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Abstract: Objective To prepare nanoemulsion of seeds oil of Lycium barbarum from Qaidam Basin (LN) and evaluate its therapeutic
effect on mice with solar dermatitis. Methods The centrifugal retention rate (CR) was used as the evaluation index. The single factor
experiment combined with Box-Behnken response surface design method (BBD-RSM) was adopted to optimize the prescription and
preparation process of LN. The microscopic morphology of LN was observed by transmission electron microscopy (TEM). The pH
value, particle size, polydispersity index (PDI), Zeta potential, viscosity, encapsulation efficiency (EE) and drug loading (DL) of LN
were determined. The stability of LN was preliminarily evaluated by room temperature storage experiment and centrifugation
experiment. The biological safety of LN was preliminarily evaluated by human immortalized keratinocyte (HaCaT cells). The acute

solar dermatitis model of BALB/c mice was established by ultraviolet (UV) irradiation to evaluate the therapeutic effect of LN. Results
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The optimal preparation process of LN was as follows: emulsification time 10 min, emulsification temperature 75 ‘C, emulsifier
addition 16%, thickener addition 0.6% (thickener ratio 8 : 2), and seeds oil of L. barbarum from Qaidam Basin addition 6%. Under
these conditions, the CR of LN was 94.92%. TEM observation showed that LN was a milky white nearly spherical droplet with uniform
dispersion. The physical and chemical index detection results were as follows: pH value 5.78 + 0.02, particle size (93.33 £ 9.53) nm,
PDI 0.22 £ 0.02, Zeta potential (—31.43 £ 0.36) mV, viscosity 0.37 Pa-s, EE 84.01%, and DL 4.29%. The stability experiment showed
that LN had no obvious abnormal appearance after being placed at room temperature for 30 days and under different centrifugation
conditions. There was no significant change in particle size and PDI, and the stability was good. The cell experiment showed that LN
had no significant effect on the viability of HaCaT cells, and the biological safety was good. The animal experiment results showed
that compared with the model group, all dose groups of LN could effectively alleviate the symptoms of skin erythema, scabbing and
desquamation induced by UV in mice, significantly increase the activities of catalase (CAT) and superoxide dismutase (SOD) in mouse
skin tissue, and reduce the contents of matrix metalloproteinase (MMP)-3 and MMP-9 (P < 0.01). Among them, the high and medium
dose groups of LN could significantly reduce the levels of inflammatory factors interleukin (IL)-6 and IL-1B (P < 0.01). Conclusion
The prepared LN has excellent physical and chemical properties, stability and biological safety, and has a significant therapeutic effect
on acute solar dermatitis induced by UV in mice. It is a nanoemulsion formulation with great application prospects for external use.
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1 5(-1) 70(1) 16(0) 8:2(0) 90.25 16 10 80 18  8:2 9326
2 15(1) 70 16 8:2 87.02 17 5 75 14 8:2 8842
3 5 80 (1) 16 8:2 87.79 18 15 75 14 8:2 8926
4 15 80 16 8:2 91.03 19 5 75 18  8:2 9296
5 10() 75 (0) 14 (1) 7:3(1) 8465 20 15 75 18 8:2 9256
6 10 75 18 (1) 7:3 85.24 21 10 70 16 7:3 8498
7 10 75 14 9:1(1) 85.96 22 10 80 16 7:3 8478
8 10 75 18 9:1 91.31 23 10 70 16 9:1 8854
9 5 75 16 7:3 85.70 24 10 80 16 9:1 8837
10 15 75 16 7:3 84.14 25 10 75 16 8:2 9386
11 5 75 16 9:1 89.64 26 10 75 16 8:2 9479
12 15 75 16 9:1 91.01 27 10 75 16 8:2 9393
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A 0.005 6 1 0.0056  0.0072 09337 | A= 226700 1 226700 2892 <<0.0001
B 3.4200 1 34200 43700 00554 | B2 61.3700 1 61.3700 7827 <<0.0001
C 41.4000 1 414000 528000 <<0.0001 | C= 29.3200 1 293200 37.39 <<0.0001
D 535100 1 535100 682400 <0.0001 | D= 165.560 0 1 1655600 21115 <0.0001
AB 10.4700 1 104700 13.3500 0.0026 | ¥%k%= 10.9800 14 0.7841
AC 0.384 4 1 03844  0.4902 04953 | ZKHLI 9.9700 10 0.9971 3.96 0.098 4
AD 2.1500 1 21500 2740 0 01203 | iRz 1.0100 4 0.2517
BC 09312 1 09312 11900 02942 | MK 331.0000 28
BD 0.000 2 1 00002 0.0003 09867
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Fig. 7 Response surface plot of each factor on CR value
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PDI 24 0.2240.02, Zeta Hf7A (=31.43+0.36) mV
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Fig. 8 Particle size (a) and Zeta potential (b) of LN
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(A) -2 (B), BBV 0~30 min, 5%—>55% B,
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9 LN TEM [& (X17500)

Fig. 9 TEM image of LN (x 17 500)
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d MV IH R
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TEPHRABARBR (o WHENBRER 4 B
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Fig. 10 HPLC chromatograms of total linoleic acid of LN
(a), free linoleic acid of LN (b), test solution of blank

nanoemulsion (c), and control solution of linoleic acid (d)
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PWEmT, BET=E 25 C) F, 29FFE 15K
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KGRI A & PDI A4k . HE 11-a BoR, LN 23

b 150,
100, 02
E g
@
& 50 0.14
0 0
0 15 30 0

t/d

. BRI BRI, £ 25 C&4 M E 30d
B RE TR AR IR 23 8 Dl AL SIS, Bk
2R PDI R RAEREMEZES (P>0.05) (K 11-b.
¢), R LN fEZFIRMEAT 30 d F2EME R UT -

Zeta H{7/mv
th
(=}

15 30 0 15 30
t/d td

11 FEMEEEET LN B8998 (a). KIE (b). PDI(c) « Zeta B (d) (X £s, n=3)
Fig. 11 Appearance (a), particle size (b), PDI (¢) , and Zeta potential (d) of LN at different storage times (X s, n=3)
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Fig. 12 Appearance (a), particle size (b), PDI (c) , and Zeta potential (d) of LN at different rotation speeds (X s, n=3)
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37 C#HE 2h, T 450 nm AEIEWOGE (L) 14,
T4 HaCaT ZUAAE . M 13 g5 550, LN %
FIELH J2 25 A 9K FL4 HaCaT 4 IAeis 5 5 xR 4]
FIELB TR 2R (P>0.05), FH LN FIZ [958k
FLX HaCaT g o Jo a4 o
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& 13 LN X HaCaT i ERMAZM (X £s, n=6)
Fig. 13 Effect of LN on survival rate of HaCaT cells

(X is; n=6)
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2010 Ay B KA H{#RE BALB/c /ML,

ERVEESE | SR TR (GGETRAO, AR
H, LN @5fl . ARFIE (9.00, 4.50, 2.25mg-g™")
THGKI (BRAMZS, HR5 LN &
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BN RE MR R LERER, EHK2emX
3om K/N B ER X, S80I A2 o oE W0 B DA ERE
AR . IR R & e UVA FRIREERR
AN 1.6 J-cm™2, UVB HLKFE TN 0.2 J-cm™2,
IR TR BRI 1R, FH8 4, Rit
HEO 14 IR S AT N 6 AL/ R 5
R R K HANEAT UV B, B4 uv
B EATHY; HRSHWTRR UV B G
SERPTE /N B B AR IR BRI R LN 2 [ 94
KIAMLGEA R B, B 2578 LLSLBRE 25 7
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FE IR TR, R, A7 RIERIE R
B ER R PORAS, FFE T Image T A% & B4 Bk
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P R AP ] 14 B . 25 R B, o HEZH /N ER

ma BUH 2.25 450 9.00 4EAE AAM
" LNi(mgg?l)  KE k%

B TTHE /N BT 8 B IR AL«

Yellow box indicates erythema on back skin of mouse.

B 14 LN X BALB/c /)RR BRIRASHISNE

Fig. 14 Effect of LN on skin condition of BALB/c mice
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FERREE R, A EIAIE . LN & R
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PR WA — 2 B .

21 Bt e = 21 BT AR AR R X T AR

B 15 Dy /A [ A ] - 2 /0N B 0 B PR 41 D
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aEE%
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’ MR 225 4.50 9.00
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M 1 H . *P<0.05; HFRAE 2 FLLE: "P<0.05
**P<0.01,
#P<0.05 vs first week of same group; "P<0.05 **P<0.01 vs second
week of same group.
E 15 AREBHBARHTRENRIAHE (X £, n=10)
Fig. 15 Amount of erythema in each group of mice at

different irradiation cycles (X s, n=10)
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%1 JHEERK (P<0.05). HETE 2 AR EE
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B 16 S2AN R /0 SRAEAH [FIIHA A 1) 2150
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100 B
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fHL. SEREME, LN SFEHE4EER E 4
/NBR O RALBE R 4 R NIRRT R (P<<0.01),
IER NS iili =N W RAR B e STE S
BIIFIEAEHE. 548K E 4MHL, LN &FE
A/NRITERL P EAESS 1 AR E K (P<0.05).
S gk LML, LN R E4HES 1. 3. 4 7
25PN SR R BRI PR (P<<0.05). AT AL,
SEAR A MYAC AT I TIN5 0 40 2K L% N B
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*k
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Kk *E

wk
% :
%

0 FEA12.25 4.50 9.004E4: 75 144 H712.25 4.509.004k4: 27 44 5%12.25 4.50 9.004k4: 75 944 #i%42.25 4.50 9.004k4: 25 44
LN/(mgg™) #E .

LN/(mg g7 E£E K LN/(mg g7%) #£E KA

*p<0.01; 5AMKALE: “P<0.05; 5442 E i #P<0.05.

*P<0.05 **P<0.01vs model group; “P < 0.05 vs blank nanoemulsion; *P < 0.05 vs vitamin E.
E 16 ZENREERRFHBAHTHARE (X Ls, n=10)

Fig. 16 Amount of erythema in each group of mice under same irradiation period (X *s, n=10)
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SRR 9.00 450 225 4 FEAAUKA
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xR #P<0.01; SHAIALLLE: "P<0.05 “P<0.01; 5
&&p<0.01.

#P < 0.01 vs control group; *P < 0.05
group.

FAV R BE O IR A W 25 B 10% 1 K2 k41 215)
Ko WU BIEW . SRR IINE /) B RZH 4
SOD Fll CAT ¥% /1, f# ] ELISA 7 &l 2 /N iUk
R IL-1B IL-6. MMP-3 Fl MMP-9 & &
/INER B R 2 B AL SOD Al CAT 7 7
W 17-av b fivs. S0IEAAHEL, BRI /N R
JRZHZ1F SOD I CAT (& EMEFE ML (P<

b 157
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- 2
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101

T‘m

=

2 #t

5

3] 5

G A 9.00 450  2.25 44 FAGRKA

LN/(mgg™) g

HEAGIKILLE: 2P<0.05 24P<0.01; 544 % E 4k £P<0.05

P <0.01 vs model group; 2P < 0.05 24P < 0.01vs blank nanoemulsion; P < 0.05 &&P < (.01 vs vitamin E

B 17 £HNREEKALF SOD (a) 71 CAT (b) B8 (X £s, n=10)
Fig. 17 Contents of SOD (a) and CAT (b) in skin tissues of mice in each group (X s, n=10)
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0.01). A FAAIA, LN S EHAYEERE T
TiJa, /N SOD Ml CAT & &340 25 38
(P<0.01), H LN X} SOD Fl CAT & & K3 in L3
BRI A OCE . SRR AL, 9K ILEe
BERTNR E R ZIF SOD K CAT F& (P<
0.05. 0.01), H4EE% E ML, LN milEdln]
BEERT N E B2 SOD E & (P<<0.05), LN
s A E IR TR R R S CAT
TR (P<0.0D). 5FAYKILAMLEL, LN &
H/NR R SOD K CAT SEHEZET & (P<
0.05. 0.01).

K] 18-a. b Ay LN XJ/NR R ZR A IL-1B Al
IL-6 EEMFmW. UV M E, BRI /N B R
LA JORE R T IL-1B A IL-6 F) 7K P 3500 IR ZH A 4 25

a 4 -
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Ja IL-1B MEEEE FE (P<0.05), H IL-1p A
IL-6 [ &R LN FIE RN K. 527899k
FLAAHEL, LN FRfIEA /N R B IL-64 IL-1B &
| EE R (P<0.01. 0.05).
WK 19-a. b fioR, SxFIRAAHE, BRI N
B IRZH 23 MMP-9 FI MMP-3 [ & &8 2 # T
B (P<0.01). SHEAIHELE, LN &5 EA/N R %
JikH MMP-9 A1 MMP-3 [ & EIIEE N (P<
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H MMP-9 £ MMP-3 [ SR 35 B (P<<0.01);
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b 8 1

6 i
5
£
2
© 4 1
o
—
X
S
2 24

0 d
HPHE KR 0.00 450 2.25 M A
LN/(mg g7%) #E KA

"P<0.01; 57 AYPKIAALLE: 4P<<0.05.

#P<0.01 vs control group; "P<0.05 *P<0.01 vs model group; “P < 0.05 vs blank nanoemulsion group.
E 18 &4A/EEEALE D IL-1p (a) F1IL-6 (b)) S (X £s, n=10)
Fig. 18 Contents of IL-1p (a) and IL-6 (b) in skin tissues of mice in each group ( X *s, n=10)
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xR #P<<0.01; SHERIALE: *P<0.05 TP<0.01; 52AHKILLK: 2P<0.05; 544K E AHK: €P<0.05.

#P <0.01 vs control group; "P<0.05 P <0.01 vs model group; 2P < 0.05 vs blank nanoemulsion; P < 0.05 vs vitamin E group.
19 FHPNREZEKALH MMP-9 (a) F1 MMP-3 (b) 28 (X £s, n=10)
Fig. 19 Contents of MMP-9 (a) and MMP-3 (b) in skin tissues of mice in each group (X *s, n=10)
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