CHAPTER 1V

RESULTS AND DISCUSSION

1. Characterization of saquinavir mesylate (SQV) and recrystallized SQV (R-
SQV)
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(7a)

(70) (7d)
Figure 7. The photomicrographs from alight microscope in the 2.5x10 magnification:
(7a) SQV (saquinavir mesylate)
(7b) R-SQV (recrystallized saquinavir mesylate)
(7c) SQV (saquinavir mesylate) observed under polarized light
(7d) R-SQV (recrystallized saquinavir mesylate) observed under polarized light

Solvent hubhles

Figure 8. Recrystallized saquinavir mesylate (R-SQV) under hot stage microscope in the
2.5x4 magnification
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(9b) (9d)
HgJEH The morphology of SQV (saquinavir mesylate) and R-SQV (recrystallized
saquinavir mesylate) (9a) SQV (x75), (9b) R-SQV (x75), (9¢) SQV (x2000) and (9d) R-SQV
(X2000) observed under a scanning electron microscope in the x75 and X2000 magnification

Particle size and size distribution
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Figure 11. X-ray patterns of (1 la) saquinavir mesylate and (1 Ib) recrystallized saquinavir
mesylate
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FIgJEJZ DSC thermograms of saquinavir mesylate (SQV) and recrystallized saquinavir
mesylate (R-SQV)
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2. Preparation and characterization of niosomes
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21 Characterization ofniosome prepared in water at 70°C
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Type

Bri[@30

Brj@52

Brij@72

Bri[@98

Nonionic surfactant

Chemical
structure

CLEO4

CeED2

CiEO2

CiEOD

mole ratio of Mean size (SD)
HLB SF: Choi: SM 52 (pm)
60:30:10 5.70 (0.52)
9.7 45:45:10 5.94(0.61)
30:60:10 9.18(0.92)
60:30:10 831 (1.16)
53 45:45:10 8.62 (0.79)
30:60:10 1004 (0.64)
60:30:10 8.81 (0.63)
49 45:45:10 8.92 (0.76)
30:60:10 991 (1.51)
60:30:10 NA
153 45:45:10 NA
30:60:10 NA

CEQywhere X =number of ¢ atom in alkyl chain and y = number of ethylene oxide group in
hydrophilic chain
HLB = hydrophilic lipophilic balance (Walters et al, 1981)
SF = nonionic surfactant; Choi = cholesterol; SM52 = Simulsol®M52 and NA = not

applicable
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could result in the increase of vesicle size (Yoshioka et al., 1994). The mean size of
niosomes also depends on the alkyl chain length of the surfactants (Manosroi et al,
2003). In this study, the result showed that the alkyl chain of Brij®30 (C12) surfactant
which is shorter than that of Brij®52 (CI6) and Brij®72 (C18>could form the smaller
size of niosomes than Brij®52 niosomes and Brij®72 niosomes, respectively (Table 7).

It could be concluded herein that Brij®30, Brij®52 and Brij®72 could form
niosomes with various ratios, i.e. 60:30:10, 45:45:10 and 30:60:10 mole ratio of
nonionic surfactant: cholesterol: Simulsol®M52. As there was no marked difference
in the ability of niosome formation for different mole ratios of lipid/ surfactants, the
incorporation of nonionic surfactant and cholesterol in a ratio of L1 in bilayer

membranes which has heen proved to possess physical stability (Uchegbu and Vyas,
1998) was chosen for further study.

22 Characterization of niosome prepared in different media at 370C
In this study, the proposed property of niosomal oral delivery is the ability
of nonionic surfactant molecules to form vesicles at hody temperature, 3C The
formation of niosomes comprising nonionic surfactant: cholesterol: Simulsol®M52
45:45:10 mole ratio, where L1 nonionic surfactant to cholesterol was incorporated in
bilayer membranes in aqueous media at 3l Cuas investigated.

The results showed that niosomes of Brij®30, Brij®52, Brij®72 which
could form niosomes in water at f0'Ccould lso be prepared in three different media,
.. water, 0.IN hydrochloric acid and phosphate buffer pH 6.8 at 3T As the results,
it showed that Brij®52 niosomes and Brij®72 niosomes could form at the hydrating
temperature lower than their phase transition temperatures, although some crystals-
like structures were also found which may imply the uncompleted formation of
niosomes (Figure 17). It did not possible to prepare niosomes with Brij®98 at 3rc
which could be explained by the critical packing parameter (CPP) as previously
described describe again here. It is worth mentioned that nonionic surfactants with
certain CPPs and HLB values could form vesicles despite of the varied pH.
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The phase transition temperature (Tc) for niosomes containing equimolar
amounts of surfactant and cholesterol in water was studied by differential scanning
calorimetry (DSC). The DSC thermograms showed that Tc of each surfactant in all
niosome formulations could not be detected as depicted in Figure 14. Only two main
endothermic peaks of water at around (Cand 10Cmost likely belonged to freezing
and boiling points of water. This maybe due to the fact that cholesterol abolishes the
gel to liquid phase transition of niosomal membranes as previously reported (Cable,
1989). The high relative amount of water in niosomal dispersion may also be the
reason for undetectable peak of Tc. Total lipid/ surfactant in niosomal dispersions
were low (0.3067-0.3138 mg), being 6.13-6.30% / of surfactant sample.

Morphological study

The niosomes were observed under an optical microscope (Figures 15-17).
The morphology of Brij®30 niosomes, Brij®52 niosomes and Brij®72 niosomes
dispersed in various media freshly prepared and after stored at room temperature, i
and LBOCfor 2 weeks are shown in Figures 15a-15f, Figures 16a-16f and Figures
17a-17f, respectively. It was found that these systems exhibited the stability

problems like aggregation and fusion, pointed out in the figures, as commonly found
in vesicular systems.
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Exoterm
\j Brij 30 niosomes
-229.03 J/g
-1278.97 J/ig
w Brij 52 niosomes
-256.79 J/g
-1274.84 J/g
Brij 72 niosomes
-236.95 J/,
g -1256.72 J/g
!
R T Brij 30
’\b; -71.93J/g
-
N
Brij 52
‘ -73.32J/g
|
[ -96.24 J/g
j — Brij 98
i -55.29 /g
L
! N7 Cholesterol
} 64.86 J/g
|
Simulsol M52
| -160.49 J/g
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Figure 14. DSC thermograms of niosomal dispersions prepared with various nonionic
surfactants, cholesterol and Simulsol@M52 (45:45:10 mole ratio) in water at 37°c,
Brij®surfactants, cholesterol and Simu!sol®M52
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(a) (d)

Photomicrographs of Brij®30 niosomes (45:45:10 Brij®30: cholesterol:
Simulsol®M52) prepared in various media at 3°Cin magnification of X40
a) Freshy prepared niosomes dispersed in water

b) Freshy prepared niosomes dispersed in 0.1N HCI

¢) Freshy prepared niosomes dispersed in PBS pH 6.8
d) Niosomes dispersed in water after stored at 4°C for 2 wegks

)

e) Niosomes dispersed in fter stored at 4)Cfor 2weeks
f) Niosomes dispersed in PBS pH 68after stored at 4?Cfor 2 weeks
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(f)
Figure 15 (continue)  Photomicrographs of Brij®30 niosomes (45:45:10 Brij@30:
cholesterol: Simulsol®M52) prepared in various media at 37°C in
magnification of X 40
(a) Niosomes dispersed in water after stored at room temperature for 2 weeks
(b) Niosomes dispersed in 0.LN HCL after stored at room temperature for 2 weeks
(c) Niosomes dispersed in PBS pH6.8 after stored at room temperature for 2 weeks
(d) Niosomes dispersed in water after stored at B5Cor 2 weeks
e) Niosomes dispersed in 0.LN HC1 after stored at BChor Deeks
6Niosomes dispersed in .ﬁpH atter stored at ZDCor 2weeks
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(a) (d)

Figure 16  Photomicrographs of Brij®52 niosomes (45:45:10 Brij®52: cholesterol:
Simulsol®M52) prepared in various media at 37°c in magnification of X40
(a) Freshy prepared niosomes dispersed in water
(b) Freshy prepared niosomes dispersed in 0.IN HCL
(c) Freshy prepared niosomes dispersed in PBS pH 6.8
(d) Niosomes dispersed in water after stored at 4°c for 2 weeks
ed Niosomes dispersed in 0.IN HCL after stored at 4°c for 2 weeks

Niosomes dispersed in FEOpH Bafter stored at 4Cror 2 weeks
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(d)

(®) (e)

Figure 16 (continue)  Photomicrographs of Brij®52 niosomes (45:45:10 Brij@52:

cholesterol: Simulsol®M52) prepared in various media at 3fCin
magnification of X 40

(a) Niosomes dispersed in water after stored at room temperature for 2 weeks

(b) Niosomes dispersed in 0.IN HCL after stored at room temperature for 2 weeks

(c) Niosomes dispersed in PBS pH 6.8 after stored at room temperature for 2 weeks

(d) Niosomes dispersed in water after stored at 45°c for 2 wegks

(e) Niosomes dispersed in 0.IN HlLater stored at ZDCror 2weeks

(f) Niosomes dispersed in PBS pH 6.8 after stored at 45°c for 2 weeks
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(c) (f)
Figure 17 Photomicrographs of Brij®72 niosomes (45:45:10 Brij®72: cholesterol:
Simulsol®M52) prepared in various media at 37°c in magnification of X 40
(a) Freshy prepared niosomes dispersed in water
(') Freshy prepared niosomes dispersed in 0.LN HCL
(c) Freshy prepared niosomes dispersed in PBS pH 6.8
(d) Niosomes dispersed inwater after stored at 4°c for 2 weeks
e) Niosomes dispersed in 0.LN HCL after stored at 4°c for 2 weeks
Ed Niosomes dispersed in PBS pH Oatter stored at 4 Cfor 2 weeks

Arrow point the crystal-like structure found accompanying with vesicles
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(b)

)

Figure 17 (continue)  Photomicrographs of Brij®72 niosomes (45:45:10 Brij@r2:

cholesterol: Simulsol®M52) prepared in various media at 37°c in
magnification of X 40
(a) Niosomes dispersed in water after stored at room temperature for 2 weeks
(b) Niosomes dispersed in 0.IN HC1 after stored at room temperature for 2 weeks
(c) Niosomes dispersed in PBS pH6.8 after stored at room temperature for 2 weeks
(d) Niosomes dispersed in water after stored at 45°C for 2 weeks
(e) Niosomes dispersed in PBS pH6.8 after stored at B5Cror 2 vegks
(f) Niosomes dispersed in PBS pH 6.8 after stored at 45°c for 2 weeks

Arrow point the crystal-like structure found accompanying with vesicles
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The particle size and size distribution

Size of Brij®30, Brij®52 and Brij®72 niosomal dispersions freshly prepared
(day0) and stored at room temperature, &Cand 45 Cfor 1and 2 weeks are shown in
Table 8, 9 and 10, respectively. As presented in Figures 15-17, aggregation and
fusion, usually found in niosomal dispersion systems, were also the problems found in
this study. The noticeable effect was easily observed for niosomes stored at
accelerated temperature, &5C. 1t was found that at 4DC storage temperature, size of
niosomes dispersed in water and phosphate buffer pH 6.8 was likely to noticeably
decrease, while that of in 0.IN hydrochloric acid tended to markedly increase (Table

Table 8. Size of various types of niosomes (45:45:10) prepared in different media at
37°c and stored at room temperature for 2 weeks ( =3)

Mean size (SD) (pm)

Formulation Medium
Day 0 Lweek 2 weeks
Brij®30:Chol:SM52 ~ water 088(0.19)  1019(0.34)  9.92(0.5)
01NHC1  752(0.15)  769(025)  1153(0.75)
PBSPH68  753(044)  7.22(005) 753 (049)
Brij®52:Chol:SM52  water 1146(140)  1309(0.29)  1347(030)
0.1 NHC1 11.29(1.44) 1308 (0.73) 1327 (0.26)
PBSpH68  1043(064)  893(012)  9.80(1.08)
Brij®72:Chol:SM52 ~ water 015 (113)  3880(1.26)  37.97 (244)
0INHCI  24.39(148)  2244(1.34) 2056 (156)
PBSpH68  13.29(L61)  1069(268) 1052 (2.43)

Choi = cholesterol anc SM52 = Simulsol®M52



Table 9. JRONAIOSYESf nesyres (54610 pemediin et nediaet
Jrcanidnada 4ciorneds( 3
Formulation Medium Mean size (SD), (pm)
Day 0 1 week 2 weeks
Brij®30:Chol:SM52 Water 9.88(0.19) 10.19(0.29)  10.56(0.65)
01N HCL 1.52 (0.15) 9.27 (0.36) 8.01 (0.86)
PBS pH 6.8 1.53 (0.44) 7.50 (0.41) 151 (0.44)
Brij®52:Chol:SM52 Water 11.46(1.40) 1240 (064)  12.39(0.47)
01 NHC1 11.29(1.44) 1164 (090)  10.98(1.29)
PBS pH 6.8 10.43 (0.64) 10.30(0.74) 9.98 (0.46)
Brij®72:Chol:SM52 Water 40.15 (1.13) 36.671.830  37.84(1.13)
0.1 NHCI 24.39(1.48) 2682 (1.84)  26.95(1.91)
PBS pH 6.8 13.29(1.61) 1133 (059)  11.50(0.66)
Choi = cholesterol and SM52 = Simulsol®M52
Table 10. SR0NaICsEs ofnenes (B4 prasdindfeet nedad
Jrcauidualadscior neds( =3
_ _ Mean size (SD), (pm)
Formulation Medium
Day 0 1week 2 weeks
water 9.88(0.19) 10.90 (0.63) 8.19(0.98)
Brij@30:Chol:SM52 0.1 N HCL 152(0.15) 1272(072)  1374(0.99)
PBS pH 6.8 1.53 (0.44) 704 (0.22) 1.18(0.43)
Water 11.46(1.40) 1090 (0.30)  10.38(0.36)
Brij@52:Chol:SM52 0.1 N HCI 11.29(1.44) 1335(0.36)  13.06(0.48)
PBS pH 6.8 10.43 (0.64) 8.22 (0.24) 1.83(0.2)
Water 40.15(1.13) 1383 (1.05)  10.68 (1.38)
Brij®72:Chol:SM52 0.1 N HC1 24.39(1.48) 15.10(1.48) 1325 (1.65)
PBS pH 6.8 13.29(1.61) 1203 (1.67)  10.64(243)

Choi = cholesterol and SM52 = Simulsol®M52
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2.3.1 Effects of lipid/ surfactants mole ratio on SQV solubility
enhancement
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Figure 18. The amount of free saquinavir mesylate (Free SQV) dissolved in clear

supernatants and entrapped in niosomal pellets (Entrapped  SQV) following
ultracentrifugation of 60mM niosomes of Brij®30: cholesterol: Simulsol®M52 ( =3)
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2.3.2 Effects of lipid/ surfactants concentration on SQV solubility
enhancement
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1 The amount of saquinavir mesylate (SQV) solubilized in niosomal dispersion 15
ml, both in niosomal pellets and dissolved as free SQV in supernatants, in various

concentrations of niosomes prepared with Brij®30, cholesterol and Simulsol®M52 (mole ratio
70:0:30) in water (n=3)
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T Bri j30 niosomal

dispersion
-971.94 J/g
Solid physical mixture

\/ i of SQV+B30+SM52
!
L_\/ Brij 30
| 7193 \
|

Simulsol M52
—\/-16049 ig U

! SQV

(J/g)

R-SQV
20 30 80 130 180 20 280
Tempereature (°C)

FIgJEZl. DSC thermograms of SQV niosomes (70:0:30 mole ratio of Brij®30, cholesterol
and Simulsol®M52) with total lipid/ surfactants concentration of 4.92 %wiw in dispersion,
SQV, R-SQV, Brij@®30 and Simulsol®M52
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3. Preparation and characterization of SQV proniosomes

3.1 Investigation ofthe possibility to form promosomalgran ules
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Code

NL15
NL20
NL25
NL30
NL35
Lactose

aa:i

Weight ratio of
SQV Lactose  solubilized SQV Lactose

1:15
1:20
1:25
1:30
1:35

1

NA = Not applicable

SQV = Saquinavir mesylate

hqmdmmwnmae% )adscraum(gm)wﬁw

mmmmvmpqﬂ&iwmﬂer%

Tatde 11 Hoahlty of parosaes pecaed fromanure of dan ricsnd
( H&imadm(ﬂe%ﬂ i3 H“Iomp%% Fjan

Amount (mg) of Flowabhility (g/sec)

45675 NA

45 90.0 Not flow through glass funnel
45: 1125 Not flow through glass funnel
45130 Not flow through glass funnel

451575 Not flow through glass funnel
- Not flow through glass funnel
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Cods W eight ratio of Amount (mg) of % Loss on drying

SQV Lactose  solubilized SQV Lactose Mean (SD)
NL15 115 45675 NA
NL20 120 45 :90.0 2.33 (0.07)
NL25 1:25 45 1125 167 (0.03)
NL30 1:30 45 130 1.32(0.01)
NL35 135 45 1575 115 (0.01)
Lactose - - 0.12(0.01)

NA = Not applicable
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(24b) (24d)

FlgIE24 Scanning electron micrograph (x2000) (24a) NL (plain proniosomes prepared from a
mixture of plain niosomes and lactose), (24b) AL (plain proniosomes prepared from a mixture of
lipid/ surfactants alcoholic solution and lactose), (24¢) SQV-NL (SQV proniosomes prepared
from a mixture of saquinavir mesylate entrapped niosomes and lactose) and (24d) SQV-AL (SQV
proniosomes prepared from a mixture of saquinavir mesylate and lipid/ surfactants alcoholic
solution and lactose)
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(25¢) (25f)

Figure 25. The transformation from proniosomal granules to niosomes of formulation NL (plain
proniosomes prepared from a mixture of plain niosomes and lactose), and SQV-NL (SQV
proniosomes prepared from a mixture of saquinavir mesylate entrapped niosomes and lactose)
observed under a light microscope in 25 « 40 magnification (25a) NL rehydrated with water,
(25h) NL rehydrated with 0.IN hydrochloric acid, (25¢) NL rehydrated with phosphate buffer pH
6.8, (25d) SQV-NL rehydrated with water, (25¢) SQV-NL rehydreated with O.INhydrochloric
acid and (25f) SQV-NL rehydrated with phosphate buffer pH 6.8
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(26a) (26d)

(26¢) (26f)

HgJ{EZS The transformation from proniosomal granules to niosomes (circled) of formulation
AL (plain proniosomes prepared from a mixture of lipia/ surfactants alcoholic solution and
lactose), and SQV-AL (SQV proniosomes prepared from a mixture of saquinavir mesylate and
lipid/ surfactants alcoholic solution and lactose) observed under a light microscope in 25 x 40
magnification (26a) AL rehydrated with water, (26b) AL rehydrated with 0.IN hydrochloric acid,
(26¢) AL rehydrated with phosphate buffer pH 6.8, (26d) SQV-AL rehydrated with water, (26e)
SQV-AL rehydreated with O.INhydrochloric acid and (26f) SQV-AL rehydrated with phosphate
buffer pH 6.8
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(27a) (27d)

(27b) (27e)

(27¢) (270

20 The micrographs of proniosome-derive niosomes in 1000 ml of various media from
formulation AL (plain proniosomes prepared from a mixture of lipid/ surfactants alcoholic solution
and lactose), and SQV-AL (SQV proniosomes prepared from a mixture of saquinavir mesylate and
lipid/ surfactants alcoholic solution and lactose) observed under a light microscope in 25 X40
magnification (27a) AL rehydrated with water, (27h) AL rehydrated with 0.IN hydrochloric acid,
(27c) AL rehydrated with phosphate buffer pH 6.8, (27d) SQV-AL rehydrated with water, (27¢)

SQV-AL rehydreated with O.INhydrochloric acid and (27f) SQV-AL rehydrated with phosphate
buffer pH 6.8



(28a) (28d)

(28b) (28¢)

) (28¢) (281)

A The transmission electron micrographs of proniosome-derive niosomes in 1000 mi of
various media from formulation NL (plain proniosomes prepared from a mixture of plain
niosomes and lactose), and SQV-NL (SQV proniosomes prepared from a mixture of saquinavir
mesylate entrapped niosomes and lactose) (28a) NL rehydrated with water, (28b) NL rehydrated
with 0.IN hydrochloric acid, (28¢) NL rehydrated with phosphate buffer pH 6.8, (28d) SQV-NL
rehydrated with water, (28¢) SQV-NL rehydreated with O.INhydrochloric acid and (28f) SQV-
NL rehydrated with phosphate buffer pH 6.8



a1

(29a) (29d)

(29b) (29¢)

)

29. The transmission electron micrographs of proniosome-derive niosomes in 1000 ml of
various media from formulation AL (plain proniosomes prepared from a mixture of lipid/
surfactants alcoholic solution and lactose), and SQV-AL (SQV proniosomes prepared from a
mixture of saquinavir mesylate and lipid/ surfactants alcoholic solution and lactose) (29a) AL
rehydrated with water, (29b) AL rehydrated with 0,IN hydrochloric acid, (29¢) AL rehydrated
with phosphate buffer pH 6.8, (29d) SQV-AL rehydrated with water, (29¢) SQV-AL rehydreated
with O.INhydrochloric acid and (29f) SQV-AL rehydrated with phosphate buffer pH 6.8
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Figure 30. Particle size and size distribution of proniosomes formulation NL (plain
proniosomes prepared from a mixture of plain niosomes and lipid/ surfactants solution and
lactose), AL (plain proniosomes prepared from a mixture of dipid/ surfactants alcoholic
solution and lactose), SQV-NL (SQV proniosomes prepared from a mixture of saquinavir
mesylate entrapped niosomes and lactose) and SQV-AL (SQV proniosomes prepared from a
mixture of saquinavir mesylate and lipic/ surfactants alcoholic solution and lactose)
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Table 13, BJkChH[}/ddTE'

Formulation

NL
Mean (SD)
AL
Mean (SD)
SQV-NL
Mean (SD)
SQV-AL

Mean (SD)

94

Bulk density
(gfcm3
043
043
0.44
0.44 (0.00)
043
043
0.43
0.43 (0.00)
0.42
0.42
043
0.42 (0.00)
0.42
0.42
0.42
0.42 (0.00)

L :
Belck ety of priceaes | =9
Tapr(ﬁ%nsﬂy Carr's compressibility (%)
0.58 25.00
0.57 2391
0.57 23.08
0.57 (0.00) 24.00 (0.96)
0.56 2340
0.56 23.66
0.56 2447
0.56 (0.00) 23.84 (0.56)
0.56 24.21
0.56 . 2421
0.56 25.26
0.59 (0.00) 24,05 (0.32)
0.56 24.21
0.55 22.34
0.54 22.92
0.55 (0.00) 2343 (0.68)

NL = Plain proniosomes prepared from a mixture of plain niosomes and lactose

PL-AL = Plain proniosomes prepared from a mixture of saquinavir mesylate and lipid/
surfactants solution and lactose
SQV-NL = SQV proniosomes prepared from a mixture of saquinavir mesylate entrapped
niosomes and lactose
SQV-AL = SQV proniosomes prepared from a mixture of saquinavir mesylate and lipid/
surfactants solution and lactose
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SQV-AL

2862 1092

SQV-NL

2854

1103

1733 NL
862
2871

1092

SQV

1670
R-SQV

Lactose

1624

844
2896

1032
Simulsol M52

1736
1467 824
2886 1114

A H W AW W W W W

Wave number (cm)

Figure 31. IR spectra of SQV (saquinavir mesylate), R-SQV (recrystallized SQV),
proniosomal granules formulation SQV-AL (SQV proniosomes prepared from a mixture of
saquinavir mesylate and lipid/ surfactants alcoholic solution and lactose), SQV-NL (SQV
proniosomes prepared from a mixture of saquinavir mesylate entrapped niosomes and lactose)
and plain proniosomal granules
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Figure 34, The X-ray patterns of (a) lactose and (b) Simulsol®M52
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Exoterm
V/NSQV-AL
- Y/_\SQV-NL
AL
T_WM’—’ Lactose
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Figure 35. DSC thermograms of SQV-NL (SQV proniosomes prepared from a mixture
of saquinavir mesylate entrapped niosomes and lactose) and SQV-AL (SQV proniosomes
prepared from a mixture of saquinavir mesylate and lipid/ surfactants alcoholic solution
and lactose), NL (plain proniosomes prepared from a mixture of plain niosomes and
lactose), a mixture of SQV+Brij@30+Simulsol®M52, lactose, Brij®80, Simu!sol®M52,
SQV and R-SQV (recrystallized SQV)
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Figure 36. Saquinavir mesylate (SQV) proniosomes released from capsule A (capsule filled
with a physical mixture of SQV and lactose), B (capsule filled with a physical mixture of R-
SQV and lactose), SQV-C (capsule filled with SQV-NL) and SQV-D (capsule filled with
SQV-AL) inwater at 37°c
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Figure 37. Saquinavir mesylate (SQV) proniosomes released from capsule A (capsule
filled with a physical mixture of SQV and lactose), B (capsule filled with a physical mixture
of R-SQV and lactose), SQV-C (capsule filled with SQV-NL) and SQV-D (capsule filled
with SQV-AL) in 0.IN hydrochloric acid at 37°c
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Figure 38. Saquinavir mesylate (SQV) proniosomes released from capsule A (capsule filled
with a physical mixture of SQV and lactose), B (capsule filled with a physical mixture of R-
SQV and lactose), SQV-C (capsule filled with SQV-NL) and SQV-D (capsule filled with
SQV-AL) inphosphate buffer pH 6.8 at 37°c
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T M AT eanescidssionies st fancgaeA B SO/CaUSyDinieE, XN
e Do TR EREA B RICATD

Eormulation AUC (%h)uptodh AUC (%h) up to 12h AUC (%h) upto 24 h
Water 0.INHC1 PBS pH 6.8 Water 0.INHC! PBS pH 6.8 Water 0.INHC1 PBS pH 6.8
A 295.84 (3.63)  113.29 (23.75)  110.68 (5.63)  1061.46 (4.17) NA 615.33 (60.63)  2223.19(7.14) NA 1631.76(156.76)
B 148.80 (4.23)  90.01 (13.38) 71.46 (6.18) 533.79 (25.98) NA 41551 (28.44)  1159.23(60.77) NA 1082.57 (38.87)
SQV-C 314.50 (5.59)  365.09 (16.51)  337.85 (4.19)  1028.34 (15.91) NA 1119.77 (10.58) NA NA NA
SQV-D 350.48 (17.66)  374.99 (3.35)  333.34 (16.28)  1148.05 (45.18) NA 1137.64 (25.85) NA NA NA

AUC = Area under the curve, NA = not applicable, A= capsule filled with a physical mixture of SQV and lactose, B = capsule filled with a physical mixture
0f R-SQV and lactose, SQV-C = capsule filled with SQV-NL and SQV-D = capsule filled with SQV-AL
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Figure 39, Saquinavir mesylate (SQV) released from capsule A (capsule filled with a

physical r%ure of SQV and lactose) in water, 0.IN hydrochloric acid and phosphate buffer
pHQoat of C
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Figure 40. Saquinavir mesylate (SQV) released from capsule & (capsule filled with a

physical ngéure R-SQV and lactose) in water, 0.IN hydrochloric acid and phosphate
buffer pH QOat 9 C
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Table 15. -"‘E‘ L IIHIII'YNB,HE

e (veen(SD), 3
Formulation water
r2 K
(% )
A 0.6914 6.8740
(0.0193)  (0.8226)
B 0.6365 4.6939
(0.0739)  (0.3164)
0.4521 14,7483
QL (0.0213)  (0.1593)
SQV-D 0.4684 18.2703
(0.0469)  (1.6352)

it crss ndfeet nedafted

Dissolution medium

0.IN HC1 PBS pH 6.8

r2 K r2 K
(% f) (% f)
0.7969 10.5517 0.9406 19.9530
(0.0517) (1.7707) (0.0230) (0.3089)
0.8988 9.3856 0.9063 9.0723
(0.0261) (1.1091) (0.0573) (0.0728)
0.7626 159.9100 0.5923 37.7600
(0.0545) (8.1198) (0.0636) (2.9308)
0.9260 173.5667 0.5982 34.6427
(0.0408) (0.7257) (0.0546) (1.2117)

A = capsule filled with a physical mixture of SQV and lactose, B = capsule filled with a
physical mixture of R-SQV and lactose filled capsule, SQV-C = capsule filled with SQV-NL
and SQV-D = capsule filled with SQV-AL, 12= coefficient of determination and k = release

rate constant

raste 15, TESEU

Bl 1TES)e BeEsD

frstarckr noc (en(@), =3
_ water
Formulation
r2 K
(log% t ]
A 0.8936 -0.2568
(0.0291) (0.0017)
5 0.7095 -0.0556
(0.0259) (0.0011)
0.6647 -0.1852
SQV-C
(0.0130) (0.0079)
0.7650 -0.4037
SQV-D
(0.0494) (0.1446)

fomemesindfirert nedaftisdio

Dissolution medium

0.IN HC1 PBS pH 6.8

r2 K r2 K
(log0. ) (log% t ]
0.8501 -0.0597 0.9674 -0.0260
(0.0372) (0.0137) (0.0053) (0.0731)
0.9308 -0.0507 0.9412 -0.0285
(0.0173) (0.0075) (0.0544) (0.0020)
0.9039 -1.6403 0.8073 -0.5077
(0.0448) (0.2817) (0.0489) (0.0326)
0.9958 -1.8417 0.8661 -0.4710
(0.0036) (0.0627) (0.0087) (0.0754)

A = capsule filled with a physical mixture of SQV and lactose, B = capsule filled with a
physical mixture of R-SQV and lactose filled capsule, SQV-C = capsule filled with SQV-NL
and SQV-D = capsule filled with SQV-AL, 12= coefficient of determination and k = release

rate constant
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ravle 17. TESCLINAM psifomealesindffieat nedaited o
Hod ol (Veen(D)), =

Dissolution medium

. water 0.IN HC! PBS pH 6.8
Formulation
r2 K r2 K r2 K
(% t"10) %t (%tm)
A 09017 487987 08791 237770 09849  24.8983

(0.0147)  (0.7201)  (0.0260)  (4.3456)  (0.0047)  (2.8407)
8 08744 227731 09207 204097 09650  17.1690
(0.0728)  (0.3276)  (0.0050)  (25623)  (0.0257)  (1.3261)
SQV-C 07206 394370 09447 1249167 08437  68.2650
(0.0212)  (0.2271)  (0.0273)  (7.1169)  (0.0292)  (2.8358)
SQV-D 07305 481223 09935 1261233 08592 633673
(0.0350)  (3.2638)  (0.0033)  (3.2208)  (0.0309)  (1.9429)
A = capsule filled with a physical mixture of SQV and lactose, B = capsule filled with a
physical mixture of R-SQV and lactose filled capsule, SQV-C = capsule filled with SQV-NL

and SQV-D = capsule filled with SQV-AL, 12= coefficient of determination and k = release
rate constant
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Table 18. WEENJJTO]‘% CCHGTIH
%%s(fanuaimmm rog?)mpawead': I ferE 4

Time Room temperature 45°¢
(month) mg per capsule % SQV mg per capsule % SQV
(mean (SD)) remained (mean (SD)) remained
0 8.73(0.0 100.00 8.73 (0.03) 100.00
1 882(0.1 101.03 8.60 (0.10) 98.01
2 846(0.1 96.91 149 (0.08) 85.80
3 187(0.1 90.15 1.54(0.18) 86.37
4 5,77 (01 66.09 5.76 (0.14) 65.98
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Figure 43. The appearaces of (43a) plain proniosomes NL and (43b) SQV proniosomes NL
after stored at 45°c for 4 months

Figure 44. The appearances of (44a) plain proniosomes AL and (44b) SQV proniosomes AL
after stored at 45°c for 4 months
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(b)

(©)

HgIeLE Niosome-derived from 312 mg SQV-AL (SQV proniosomes prepared from a
mixture of saquinavir mesyiate and lipid/ surfactants solution and lactose) after storage at
5C for 4 months dissolved in 1000 ml water (@), 0.IN hydrochloric acid (b) and
phosphate buffer pH 6.8 (c)
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(47a) (47d)

(47e)

(47¢) (471)

FIgJE47 The transmission electron micrographs of proniosome-derive niosomes in 1000 ml of
various media from plain capsule (capsule filled with plain proniosomes prepared from a
mixture of lipid/ surfactants alcoholic solutin and lactose) and capsule SQV-D (capsule
filled with SQV-AL) stored at &5 Cor 4 months (47a) plain capsule rehydrated with water,
(47h) plain capsule renydrated with 0.IN hydrochloric acid, (47c) plain capsule rehydrated with
phosphate buffer pH 6.8, (47d) SQV-D rehydrated with water, (47e) SQV-D rehydreated with
0.IN hydrochloric acid and (47f) SQV-D rehydrated with phosphate buffer pH6.8
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