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MR T B, Kesonse M (0.006 4 £ 0.000 3) min ', “FIY5E IS A (mean residence time, MRT) #E1, & 155.4 min
(P<0.05). 4l 2yak# 4 R Bon, CS-PN/SE 15 K4ulE 24 46.3%, 4l H I [ K1k 480 min, % PNs 410
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Chitosan-coated ophthalmic submicro emulsion
for pilocarpine nitrate
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Abstract: The study is to design chitosan-coated pilocarpine nitrate submicro emulsion (CS-PN/SE) for
the development of a novel mucoadhesive submicro emulsion, aiming to prolong the precorneal retention time
and improve the ocular absorption. CS-PN/SE was fabricated in two steps: firstly, pilocarpine nitrate submicro
emulsion (PN/SE) was prepared by high-speed shear with medium chain triglycerides (MCT) as oil phase and
Tween 80 as the main emulsifier, and then incubated with chitosan (CS) acetic solution. The preparation process
was optimized by central composite design-response surface methodology. Besides the particle size, zeta potential,
entrapment efficiency and micromorphology were investigated, CS-PN/SE’s precorneal residence properties
and miotic effect were especially studied using New Zealand rabbits as the animal model. When CS-PN/SE
was administered topically to rabbit eyes, the ocular clearance and the mean resident time (MRT) of pilocarpine
nitrate were found to be dramatically improved (P < 0.05) compared with PN/SE and pilocarpine nitrate solution
(PNs), since the Kcspnse Was declined to 0.006 4 = 0.000 3 min_' while MRT was prolonged up to 155.4 min.
Pharmacodynamics results showed that the maximum miosis of CS-PN/SE was as high as 46.3%, while the
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miotic response lasted 480 min which is 255 min and 105 min longer than that of PNs and PN/SE, respectively.

A larger area under the miotic percentage vs time curve (AUC) of CS-PN/SE was exhibited which is 1.6 folds
and 1.2 folds as much as that of PNs and PN/SE, respectively (P < 0.05). Therefore, CS-PN/SE could enhance
the duration of action and ocular bioavailability by improving the precorneal residence and ocular absorption

significantly.
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100 Z24E (175 s, H: 32 S0 Ik 1 4 R SRl s AT IR
HEENE M 24k, 5 UL BRIRER A e 4, Bk
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ARERT HRELEEW (PN, 40 98%,
ELPHRE T, T ARRIER B 2547 BR 2 | 4 %%); iR B R
TEFRBIEWH] (PNs, 1%, wiv, 11145 A4S 48 Fiik
ATBR A W], REEH M =R lE (MCT, %[5 Lipoid
2y ]); Tween 80, Span 80 A H ¥ (P 5 BU/R A T4 R
AFED); MR (SR, TR T 2 A
U BRAT]); 5TEME (CS, 4 FIRELA 150 kD, it
LBRTE 95%, Wil 4:7e BB AR, oAb
FlE B N R R e TR

;Y B, RE (2.5+0.5) kg, HEZFR
KEESEEG A RO, (19+1) °C, (50+5) RH, (20 +
5) lux FFARAEgE AR, [FIARECR, AERTOK.

KD ERAKBRNE  KHEE PN £ 800 mg
210 mL S, HIESFRERAT K 58 A, 7Y,
B 5 mL = HIEE T, IABKIE A IEERE 5
mL, HIfFK—IEFRE (10 1) K20 RS- W iE 30 min J&,
4 000 r-min~' 2.0 10 min, FHUKZE 20 uL % 50 mL
S, HIEFREAM K ER 2L, 75 220 nm
KA e BB, ARAARAEZE (4 = 0.039 7 C —
0.0139, R* = 0.999 8) 73 F /KM P 254k 5, H 2
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A1, T (254 1) °C. 150 rmin ! EIE KB T AR E %
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FIEWH 0.45 pm LB ORI I 0 . BUERIEW, H
RBNAE MRS, HPLC A 25903k, R4S PN 1R
ML o [FEHRAE 3 IR, HCPIME.

CS-PN/SE Ry#I & Kb I MCT (5%,
w/v), Tween 80 (4%), Span 80 (1%), V&R (0.88%),
PN (1%) BHEER G5, Fi#AE] 40 CHENMAH; 5
BT EIH M (2.2%) AL E TOKTIAE] 40 CHE
N IKAH o B KA M2 I AR, 6 000 r-min ' R BY
Y] 6 min {5 PN/SE.

PR AL, fE (25+1) CHRE S PEEE (300
rmin") N, ¥ CS [MESIRENZEZNZHNE PN/SE
3 N oE S R R AR RE 30 min, 485 0.5 mol- L™
NaOH 75 pH £ 5.0~5.5, 33 CS-PN/SE, 2~6 C
JECE % .

CS-PN/SE B9fE4E® R4 s Z s b 25 1, %
I3 RE L 3 AP A AR =R A AL T o %
DRI 25 I B Y R 23 90 A - Span 80 3K JE (Xq, 0~2%)- T
FRIRTE (Xo, 0.26%~1.5%) LAK CSIKRSE (X3, 0.25%~
1.0%), &HEMAT R 1. PR, Z20HR
(P HAL LB AR AR 5 (W), H] Design-
Expert 7.0 AR 2400 55 R R EATR R, HE 55
S S RN ANA O E =&y R A E R S (N S P S
AT LRI

Table 1 Levels of independent variables

Level
Variable
-1 0 1
X, (Span 80, %) 0 1 2
X> (Oleic acid, %) 0.26 0.88 1.5
X; (Chitosan, %) 0.25 0.625 1.0

PN BHEMNZE KRHBIEENE PN/SE Al
CS-PN/SE £33 (encapsulation efficiency, EE%),
I 0.5 mL F@EIEEOE (0 THEFE 10 kD)
H1, 4 000 rrmin " 2.0 15 min, WEE 3 NEOEE T
THRZE 1 mL B, IMAASE (90 pg-mL™ 4 HR)
200 pL, JHRSIATE 2, HPLC A, 48 b 1337 224
VIR IE Cyo H4 B I E J7 VA INAS 155 s 1K 254
WIE Coo EH W2 N AIHE: EE% = (Co— C)) / Cp %
100%.

PN/SE 1 CS-PN/SE BYREZIFM KA LI/KX

PO LI 2 4G 5 PN/SE #1 CS-PN/SE [k 47 A1
zeta FLAL . SRIIBRESIR (1%, wiv) fuigeid, midiE it
HL 1 S S B 5% PN/SE 412 BL CS i fa R I E &
1AL, o

RFHFBMEFARY PNs (1%, w/v). PN/SE (1%)
A1 CS-PN/SE (1%) 3 A iR B AL 2 B 2K e, Bk 20 6l 571
IS EEE 3 URIR M EE . T K gk ik
PN T EIRBIFS 50 uL, BEH A 10s. 4525 5.
10. 15. 20. 25. 30. 45. 60. 75. 90. 120. 150
A1 180 min JiF, FHB4NE {E A 4 22 N IH L) 2
uL, RAFRFI .

FRREZHMFAR PNs (1%, wiv). PN/SE (1%)
M1 CS-PN/SE (1%) 3 AR BENL 73 Mo 5K ., A4 i 511
ISR TG 3 R s . 45 2 FH LR
O A AT HR LI T, CAE BRI do, 4 T4
JEEN 25T Bk HI5) 50 pL, BHEME 10 s. {E42
J5 2.5, 5. 10, 15, 20, 25. 30. 45. 60. 90. 120.
180. 240. 300. 360 420 FI1 480 min, i\ %ML EHAE,
WA de 3 2T I ) 5 A e R T e S B
YEME R = (dy— dy) | do x 100%, F-25 5 4 i R — I 7] 24
L

ARFIMESRIE  HOFvE 22 AR bl S 3 41,
BAH 3 Ko BFHLRYLG TAREEK 50 pL 1F Xt
W, AR 45T PNs (1%, w/v). PN/SE (1%) Al
CS-PN/SE (1%) 50 uL. 2525 2+ 12, 24, 48 f1 72 h
TR A IR I 2, g5 a7l K v
53 WA 3 22 S5 VR IR LA B 1 A AL E 1Y) 4 B
SV o M4 Draize VEoMbRME, K A B L T BRI 25 JEE 11
SR 43 80 8 AR Dk Ak A IR S8 9 o1

FitFIE X & 253 S T S

4T

#R
1 WHERER=TWAHMKIERE
KRR A o3 66 B VR I A3 A R B 2R 25
(K3 7K 73 L R 5 LogP b —0.296, % W 245 K ML AT,
RV 22, T LATSUIN 25 W 7 G v P (R R R R s v i3
FEEAE
2 WHRERZBWOREE
ZR TR E R EF WAL ATF . g T
FURNAG E A b MR L, 45 R 2. IR B
ERAK PG, WREL N 123.7 mgmL ', ifi
TEMAR b R v 22 o SRV Tl AR R 254 el T
RV PESE N, B T d i Tava vk i N S RIS R,
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T BP0 2D i BE 0 DR IR A 2R T PR R AR e
I, I A DL/ 1) 2 TG M R A A5 25 ) B 3 R
i~ A PR AL o

FEORE DR G R BE R ITITD 75, MCTT SRR R AF, B IR
B R SO P VA R ORI D ik
Ao Tween 80 FAT R4 (1) 2 PRI FLAL R RE, XHHIR
B 2 T U IR A R ) AT SR 2 o H AR LAk
e BEARIHIRE R ZFIA Span 80 IRV,
{H Span 80 5 Tween 80 #HZAPELF, HEETR & ALFIMER
SETE, WkHE Span 80 A BIFLALF . IGAMITSE I 25 R
XKW, RS BREFWMEREBIEEEY, A3
BEL 1k 3 At AH I 7% 2K b, 4 s 25 W A it A o
(5341, MOERMIRIE A Fase 7t

Table 2 Saturated solubility of pilocarpine nitrate (PN) in
different solutions
Solution /S;gl:}jt}: Solution /Srfllguzit’}'/
MCT 0.634+0.011 Tween 80 0.426 £0.013
Soybean oil 0.201 +0.020 Poloxamer 188 0.293 £0.018
Castor oil 0.158 +0.009 Span 80 0.252 +0.007
Oleic acid 0.223 £0.010 Vitamin E 0.185+0.020
Deionized water 123.7+0.2 Cremorph EL  0.245+0.015

3 CS-PN/SE Ryl &KL
BRSPS E R R 3, £ OD
(overall desirability, OD) {4 FEA$5ri%IH—1k
PR 0~1 ZIAH) “IH—E” , 4RI “H
—EH” REURPPAREVE CHE” , HARSKE TS
Table 3 The results of central composite design. PI: Polydispersity

index; EE: Encapsulation efficiency; OD: Overall desirability of
prepared formulation’s particle size, PI, zeta potential and EE

Mo m m s P my FE% 0P
1 0 0.88 0.25 178.0 0.28 28.6  82.1 0.501
2 2 0.88 1.00 2409 051  30.0 814 0.284
3 1 0.88 0.63 1594 031 200 932 0451
4 2 0.88 0.25 218.8 024 235 754 0323
5 1 0.26 1.00 2104 0.50 275 88.8 0.369
6 1 0.88 0.63 150.7 034 245 920 0.517
7 1 1.50 0.25 177.0 025 16.8 89.5 0.290
8 0 0.26 0.63 1452 054 339 735 0284
9 2 1.50 0.63 227.9 030 300 80.7 0.409
10 1 0.26 0.25 201.9 040 27.0 89.8 0453
11 0 1.50 0.63 155.7 031 350 809 0.555
12 2 0.26 0.63 2134 030 310 78.6 0421
13 1 1.50 1.00 187.4 025 38,5 855 0.613
14 0 0.88 1.00 152.1 026 37,5 82.1 0.616
15 1 0.88 0.63 162.4 029 18.6 962 0421

R W22 iR K ] Design-Expert 7.0 414145 % 7K
AT 2 JCARZMEI I, 15 2040 R o
OD =0.448 + 0.1X; — 0.091X, — 0.178X; — 0.011.X.X; —
0.103X.X;5 + 0.438X,X5 (R=0.855, P<0.05)
t BT LUE HY Span 80, WHERFI CS WK<
EWRAYE “T-—E” (OD), H 3 NZEZ b AA7EH
HAE o i AL T7 I B B X I, AR F IR T
I H] Design-Expert 7.0 ffizz OD {H )% =B (K
1~3),
LRGP 18 OD AH N4 w2k 1] Sl il 46 1) S B
T, BT : Span 80 (Xi, 0.45%). IR
(X5, 1.40%) H1 CS (X3, 0.75%). FIALAL AL T7 % %25

1.0

0.5+
®
3
Q
< 0 3
Q [0230993]
o
o
-0.5
1.0 JEETeT
-1.0 -0.5 0 0.5 1.0
Span 80/ %
Figure 1  Two-dimensional contour diagrams of OD with

two factors under the condition of X3 (chitosan, %) = 0.63.
Span 80 (%): Concentration of Span 80 (Xj, %); Oleic acid (%):
Concentration of oleic acid (X2, %); OD: Overall desirability of
prepared formulation’s particle size, PI, zeta potential and EE

1.0
\
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0473052

Chitosan/ %
i

-0.54
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-1.0 T T T
-1.0 -0.5 0 0.5 10
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Figure 2
two factors under the condition of X; (span 80, %) = 1. Oleic
acid (%): Concentration of oleic acid (X2, %); Chitosan (%):
Concentration of chitosan (X3, %); OD: Overall desirability of
prepared formulation’s particle size, PI, zeta potential and EE

Two-dimensional contour diagrams of OD with
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Figure 3 Two-dimensional contour diagrams of OD with
two factors under the condition of X, (oleic aicd, %) = 0.88.
Span 80 (%): Concentration of Span 80 (Xi, %); Chitosan (%):
Concentration of chitosan (X3, %); OD: Overall desirability of
prepared formulation’s particle size, PI, zeta potential and EE

WALHEAT %5, B 3 IR, JEX A& R AT 4,
RN 4. a8 R Bk, SR S TR R 22 55,
RYIBERIIME R GF, ol AT B T e e

Table 4 Comparison of predictive value and practical value

Index Predictive value  Practical value Bias /%
Particle size /nm 153.6 162.5 5.7
PI 0.235 0.29 23.4
Zeta potential /mV 32.01 35.5 10.9
EE /% 88.48 90.1 0.8
OD 0.665 0.672 1.05

4 BSTEEIFE

PN/SE 1 CS-PN/SE [iZ it gl WKL 4. &5
AW, PN/SE £ 5K0E, [FIHENELF, ~FEIRARLE 100 nm
fity, SRS 45 RIEA—5 (] 4A). PN/SE
5 CSWEE G, CS nl A FLu 2R, FLiH th A AR

FCAFR, B4R B K, Qe O K A4 . PN/SE
SRR Y S FL B R A, BIERCR (R AT
RE/E LU Span 80 X folf 53 1R L A5 5 o W B 1
Bom T WL B ECH), Ak CS RN 0.75% (1)
CS-PN/SE {EG: 0 J5 Al S ML IE G RUR, AH 2 FL A0 A
e I 7 GO (LB > B A, 18
4B). A HE—UESE CS REB A A FLI K 1, Kb 7
CS MRS 1.2% (wh), RIUBEH BT £
fiE, &5 R, ZWSRG O G R RACR, FLiHE
A6 (K 40). MG MR E R L CS B
AR FLi% 2R 1, FHLAS PN/SE H Span 80 X fif
PR PRI W B, sl T I EORE, R I SRR . L
% PN/SE F1 CS-PN/SE () TEM K & B, 4 CS 7 A,
FLIRAT . AP DS G R e AR s, ook
AIFERE S CS W S IEM L.
5 RERIRHEBHMY

IRFEWE R A e (K5) SR ER, BTz
TR BRAE L, 29WAEIR R AW R & — 2sh 1 %%
FEAE - 1785 PNs 45 24 5 B IHH B (Kews I 0.013 5+
0.000 4 min"), 44255 75 min FK5IHBH 25 i
HIRELA N 20 pg-mL™!, iR A S R IHE R 2
WU P O TR B, 245 W)/ T 26 1) ~F 359 s B I )
(MRT) Z124 74.4 min; 5 PNs #itt, PN/SE [HHE %R
T BRI, HIR 3 B I () e, LV B O A 5K
(Kpnise) 4 0.009 4 £ 0.000 4 min', MRT £ 107.1
min. A%} PNs Al PN/SE [fil &, CS-PN/SE 21 [ B
F I ERC, Kespnse N 0.006 4+ 0.000 3 min ™!, P
B B I (7] MRT (155.4 min) BB EK, 2524 PNs 4111
2.1 1%, PN/SE 411¥) 1.5 £% . CS-PN/SE 21 25 2 7 180 min
Ty REAS I BIHR A B 0 254, KT PNs A PN/SE 41
f¥] 75 min A1 150 min; %524 20 min J5 CS-PN/SE 41 i

500 nm C nm

Figure 4 Transmission electron microscope photos of PN/SE (pilocarpine nitrate submicro emulsion, A), CS-PN/SE (chitosan-coated
pilocarpine nitrate submicro emulsion in which the CS concentration is 0.75%, B) and CS-PN/SE (chitosan-coated pilocarpine nitrate

submicro emulsion in which the CS concentration is 1.2%, C)
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Figure 5 Ocular tear PN concentration of retention of PN,
PN/SE and CS-PN/SE formulation (n = 3). PNs: Pilocarpine
nitrate solution; PN/SE: Pilocarpine nitrate submicro emulsion;
CS-PN/SE: Chitosan-coated pilocarpine nitrate submicro emulsion

MR KA YR S & TS dl, HIF RS
PEZER (P<0.05). FiR45HKI, CS-PN/SE fit &3
ik 2% 2 MR 320 Bl %, A K 25 WA IR S 1) i
I (7] o
6 FREHYE

25 R R A 25 R P IR LI 6, RS
BRE SRR B 1L A3 8] . 14l PNs
A1 PN/SE ZE4525 )5 20 min, 32 3 f5 K4 1 250 5 A
36.7% F1 38.7%, 4l 24 54045 SE I IS (0] 43 0 ok 225
min F1 375 min. FH T A S B RIS 0 £ FBE Y202 A
CS-PN/SE 41 (¥im K4l 2 (46.3%) 24920 Z L4l
1.2 ff, HE525 15 min JG4ilE R 5 T2 04, il
PR S (A I SR ZE K (480 min), 4 M Z— ][] il
& MR AUC $#51, 4 PNs 41511 PN/SE 4411 1.6 1%
M1.2 M (3 5). BLESSAEK W, CS-PN/SE Refil 2y
VIR EE 25 IO, S i 2 RURR SR ), 382y
VIR SR A R T, nT SE D 45 27300 H

—=— CS-PN/SE
—e— PN/SE
—&— PNs

Percentage of miotic effect/ %

0 20 40 60 80 100 120180 240 300 360 420 480
t/ min

Figure 6 Miotic response profiles obtained after topical
application of PNs, PN/SE and CS-PN/SE formulation (n = 3)

Table 5 The main pharmacodynamic parameters calculated for
PN miotic response of PNs, PN/SE and CS-PN/SE formulation
(n = 3). Tmax: Time to reach the peak miotic intensity; Peak:
Peak miosis; Duration: Duration of miotic response; AUC: Area
under the miotic percentage vs time curve. P < 0.01 vs PNs;
4P <0.05 vs PN/SE

Parameter PNs PN/SE CS-PN/SE
Tnax/min 20 20 20
Peak/% 36.67+3.24  38.65+4.06 46.29 +3.69"
Duration/min 4.25+0.50 6.25+0.50 8.00+1.15"
AUC 4508.3+797.1 5793.2+263.1 7360.4+1076.1"

7 BRFEHIERI

5 1 T A B TR) R3S R H O A R B 5 2, 45
TR KPP ST B o WA 22 S RO IR, A
HH UL 11 7 JAESAE P 4 B B SN o e HIR 3 3R S8 v 5 SR L%
6. 4iF oK, CS-PN/SE FLIKHR s 2y, JLMAML, Ul
LR &5 RE5 4 235 O W S AR A, AR 0 S VAN B A
A CS/PN-NE J& il 4k o

Table 6 Rabbit eye irritation by single dosage (n = 3)

Time after dosage/h PNs PN/SE CS-PN/SE
2 0.3 0.7 0.9
12 0.6 0.6 1.3
24 0.5 0.9 0.7
48 0.7 0.8 1.0
72 0.5 0.5 0.5
it

B R B TR 25 A B 2 VA 7 D i A o L DY R 1)
FTEL Y, L T W) Ty b 4 R P R VH R R
TR TEHERE, TR 751 5 HIR 2 ) b TP A, A
TR YR EE, G IR AR, AR 2
() S BE TN, R AR IR P e AN ST
Tl T HA FRL I I AR, R SVPN T CS-
PN/SE (1 HE 235 B3 R R 4 et 245 20 H

IRRRNZE (WA, S555) & 25 Wi i) A= 3
J B, e R 40 750 I 8 A 4 ) P £ 6 B3 4%
A BN YA IR R R T (3218 ) A K 25 9)
R 2 ity B I (7]

CS-PN/SE K H O/W RNV A FLak A4, 185 Bhihil 572
F-BOK PN ASE/E WA b, 26 T PN ISRV M, adf—
AR PN R A2 saE v, A B T 3L N
GRS 1 B4, FLT 70 £ 45 52 P 1) A
FURAE R 2t e, RN, R MR
PERIPY 5346, FLiRMAER CS R W7l 5
FhPPE, 45 25)5 RERNPH T AR RBHML)Z, PRARHR SR B
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