CHAPTER IV

RESULTS AND DISCUSSION

1. Saturation solubility of minoxidil at ambient temperature
The saturation solubility of minoxidil (MN) was experimentally determined in

different aqueous media: tri-distilled 50 mM acetate buffer pH 4.6, 50 mM borate

buffer pH 7.0, 15% propylene: ». er (W), and 30 % PG in water. The
ambient temperature wa ( 8:24-25°C during time of study. The
complete solubility data are

Table 2. Solubility data.g

Time (hour)

Ill ﬁﬁuﬁ ; '(\C\E’l‘. +5D (n=3)

water II' ot \\\ 15%PGinW  30% PG in W

1 2.32+002 ' £ 9640i40 4494004  8.51+0.06
oallels 0
3 2.34+0.04 ['3.684066 .\ 08 471002  8.76+0.08
: ‘ - o ‘
6 238007 410+0.48 518+0.02  8.95+0.04
9 2.3540.0 50+0.24 523+002  9.22+0.06
12 2408005 61140919—— 3128008 | 5274003  9.56+0.04

24 2. 43+ﬁs .ozm 5314003  9.60+0.02

48 239:008 _ 5211017 3134002 529002 9.60+0.02

” ﬂ 17 0| T IHBHE) 600 oszson

66 2049+0.03  5.21 +0,03 3. 12_0 02 5. 28+&91 9.58+0.06

: 05 qgacp | 9.60+0.08

saturation 2.49 5.20 3.12 5.29 9.60

solubility of
MN (mg/mL)

MN solution at ninety percent saturation in each aqueous medium was used in

subsequent studies.
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2. Effects of surfactant type and surfactant to cholesterol ratio on vesicle formation and
drug entrapment

Form preliminary study, MN niosome formation occurred only when cholesterol
(CHO) was present in the formulas. So, CHO was invariably included in all formulations.
The total lipid concentration was kept at 100 mg/mL. The lipid was hydrated with 2.2
mg/mL MN in water. This concentration was at approximately 90% of MN saturation

solubility in water. The preparation method for this study was the so-called in-process

Span®85. and POE-10 were u: ed a  surfaclénis" naMN niosomes preperation. CHO was

included at a 1:1 weig alioeTh ese-8 forﬂzere compared to screen for the

most appropriate surf e IICIGS From the study, Span 20,

Span®40, Span®60, v \‘

CHO at various wei j . 380; ol .\ 0%) was added to these four
1ie

e presence of CHO (Table 3).

wed complete vesicle formation

were 70:30 for Span®4 6 | q 60, and 50:50 for POE-10, respectively (Table

4). These results are in4 w , Y p 'L US reports where niosomes can be
4 ., \

formed from a wide rang Irtac tio. For example, Span®20 was

reported to form vesicles in thW mg% CHO by film hydration method
(Udupa et al., 1993)} 1 S atvatiaus concentrations of CHO

including at 85:15 weig e difference in the energy

input into the system %ht be responsible for the dlscremncy seen here. The different

methods used undoubte&' %’W EJ PT ﬁﬁd thus the difference in
ease of lipid di uﬂ ﬂ

There is some statistically sigsificant differenge between the le.:ormulatnons in

MN enQpW'r}fﬂeﬁxﬂti m&ml%m&dflao able 5). The

highest e%trapment efficiency was seen with Span 40 formulation.
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Table 3. Feasibility of MN niosome formation from various surfactants. Cholesterol was

included at 1:1 weight ratio. Total lipid concentration was 100 mg/mL.

Surfactant Formation of MN niosomes
Span®20 yes
Span®40 yes
Span®60 ) yes
Span®80 | no
Span®85 no
Tween / no
Twee / no
¥ v/ ] yes

Table 4. Formation of '» :CHO ratios. Total lipid

I \ \ ‘with 2.2 mg/mL MN in water.

of MN niosomes

Composition o i atio by weight

concentration was 100

—, .
J: 50

40:60  30:70
Span®20:CHO + .
Span 40:CHO - ++++ + =
oo 18] 3 EJﬂ”ﬁWEﬂﬁ‘i o
POE-10: C& Y] ++++ ++ +

s mlﬁsﬁmﬂ 1IN Y

+++ = nearly complete vesicle formation

4+ = incomplete vesicle formation with vesicle aggregation and surfactant remnants
= incomplete vesicle formation with vesicle aggregation and CHO crystals

= phase separation and/or no vesicle formation
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Table 5. Effect of equilibrating time on entrapment of MN niosomes prepared from
®

various non-ionic surfactants. The ratios of surfactant/CHO were 70:30 for Span 40,

60:40 for Span®60. and 50:50 for POE-10. Total lipid concentration was 100 mg/mL.

The data are shown as mean + SD, n=3.

Equilibrating Entrapment efficiency

time (day) (mg% by weight)

POE-10

0.83+0.07
1.05+0.08
1.02 + 0.05
0.99+0.14
1.01 £ 0.09
0.10

N O w

10

p-value

3. Effects of equilibrating ti
o 3 - Y
Sufficient equilibrating fifne be ion allows niosome vesicles to properly

anneal. In this study, the entra at various time intervals (1, 3, 5, 7,

and 10 days) aft & i et storage time, MN could
partition among the eous mﬁne and the aqueous core of

the vesicles until the S)?tem reached equnhbnum From data shown in Table 5, the

equmbratlng<ﬂe¢p ﬂcﬂjmeﬁ%eﬂﬁm ﬂ ﬁssomes prepared from

Span® 40 (p Is effect was not seen with MN niosomes prepared from Span 60

- LUP e B e
was re 0 an equilibrium seemed to be

reached after only one day of equilibration. The reason for these observations might be

the difference in the packing structure of the surfactants. (Philippot and Schuber, 1995).

4. Effects of formulation factors on MN entrapment in niosomes

4.1. Effects of total lipid concentration on drug entrapment
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Total concentration of bilayer-forming components may affect feasibility of vesicle
formation. It is usually easier to hydrate bilayer-forming lipids at low concentration,
provided that the concentration is kept above the CMC. At higher concentration,
hydration process may be less efficient a;nd may result in lipid remnants. In some
occasions, other structures rather than vesicles may be formed (Baillie et al., 1985:
Urchegbu and Vyas, 1998; Knepp et al., 1990). In addition, liposomes formed at

different lipid concentrations may differ in lamellarity (Du Plessis et al., 1992: Agarwal,

t entrapment efficiency. This experiment
was thus designed to dete mine wi of vesicle formation and entrapment
as varied in the range of 50-200

mg/mL. The results ates g e and ' ic e 2. Vesicles completely formed in all

multilamellar in structure, wh: ,' Jowe Flipidieoncentrations they could be unilamellar
7 . lposomes prepared by reverse-phase
evaporatioon met Du Plessis el :.,-,-v-—-"-‘f """"" Iso slightly soluble in water
(1:500), the .‘.-v_ ore will c Cntrapment efficiency of the

vesicles. With multil ’ ipartment will be much reduced
and thus the ﬂﬁt f more clearly seen with
hydrophilic sﬁ 'ﬂ ﬂﬁﬂ cﬁ ﬂjﬁ rge unilamellar vesicles
(Komatsu, et aI 1986; Weiner, Mamﬁ and Riaz 1089) The ﬁcﬁéﬂactant type was

o s WA b0 SUE A EL

affect both the size of the vesicles and the interaction with MN molecules. Both size and

ures. This can

interaction of the solute with the lipid bilayer are known to affect solute entrapment in

liposome and ninsome vesicles (Florence, 1993; Weiner et al., 1989).
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Table 6. Effect of total surfactant/CHO concentration on MN entrapment in niosomes.

The data are shown as mean + SD, n=3.

Entrapment efficiency
(mg% by weight)
Composition p-value
Total surf/CHO (mg/mL)
50 100 200
Span®40:CHO 348+ 008 % ,/ 210 +0.12 0.00
5 4
Span 60:CHO 3.29?‘ 2.4?1 0% 0.05 0.00
POE-10:CHO 703015 //1.42% 000 . . 0.00
4
> 3.5
£ 25
g 2
& 15 B 50 mg/ml
B | _ M 100 mg/mi
R 05 | E 00200 mg/mi
0 = | d )

AR TRINTEINI TN Y

Surfactant

Figure 2. Effect of total surfactant/CHO concentration on drug entrapment
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Table 7. Interaction of surfactant type and total surfactant/CHO concentration on

entrapment efficiency of MN niosomes prepared by in-process loading method.

Source of variation Sum of squares DF  Mean square F- ratio p- valueﬁ

Corrected Model 22.525 8 2.816 450.106 0.00

Intercept 128.271 1 128.271 20505.166 0.00
4.158 664.693 0.00

Surfactant , 8.316

Conc. 6.192 989.814 0.00
Surfactant* Conc. 56 72.958 0.00

Error

—

)

Total

Computed using alpha = 0.0

=

R squared = 0.995 (Adjusted Réquérec - 993)

h , i '.\lil'
v 8 AN\
4.2. Effects of stabilizer veﬁ_' larmatic
2 .r'z:"j-‘: R 4 \

The stabilizers usgll | tr#"s"fsm ‘Were DGP and Solulan®C24. To study the

and MN entrapment

Aiﬂ’gi{a
effect of DCP and Solulan>G24 e on‘and drug entrapment, 5% by weight
of these compounds was add(_eg,

40 and Span®60 did |

rmulations. In the presence of 5% DCP, Span®

absent. The mixture became

A4

might form. This was mthe case with POE-10. Table 8

viscous gel instead o Cture rather than vesicles

ows that a much higher MN
entrapment efficiency wassachieved whenr5% P_w ded to POE-10:CHO
niosomes. Thiﬂ»&%‘nﬁeﬂt&%tﬁﬁﬂﬁs’lﬁiiw significant (p<0.05,
Table 9). Though MN is an amine drug, ionic interaetion with DCP céuld not explain this
°bse“’q’%q ﬂ\%@nﬁ Waﬂ w QQH&H@ grl studied. An
alternativs explanation may be the change of vesicular structure when DCP was added
to-the bilayers. This has been the case with phospholipids where surface charge density
of 1-2 ].,lC/cm2 results in LUVs instead of MLVs (Weiner et al., 1989). In addition,

presence of surface charge also increases the distance between bilayers of MLVs

(Namdeo and Jain, 1996). Both scenarios lead to the increased intravesicular aqueous



42

content. The increased entrapment efficiency can thus be attributed to MN in the

intravesicular aqueous phase when DCP was added to the bilayer.

Table 8. Entrapment efficiency of MN niosomes with 5% DCP prepared by in-process

loading method. The data are shown as mean + SD, n=3.

Entrapment efficiency (mg% by weight)

Formulation
5%DCP

Span® 40:CHO -

Span® 60:CHO -

POE-10:CHO 3.83+0.01
Table 9. Multiple c8mpafisghsfef the ant@pment bfficiency of POE-10 MN niosome
formulations with diffefént Stapilizers : ¥ e-wa' A, with Tukey’'s HSD test as a
post hoc comparison. '

95% Confidence
. — Interval

Factor (1) Factord

m Lower Upper
Bound Bound

=
AT o

A wlan sy oo

Solulan C24 Water 0.6267* 3.953E-02 0.00 0.5054 0.7480
DCP -2.3700* 3.953E-02 0.00 -2.4913  -2.2487

*The mean difference is significant at the 0.05 level.
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As opposed to DCP, Solulan®024 did not interfere with vesicle formation of the
three non-ionic surfactants. Structurally, this stabilizer is cholesteryl poly(24)oxyethylene
ether. The polyoxyethylene side chain is hydrophillic. It stabilizes nisome suspension by
steric hindrance, keeping niosome vesicles far apart and preventing aggregation. When
5% Solulan®C24 was added to the formulation, the entrapment efficiency was increased
with Span®60 and POE-10 (p<0.05, Table 10). The arguments for these observations

should be the same as those for the effect of DCP on POE-10 niosomes. Instead of

charge repulsion, however, intraves ula sric hindrance might play a key role to
increase the internal aqueous Vi me 2 )Solulan®C24 was not so clear with

mn overnight annealing, higher

entrapment efficiency was 3pan 40 fermulation without Solulan®C24. As

Span®40. The results

observed in Section 3 of th . ntrapment efficiency of Span®

ori ,,_, 5 not reached until day 5. What

was seen here coul ;ff ema

! \ oF before the equilibrium was
®40 (HLB= 6.7) formulation,

I the’/mea Si‘

" - S
. Porapy ¥ \ ® =
deducing from the HLB y@lu was*‘g; cted to be larger than that of Span 60 (HLB=
e ‘
4.7) (Namdeo and Jain, 1996). /i piosome vesiCles have relatively large vesicle size, the

effect of its steric hindrance on 2NCy might be obscured, especially for

unilamellar or oligolame agueous core of large vesicles

should be able to a& 9‘-‘ ene chain of Solulan>C24.
In that case, additio -l]. Solulan™~C24 should have ne&ible effect in increasing the

e T WA e
RININIUNRIINYIAY
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Table 10. Entrapment efficiency of MN niosomes with 5% Solulan®024 prepared by in-

process loading method. The data are shown as mean + SD, n=3.

Entrapment efficiency (mg% by weight)

Formulation p-value
water 1.63 £ 0.05
Span"40:CHO 2.84+0.14 0.1 4 0.02 0.05
Span®60:CHO 1.90£0.10 2.66 +0.05 0.05
POE-10:CHO 1.46 +0.04 0.05

L

entrapment
4.3.1. Ef
pyl glycol (PG) is used to increase
solubility of the drug.” Sin " .’ N >\-r tion in the aqueous phase
should result in higher'd F‘ S u- s, either 15% PG or 30% PG in
water was used to prepare _Pios J / Wi‘ 0% PG, niosome formation was

negated. POE-10 niosomes dig: se POE-10:CHO became completely

dissolved in the medium. '_;'L, A0:C : 1®60:CHO separated out during the

preparation process. =Thus, it was not feasible to use 30% ¥ i as the aqueous phase for
T pY
the three non-ionic s 1‘5“ ar was used, niosomes were formed

with all three surfactants. The entrapment efficiency was increased in all cases (Table

11). This s Qj ‘{m-‘ the aqueous phase.
Besides mcrﬂﬁ!ﬂc mrﬁm m ase, ‘difference in extent of
vesicle_for, ‘fﬂ; ﬁ QIﬂEJlatter might be
inducQ ﬁ\ﬂjaﬁﬁﬁz ﬂmﬁw yﬁrﬁfj& CHO solubility
seemed to be higher in PG solution than in water, the CMC should be accordingly
higher. This might result in less of the lipids participating in vesicle formation. Hence,
the entrapment efficiency did increase but was in some part offset by the lower number
of vesicles present. On the other hand, more lipid moleclues should contribute to

vesicles formation with Span®40:CHO and Span®60:CHO.-resulting in much more

entrapment efficiency values seen with these two surfactants.



45

Table 11. Entrapment efficiency of MN niosomes prepared in various compositions of
the aqueous phase by in-process loading method. The data are shown as mean + SD,

n=3.

Entrapment efficiency (mg% by weight)
Formulation p-value
water 15% PGinW  30% PGinW

Span®40:CHO 2.84+0.14_,  439+0.05 - 0.05
Span®60:CHO "” 0.06 g 0.05
. 0.05

POE-10:CHO

pH 4.6. In the latter dent. The incompatibility was

attributed to the low pH value as seen when acetate buffer was

N ],
substituted by hydrpﬁghlqr_i@ id-solution H. POE-10 was more resistant to
the low pH probably = ' stead of an ester linkage in
Span® surfactants.

For PQE 10 the entrapment efficiency increased proportionally with
increased M ffer giving the highest
entrapment. ﬁ indicate q ?.IEJZTJN in mosomes was in the aqueous part. At pH

ﬁ é’ e drug should
dnsplﬂwiﬂgﬂm tmja:]e emn :ﬂ ayer should be

reduced since the ionized molecules were less hydrophobic and should partition into the
a-queous phase (Weiner et al., 1989; Betageri, Jenkins, and Parsons, 1993; Sharma and

Sharma, 1997). The reduced MN in the bilayer was again offset by the much higher
concentration of the drug in the aqueous medium. Therefore, the entrapment efficiency
increased as the pH decreased. The same trend was seen with Span®60. Span®40.

however, gave lower entrapment in 50 mM borate buffer pH 7.0 though MN solubility was
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higher in this medium. Changes in vesicle size and/or structure might be responsible for
this observation. Large vesicles were absent when Span®40 niosomes were formed in
borate buffer. This finding was unexpected and could not be explained by the pH

difference since MN solution iniwater also had a pH of 7.0.

Table 12. Entrapment efficiency of MN niosomes prepared in various buffer by in-

process loading method. The data are shown as mean * SD, n=3.

. WRY ALK :
}::" v",: 9% by weight)

Formulation et : p-value
_ctate buffer pH 4.6
Span>40:CHO Xt = 0.05
Span®60:CHO | x 0.05
POE-10:CHO 1704 0 2,65+ 0.02 0.03
5. Effects of preparatior trap ::1 n niosomes
In this section, the"me 1 on were compared. In the in-process
. AT TN " .
loading method, MN was ad e.:g,-:f_q_‘l_'-:ﬁpt,;};, Jus-phase before vesicles were formed. The

drug was expected to.reside in the agueot a:;;.-::;:u;:.‘-.gx les as well as to partition
i P
into the lipid bilayer-ow oefficient (1.24) (Dennis, 1988).

However, it would be beneficial if blank niosomes could“be prepared, and the desired
drug was lo "1"“ I b g U re-flexible as a drug carrier
system. Tmae&ﬁﬂﬁ?ﬂtﬂﬁnﬁ;mg method here. If
partitioni s effici t mt r t_effic ie be comparable
betwﬁvﬁa iﬁ]ﬁ ﬂﬁrﬁﬁfﬁmﬁf il mg/mL instead
of 2.2 mg/mL due to the dilution factor used in the passive loading method. The

entrapment efficiency obtained from the two methods of preparation at various time

intervals is displayed in Tables 13-15.
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Table 13. Entrapment efficiency of Span®40 MN niosomes prepared by in-process

loading passive loading methods. The data are shown as mean + SD, n=3.

Time (day) Entrapment efficiency
( mg% by weight) v p-value
in-process loading passive loading
1 2.06 +0.08 0.86 + 0.00 0.05
3 0.05
5 0.05
7 0.04
10 0.03
Table 14. Entrapmnt ficieney-'of /Spz , %60 \MN niesomes prepared by in-process

loading and passive loadi as mean * SD, n=3.

Time (day)
T p-value
1 1.26 + 0.09 1.23 +0.01 0.51
o W
* AUBTHUNIRBANT oo
5 9  1.23+0.10 ~091+0.10 0.05

o

{RANINIRTE A

0.05
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Table 15. Entrapment efficiency of POE-10 MN niosomes prepared by in-process

loading and passive loading methods. The data are shown as mean + SD, n=3.

Time (day) Entrapment efficiency

(mg% by weight) p-value

in-process loading passive loading

1 0.84 £0.04 .02 0.18

3 | 0.18

5 0.04

7 0.07

10 0.04
The results show that pail ££g 1 N the passive loading method
MN was found associated withi niosome Vesicles in appreciable amounts. Partitioning
was rather rapid for Span 6 anﬁ : .i \ ipment efficiency comparable to
that of the in-process loading niethod was ed at day 1 (p>0.05). On the contrary,
partitioning waé mpch slower: ,'?#_ , ‘ _ or Span40, the in-process loading
method gave higher ntrap :J-v-:v-v-wv:f*‘vv---rw---»:e-s'-a-'-;',-ef~ loading method at ail

: )
times. Significant @ -’—. . W ethods even at day 10 (p

<0.05). Much less discrepancy in the entrapment efficiéncy of the two methods was
seen with Sp o ‘jﬁ' “ﬂa tants, the entrapment
efficiency waﬂgﬂaﬂ d ﬂjjlﬁe r mm:tjc It is worth noting that
the entra efficiency fro 'ngp [ aﬁ , s r all surfactants
incluc?%‘ﬁ?;] an@fo" giueﬁ:@:le rﬁvgftﬁ mjs phase in this
experiment might have made the Span® 40 system reach equilibrium faster than what
was seen in Section 3 of this chapter. It might facilitate partitioning of MN molecules
associated with the outermost bilayer into the aqueous phase, probably by increasing
the concentration gradient.

Although the passive loading method appeared to be feasible for drugs with

appropriate partition coefficients, one should bear in mind a potential problem with
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stability of the system. From this present study, aggregation of vesicles was evident at
prolonged period of time (after day 10). This could come partly from the use of

formulations that had not been optimized. To avoid aggregation, inclusion of a stabilizer,

such as DCP or Solulan®024. should be considered.

AuEINENneIngT
ARIANTAUNNINGIAE
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