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Preparation of sunscreen lotion and evaluation of its efficacy by physical-chemical combination of

phellodendron -complexed lignin/titanium dioxide nanocomposite particles based on liposome technology

Jiahao Chen, Hanping Yang, Jiafeng Zou, Ying Pan", Yong Huang, Jiangiang Liu"

Key Laboratory of New Medical Materials Research and Development, Guangdong Medical University (School of
Pharmacy, Guangdong Medical University), Dongguan, Guangdong

[ Abstract] Objective In recent years, the marine ecosystem has been continuously damaged, and most of the
sunscreen lotions on the market contain chemical ingredients that pollute the marine environment. In addition,
ordinary sunscreen lotions have the disadvantages of limited protection against ultraviolet wavelengths, short
duration of sun protection and skin irritation; Based on this, this project utilizes the traditional Chinese medicine
phellodendron, which has the ability to absorb ultraviolet rays, to synthesize mild and skin-friendly traditional
Chinese medicine liposomes and combines them with AL-PDA/TiO, composite nanoparticles to prepare a green and
healthy physical and chemical dual-acting anti-ultraviolet sunscreen lotion with no added flavors and preservatives.
It is hoped that this will provide new ideas for the preparation of sunscreen lotions using plant activities. Methods
SEER . W, Jds



https://ircm.oajrc.org/

Wi i 5 BT NE AR BRI R TiO2 9K E &R 7 VLSS & B LA 46 S LD RE v fr

The active ingredients of Phellodendron Bark were extracted by Soxhlet extraction and made into Phellodendron
Bark liposomes as chemical anti-UV agents by thin film dispersion method. Subsequently, we modified dopamine
on the surface of lignin and synthesized AL-PDA/TiO; as a physical anti-ultraviolet agent by ultrasonic chemical
method. Finally, orthogonal experiments, quality evaluation and other experiments were used to complete the
formulation design of the physical and chemical double-effect anti-UV sunscreen lotion. Results Through the
characterization of the materials and the multi-dimensional evaluation and analysis of the quality, efficacy and
sensory of the sunscreen lotion, it was concluded in this experiment that the experimental sunscreen lotion with 18%
of cypress sunscreen liposome addition and 15% of AL-PDA/TiO, composite nanoparticle addition had good feeling,
appearance, and UV-resistant ability, which were the best formulations for this experimental sunscreen lotion.
Conclusion Experimentally prepared sunscreen milk after a number of tests have reached satisfactory results, and

the preparation of simple raw materials, low price, good sunscreen effect, has a good feasibility as well as application

prospects, is expected to become a new system of sunscreen milk on the market.

[ Keywords] Sunscreen; Liposome; Lignin; TiO,; Phellodendron
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1228cm™ AL IIEIH R T AL (-CH3) « 75 &
TRZEIRBIN_ERREE X (C=0) Mi4EiREE0. 1507cm
UL PR AT U BRL T 05 A AR AR A R Bl AE 1375em
VA R AT U 0T LT B F AR 45 IR Bl . 1032em! (1)
WS U VA R T 5 A A% AE S T2 A RSB (C-HD 1)
MgEIRS) . HAh, B 23 (C) AT M %EH|3] AL-PDA T
3700~3600cm™ IR S A R T-F2 0k (-OHD Flg gk
(-NHo) 4iiRsh. KUk a CAER AL-PDA/TiO,
FAGKRLT 1 BT 1l 2% o

3 HAEMEERFEERHIETE R
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Wi i 5

ST BUAHAR T R RO BT TiO2 99K &5 kL1 AL 5 B WAL K 1) 45 e

HIRAEPF

95.0

90.0

85.0

80.0

AR (%)

1

fir 75.0
70.0

65.0

100
Size(nm)

B4 HAERIEERFREZESHE

DPPHERE SREEIEN

=
__—

0.1 0.2 03 04 0.5
RERE (mg/mL)

e AR T e A ERC e B PG IG5 S HEI PR ITRE R (5

5 DPPH B EBREE 1N

— AL

N\ on WY
— AL-PDA

— TiO,

—— AL-PDA/TiO,

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Transmittance(%)

Wavenumber(cm‘l)

6 AL. PDA., AL-PDA. TiO2. AL-PDA/TiO:£I5hSEitE3R1EE]
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Wi i 5

BT NE AR PSRRI R TiO2 990K E &K1 LSS & B LI i 26 S LD AP iir

222 FMHETEMEBERME (SEM)

(A) N AL-PD Ki ¥, HIE (B) W[k, 440
18 TiO YK MUK A B R ™ 5, HRAR BN —,
PRI LN 25um £ 4. B (¢) A AL-PDA/TIO,
HEHOKRT 1 SEM B Fr, & ] %1, AL-PDA/TIO;
HE AR FAEROIIRE TR 7 TiO 4Kk, it
WMZ2HE| AL-PDA HE& KT, FIH PDA BIF; PR
It % T AL-PDA/TIO, B & 91KFKi 1.

223 EFHETEMERIE (TEM)

AL-PDA RAFNZAR, TiO, EIL/NFURLR |

REOTE, (O EHRnEEMER] TiO, L)
# AL-PDA 178 , £ il AL-PDA/TiO» 4K E &4 KL

2.3 FrumFLAYEL 7 ik it

FRIE IEAT SA 4 SR nT %, 75— s LT, SEAARE
Waflg B ES InE —E R, BE%E AL-PDA/TIO, E&9)
KR FAIN R AISE I, ~PIWROE BERUE g e 5
BB BE F 4 s 24 AL-PDA/TIO, E &4k 1
ININE— e, BEE AR ARSI ERRE I, P
WO Bl BB N, BIBTIGE o de . B
455 10 H, Bl A3B2 4, #[#l & B2, ) AL-PDA/TiO»
I, RATE R B PO EE, JEARE
BN PG A O A A D = (R 3G I RS 0, S 2R
B, FRER, A3B3 HH XS . 3
ATT53 B 87 G L A B 5T (1) AR AR A5 - S AT BT
JRARTS I I i, 75— R RS P9 2 3 250005 A 7L 1)
PERASFR, P sh s oE, SEUYRE T
B, R IO R T REIX — IR . 45681
WIRE /7 BUEFIR RIS S5 2 T TN R H 5, BAl 1
2% 58 A3B3 AAE AL B AR Ty, BB AT B
JIE ARSI 18%, AL-PDA/TiO; & & 4N KK TR N
B 15%1E 5L dI/ERE 77

2.4 amILeg IR MER S 5T

2.4.1 HMUVEAY

1 S N LB AL, R ILAS I H B 4 1)
B LA 5E4s, Hf AL-PDA/TIO) B & 90Kk 1
SRS, BEAAPTWIE AR KN —, TR R B
PEGHIE G o

2.4.2 BRWRE

S FH AL TRV E BT W FE pH BV IME N
5.74+0.2, MWl pH H5 IEH LT B KK pH
(4.2~6.5) AHXTIL, 7 BERAPRANSKT JE it s 5 o

243 FEMEEH

(a) EiRfaeEt:

W AT H PG E T 40°CHEAR B 24h JEEUH,
RIS R DTS FING, R 1% BT W 7L =i A
EPER LTS

(b) R E

AT H B E T-20°CH A 24h JEEUH,
SRR EUTHE . s B, BKERR, bF
FEAKIH, 2 BHZ B i L i iR e e 1 R4

(o) B AEA7 5

W AT H B 7L B R 15 K U, AR R
TUUE 7B A, BKEMG, JEEKIH, £
BH 12 577 7 L A M R 4

(d) B§Oss

TEH% 184 3500/min 264 T &0 10min J5, &0
TG BT LA B AS AN R A 03, A B Z AT
TEIL G o Uk BH BTl 2% R B I 7L B A R i AR 1

2.4.4 5799 7L 1 2E JE 4

H:

mxl
- t

A SLAS B L AE 1, T EAS B L BT
MR AL 1.130em?, 545 H B i 70 4 i 1
N3.767, FEREMERLEF, Ui B A& BT LR B 1t
B, & TRk

7 AL-PDA. TiO2. AL-PDA/TiO2 & &K KIFHI SEM
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BT RBAER R BT R R R Tio2 9K R &R 1 M4

+
&

s it L 4 ) 5 B LT R VPO

*4 ERZEFHRLER

)]

8 AL-PDA. TiO2. AL-PDA/TiO: E &K FH TEM

i BRABT R A (%) AL-PDA/TIOz (%) W J6IE (Abs)
1 14 5 1.856
2 16 5 2.042
3 18 5 2.029
4 20 5 2552
5 14 10 2.050
6 16 10 1.985
7 18 10 2.032
8 20 10 2.692
9 14 15 2.104
10 16 15 2517
11 18 15 2.774
12 20 15 3.114
13 14 20 2.384
14 16 20 2.232
15 18 20 2.308
16 20 20 3.197

B9 Bl EMRTUERER

-17 -



BT NE AR BRI R TiO2 9K E &R 7 VLSS & B LA 46 S LD RE v fr

2.4.5 7 AP LI LRI PR D3R

MR CRIE 200 5 SLIe mI 43, AT H i) 4% 1) 1
LS TS BT AL A AHELARIE R B AF, TPl
B {RIGERE BARIE F] 82.22%, (HJRREIKINE 2, 17
TR B85 7 P L R S I KA AR AR TG B A G, K
A o L e R R AR T, A, B)E
B KA P ) 2B PR s M R B, R
R IRCE B AT H B i) % 1 7 0 AR 7 TR B AT
JoR B b AP, R CRAIE A A P I G 7L R T
I OREF R AT I ORIEZE . AR ORI 26 58 S50 T 15,
AT H Fri) £ B LS TS BT A M RIE R
R4F, MiEBFL B fRIEIERE EIRILF] 82.22%, {H
JRBRIG I 22, LRI I 6 55 197 H 2L Hh S I 7K R AN
AHIIER LA 2, KAH 5 s 2 sk Jp sk [ 3 T,
IANTELF, JoJEH K KR B T2 A5 7 S L
SPE R, HORKRE E . AT H BT ] & 5
FETE LRI E REAN R A1, 7 R IE A P
575 1P 7L D R R DR R AP IR IR 2R

2.4.6 BiiWFL B v SO ok

X B LT B T R IR 5L R, BR IR H I B VA 4L
e (i 2 2 ARBTEY (2015 4ERD HEETE
S A<1000CFU/g WIRLE, Wi AT H Fr il & 15
WL VA S0 A A%, X R EAE T EM P& 3 A

T A AN ER TR /N BRE B SEE J AR A BT B S A A B
YEM .

2.5 BFaBILEG AR R 5 04T

HAAR MU B BT3P R PR AT LS, AT H 5
AP A T YW 2.308, TTESBRIfIAE 1 TSm0
N 2.041, TR 2 SPIWROLE N 1.784, it
BRRE 3 TG A 2.117, PIASIH H [ A 56 K
YIELBT 7] AL-PDA/TiO2 & & 44 KK+ F 44 52 55 Il
TV HE AR 97 PG I 55 A X 97 PG 2 L R ARG R, BRI B
Py e NS R TS U NE 20 i P T T e
FRAFAES T [ VRPN A0 B BUR AN BT A, G
Wi EFFWERE 3, 7F 290-330nm 75 Hl 25 52 50 1) 1
UASCER,  AEDG)T JH A i B P 875 S 17 400 DU KT 44
T AS TR (875 1 75 106 55 55 A0 2% 4 9 BEB A, B i 0 R
BT DR .

2.6 FrumiLey BB IR 45 R 5 547

FEFHANVEIFE R, AT E B ] £ 1 57 L35
AR ANEE BRI, AWK B8 BB A2 R FH R SRAE D)
BT SEAATIE I A A AR Ak 2 BB, A
WP R b 5 T TR L L s SR AR T
I i) % 040 1977 105 2L 3 VP 5 i T R A o A 7L 5
TCECOR R, AU A S5 )7 i EAR T T b AR
DL B T A

x5 ALEGEILRIEMEREMINEER

I HFG AL e 24 A (h) g RZBbE (9 FRIEERE (%) TFEMRBER (%)
0.5 0.418 85.05
-~ 1 0.693 75.18
AT H B L 70.32
2 1.056 62.20
1.149 58.86
0.5 0.633 70.64
B 1 0.853 60.43 56.63
TR A
2 1.090 49.42
1.162 46.04
0.5 0.544 89.12
B 1 0.682 84.69 82.22
TENHI. B
2 0.722 80.88
0.790 74.19
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Wi i 5 BT IRBUASR K BT R RUAR I R TiO2 9K R SR MAAES & 0 7L AR 1 &% S LD R v

: FIRE B

3 2.308

.5
Esssmmam

2
1.5
1
0.5

0
280 290 300 310 320 330 340 350 360 370 380 390 400

3.5

; &7

2.5
1.784

1.5
1

0.5

0
280 290 300 310 320 330 340 350 360 370 380 390 400

> hERGIRZLA

2.117

280 290 300 310 320 330 340 350 360 370 380 390 400

35 HERAIEZLC

3
o, 2.041

EE NN EEEEER NN NN NN EEEEEEESE NN EEEEEEEEEEEEEE

1.5
1
0.5
0

280 290 300 310 320 330 340 350 360 370 380 390 400
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Wi i 5

BT NE AR PSRRI R TiO2 990K E &K1 LSS & B LI i 26 S LD AP iir

8.8
8.6
8.4

8.2
7.8
7.6

8.4
8.3
8.2
8.1
7.9

7.8 7.8
& 7.7

I I ] I
7 L

7.4
7.2

SR FHBRUTE

m A SIS P AFEEL

8.2 8.2
7.9
7-6 I

SERETE
= T ESBHAEFLA

8.8
8.6
8.5
8.4
8.3
I 7-9 I

[24:L:5]10] ZEatE
m HEERGIEFLE  w T ERRARAFLC

12 BlELRERE TN S ERE

3 g

AT E [ 007 SR FH 19 K = B 9 G e 4 ) i At
FAR ANIS NG 7 JE5 790 1) R A &5 4 B 7 o DA
AR AR AE A 2= B 7], DAAKRL T AL-
PDA/TiO, 1E ¥ ERR I 7] o T THT - PR 408 K35 43 5
FIR AL AR 2 Ofg . RAEFE A TEER
P2EB AR, W SRS e . PR o
B 98 S fen s, G R 25 S A2 o o U i A A0 ™
FEIR o FE T 17 7 _E A 9 B 751 T A7 P38 30 R
FRAVIR FH R SR AE P A H %) 7 B 2 ) % I A £
IR, i A R B T A G o 1 A
VIARZEPE, IR R 058 G T P AE R R AR
A, SEAK 57 AP AR B4 45 B 18], 5 R T A 65 R
[, FRATIS bl A SRR F 1] B 55 AT RO VR 75 vk
XF TiOs i F AT R MBI, E Tio, K& A
[Pl I ARR R, KRR K Tio, £t
RS 7= £E V- OH, J80/b %of Bz JoRs Je Ay s 8, T A e A
JRFEAR I -OH 24 s A AT oK, g 21 X0 #5 4
K-OH [IE FI N TiO, 75 Bt 7] 1 22 42 8 F 48
B . % BT 200 £ LR A B A N\
BIBOR, Bl & E AR, MK, BT SUR
A HEEONTTE Bk R B .

SE 3k

SR AR i 57 B A% 5 A AT, A IR Dk oK
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