RES-NE.

1.42 RES-NE# 43 fa M

D3 48, R H HPLC 1 % RES B9 &
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510 nm AbIGERE S A8, RES ISR A T 2

A4,

FEETIEER (%) = (12200 x 100% st

Krfr 4, RS XY 4 {8 A, R IEE S Y
AfH; Ao AN AR 4 18
F1 ZREHEMH P ZESMEE (mL)
Table 1. The amount of each component added in the
hydroxyl radical inhibition experiment (mL)

=il A, Ax Ay,
T BRI ARV T 0.5 0.5 0.5
LBER GRS R 0.5 0.5 0.5
RES-NE 0 7.5 7.5
Bl 75 0 0.5
309 SUE KT TR 0.5 0.5 0

i 9.0 9.0 9.0

1.45  B& 5 B8 B3 ) A A

H 25 000 U i SR BEHA B0 e T alik
FEZSZE 25 mL, 45 1000 U/mL F4 1% 22008 it I 3 5
R FRL 0.10 g L- BEZRYA T 35 mL 0.1 mol/L [
R, BN 65 mL pH 6.8 [BERRZE vhig ik, HiC
i 0.05% L— W& BRVE T -

PR BG B) RES-NE 5 L- BRI TR &
37 CAEIE/K I EDEHCE 15 min 5 IIA BS 2R A
W, dkZEAE 37 CHEEAKVE RIS 45 min,
DI RES-NE 1) L- 24 1R 5 I A TR B 1R A 1
WM 2 AT IR, £ o0 e L3R 2. KSR
B IRW 250 ul F 96 FLAR P, 7E 450 nm A&
AN EFE AW, #8303 115 RES-NE X f#%
SRR BRI %

A-A,
MR (%) = (-20) <100% st

A A, 2 ORI A B A A IIRE Y
AfE; Ao P INES R RRBEA R A (6.
F2 BMERBNHZEPEASMES (mL)

Table 2. The amount of each component added in the
tyrosinase inhibition experiment (mL)
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=il 4, A, A,
LT 0.50 0.50 0.50
i A BR WA VL 0.25 0.25 0
RES-NE 0 0.75 0.75
TRTRDZ P TR 1 0.25 0.50
B 1.75 1.75 1.75

1.4.6 RIMER I

Bic B pH 5.8 B AR h 2% vh i, A 0.5% it iR
80 ¥4 1 I H 2F, A 0.2% 4E4: & C B 1l RES
WA AL; BRI 0.175 ¢ RES 3 F/K il 6 RES TR

WM EAL, 43 H 2 mL RES R &7 . RES-NE
BeTENAE T, PSkEEE T pH 5.8 BFREE %
MR T, 32 C AR 24 hy 91T 0.5,
1. 1.5, 2, 3, 6.9, 12, 24 h BUBHA 6 R
SIS HNFEAS A 0PI B B4 0.22 pm BN
U8, AR M AR 2
147 BB 5 5

/NS N PERR SR 1S, SEERTTIRTT 24 hoff
/NEEFER 2 em x 2 em IEBHIBE, BEHL N 2 41,
SIS ZH IR IR RES-NE, XF BRI FEL K, &
BIFGE 24 h 4525 1 Ik, Bk 2ml, #4E215d, DU
AEFRER AKX IR, FERRR 2y S aE 2k 5 A
2RO UK B S LT BEE DL, MR 3 BAR
HEVES X /N SRR IR RS AT PR 5 i A R
SONRIIRESL . T30, RERRAL . IRETENL . HE
TGO, REARL SR RES-NE J& 75X/ R
FEEARR RN, 5 14 REKEEHRIF, AL/
PR BB R, (2 R R E, Hl4
HE bl f, TR

F3 EBERIEEREIT IR

Table 3. Scoring criteria of skin irritation test

[iEERE e e SRS I T E SHE (43)

VN oK 0
AT Ul 1
PEIRBER , 50 2
TR 21 mm 3
K EEE AT mm 4

215 TG 0
5E T I, 1
Sk 2
JEE 3
EFARUEAR; I By 4

1.48 UVEBA L

UVB H& I 2 55 5 K Y Rl O 280~320 nm, U
{5 311 nm, UV 3N 320 pwiem®, 2EHMTH/N
30 emo FZHE UV SESIFIE 115.2 m)/em” $E17HR
B BESF  DUd /N2 BE B (minimal enythemal
dose, MED) FBAf7, MED 48 LA 30 55 55 41 B f2
I TG R[] AR e, B —3R A7 B I — g i
B, T UV BRG IS R B P I AR UL 1 e 55
CLRERRTTE], LRI s,

HSD R, AR BET3 em x 5 em R E,
R EBBENL R 3 241 SCdl. BHMEXTRELL . Pt
SR, SZELHIR PR RES-NE ., FHAE X B 2H i 4K
A HER K, BT R AN B, R R
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FAMRIC SRR ST UK RES-NE, A K 4%

BfHR AT UV 42y, B4 25 2 mL (X FRZH 44K
SRR PERK ), R RIS HR kA AR 1k
2 R

2.1 SFEMBINLIFIE
211 shAa. SLALH Al SLAL A B9 5% ik

t AR, FLAe . BhRL Ak A Rk
XT RES 58 & AN S 2R (£ 4~ K 6)
WGBS i B K A SAE i — D ik,
WA A2 . WL 1349 Fl=Z /e Hahmg; ik
FI P i SRS O BRI EL-60 . SRS &M BRI
EL-80 AR LG AL B RRIH CO-40; BhFLibi
FAY 1,2 TN, DGMEA . PEG400,

F4 RESTEAREIHIBPHIAME (n=3)
Table 4. Solubility of RES in different oil phases (n=3)

RS FHE (mg/ml)
WL1349 19.69
R 1.10
VIR £ TR 278
IR 3.79
5 46.66
1944CS 2.79
— LR 12.98

5 RESEAEAUFIFRBMHEE (n=3)
Table 5. Solubility of RES in different emulsifier (n=3)

L SRIES wE (mg/ml)
EL-60 95.51
EL-80 90.49
SbEL-40 53.29
C0O-40 72.72
kolliphor ELP 0.71
kolliphor HS15 2.05
kolliphor RH40 13.76
Labrafil M1944CS 4.63
780 21.70
EL-10 30.23
EL-20 31.54
EL-35 25.51
EL-40 33.76
RH60 17.93

%6 RESEARRBIZLFIRHAMRE (1=3)
Table 6. Solubility of RES in different co—emulsifier (n=3)

SRS WHEE (mg/ml)
PEG400 229.59
1,2-79 86.92
DGMEA 88.86
JoKEE 6.41
Hh 16.63
Lauroglycol 90 3.57
1,3-T 54.82
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212 R =Ea A= THAE

ARSI . WL 1349, = Z /R H s JimAd,
RA LN EIKIN EL-60, R4 LG E M EL-80.,
R4 LW A AL B R CO-40 S FL AL ], PEG400
X RES (1% fif 5 W W v T Al Bh ZLAE R, # LA
PEG400 N B FLALRI, 2l th = oA’ ([&12) .
EIh A G S R N TR ) — . BRI IR, Y
AR A = LR HIMBRRT, 2261090 = ot #L 1k
DR R, BERE — SR H M ER A . R 3 bl
N5 = B T bR LA X — 3, B Rkt
RES ¥ fiff 5 fiw 2 10 3 480 05 BE PRI EL-60 1 0 3L
B, AHIE RES-NE (R ENE, BEE Rl Xk
LB I R LI AR T, BIVSRAR C I B RR I
EL-60 : PEG400 : = Z R HiHfE =10:3: 7,

2.1.3 RES—NE#) 4| &

WE R A T IR K14 g Al ( =2 H
MEE ) . 2.0 g FAEF (RE G E N EL-60 )
0.6 g BIFLALF (PEG400) 2B EE, A
0.175 g RES, Wit 258 20, HZRBKE
% 25 mL, REERETIHERE 10 ming 20.5 kPa S
T RSB 4k, 3R ¥ —8 RES-NE,
1 000 x g B5.L> 5 min AJ3JE, HARHBEOR 254
BT H
22 BENE
2.2 AR/feh L5 69 24

15 2 A 2 M | H g7 R Ol Y=1.398X-0.248

(r=0.9990) , 53R RES 7E 2.00~50.00 pg/mlL
) Ve B S BB P 5 g T AR e MR O R R A,
IHRES-NEH'RESH & & & 6.761., 6.776.
6.753 mg/mL (n=3) .

222 FREMIXE

RES-NE 7¢ 4 CHiCE 45 d, i@ id HPLC ¥
I 753 RES-NE "' RES % 1% & 7F 99%~103% 2 [i]
(£7) , HARBIHEASZEGE 5P
L%, FH RES-NE HYFEE MR .

2.3 RES-NE#HI124> 5 & Zeta BB Ll zE

RES-NE 2 1 EE 5w, BRI — . BIER
JEFLE, kil (21.68 +£3.89) nm, M EECH
0.110 £ 0.010, B RES-NE ki 428 /N HA4r i 2
5]; Zeta BLAI K (0.509 +0.145) mV, FH] RES-
NE 2 [ fof 1E HL, GOk () AH B HE R, $m T
RES-NE 153801, A BiF RES-NE B9f e M.
RES-NE (1375 5 HL 5% [ FIUR A2 0 A [ L] 3.
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Figure 2. Ternary phase diagram of RES-NE

E: A~CH R ACO-40, PEGA00N FUALF e B AL ], = TERH b BS |

WL 1349, ZibhihAn; D~F4 3| 2AEL—80, PEG400% LALF| F= 8l $LAL

Fl, ZCERHHEE. WL 1349, b A a; G~ A1 AEL—60, PEGA004 SLILH fe BhSUILH], = LBRH kB, WL 1349, b 4 dAa,

7 RES-NERJFREM LWL R (n=3)

Table 7. Experimental results of the stability of

RES-NE (#=3)
AR (d) RESHFit (%)
1 100.00  0.21
3 99.45 +2.24
5 102.57 £ 0.85
7 102.05 £2.25
10 102.47 £ 1.36
20 100.66 + 0.85
30 99.28 +2.98
45 101.85£2.78

R Com)

E3 RES-NEmESTREEE (A) fitizEsmE (B)
Figure 3. The transmission electron microscopy (A) and
particle size distribution (B) of RES-NE
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Table 8. The antioxidant experiment results of
RES-NE (%, n=3)

- DPPHH i3 ABTSH i3t ¥ A
S 68.25 +2.28 82.91+3.35 63.18 £0.30
RES-NEZH 70.91 +2.68 69.68 +3.91 63.71 £ 0.41

R BEREMNHILRER (%, n=3)
Table 9. The tyrosinase inhibition experiment results of
RES-NE (%, n=3)

20 51 i SR I ] %
S 80.21 + 0.37
RES-NEZ] 80.88 +0.23
2.6 {KSMFERESELE

245 ) 1) (AR I R I S 2 58 245 ) I VTR 1)
HESEbR, 1E24 h N, RES-NE BRI R
S A Rk WK 4, 250 B HT AR rh 22 B
R A 4 RES-NE Bl 80% LA I, 1S5 1
B T RES-NE MIARSMEECR R iF, BA—EW
GRS
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Figure 4. In vitro release of RES-NE (n=3)
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Figure 5. The skin irritation experiment (A) and HE
staining (B, 4x) results of RES-NE
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Figure 6. Results of anti-UV irradiation experiment
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