CHAPTER II

MATERIALS AND METHODS
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1. Acetic acid (Merck, Germany, Lot no. A420746)
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Analytical balance (UMTZ, Mettier Toledo, Switzerland)
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Dry Bath Incubator (Boekel Scientific, Japan)

Light microscope (KHC, Olympus, Japan)

pH meter (Beckman, USA)

Shaking water bath (Innova 4230, New Brunswick Scientific, USA)
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Ultracentrifuge (L 80, Beckman, USA)
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8. Ultrasonic bath (TP 680 DH, EIma, Germany)
9. UV spectrophotometer (Model 7800, Jasco Corporation, Japan)
10. Vortex mixer (G 560 E, Vortex-genie, USA)

Methods

1. Solubility of minoxidil

The aqueous solubility of minoxi N) was experimentally determined in various

by continuous shaking of excess

amounts of MN in tri-distilled we i @ bath at ambient temperature.

Samples were removed al.abpropriate time . inte and were passed through
membrane filters (0. - 5/5iz€) 1@ separs crystals. The MN solution was
appropriate diluted“ai 3 b f Vispe opheto at 280 nm. The same

, ‘ \ 3 opylene glycol (PG), in 30%

procedure was used imine M} solubility in
-\ ate buffer pH 7.0. The buffer
solutions were prepared a€cort B 24 The United States Pharmacopieal

Convention, 2000).

2. Feasibility study n pr ation method

reparing niosomes with a

This experimeni/was done |
od used w@ modified from that of Baillie et

method devoid of or@\ic solve
al. (1986). Various nansignic surfactants gpreviously reported to be vesicle formers,

cgarsoss B3 B LTI AL P s st o

without cholea‘!arol) concentration ysed was 100,mg/mL. The gatio of surfactant to
oG5 1 78 1 A Y s e e
10-stea'yl ether (POE-10). The surfactants explored in this experiment were Tween 20.
Tween®80. Span®20. Span®40, Span®60. Span®80, Span®85. and POE-10.

A surfactant or a mixture of surfactant and cholesterol was accurately weighed and
melted in a 10 mL glass tube in a dry bath incubator at 130°C. The aqueous phase,
which had previously been warmed and kept at 70°C, was then added to the melted

mixture. MN solution had been protected from light by wrapping the container with
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aluminum foil. The mixture was immediately sonicated at 70°C for 5 minutes (min) using
ultrasonic bath (Elma Transsonic Digitals type TP 680 DH) at 100% power (40 kHz) and
then vortexed for 1 min. The resultant niosomal preparation was left to cool down at
room temp?rature. The product was checked under light microscope for completeness
of vesicle formation and lipid remnants. All of the preparations were regularly monitored
for physical stability. As a routine, care was taken to detect any aggregation of niosome

vesicles, changes in color, or presence of drug crystals under the microscope (at 400x

” /)hcate before the formula was accepted

The aqueous phas 2.2 mg/mL MN in water. This

magnification). The experiment

as feasible for niosome for

concentration was below t bilit N in water at ambient temperature.
Since MN was incorpora loading occurred at the same

time that niosome vesic! ] 14 i ess was further referred to as

e .
3. Determination of MN

After preparation, the . suspensi as |eft at room temperature overnight to
allow complete annealmg andg;mymr between the lipid bilayer and the

rapping the container with

aluminum foil. The*stspension | 'supernatant containing the

free drug and the rmlet containing the entrapped d& by ultracentrifugation (see
conterft ifthe niosomal péiét was assayed and used to calculate the

below). The
entrapment ﬁiu&q m\lﬂ miMLL'l S ;io assayed for routine

monitoring of percent analytical recavery. The UVispectrophotometric assay of MN was
corice ol ol e Ghbaebdin it BEY fbo susorces
(Dennls 1988). The analytical method was validated using guidelines in USP24 (The
United States Pharmacopieal Convention, 2000). The validation results for accuracy,
precision, linearity, and specificity are shown in Appendix Cf

3.1. Separation of niosomal pellets

Five milliliters of the aqueous medium used in the preparation method was addeq to

an aliquot (1 mL) of niosomal suspension to aid the centrifugation process. The
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suspension was then centrifuged at 50,000 rpm at 25°C for 1.5 h in an ultracentrifuge.
The supernatant was carefully separated from the pellet. MN contents in the pellet and
the supernatant were determined.

3.2. Quantitative analysis of MN in niosome pellets

The niosome pellet was dissolved in isopropanol in a 25 mL volumetric flask, and the
solution was adjusted to volume. One milliliter of this solution was further diluted with

isopropanol in a 10 mL volumetric flask. This final solution was assayed by UV

spectrophotometry at 280 nm. The pre urfactants and/or CHO in the pellets did

An aliquot of the sup Ant was' appropriately diluted with isopropanol and
analyzed by UV spectroptos

3.4. Calculation of ej

EE was defined as thg'fracti n \ ind in the niosomal pellet and expressed as
milligram of drug per m Vyas, 1998).

Entrapment efficiency

4. Effects of equilib g

Since MN has marginal partition coefficient, partitioning of MN from the aqueous
phase where ﬂ itially inc int ni e bilayer was expected.
According tﬁ ﬂ ﬁ’ﬁ ﬂdﬁomﬂ ﬁlﬁ irmght before EE was
determined. However with different’ compositionszand methods ofgpreparation, the time
ey b Bbid i o/ kb it bbb v o ey
the effect of the time lapse on partitioning of the drug between the lipid bilayer and the
aqueous phase.

Three niosomal formulations selected from Section 2 as feasibie iormulas were

studied. These were Span®40:CHO (70:30), Span®60:CHO (60:40), and POE-10:CHO
(50:50). The aqueous phase was 2.2 mg/mL MN in water.
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Eight milliliters of MN niosomes was prepared in a 10 mL screw capped test tube by
the in-process loading method. The process used was the same as that described in
Section 2. The resultant niosome preparation was kept in the test tube and protected
from light. An aliquot of 1 mL was taken at each time point after the suspension was well
mixed on a vortex mixer. MN entrapment efficiency of each formulation was determined

as described in Section 3 after the products were kept at room temperature for 1, 3, 5, 7,

5. Effects of fon‘m( oh niose ton and MN entrapment in

niosomes

The three feasi : \ ere further studied. These
formulations were S 46 ! ; ' “60;:CHO (60:40), and POE-10:CHO
(50:50). In the feasibi i j;! ti h t e type of surfactant and the ratio of
surfactant:CHO were varied. S "Qre X i ) was aimed at other factors that
might be further modified f ; __ > CC positions of MN niosome vesicles
from the feasibility study were gseﬁp 7 [ ' niages of such modification could be cost

effectiveness, timq’ j factors were total lipid

-

concentration, addition of ‘«( e aqueous phase. Their

effects on niosome fogationan drug apment were-m.ndied. All of the experiments
were performed in triplicateausing three batehes of each formula.

5.1, Eﬁe@outﬂpacm&ams W E] ’] ﬂ ‘j

One millilit%!' of MN niosomes was prepared iﬁ 10 mL screwzcapped test tube by
the ugoﬁ;})aﬁﬂ 'ﬁh“i’ %N% g}@nﬂ EQ}@uﬁ concentrations
were Sd! 100, and 7200 mg/mL.r Vésiéle formation wa>s checked under a light microscope.
The preparation was left overnight at room temperature. EE of the preparation was
determined according to Section 3.

5.2. Effects of stabilizer

To study the effect of stabilizer commonly used in niosome preparations, 5% by

weight of either dicetylphosphate (DCP) or Solulan®024 was added to the preparation.
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The total lipid concentration (surfactant plus CHO plus a stabilizer) was kept at 100
mg/mL. The ratios of surfactant to CHO to the stabilizer were 67.5:27.5:5 for Span®40.
57.5:37.5:5 for Span®60, and 47.5:47.5:5 for POE-10, respectively. The aqueous phase
was 2.2 mg/mL MN solution in water. One milliliter of MN niosomes was prepared, and
the EE was determined as described in Section 3. Controis were the corresponding
preparations without a stabilizer.

5.3. Effects of modification of the aqueous phase

Since MN is slightly soluble in wate “gntration of the drug in the aqueous phase

was expected to affect EE of niosomes. was designed to elucidate effects of
J
a commonly used co-soWent; propylefe g'md pH of the aqueous phase on

niosome formation and drug®ep / NN

5.3.1. Effects of pfopy /
Niosomal suspegsions Screw-capped test tube by the
in-process loading had désg ibed n _J e;‘o E | lipid concentration was 100

phaselwas, J.,::‘r olution in 15% PG or in 30% PG. The

mg/mL. The aqueous

#x':f &) \
concentration of MN used was at %q,%i saturation of rug in each solvent. The control
was the niosomal suspe on- rep ith 22 mg/mL MN in water as the aqueous

itrapment were determined.

Y |

MN is a weaK base The : edium might affect drug solubility

phase. Feasibility of mosoma@bh and,
5.3.2. Effectgiof pH of the aqueous phase

and, thus, the EE. N omal suspensions were prepare in a 10 mL screw-capped test
tube by the j qi The total lipid
concentratlor%m Wﬂi]e sﬁ ﬁlﬁ?MN solution in 50 mM
acetate buffer pH 4.6 or 50 mM tﬁe 3 ﬁf' f MN used was
at 90% ﬁ‘-atﬁ mgi ﬁ’ﬁﬁe oﬁ ﬂPI al suspension
prepared with 2.2 mg/mL MN in water as the aqueous phase. The feasibility of niosome
formation and MN EE were determined.

6. Effects of preparation method on MN entrapment in niosomes

In the in-process loading method, the drug must be exposed to relatively high

temperature during the preparation process. |If the drug could be loaded after the
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niosome vesicles had been formed, exposure to high temperature might be avoided.
This process should be beneficial to drugs with low thermal stability. If no driving force
other than the concentration gradient is applied, the process can be referred to as a
passive loading method. This method should be plausible for drugs with proper partition
coefficients. MN should be a good model for such drugs. This experiment was to
compare the EE of MN niosomes prepared by the in-process loading and the passive

loading methods.

6.1. Preparation of MN niosomes by i U/f s loading method
Eight milliliters of MN n nes was & a 10 mL screw-capped test tube by
the in-process loading

Wscri ed i%The compositions of niosomes

were SpanQAO:CHO (70: :CHO (60:40),.and POE-10:CHO (50:50). The total
.'\,7"-:!\ ‘11“ =
lipid concentration was dthe a vs;i,-;:‘_ was 1.1 mg/mL MN solution

in water. The total lipid or ntration were reduced from the
previous experimen 4C able to ‘= ditions used in the passive
W '

loading method belows uct was Kept protected from light at room temperature

taken after the preparati ANV The sample was
processed as described in Swp@ sterming'the EE. Samples were taken again at
3, 5,7, and 10 day} M4h=;;=;:==:a:;=—=fmf‘- The physical
appearance of the nipsomal suspe *f'ved and recorded before each

sampling.

6.2. Preparation of “'_" _ Sekng m

Blank niﬂwﬁﬂgmﬁﬂlﬁmme same compositions as in
Section 6.1 tq I lipi once r‘;i 0 : dT t'é us phase was
tri-distﬁ;dﬁ:] ﬁﬁﬁeﬁ mmﬁlﬁﬁzﬂaﬂ in aa ﬂ) screw-capped

test tube. The product was carefully transferred and mixed with 4 mL of 2.2 mg/mL MN
solution in water in a 10 mL flask. Thus, the final lipid concentration was 50 mg/mL, and
the resultant MN concentration was 1.1 mg/mL. The flask was covered with Parafilm®

and kept protected from light. The mixture was constantly mixed on a magnetic stirrer.

Samples were taken the next morning and again at 3, 5, 7, and 10 days after
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preparation, and the EE was determined. The physical appearance of the niosomal
suspension was observed and recorded before each sampling.
The EE of the two methods were compared. The experiments were performed in

triplicate, using three batches of each formula.

7. Statistical analysis

Statistical analysis to compare treatment means was performed on SPSS version 9.

The non-parametric Mann-Whitpes L St used to compare two treatment means
0 treatment means were compared,

the validity of assumptions*forthe anz ‘ is -a-.A__&__ (ANOVA) was tested on pooled

T
PN

comparison, was used. Jhe Ve sen at 0.05 probability.

data, using Kolmogorov- I e distribution of data did not

significantly deviate frog ey's HSD test as a post hoc

X
{
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