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Preparation and evaluation of long-acting light-protective nanogel based on fullerenol-cerium oxide
composite system

ZHANG Tianlong', LIU Jia', ZHAO Qing', ZHOU Yue’, YANG Ming*, LUO Qianyu’ (1. College of Pharmacy,
North Sichuan Medical College, Sichuan Nanchong 637000, China; 2. Dept. of Pharmacy, the Affiliated
Hospital of North Sichuan Medical College, Sichuan Nanchong 637000, China; 3. Dept. of Pharmacy, Jintang
First People’s Hospital, Chengdu 610000, China)

ABSTRACT OBJECTIVE To develop a long-acting light-protective nanogel with both physical barrier and chemical clearance
functions, and evaluate its performance. METHODS The photoprotective nanogel composed of mussel mucin and sodium
hyaluronate was constructed based on a fullerenol-cerium oxide composite nano system, namely fullerenol-cerium oxide nanogel
(FCN), and was characterized. The antioxidant capacity of FCN was evaluated using in vitro free radical scavenging experiments;
its UV shielding ability was assessed by using an SPF value detector; its biosafety was assessed according to the requirements of
the Guidelines for Drug Safety Evaluation; skin adhesion was assessed using small animal 3D live imaging technology; its sun
protection ability was assessed through skin sunscreen detection and histopathological observation. RESULTS The average particle
sizes of cerium oxide and fullerenol nanoparticles in FCN were about 20 and 10 nm, respectively, and FCN exhibited good UV
absorption and free radical scavenging abilities. SPF value of FCN was 58.95+ 0.82, and the ultraviolet A protection level value
was 6.21 £ 0.15. No pathogenic colonies such as Staphylococcus aureus, were detected in the nanogel, and the contents of lead,
arsenic, mercury and cadmium all met the standards for pharmaceutical excipients; FCN group did not show any irritating reactions
such as erythema, edema, or desquamation; blood biochemical indicators of the FCN group were within the normal reference
range. The material clearance rate of mice in the artificial sweat flushing group was less than 30%, while the material clearance rate
of mice in the dry cleaning group reached about 92%. The mice in the protective group did not show obvious erythema or ulcer

formation throughout the experiment. Histopathology showed
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that the fibers were arranged in an orderly manner, and the
number of collagen fibers was close to that of the control
group. CONCLUSIONS The FCN formulation constructed in
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achieves dual synergistic protection of UV shielding and free radical scavenging.

KEYWORDS nanogel; fullerenol; cerium oxide; high altitude ultraviolet damage; antioxidant; light protection
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DAL A A P AL A A (HLO.) BTG, T 3%
1 BR «OH \H.0. %5 ROS ; ‘& #) BELH K URLAE R K s 1 &
AT A, AR A5 M e R R AR LT, T R O,
2k A4 (singlet oxygen, 'O.) XS A d AL, FFFHET A
P S 0 S T KB R B by 3 326 2844, AT 3 i
B RR R BRPE , DT (A AR 7 R K 1A R TR) ¥ B B
frmsia] . RS ORGP TR & & 2 Ak e, v]
ST LM /AR LA ARV Bz JPk 2 TP B 25k B St
HZ LA REE A 5 48 B MR 7 AR E 1 2%
AT ORI, 135 4 K B IR E B RS, S Ak, i B
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W, AR P03 T 5 - A A oK B2 A R R A A
s D1 286 25 14 R 328 W B PR B 2L 1S A S B B i oK B e, BV
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FCN) , FEXTHAERR ATV, B 76— FloB B4 A A
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SRR B oK o
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1.1 FENEE

AW T B HE ME204 #5347 KK (i -
Mettler-Toledo 23 7] ) , 5425R U £5 2 5 9 ¥4 V4 B O ML (1
Eppendorf /3 7l ) , UH4150 K48 4h-1] WL-IT 21 7M1
BETE HT7700 74 755 40 B33 S5 fL 8% . SUB0 10 78 /55 43 B 4
J% 544l B 5 ( F A Hitachi 23 7)) , FTIR-650 %127 405
T A (R Vs AR BB & e I A A7 BR 23 F] ) |, Spectra-
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MaxiD5 7 4= Ty 68 ili #7 1X ( 3¢ [5] MD Electronics A H ) ,
IVIS Spectrum %1/NS#) = 4 75 AR B2/ (35 [ PerkinEl-
mer/A ) ), TEKSQRAY SQS-600P ! =3 1 Y] i F (Y
(YT A 5B AT BR 2 F] ) , Bruker D8 Advance % X 5
RT3 A (72 Bruker 23 7)) , UV-20008S 74 55 i 45
%7 (sun protection factor, SPF) &6l % ( I & ik FE 622 4%
ABRAED

1.2 FEHRBSIEHA

SAbEi-EKE Y GEMRER N R B A (4> T
100 kDa) Wy B2 i % FH i 3o R 4 3 i AL Al il T —
B RS E DU A 2, 27 B UL (3- 2, A I e
Wk-6-Hf iR ) —#ZER (ABTS) | 1, 1- 78 HE-2- = i JL IR
(DPPH) .3,3",5,5 -0 F JL B K e (3,37, 5, 5" -tetra-
methylbenzidine, TMB) . @i iR W. 2 (it 5 73 il
C432245  H293507 . rp212901,299-11-6 . 7727-21-1 . 606-
68-8. 298-83-9. 30931-67-0. D273092. T100416.
F684697) #4100 H LB fr T A AL BHE B A3 BR A 5
B KR (4EE 99.5% , 4t 5 99685-96-8) 114 F 1 [ Fl2#
e AR WAL A PR 7 5 30%H.0. (L5 7722-84-1) Iy
B AR TR R fh 2 i A BRZA ] s ROS 6 ) &5 (k5
080923231114) M4 [ 1 28 7= K ALY H R AR BR 2
) ; CCK-8 i1 & (4t 5 BG0025) My [ 5 P64 Wy
ARA B A s Masson =8 32 A 3050 & . 2 el 2R
(EDTA) 70 BE & | B 1R h 2% wh i (L5433 S G1340,
YA1461 ,P1020) 30 H b st REERHEA FRAF] .

TCH 2 96 I AR ) ME P BALB/c /N 51 2, 6~7 &,
KT 18~20 g, M [ AL H 4EE AL S s H AR A BR A
H), SR EY AR P ATIE S SCXK (52)2021-0006, 52
55 54T %R 25 °C V28 SR 50% . 12 h B/12 h 5 fIG#F
A TSR . B S T B St A R A A 3R
JE0
2 FHik
2.1 MRH&E

(1) A AT AN KSR 1) i) 28« PR 37.3 mg S b5l
IKEWH AR T 10 mL L5 F/K P, Z R 15 min,
FEREEIAE R P 0 1.3 mL HoO., BiEFE N 2 h;
Ll 12 000 r/min &5.0> 10 min, =4, 208 % T 15 15
B GRS AR, B M A AT A0 KUK (2) B Sh gl K ot
R 5 OB R R 10 1A & A8 K 5 NaOH # A
1) 3 3R B v AR B 1 h, SRS AR BRI BE oA 30%
Hzoz(gﬁe—t’%%lﬁ HzOz%JﬁE‘J%thﬂﬂ 0.139: l)ﬁ%ﬁ lh
(%3 450 t/min) 3 FHINZK AR W T A5 WA 75 0 B
TR, FHAEBHTAE R ER 4> T 154 3 500 Da) 1 H
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KIBENT 3 d, FeJa S R TR AR AR B Uk 2R, BRI R & )
B Y K JRL . (3) FCN A9 il £ < 4 10 mg It D1 26 25 (1 AN
1 000 mg % W FR R 4M 7 T 20 mL K+, i (50 °C) , 3
PRI S B K BRI , AR5 ¥ 5 000 mg Ak Al 44 K 0k Fl
100 mg & FhEEYN K Uk in A 2] 50 mL BRI ZR ik
F] 50 °CJ7 #EA T FAbFE (3~5 min) , ¥ IR 15 3 (4
FEYIRISH FCN,
2.2 HHRIRAE
2.2.1  SAAREHK R Y FAE

(1) JESRIRAE < K5 Bl ) S8 Akl 40 K B0k 23 121 2%
Bk H (20 pwg/mL) , BU10 L 480 P il 40 K SR 7K 725
82 Eo8 1) R e T O S A B O Sl e R =1 a7 S IRl
BTSN . (2) ARG R FAE « 5 S8 Akl 4 K R 24 ) il
TEEFES b 0 X ZeAT 5 o A A0 e e T A 254
KT AT, A AR R R 40 ~120°, TN
B340 8° 5 (3) 5841~ 1T UL IR 1% R A1E < 4 R ALl 4 oK
D VA = = S N O G 3 E - N RS TR AR N v
BETHI o HAE 200~500 nm % 4 3 [ B IO B (A4)
{8, 52 H AR Hh-1] WL IO TS
2.2.2 & ORI I FRAE

(1) BB RAE 45 0 & 8 B i K ok 43 181 7K
B (10 pg/mL) , B 10 WL & HEEG8 K UKL K 5 W 140 51
TNFHIR L fr 5 BT o s I i s TR IE
B o (2) LT ARSI ZRAE B0 R 1) 5 Bl oK
5 IRARAR LU 12 100 JR 61 s WA e, 2141
FEREA AT RGN, 75 2 H AT AP SOE T R (3) 58 4k-11
TR IS 1 R AE < I 5 v Ol 20 g/mL ) O e
YRIFORL AT, TR R KRR f5 |, AR 40- 1] -3
LLANEEEE T E HAE 200~500 nm K78 FE P 9 4
{8, 15 F L Hh-n] WO
2.2.3  FCN fEAE

(D)JESURAE U 9 FON T, 2T 43
U WA S8 AR IS0 T 5 B R R, Bl 5 2517
SFRNEE A AR B, IR 4 HE R S R AR WS I
Mo (2) EAM-AT WL OGS FRAE % FCN & T 600 pL Lt
LA FE K RS AT W-a 2140k
6B S HAE 200~500 nm 5K 38 Bl A 9 A {8, 1551
AR WO EIE ]
2.3 FCN® B HBEBREE TN

AHFFE R RS B 5L B 5056 FON $it & ki
PEIEAT R 50 HT
2.3.1 ABTS A HhIEiEkRAE

# 3.84 mg/mL 1 ABTS i 15 0.66 mg/mL 13 it
FREPVA TR T 21 T REE W 16 h 453 ABTS A i 3L
W B SRR ABTS H H B69A W5 AS [ 5 o vk 3
(25.50,100,200 pg/mL, ¥ 3 4K 4f5 A 30 70 5 56 2% SR 15
HD A FCNIEORDOGRN 10 min , FH £ 4h-1] WL-3 21403
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G I 5 HAE 700~800 nm I8 1 78 Bl Y Y A {1, 1%
B 734 nm AL B RRIE IR CE , T35 A R R R R
H HFETEBR R (%) =[A yn— (A s — A sr) 1A e X 100%
L A w8 A IR DA ST 0 P SRS TR A, A wn 8
JT R T R SR A B, A e RN A B SR
MITRY A M. SCH TR 3.
2.3.2 DPPH HHILiEFRAE

4 AT DPPH %51 (0.04 mg/mL) 5 A8 i fab ik
£ (25.50,100,200 pg/mL, ¥ BEAKHE i) 0 5 56 245 A5
HD B FON IR ORGS0 30 min, F£84h-7] WL-3T 21 713
SN 7 HAE 500~600 nm % K- 75 B P 19 A {5, %
B 517 nm YA AL A REAE OIS, IR 1T A R SR BR R
([A“2.3.175UF ), S 31K,
2.3.3 O, THIERE S

H5 200 WL B AR 22 vh L 100 WL i SRR T —
B W (8 mg/mL) | 100 wL 48 Ak fitf 2 DY 0 Mk 15 15
(0.216 mg/mL) , 100 pL My R A2 H RV (2.7 pg/mL)
F1100 WL AS[A] Jog 2 9 B (25,50, 100, 200 pug/mL, e
A HE T A 00 S G 45 SR AT ) B FCON i W3kt 6 J B 10
min, 7E 2 DI REBFHR X 1 E HAE 517 nm KA AH,
I E T EERR R (R 2317 F ), SCE A 39K
2.3.4  <OH5kRAE

200 L B R+ 2% wP R . 100 wL TMB % W (4
mmol/L) ., 100 wL i F2 V2K % % (2.7 mg/mL) | 10 mL
H,0.(4 mmol/L) F1 100 pL AN [ i 2 i & (25,50, 100,
200 pug/mL , ¥ B2 T P S B 45 SR ) 1Y FCN AL
SR 10 min, 78 A D RERFAR A 1 I e HAE 560 nm i
KA A E, IFHE A RS RR R (R 23,1730 ), 5%
IR 3,
2.4 FCNHIZIMNE R Hae HiTm

SR FH L s 38 FH 1% SP A6 0 430X A it 164 74 1 Ak
o AR ISO 244432021 R, 7E = 1A 20~30 °C AH
X E R 40%~60% )24 F , K FCN #% 1% 0.3 mg/em’
AL TR AT 25 11 3R R R D 0 T Y T M P REDRES T8 KA
7F I Ak # 20 min J5 , W 2 L SPF 1 UVA Bl 47 58 9%
(protection grade of UVA,PA) ., SZEGHE R 31K,
25 FCNWEHREMTMN

AT AR (2 b 22 R VRN $5 e ) BERM R F AR
HEAL R 2 B A6 I 7 B4 FON #E4T R 58 1928 VA
2.5.1  HHL9 T

JEREARAE 2020 R 24 3 ) (DUFER ) Hh s B 9 T A
S 6 25 R (A5 f A W BR B 5 o 4 T A )% FCN
PEATEE MR VEAY , B G TR VA BB B PR RN B B Tt
PRI B TE 40 O A BRI SR B M B A R
oK A, Hor 4 R Y 24 R R E R <10 mg/kg.
fifl <2 mg/kg . 7K <1 mg/kg 45 <5 mg/kg.,
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252 FERRAHZVEVENY

K HIBALB/c/INERUBZ R BT PERS AU EA TP . 5250
43 H FCN ZH AT BB, F32H 3 H/EL, FCNZH/N B &8
KR (AL 1 em X 1 em) i 2L K FCN (20 mg/em®) ,
X} BRZH /N SR TR SR AR BRER K . ERE 1 dig s/ R A
A AE LI A (55 0 K) R (B 3 K)o IR 11
K BRI (57 20 2K X /DN BT 38 B 9k 40 RO 2%, OF- i
FCN % 5z ik 20 2L il 3 1k ( 2% [ B 1 ISO 10993-
10:2021),
2.5.3 LA ZE A

SCES 4y A FON AL AT HRAH , 320 6 UV, FCN 4
7N BT 3 B B 3 22 U4 1K FCN (20 mg/em®) , X BB 41 /)N [
VRIRSF A FRER K o A3 AESR 11 RS 20 K Ri4H 4% L
3 FU/INEIEA T RRIESS , 264 T RRER BRI, , K¢ 1LV A EDTA Bt
BEAS M EP 45 b . EDTA Pt hREAR R R AR 3R
A0, T4 CHEAE, T I H MU . JCH EP & ke
A YR RS 30 min, JERLEERR, L) 3 000X g #5.0> 10 min,
B VW 20 EP AR, T T AR FRe I
2.6 FCN BB BEZh B I BE TR

A FE R FH 7N Sl 4 — 2 156 AR s A5 1 AR % L iz iR
B PR VE BRI T AT o SEE A o N T
A2 5 4, 41 3 HU/NR . A TR el 2E A58
AN BRI BE 6 AR o N TV (pH5.5, 7% 0.5%
NaClF10.1% FLi& ) , LA 2 em/min A9 2E B 3 6 2855 FCN
LB 30 min J5 A9 /0N BRI 1 EA TR ), SR bR A
TR T , 76 715 kPa FAEE whifi] Lok, T84
X251 FCN AR EE 30 min J& 19/ BUR PR TS T )7, 78
JE# 0.5 N/em” FHE K 10k, RAZOLE BREE
i 30 min A9V R B8 28 T AT T RIS Rk 2 T A% R
B R DR , IR RS BR . AHRNE S
(%) = (WIRDE R IE — 58 B 9O GIR E) AT R 28 i
& X 100%.
2.7 FCN WFs {5 8 7170
2.7.1 B RRBI I WS

KRGV FON IR N R8O AR S T
BALB/c/INREE AN T B RS IR, SE80 00y
X HRZ SR ANR BR AT B AL, AR 9 Ko S R
BE/NEUE TOCTE T )5 25 em ik, Sh— BB Ah R IR ST 4 d,
B H BFIHE 27300 mI/em®; 55 T BEEE AN BB ST 3 d, L)
A ) R ) 5 5 5 BB 5 30 min, BB ST 30 min 2 HT 3k
FCN RS 1, I3 80 2 mg/em’, & H WE/NRA O
AN, B Rk 20 do fESCG AL, 40 7E
SEHGAR 311,20 KAFA A HL 3 FU/NRAA R0 S = k4t
BE Wtz W4 00 1 O
2.7.2 BRI

FE“2.7.17 LB SERE I, 43 7 55 B S 56 3
11,20 Ric st BTG O , 2 A FE AR ) 3 H/NE, BGH
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TR RRL L, 5 B £ A WD R R 5 wm) , 43 5IEF T HE
YL {4 Fl Masson e {7, 35 1 J5 18 2ok = 18 1w V) R s
/N B R R s AR A
2.8 FitZEFHIE

% H GraphPad Prism 8.0 %K 4 #E 474 el f1 48 1170
Mo THETORNK B IEAD AR LA x £ 5 Fon , I TR) F A
KW ST AEAS R . KK I =0.05,
3 #£R
3.1 #WRRMEER
3.1.1 SRR R (1) AR S

SR A (LA R, EAL S g0 K Jiok 28
R BRTE | SR 2 29 20 nmo X 2R AT 540 BT [ i 2%
R(E1B) 7w, A s g R SR AT SR 4 37 77 %8 £ i
1A ZEH (JCPDS No.34-0394) , R 567 Shn i A 58 4
W&, 2% BH BT ) £ %) S8 A0 B 40 K SB0RE ELA B U A0 235 A
Pk EAR-AT WG FAE S5 R (B 10) R, Akl
40 >k Wik 7E UVB (290~320 nm) F1 UVA ( >320~400
nm ) I B 35 B0 H B S 1 IR AL

_wv- a‘ 2000 0.7
A 0.6
o o TR 1500 05
9 Y 0.4

2. -4 - 1000 =~
WSS s = ‘ 0.3
o N g 500 0.2
s U
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DB E. 25O F 2 4h-F] WL O 1A

2.0
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1.5
= 10
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~—|
0,
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Pk /nm

GBI (BRI 100 wm)  HATHHB BRI (B3 :500 wm) LRS- AT IO

1 AE#MHBRIESER

3.1.2  E EhEEGCKEURL B SRR S,

BEHT RS R (K 1D) BoR | & B B K JoRs R 12
AR YS)  ERI R 2910 nm. ZTAMRISOGIEFRAE 2,
(K 1E) 7R, HARRAE s 4 53 517 F 1 000~800 cm ™
(C—CHB RS ) .1 428~800 cm™' (C=C & {h 47 4§
) .1 380~800 cm ' (C—O # {1 45 #E 5h) . 1 640~800
cm (C=08 45 9R3) ) LA & 3 400~800 cm ™' (O—H 42
WgatRs) o SH0-1] WIS RAE LS 3 (K 1F) IR,
B ) BEGA KJORL A 200~400 nm I K L N BT B0
Tl
3.1.3 FCN ML

I HAE LS R (K 1G B 1H) s, FON 2 #4157 fl Bk
TELEAE , FLIZERIE G540 2 R oK G/ NER A 42T 1

FCN
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() 22 G 45k B4R 43 A YE L R 50~100 wm, 4E4h-A] L
WG FAE 45 5 (& 11) 7% , FCN 7E 250~400 nm %
AP BRI ST CR R
32 FCNWBEHEBERENFNER

3% 1 ] A1, FCON X425 PR BRI R R At T I i ik
FEMCH A . X FCN A9 i iR B 38 i 28 200 pg/mL B,
HXF ABTS [ H1E . DPPH A 13 | «OH Fl1+ 0. [175 %%
AR (62.56 + 1.41)% .(60.52 + 1.42)%.(89.02 + 1.04) %
F(77.30 +1.37) % , RV HBA BAF BT S A P
Rl ARREREFCNMEHERENBTRERER

(x*ts,n=3,%)

iy ABTS DPPH i “OH 0,

25 pgnl 2488+ 160 15714058 1032422 1164050
50 pgnl 47054169 20.58+2.56 76384087 19524085
100 pgimL 6218117 3436+2.98 843139 0.1043.12
200 pg/ml 62.56+141 60.52+142 89.02+1.04 7730137

3.3 FCNHIZIMNLRERKREEIEMER

FCN 7E IIfi 5% 1 370 nm A% SPF {# 4 58.95 + 0.82
(n=3), it F B SPF 50+ B B3 704% s PA 1 6.21 +
0.15(n=3) , F4 PA++++2% CHIEL B i SO FRIED, LA L
SERFH  FON HAT ) iR A B b b fE
34 FCNHIAEMZREMITENER
A1 H RO TR 2

FCN H AR HH 4 ¢ 000 8 7 Bk 8 2 B0 T (R BR <<
10 cfu/g) ,%(5 mg/kg) Jif(0.01 mg/kg) \7K(0.002 mg/kg) |
5(0.59 mg/kg) 55 1 4 @ o s 45 SR AT 5 24 FH A R
Bt
342 JRRAHZEVEPHN A

R 2 R (] 2A) 7R, FCN 41 5% A 41 /)N [
25 W [R]  AR E 22 SR o g i L (P>0.05) , & H
FCN X /N U — IR 25 0 B 5 0 M o 3 iz Ik g &
S 2B) B , FCN 41/ R M BLLLBE K b S 45
FRECE 2, 454 1SO 10993-10: 2021 EE 7 #8441 2
PERARIE O TC I AR EER
343 IMEAH YIS

FCN 20 0 HEZH /INERAE S5 11 NSRS 20 R A9 I H FL

HOKR

2 —o— Al
-i= FCN4{
)
20
=
16 1
0 4 3 12 16 20

I fil/d
ANRIEE (X +5,n=3)

fRtn b, Z R git w2 X (P>0.05) ; A= k45

b (TN R PR % 2 . K& R IR g R R AU ) B

R 22 RA G2 X (P<0.05)  (HIFEIE W 5%

B Bl , R FON R 25 8 RGN . 4541

W2,

Fz2 FANMRE 11.20 KB I E HAN M0 4 NS FR
ZREE(xts,n=3)

Wl FON4 A t P
FUX AMRHU(eL) 406050 4031095 005 0963
aAEHRU(X 1021 1087£0.1 10524021 268 0056
MMEE(X 10 L) 15176747893 1399.00£25.15 266 0057
R ER/(UL) 570041020 4674236 222 00%
KA EI(UL) 137001653 131704 11.56 079 0457
JRZ A/ (mmollL) 9411070 6.9610.80 4120015
JIUEF/(pmol/L) 967£047 2004204 =233 0.080
FNEX AMEIHV(X0L) 640+120 630+0.80 014 08%
i HRU(x10°L) 1090£0.00 1060£0.10 5200007
MEHEU(X L) 140730415150 15767048680  —163 0178
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