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Preparation and characterization of timolol maleate cubic
nanoparticles for ocular administration

WANG Qing-ging"’, CHEN Ming-long"?, HU Xia', XIE Na', LIU Qi-xia®, SUN Rui®,
ZHU Na', WU Chuan-bin?

(1. Faculty of Pharmacy, Bengbu Medical College, Bengbu 233030, China;
2. School of Pharmaceutical Science, Sun Yat-Sen University, Guangzhou 510006, China )

Abstract: Timolol maleate cubic nanoparticles (TM-LCNPs) were prepared via fragmentation of a bulk
GMO/poloxamer 407 cubic phase gel by high-pressure homogenization. The optimal prescription was selected
based on particle size and entrapment efficiency by orthogonal design method. Malvern particle sizer, polarized
light microscopy, and differential scanning calorimetry were used to characterize the cubic nanoparticles.
Commercial eye drops were used as a control for the release and corneal permeation experiment in vitro.
Fluorescence imaging was used to observe the retention of Rhodamine B cubic nanoparticles (RhB-LCNPs) in
rabbit cornea. The results indicated that the optimal prescription and preparation of TM-LCNPs was oil-water
ratio (7 . 3), homogenous pressure (900 bar), the number of homogenizations (6) and drug loading (1%).
Corneal permeability of TM-LCNPs was significantly higher than that of commercially available eye drops.
The residence time in eyes was longer which suggested a sustained release behavior. The pathology result of
rabbit corneal after multiple administration of TM-LCNPs showed that there was no apparent damage.
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Figure 1 The ternary phase diagram composed of different
proportions of poloxamer 127 (F127), monoolein (GMO) and
water
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Tablel The orthogonal design and result of the experiment

Number Bar Time Drug loading/% GMO/F127 Size/nm Encapsulation efficiency/%
1 300 3 0.5 9:1 2549 55.3
2 300 6 1 8:2 265.3 49.6
3 300 9 15 73 260.1 50.1
4 600 3 0.5 73 255.6 45.6
5 600 6 1 91 249 61
6 600 9 15 8:2 250.4 59.3
7 900 3 0.5 8:2 2209 64.2
8 900 6 1 73 2313 58.7
9 900 9 15 91 207.2 66.9
Ky 260.66 244.00 246.00 237.66
K2 251.33 248.33 242.33 245.00
Ks 219.33 239.00 243.00 248.66
R 41.33 9.33 3.66 11.00
Ky 51.66 55.03 57.76 61.06
Kz 55.30 56.43 54.03 57.70
Ks 63.26 58.76 58.43 51.46
R 11.60 3.73 4.40 9.60

3 UFHRBMKKIAIRIE
31 RIfERFERAL

(-18.0+0.2) mV .

=

104+

Intensity (percent)

0.1

Intensity (percent)

500000 - -
400000 +
300000 + -

200000 +

Total counts

100000 +

01

2 = 35 JE T ¥ TM-LCNPs
PIRLAR AN B o3 A B DLW B 2 B 45 5 27, blank-
LCNPs [Jki42 8 (199.7 +1.8) nm, TM-LCNPs i
24 (201.3+1.9) nm, 7> A 5), zeta ML

04—

32 fwyem

ATLLE LA I
HH W A F1 B
3.3 ERPEM

/

4
i i i
10 100
Size / nm
W -
10 100
Size / nm
m
i'l
i
i
i1
I 1
........ |
-
; v .
=100 0

Apparent zeta potential / mV

Figure2 Particle size distribution of timolol maleate cubic nanoparticles (TM-LCNPS).
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Ko g 7
Figure 3 Polarized light texture of TM-LCNPs. A: Blank-
LCNPs; B: TM-LCNPs; C: Lamellar liquid crystal
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Figure4 Differential scanning calorimeter (DSC) of TM-LCNPs

4 TM-LCNPs {&5MNEH

TM-LCNPs RSN SE 0L 5. fh AT 4,
TM JK¥EHAE 5 min 7o 43 B & ik 50%; 50 min 7245
BT 2R 80%. TM-LCNPs 7£ 5 min B i
&4 10%; 50 min REBREHE TS 60%, TM K& AN
TM-LCNPs &SRS R W, 3275 18 v 4N AR ) Ay
TR ST AR S R 45 0, T DA Ak G 24 4 R R R 1 B VH
WORETHBR, L% TM B, X FhRAE F 2456 il 7
1 HR R R K B (1 B, AT DU 28088 0 24 P 7 IR 50 11
o B B T o AR AT 6 2 BB T 5707 90 P RS (1 XK
WL S AR, MRS T 250 R OE %
5 TM-LCNPs BffiEZESLR

SEJ5 R R AR B WS PR AE B, AL
5 £ 18 _F 2 4 LA AR UL £ R R AT, B 5 4 A
L1 R i SR R B i A B B kL . DR, 2
BT S A KR T DLE — B AR B A
YITE ML 2ERE /1. BBl 6 ATk, TM-LCPNs Al
B TM IR A RS EME AR ZESR, fT4h W
LW Bt iE L B AL, 4 h G TM-LCNPs [#) i i 2
FUB o B U i TS IR, 45 KW, TM-LCNPs

%

Cummulative release of TM /

20 —— TM-sclution
—a— TM-LCNPs

0 ZI[J 40 f;O 30 100 IIEU 140 !fI:U 180 Z{IIIU

f/ min
Figure 5 In vitro release profiles of TM solution and TM-
LCNPsat 37 ‘C insimulated tear fluid (STF) (n=3, X<£59)
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Figure 6 In vitro corneal penetration test with TM-LCNPs and
TM solution (n=3, X+9)
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Figure 7 Observation of Rhodamine B cubic liquid crystal
nanoparticles (RhB-LCNPs, a) and Rhodamine B solution (RhB-
solution, b) in rabbit cornea retention by fluorescence imaging



FAGETHEE R WE D AR 777 W 40 KR IR 1) 750 1 ] % A0 AL

1H) &
: R - RhB-LCNPs
. % \ :
& i #— RhB-solution
‘w60 -— 4
= |
g 0 1
g % [
Z !
g 2 i t—3
1 4
*
0
0 20 40 60 80 100 120 140 160 180 200

Time / min

Figure 8 RhB-LCNPs and RhB-solution in rabbit corneal
retention (n=3, X*9)
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Figure9 Pathological section of rabbit cornea under microscope
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