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Preparation and characterization of hyaluronic acid-uricase liposomes
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[Abstract] Objective To prepare hyaluronic acid-uricase liposomes (UHLP) and to investigate the activity and stability
of UHLP and uricase (UC) in vitro. Methods UHLP was prepared using reverse-phase evaporation and observed by
transmission electron microscopy. The entrapment efficiency, particle size and zeta potential of UHLP were detected. The
physical and chemical properties of UC in free UC and UHLP, including the optimum pH and temperature, thermal stability,
storage stability, pH stability, stability to trypsinase, and stability to metal ions and organic compounds, were examined. In
addition, the mechanism by which UHLP promotes UC activity was also explored. Results The mean entrapment efficiency of
UHLP was (57. 27+3. 93)% (n=23), mean particle size was (322. 6 8. 2) nm (n=23), and mean zeta potential was
(—19.4+1.7) mV (n=3). UHLP was round or oval in shape and was evenly distributed under transmission electron
microscopy. The optimum temperature of UC in UHLP and free UC was 40C, and the optimum pH values of UC in UHLP
and free UC was 8. 0 and 8. 5, respectively. Thermal stability, storage stability, pH stability, stability to trypsin and stability
to metal ions and organic compounds of UC in UHLP were better than those in free UC. The envelopment of UC with UHLP
increased the activity of UC by reversing conformation and exposing active center of UC. Conclusion UHLP can not only
enhance the activity but also improve the stability of UC in witro.
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VERZT oy b B JEHE AR 5h . 7RG R |, UC 2
FAT BRIR K- B2 WA 5 PRI K- T8 AH DB 1Y
WP AR UC a2y AR YR F AR R e 1k
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HE gl Kk (lipid nanoparticles, LP) J&—Fffi%E
Y EA, 8 TR 5 25 RS, B HA YA
PRIk e SR B 25 A e vk L BRI AN R
DL FEAR SR e I P 488 v 25 1 A 0 R B O i L
lia] F1 2% B (09 /E Y. 38 B % R Chyaluronic acid,
HA) fJ # i 2] HA 5244 CD44 Fi1 CD168, Ji /b 4 14
2 0 Y 5 o R R 2 L R ) e R AP DG T L
U ERSY . HA &) 3@ 3 2 UF i HA
B IR A A O VR ) MR L 38 B R 2 22 A O
PP 5G9 R RE IR L A 2% /X1 5G9 48 i I R AR
2SI

AT UC il i HA iy UC iRk
(hyaluronic acid-uricase liposomes, UHLP) , MY
et s UC WS PEFIG YT &R s i H Ay 22 UC Jig
JE A& (uricase liposomes, ULP) 2 HA &4 J5 , 7EF%
A N R AT B[] s B A2 4 1) 3] HA 32 1A CD44
H1 CD168 , i /b 5 1 4 M 14 5 i A B PR AP DG At
RWVEH . SR E /9 UC FIBLE PEG {6 UC,
ULP™ UC Kt b AR G IR RS
P2 HA B LP 7, 4 UC f#F UHLP
Hh i R DL ATRE

1 ##FTE

1.1 ## =izt UCGEE Sigma-Aldrich
SNED s IRER (FEE Alfa Aesar 23] 5 K S GP#E g (2
[ Lucas Meyer 23 a)) 5 IH & B (77 K b 40 4k T
7 s JREE F i PEG2000 () 25 42 F 1k 22 15 A R
D s HAG R e A= Pyl it ) P S AR 73 5t
12 000, 4fE=>99. 020, 41t45: 20131027) 5 1- L He-
3-[3-C i) A 3k e A — W0 J 8 TR 6 CRUAT A%
TPALAHARA RA WD s D- I AL R -80 (i
IR e AL Tl ) s AL (Gl PCIERE A7 1)
J7) s Bicine (£ [E Amresco 22 A ; WL . B ALY (FE
PRI A0 A FR 2 w5 s B UL 9058 Bk T A

RN FDD s HAialiR 4 A 4

1.2 UHLP #4941 &  FRIBGE 5 1% 5785 i F0JH [ i
BT AR 725 AN BT AT B U AT
W A 2Bk B2 pH 8. 5 1% Bicine-NaOH 2% i
(& UC)  FE7K v 4 8 7 A 1 75 208 3 20 4 il
R, W R TETE e 28 RAL LB &5 Sl i 5 %
BRI FL A IR 2 0. 22 pm SR G ED 15
ULP, ¥ % & HA 1Y BicineNaOH ¥4 7 pH
6.0 Z0F I 1-23-3-[3-C I e ) TR 2L I me Ak —
WAL R ER7E 37 CHE & G fb. # C ¥ M HA
IAE] ULP #9895 pH 2y 8.5 IF4E 37 C 441+
5 ULP Wb, &0 5 ByiE. H pH 8.5 1
Bicine-NaOH Pk Bpaftirsd |

1.3 UCHEEMEFFeyEs MR- sz b
& (pH 8. 5,50 mmol/L) FLiil 4% 75 pmol/L JKIR
VT B UC {EPERIEY . S EME 1
JrigilsE UC BisE, 78 1. 18 mL JRERIFW H A
20 pL 1y UC 1 20 pI. UHLP BEFLIS Y EEH 2A
JEAE 293 nm L0 AR Y 22 AR AR

1.4 UHLP g & 5% A3 5. Rk B AT 55
B2 TS R M E B R, TR 0. 5 mL (Y
UHLP, | Sephadex G-200 2 #r #, F Bicine-
NaOH 2 v & (pH 8. 5, 50 mmol/L) ¥ it 73 B
UHLP A1 UC, Y4 UHLP 3#43. BC 100 pL. il A
SRS AT S5 ¥ 78 595 nm AL
FE G E (D) 18 5 AR EE AL FER 14 A2 ) UHLP,
ME N B (D ). W3R (%) = Duwp/Dy X
100%, & 3 K.

WAL F zeta HE 7. B 0. 5 mL {9 UHLP, i A
4. 5 mLF Bicine-NaOH(pH 8. 5,50 mmol/L) i B¢
J& AR5 S BIFE 25 CTF WO RL EE HL A SO 2
12 H zeta AV,

ESTHRAINES  UHLP il 10 4% A1 SCRERERY
B R TN L 120 B R Y B B S
UEAR T UM . 7E 37 CTF T4 0.5 h J5 EHLUER,

Fpcid Y B« 8 IR BR W W 43 M AE 20CL 30°C
40°C,50°C .60 CHI 70 CIKIEZME R Wik 10 min J5
FEZ IR (25°C) Z 44 F 43 51 2 i 2§ UC F1 UHLP
o UC (936 . 5 pH: ¥ pH 6.5.7.0.7.5.8. 0,
8.5.9.0.9. 5 By R FR VA W 7E T 1) S5 3 Y BE 45 14 Tl
# 10 min J5, M€ 372 UC Al UHLP & UC )36
Pk, e PE B UC # UHLP £ 2 mL, 4350 i &
F 55 CHKIEH . F 0.1.2.3.4 A1 5 h 43 IR
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9. 5/ Bicine-NaOH ZZ i B )G, T 40 C KRB 4%
PR dCE A0 min, B I E 5 UC A1 UHLP H
UC W6 T8 F K f# g 7 20 BB 1 mL
UC F1 UHLP IR &% - A Bicine-NaOH 2 i i 1%
i () R B A VRO B IR S 3 A SR CE T 37 C Y
AKisH . 7E 0.10.20,30,40.50, 60 min K43 B HL H
JEIE B UC i1 UHLP th UC 1 3& M. P34
& JE BT AA AL EYIRE ) L UC A1 UHLP, 4351
IAZE R ) D-11 AL it iR-80 ., &AL 8 AL 4.
PEG2000 B2 .7 25 C & it 1 h J5, B JF
W22 2 UC 1 UHLP H UC 36 1

1.5 UHLP 42 & UC & WAaus a9 F 5%

1.5.1 UC Hle Wt B R K% 1 mg
UC %% T 10 mL % BicineNaOH 22 w1 i (pH
8.5,50 mmol/L) H1, 4 1. 2 Wi F Jy Pl 46 UHLP
Mzs [ UHLPCAIA UC) . 4331 UC,UHLP Fi
25 UHLP 5 Bicine-NaOH(pH 8. 5,50 mmol/L.)
AR SRR B IR DOEE (FITO IR IR A )5 » LI
A6 5 min, FEEA A K 480 nm, K H K 500~
600 nm P ZEFT . 25 CHEIR AR H OB RS EE .
1.5.2 UCH£%L BUC,/HHE25C.55CT
4L 3 h, ;U F 2 WS FITC 19 Bicine-NaOH ¥
(pH 8. 5,50 mmol/IDIEE , fEi & K h 480 nm,
R 500 ~ 600 nm A A b 5 L B
UHLP, 43578 25°C .55 C F##fk 3 ho#E 25C .55°C
THREUC, B E 25 FITC (1) Bicine-NaOH 15
(pH 8.5,50 mmol/L)IRA » [RIFE KL FL oL 5m A .
153 UCH#B&E HiFe UC, HIE 1542 HK
UHLP Hf) UC, 723 & K R 280 nm., & HF il <
k1 200~400 nm B 5515 T 25 CHEE AR IO &
SIEE .,

2 7 R

2.1 UHLP#y &3t % B2 & zeta wix 5% 3
ft UHLP, 2k, P340 d 2 (57. 27£3. 93) %
(n=23),FHRi12 R (322. 6+8. 2)nm(n=23), zeta
B (—19. 44+ 1. D mV(n=3), UHLP [ki1%
I3 A zeta AL DILIE 1,

2.2 UHLP #9340 408 B F LS 2 BT il 5%
() UHLP 5534 ¥4 51 i 1R sl [0 , WLIE] 2, UC
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HAB M ZENG A 2 .

—
W

Intensity (%)
wn
S
b

(=}

0.1 1 10 100 1000 10 000

Size dnm

0 £ \: 3 ; B
—100 0 100 200
Apparent zeta potential p/mV

B 1 UHLP B#i{2 5 75 B (A) #1 zeta ERAI 5 7 [ (B)
Fig 1 Particle size distribution profiles (A) and
zeta potential profiles (B) of UHLP
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UHLP: Hyaluronic acid-uricase liposomes
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Fig 2 The transmission electron photomicrograph of UHLP
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UHLP: Hyaluronic acid-uricase liposomes
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Fig 3 Optimum temperature of UC in free UC and UHLP
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UC: Uricase; UHLP:; Hyaluronic acid-uricase liposomes. n=3, x=*s
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2.4 mEpH$MELR FE37C.pH6.5~9.5
i, UHLP #1 UC Wi pH {E 45350 8.0 F 8. 5,
UHLP 75 Hfi&E pH(pH=8. 0) i) UC 3 11 24 12
liFeg UC 78 Hd5@ pH (pH=8. 5 I iE M1 1. 12
. UHLP Fieg UC 7E pH 8. 5 By UC 3P4
%R pH 6. 5~8. 0 [a] UHLP H UC 3G P4 iF
2 UC &, G9URERWILE 37 C IR T St 9Kk i
() UHLP figiH 4% & UC (36 Pk , BLEHiE 25 UC i
UHLP 1 UC 5P £ 252 pH EHIY 0, UHLP fl
UC R A [F] 9 feiifi pH AT BEJZ [y UHLP 4y
%ﬁWTUC%W%%ﬂE%i%Eﬁ%%T*
MIEEIE , DLIE 4.,
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Fig 4 Optimum pH of UC in free UC and UHLP
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UC: Uricase; UHLP: Hyaluronic acid-uricase liposomes. n=3, r=+s
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Fig 5 Thermal stabilily of UC in free UC and UHLP at 55C

UC: Uricase; UHLP: Hyaluronic acid-uricase liposomes. n=3, x=+s
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Fig 6 Storage stability of UC in free UC
and UHLP at 4C

UC: Uricase; UHLP. Hyaluronic acid-uricase liposomes. n=3, =+
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Fig 7 pH stability of UC in free UC and UHLP
UC: Uricase; UHLP; Hyaluronic acid-uricase liposomes. n=3, T=s
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FHF S UiF 88 UC 15 22 PR T B i g 34 i 85 UC
TEPERE 2 90 %0 FIr s (I RI 249 7 3. 8 min; 15 PP &
507 BT 5 1Y B A1 29 k22, 8 min, [R5 &1 R,
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Fig 8 Trypsinase stability of UC in free UC and UHLP

UC: Uricase; UHLP; Hyaluronic acid-uricase liposomes, n=3, r=+s
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TRE8 N2y 97% , UHLP th UC 15 KR 75%;
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Fig 9 Effect of several metal ions and organic
compounds on activity of UC in free UC and UHLP
UC: Uricase; UHLP; Hyaluronic acid-uricase liposomes. n=3, x=%s
2.10 UHLP F MR S HH 6941 5 AR
2.10.1 UC 5k fiErE A 2R 251 UHLP
9 CTRE fe/N s AT RS FR T I zeta ML R 1, 323K
FITC 5 UHLP Z[a] i Bl s HE R B4 s UHLP [1)72¢
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PR, AT A, UC 5 UHLP {AH B AE vl G ]
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2 800 a
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B 10 ZAEEE
Fig 10  FITC fluorescence spectrum
a: UC; b: UHLP; c¢: Blank UHLP. UC: Uricase; UHLP:

Hyaluronic acid-uricase liposomes

2.10.2 UCHEHEERER 1EX UCHRK
AR FE g, UC(25C) [ 2 ik o 784, 2, UC
(55 CH TR EE Jy 532. 9, W & I 2 {E ly 251. 3;
UHLP(25C) iy % 6 BE 2y 731, 6, UHLP(55C)
MIDEEREE N 719. 7, I HE M ZM R 11. 9. &t
TRALER)S A9 UHLP R UC [958 5 41 He Ak
P B I WA o 100 B o U0 4% 2 %o I 10 45 ) A T el
A5, AHJE, UHLP FifE g5 UC 9658 B AR LA L B
UERTLAHED UC 5 UHLP 19 B8 B A AT — 2 i A
AR UHLP Jg AT UC A — & B 1R .
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Fig 11 Fluorescence intensity of UC (A)
and UHLP (B) at 25°C and 55C
a; UC (25C); b: UC (55C); ¢ UHLP (25C); d. UHLP
(55°C). UC; Uricase; UHLP: Hyaluronic acid-uricase liposomes
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Fig 12 Fluorescence intensity of UC in

free UC and UHLP at 280 nm
a; UHLP; b. UC. UC. Uricase; UHLP. Hyaluronic acid-uricase

liposomes
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ARSI E T UC M UHLP B fo iR R L e
pH, 451K H] UHLP h UC 5iifeg UC MHILREE A
RACHb A PR AR SO 0E T A R R o 1 AR ) 42 R
BT B AT S PTG PR AE 1 520 11 B I TE T 48
300 5 90 B T AE EL 2 A REAE HR M IR AN R . AR
SEPERZE R LN, UC e BHE UHLP UG XL
SR E AL 1 RE 7 WY 0 g 5, BOFE AR [R] 09 254
UHLP # UC R 1 547 iy R E 1 E I #k I
(55 C) A7 2 (4 C) R, UHLP 2 R AR 4f
PR EE UC 6 M. BR SRS & PRI 45 R 58 70 i B
UHLP fefR & fr 37 UC Sz 4h 5 pH B4y T+
. PUREARRE ) 045 AL T 5870w B, UHLP gefR
I fd UC %32 8 F BRI BIR

ARSI A FITC g5 & H i 28 5460 (22
i ) 45 A 1 - Ll b FITC 5 UC 454 M
M UC A — 2t 2. UHLP £ UC i #
PRI ARD L OFFE A S 25 R 3B . UC 28 UHLP 4122
JEHAEE R A T R, )5 A 5 UC [R) UHLP Jig A
AR EAE IR G A TR AR BAE I UC iy 4 &k
Bl RO A U UC I P O 22 558 AT 32 350H
TR o . T8 I T 2R 1Y 2 't i B ok 25 48 UC
AR, 1) P S R 2 et L G A o B2 S U Y
RFR » R T BRGE o 5 B I VA M AR 2R v i R
M E s E " ARSI I F 1, UHLP A4
58 UC IEMERIS = UC AP E MR A A SE 50y
UC GRRLAIR N BIFSEBERE 1 RAF A A
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