CHAPTER IV

RESULTS AND DISCUSSION

1. Inclusion compl

Appendix I. Phas 1 4, i gwas censtructed by plotting the molarity of
minoxidil found in igh dgal .' e'molarity bf CD added. In case of B-CD, the

" total solubility of minoxidil
ed the@ylubility limit of the formed
complex at about 3. OBQ’)HO mol/l (an ayerage concentration of plateau region “ab”

in Figure 7)% ge’ﬂ)lﬂlg %@%ﬂq ﬂ'ﬁsed 275 folds over free

minoxidil.

ARIAINIU NN Y

90n the addition of B-CD, the solubility of minoxidil rose linearly owing to

to the maximum crﬂ;entra 0

complexation. At point “a”, the system was saturated with respect to the complex and
to the drug itself. Further addition of B-CD resulted in the continuous formation of
the complex which then precipitated out from the saturated solution. At the plateau
region, the system still contained excess solid minoxidil, therefore, total solubility of

minoxidil in solution remained constant. At point “b”, further addition of B-CD into
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the system resulted in decreasing water solubility of total minoxidil, since the system

no longer had excess solid minoxidil to keep the free minoxidil in solution at the

saturated level .

The stoichiometric ratio of the complex could be calculated from the plateau

concentration of B-CD, corresponding to

the plateau “ab” equaled 0 the - )B-CD entering the complex over this
range. The quantity of iminexidil enﬂingﬁlex obtained from the undissolved
solid remaining at po(”,’ 1 atcd by subtracting the minoxidil in
solution at the sa » \ minoxidil initially added. The
stoichiometric ratio €an ‘ € [ by t ’o\n '~ ’quation (Szejtli, 1982)

0% L 9
oy - u

F”’m J

ligands in term of molarity at point

- and “b™ on the plateau region, respectively
Y )
clid substrates in each tube

expressed in term'of molarity

AU SRR [k L
The concentratlon of @ the lﬁbau region waS-found to be 10.040 x
107 QSw m i lﬁlfl)adﬂhd minoxidil was

1147 x 10 2 . 3.085x 102 mol/l or 8385 x 107 mol/l, and the stoichiometric ratio

was 0.9806. Thus, we can conclude that the stoichiometric ratio of minoxidil : B-CD

was 1:1.

The formation constant (Kc) of this 1 : 1 complex was calculated from the
initial linear portion of the phase solubility diagram according to the following

equation (Szejtli, 1982) :



43

K¢ = [minoxidil- B-CD] = slope (10)

[minoxidil] [B-CD] iﬁtercept (1- slope)

The slope of the initial straight line and the intercept were 0.9132 (r* =
0.9557) and 1.103 x 10 mol/l, re ﬁly. The formation constant (Kc) was found

to be 953.83 1/mol.

complex formed was soluble

f HP-B-CD added (Figure 7).

In case of mi
and did not form a pr

Therefore, the phase soli

From the dﬁa btair

increased minoxidilisé

2. Preparation of gn'mxidil—CDs solid complexes

AULINENINYINT

The solid complex of minoxidil with B:CD was prepared by stirring the

soluioplfgini pitjorTaid b £ 1 Q%%%J&}ﬂr Bhiays. since te

phase scﬂublllty diagram  showed the Bg type, the insoluble complex would
precipitate out of the solution after an equilibrium was obtained. The solid complex

could be isolated by filtration.

On the contrary, the complex of minoxidil with HP-B-CD did not precipitate
out of the solution since the phase solubility diagram showed the A; type. Freeze-

drying technique was applied to the complex solution to obtain the solid complex.
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3. Investigation of the minoxidil-CDs complexes

3.1 Differential scanning calorimetry (DSC)

Differential scanning calorimetry thermograms were shown in Figure

8-9. The endothermic melting point of minoxidil started at 188.2°C and peaked at

193.0°C. In case of B-CD, : /° corresponded to water evaporation and
the peak at 217.9°C was de ak, but no peak was seen in HP-B-

The thermo6g CDs showed that the melting

point of minoxidil disap \\ r physical mixtures still showed

0 dS used.

the melting peak of

3.2 InfraredsSpe

The IR spectro %{‘; /é T was investigated to verify the complex
formation of mingx 'M, pectra of 1 ,'_)1' xidil, -CD, HP-B-CD and

the complexes were-€ha

»1231 1210a 7uﬁﬁﬁﬁ%ﬁﬁﬁam ak at 1640, 1610, 1550,
0 mawwwﬁmmé’ ¢

C=N stretching = 1690-1640 cm™
N-O stretching = 1220-1020 cm™
N-H out-of-plane bending =  900-650 cm™
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189.9'C
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Figure 8. The DSC thermograms of (a) minoxidil; (b) B-CD; (¢) minoxidil-

B-CD complex; (d) minoxidil-3-CD physical mixture
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Figure 9. The DSC thermograms of (a) minoxidil; (b) HP-B-CD; (c) minoxidil-

HP-B-CD complex; (d) minoxidil-HP-B-CD physical mixture

46



{e)

(b)

(a)

‘QWWNﬂ‘iﬂJMW’]’JﬂEﬂﬂH

4000 3000 2000 1600 1 200 800 450

Figure 10. The IR spectra of {a) minoxidil; (b) B-CD; (¢) minoxidil-
B-CD complex ‘
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Figure 11. The IR spectra of (a) minoxidil; (b) HP-B-CD; (¢) minoxidil-
HP-B-CD complex
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The IR spectra of both B-CD and HP-B-CD showed O-H stretching at
3600-3200 cm™ (variable intensity), intermolecular hydrogen bonded OH at 3400-
3200 cm™ and C-O stretching at 1230-1000 cm™.

The IR spectra of both minoxidil-CDs complexes showed that O-H

stretching (3600-3200 cm™) an H}C (1230-1000 cm™') peaks were broader
red that and CD were held together in the

and more intense. This ind#
ch pp@ncept of the inclusion complex

complex by hydrogen W
that formed by hydrogen bond -., Sz ’t“ ‘ addmon the IR spectra of both

The ﬁ vent in_the formulation of 2%
minoxidil sol\?iﬁ Mﬁﬁqﬂ ﬁh jdll solutions containing
B-CD 0.1 %w/v the suitable ratio ©f propylenesglycol : ethanolb.spurified water was
20 0% Vi N bt s b 5 s, e st
ratio -wag 20 : 30 : 50. Consequently, minoxidil solutions in the further study were

formulated using these cosolvent systems as described.

Since B-CD could not dissolve all minoxidil in the solutions, propylene
glycol and ethanol were used as cosolvents in the formulation. In addition, propylene
glycol also held minoxidil in solution after evaporation of ethanol and water (Chiang

et al., 1989b). Ethanol role has been primarily to solubilize minoxidil, other are used
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Solvent compositions of minoxidil solutions containing propylene glycol,

ethanol USP and purified water” and solubility characteristics after storage

under various conditions.

a. Minoxidil solutions containing B-CD 0.1% w/v

Propylene

glyco

Propylene

(%v/v)

col

Result

emperature

8"hours)

Refrigerator
(48 hours)

ppt

ppt
cs
cs

ppt

ppt
cs
cs

Ccs
Cs
Cs

CS

P N R W

Refrigerator
(48 hours)

ppt
ppt

o/ Cs

cs
AR
cs

Cs
CS

30

ppt
cs

Cs

Cs

ppt
cs

= purified water was added to volume

Il

precipitation
= clear solution
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etal., 1989b). Ethanol role has been primarily to solubilize minoxidil, other are used
to enhance the permeation of minoxidil from formulation solutions (Tata, Weiner,

and Flynn, 1994).

From the preliminary study, there was no statistical difference in stability
of minoxidil in solutions containing lum in concentrations varied at 0, 0.01,

0.05, 0.1 %w/v when the.solu

and sealed in 2-ml amber glass
eeks (Appendix II and III). The

color of the solutions contaifng no ED ‘l'w.. dium (0 %w/v) was more yellowlish

ampoules and stored in

than others, while the cgh ' ns ¢a ~ ing various amounts of EDTA
sodium were not differest. Jref e, ‘EDT2 wum 0.01 %w/v was used as a

chelating agent in the#ol

5. Effects of CDs on mil

Four minoxidil solution: lated with 0, 0.1, 0.4 and 0.7 %w/v of B-CD
(Rx 2-5) and five for 0, 10.0, 15 0 4dc20.0 %w/v of HP-B-CD (Rx

)

6-10) were prepared: '_ ; praduict, Regaine® (Rx 1) was also

used as the comparing formulation in the in vitfo permeation studies. All

e b Y SN S
4
The HPLC system used ifi this preselﬁstudE was acdommodated from the

mthao s b 15845 st 5 sel 2 BV s o

dioctylsulfosuccinate as an ion paring reagent in the mobile phase. The HPLC
chromatograms of the standard solutions and their calibration curve were shown in

Figure 12 and 13, respectively.



Table 3. The formulae of minoxidil solutions containing various concentrations

of CDs.

a. Minoxidil solution formulae containing B-CD

Rx | Minoxidil B-CD :DTA | Propylene | Ethanol Purified
% wiv ‘ i glycol USP water

% v/v % v/v

60 20
40 40
40 40
40 40
40 40

Regaine ®
b. Minoxidil sol
Rx | Minoxi o6 | Ethanol | Purified
i USP water
%viv | %viv
] 30 50
7 A 2 5 ¢ 0.01 20 30 50

RN IUFT DY =

10 2 - 20 0.01 20 30 50




Figure 12. The HPLC chromatograms of the standard solutions of minoxidil (4.73-
4.79 min); internal standard (8.38-9.13 min)
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Data for calibration curve of standard solutions of minoxidil

concentration | Peak area ratio inverse % recovery
(mcg/ml) concentration
0.0201 0.0554 0.0211 104.97
0.0603 0.1535 0.0599 99.34
0.1005 0.2444 00958 95.32
0.2010 0.5218" 102.14
0.4020 100.65
0.6030 98.74
0.8040 100.99
1.0050 99.67

AULINENINYINT
ARIAATAUUNINGA Y
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Peak area ratio

3

2.5

1.6

0.5

Wy =1.8265 x 10° + 2.5325x

= 0.9998

——

g

= minoxidil concentration (meg/ml)

AULINENINYINS
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5.1 Stability studies

The stability data of minoxidil solutions containing various

concentrations of CDs (Table 3) were shown in Appendix II. From the stability data

of each formula, least square method was used to obtain the straight line of the

relationship between time and. of minoxidil remaining (In conc”) at

room temperature and at 70

Degradationerate€onstant (k) which was the slope (b) of each line was

shown in Table 4. Sig

using the t test with the gt hypot 5 . wersus the alternative hypothesis

,3,
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from the statistical point of view there was no significant degradation during the

E.= standard error of slope

period of study.

Also, one way ANOVA of stability data of each formula (Appendix III)
shows that there was no statistical difference in concentrations of minoxidil

remaining at different times of storage. Thus, it can be concluded that concentration



Table 4.  Degradation rate constants (k) at room temperature and at 70°C of

minoxidil solutions formulae Rx 2-10.

At 70°C

-5.6122
-5.3571
-6.3775
-2.5510
-6.3775
-4.3367
1.5306
2.5510
1.5306

-
3
4
5
6
s
8
9

AULINENTNYINS
PRI TUAMINYAE

27
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of minoxidil remaining in each formula did not change throughout the study (84
days).

The color of minoxidil solutions in all formulations kept at room
temperature did not change throughout the study. This was consistent with a previous
study by Pimolpan Pithayanukul ( EDTA sodium 0.01% could stop the

color change of the minoxidil soluti pt at room temperature for 40 days.

ept at 70°C turned into ‘yellow’
after about 2 week

Hence, a chelatin,

ions containing any CDs or not.
also CDs could not stop the

discoloration reaction

patz (1967) and Ukema et al.

(1985) reported that or complex formation constant

(Kc) decreased rapidly ‘with' ¢t

dmperature due to dissociation of the
. J‘_
complex. Therefore, it may-be sdid’

s

[§F
- T =
e

]
I

perature as in this study, there was

. so thatftee minoxidil was exposed to

dissociation of the mnoxid:

the degradation or diseo

‘ﬁ' of; thi ﬁ i f Haines-Nutt, Adams,
and Bendell @z{a‘nﬂnﬁﬂﬁi ;ﬂmtll t yellow coloration after
3 mo oom temperature, but no chentieal degradatiofi“was seen; the assay
L VKRl L Talp Y T jaF X | v

solutions at 70°C (Figure 14) showed that the chromatograms of yellow solutions in

this study did not different from of the standard solutions (Figure 12).

In addition, the results from thin layer chromatography (TLC)
(Appendix IV) showed that Rf values of minoxidil in solutions at room temperature

and at 70°C were not different, and any other spots were not seen in solutions at 70°C
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Figure 14. The HPLC chromatograms of the sample solutions of minoxidil (4.73-
4.79 min); internal standard (8.38-9.13 min)
(a) with B-CD at room temperature (c) with B-CD at 70°C
(b) with HP-B-CD at room temperature  (d) with HP-B-CD at 70°C
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in spite of the discoloration of the solutions. It may be said that the colored product
had so small extent that it could not be detected by TLC method. However, the UV
spectrophotometric scanning from 200-700 nm. of minoxidil solutions kept at room
temperature and at 70°C (Appendix V) showed that there was a slight difference that

it might due to the yellow coloration of the solution at high temperature.

There were few studies stability of minoxidil in solutions and

n between minoxidil and propylene
 —

the exact mechanisms of th

glycol has not been pro ore about any effects of CDs on

idysin this diseeloration reaction must be done.

minoxidil stability, the T //

5.2 In vitro permeatios ._

o investigate the effects of CDs
on permeation of minoxidillthtc ugh swhorn pig skin throughout 24 hours. In this
study, the permeation of /n i‘ : - €valuated in newborn pig skin since it is

remarkably similar to human. sk n e used to model human skin properties

The receptor phase in thlsgtudy was isotonic phosphate buffer pH 7.4

whi s il B www tod ipolica nuia
16 & PR TR it 1

extrapolation of the pseudo-steady state portion of the plot of cumulative amount of
minoxidil per unit area versus time to the intercept on the time axis provides the lag
time (t). Steady state conditions prevail after approximately 2.7 times the lag time

(Barry, 1983).
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The steady state flux (Jss) was the slope of the plot of cumulative
amount of minoxidil per unit area versus time. The normalized flux of each
permeation run was then calculated by multiplying the flux with h / h , where h was
the membrane thickness of each permeation run, h was the average membrane

thickness of all membrane used in

solution formula was used to\

formula. h

itudy The average normalized flux of each

//)ermeablhty of minoxidil from each

ere was no statistical difference in

average normalized flux of ﬁn@ containing, B-CD 0.1, 0.4 or 0.7 %w/v (Rx 3-5)

or the commercial sofution (Rx 1). The flux of the fo _-;_; la containing no B-CD and

up (Table 6).

iﬁ ‘% of formulae containing
HP-3-CD 0, %ou \ﬁ (ﬂ)m ﬁhﬁ ﬁ)ﬁlgniﬁcantly higher than
the fo -B-CD’ 20 %w/v 10). The%flux of the formula
contal uﬁ £ Qd‘i lu mﬂﬁm a‘a &l’ higher than the

commermal solution (Rx 1). However, there was no statistical difference between the

latter solution and other formulae with HP-B-CD (Table 7).

Duncan’s new multiple range test of average normalized flux
between ten formulations which were B-CD group (Rx 2-5), HP-B-CD group (Rx 6-
10) and the commercial solution (Rx 1) was also used to verify the difference among

all formulae and shown in Table 8.
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Table 5. Average normalized fluxes of minoxidil through newborn pig skin and

percent cumulative amounts of minoxidil in receiver compartment.

AU INENTNEINS

Percent cumulative amounts of minoxildil
Rx Average normalized flux* in receiver compartment*
(mcg/h/ecm?) 12 hours 24 hours
1 12.0941 + 3.4633 3.66 +1.36 4.77 £ 1.90
2 40.8164 £ 15.4412 +4.83 13.35 +6.40
3 11.3822 + 3.9466 : 75 5.83+0.78
4 5.6548 + W -—" 2.69+0.86
5 4.6479 + 1.98 +1.00
6 24.3876 + - 16.82 +10.28
7 17.5995 + & 14.75 £5.37
8 20.4115% 02803 £, [ (- 17.89 + 1.88
9 20.6291 2.0 _ Sl g 10.77 £2.52
10 67200+ 14824 © ;i 468 +3.25
i
. 5 s = 3

ARIANTAUNIINGIAE
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- Table 6. Duncan’s new multiple range test of average normalized fluxes of

minoxidil from the commercial minoxidil solution, Regaine® (Rx 1) and

minoxidil solutions containing various concentrations of B-CD (Rx 2-5)

through newborn pig skin.
Rx 5 4 3 1 2
Average normalized flux 11.3822 12.0941 40.8164
(mcg/h/em?)

AR
AN T
| 111,4_,,& 3 »}:\\\&\

A VAR

ﬂua’mﬂmwmn's
QWWNﬂ‘iﬂJﬂﬁﬂﬂmﬁﬂ
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Table 7. Duncan’s new multiple range test of average normalized fluxes of
minoxidil from the commercial minoxidil solution, RegaineO (Rx 1) and

minoxidil solutions containing various concentrations of HP--CD (Rx 6-
10) through newborn pig skin.

Rx 10 1 7 8 9 6
Average normalized flux | 6.7290 1| 17.5995 | 20.4115 | 20.6291 | 24.3876
(mcg/h/cm?) 'y

_4
/‘

77 R B
TN RN :

T 1= b RN Ry

P47 &'% Wi

’ lﬁﬁ "\\\\Q‘

o F -EEE N\ -

10 g& x

cal difference (p<005)

1'\' ‘a .05)
U

ﬂ‘UEl’JVIEWIﬁWEI’]ﬂi
Q‘W']Nﬂ‘iﬁu UNIAINYAY

X| X[ X[ x| 1

w i
.||
1
L
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Table 8. Duncan’s new multiple range test of average normalized fluxes of

minoxidil from minoxidil solutions formulae Rx 1-10 through newborn

pig skin.
Rx 5 4 10 3 1 7 8 9 6 2
Average
normalized
fhax 46479 | 56548 8 12,0941 | 17.5995 | 20.4115 | 20.6291 | 24.3876 | 40.8164
(mcg/h/cm?)
/" ‘

Rx 1 2 W W 8 9 10
1 x < = = =
2 x . x x x
3 = x L v = = 2

= x 4 - x =
4 .ﬂuh‘.n_ *
5 < x . = x x x <

4

6 x x Fedek = - - x
7 = x 4 £ = = = -
8 - x = 28 - - x
9 = - x
10 - x x

Aud TSRS,
RINNIUNRINYAE
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For the formulae containing no CD (Rx 2,6), their fluxes were
more than other formulae containing different concentrations of CD (Rx 3-5, 7-10).
The flux of formula Rx 2 was significantly highest, while the flux of formula Rx 6

was significantly higher than the fluxes of formulae containing various concentrations

of B-CD (Rx 3-5).
Effec oh //&neatl
formulation Rx 2 (et@/v)'_"

on of minoxidil was seen in
ol 30 %v/v) that the flux of the

former formula was signifi€z igher 'aT an the latter one. This result is consistent
with the study of Tata at more minoxidil penetrated the
skin as the proportion o increased. But the same effect
was not seen in a co s ethanol 60 %v/v

D on permeation of minoxidil
were seen in the formul : B-CD (Rx 3-5) and the formulae containing HP-
B-CD (Rx 7-10). The ﬂuxeg‘m.l mulag.Rx 7-9 were significantly higher than
those of formulae eantaining B-CD 0.7 %w; X it were not statistical different

')

from the formula cofitaining ' - Onily the fluxes of formulae Rx

8 and 9 were signifieantly hlgher than that of formula'Rx 4. The more HP-B-CD in

o A oL o SR g o e e
’ﬂ WA % au oo ma B knd a A R

flux of minoxidil through newborn pig skin. This may due to an increment in

hydrophilicity of minoxidil in the solution by CD complexation.

The similarity was mentioned in the following studies. Loftsson,
Frioriksdottir, Thorisdottir et al. (1994) revealed that maximum penetration of
acetazolamide through a semi-permeable membrane was obtained when just enough

HP-$3-CD was used to keep all the drug in solution. An addition of too much CD or
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addition of CD to aqueous eye-drop preparations containing water soluble drugs will
reduce the drug availability due to their very hydrophilic character and large effective
radii (Loftsson, Frioriksdottir, Thorisdottir et al., 1994).

Another study by Loftsson, Frioriksdottir, Ingvarsdottir et al.
(1994) also reported that HP-B-CD i

semi-permeable membrane until al y one had dissolved, after that the flux

eased the flux of hydrocortisone through a

decreased with increasing-HP-B-C entrations. A maximum flux was obtained

the effects of CDs ia" in€rgas ipoxidil were not seen. However,

12 hours in formulae not'co uu)t_figg /€D ‘and 6). Thus, both CDs in this
study increased the solubility dilin;
More soluble of minoxidifeD: ommple
Consequently, the

CD.

‘Aaqueous solution by complex formation.
S“resulted in more hydrophilicity.

in formulae containing

2 [Percent cumalative amountiof minoxidi
S0 dITCI I d ML ;
U
an : ipl ﬁ tE] f Qﬁgznt cumulative
amoun%ﬂm 1 ﬁlei IiLt m :\]r@x in Table 9-11.

The comparison of 3-CD group (Rx 2-5) to the commercial solution (Rx 1) showed
that percent cumulative amounts of minoxidil at 12 hours of formulae containing
B-CD 0.1, 0.4 or 0.7 %w/v (Rx 3-5, respectively) and the commercial solution (Rx 1)

was statistically lower than the formula containing no -CD and ethanol 40 %v/v (Rx

2) (Table 9). This result complied with those found in the flux.
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Table 9. Duncan’s new multiple range test of percent cumulative amounts of
minoxidil in receiver compartment at 12 hours of the commercial minoxidil
solution, Regaine® (Rx 1) and minoxidil solutions containing various

concentrations of 3-CD (Rx 2-5).

Rx 5 4 1 3 2
Cumulative 131 .63 3.66 3.80 1111
amount (%) ' ‘

Z

A PN S T
JV/AE AN | -
A=A |
i EVE .A\\\ :
Iﬁ% AN

wn"” ‘\

f* .

= ﬁ._,:g—g‘; rence (p<0.05)

At 7 .05)
Y )

7]
ﬂﬂﬁl?ﬂﬂﬂﬁﬂﬁﬂﬂ?
QW'] 'GNﬂ'mJ YANINYIAY
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Table 10. Duncan’s new multiple range test of percent cumulative amounts of
minoxidil in receiver compartment at 12 hours of the commercial
minoxidil solution, Regaine® (Rx 1) and minoxidil solutions containing

various concentrations of HP-B-CD (Rx 6-10).

Rx 1 3 9 7 2 8
Comulative 6 | 811 | 10.15 | 1049 | 10.75
amount (%)

_.4'.:

,////g \\\\\\ o T 10
I EEETNS :

W\
; Arn&az MU

a0
i\

x| x| X| x|

- 50.05)
{f

ﬂUEl’J‘VlEJWﬁWEﬂﬂ?
QWWNﬂ‘iﬁUNﬁﬂﬂﬁl'}ﬂﬂ
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In HP-B-CD group (Rx 6-10) and the commercial solution (Rx
1), percent cumulative amounts at 12 hours of formulae containing HP-8-CD 0, 5 and
10 %w/v (Rx 6-8) were significantly higher than that of formula Rx 1. Adding too
much of HP-B-CD (Rx 10) resulted in decreasing of percent cumulative amounts to

formulae containing HP--CD:! 7,8) were significantly higher than

the same amount as formula Rx ‘J / While the percent cumulative amounts of
that of the formula Rx 1 uxes

tatlstlcally different (Table 7).

the formula containgg ,' .. ‘1 anol %v/v (Rx 6) or formulae
containing HP-B-CD & -l

their fluxes (Table 8) :
causing a decrement in th aﬂ@f it

esult which was different from

moxidil on permeating membrane
could be absorbed (Tsai, Cappel

™ rsai, Flyon et al (1993)

I
explained that the p ecipitation limited the amount of minoxidil that could be

absorbed andﬁiﬂ)g ?Wﬁﬁ%’wgﬁrﬂfﬁn the formulation.

Table 11 also showed that rcent cumdulative amounts of
rino MR T hdd S 7 W E bk Bl e ot o
CD grogp (Rx 3-5). This could be explained that HP-3-CD was able to increase the
solubility of minoxidil more than B-CD with respect to the results from solubility
studies. Consequently, the amounts of minoxidil that could permeate from formulae
containing HP-B-CD were more than those from formulae containing B-CD. In
addition, the decrement in perceht cumulative amounts of minoxidil in the formula
containing HP-B-CD 20 %w/v (Rx 10) suggested that it was owing to its very
hydrophilicity.



Table 11. Duncan’s new multiple range test of percent cumulative amounts of

minoxidil in receiver compartment at 12 hours of minoxidil solutions

formulae Rx 1-10.

Rx S 4 9 7 6 8 2
Cumulative 1.31 1.63 8.11 10.15 | 1049 | 10.75 | 11.11
amount (%)

— ——
Rx \ 8 9 10

1 - x - -

2 i st = = x

3 .& 5 x = =

4 PR X x -

5 s % x N

6 @F. - - a X

@_‘.‘JJ
7 - = = x
2

8 L - x

9 = x

10 x x

PAATUNMINIAY
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5.2.3 Percent cumulative amount of minoxidil at 24 hours

Duncan’s new multiple range test of percent cumulative
amounts of minoxidil at 24 hours in B-CD group (Table 12) or in HP-B-CD group
(Table 13) were not different from their Duncan’s new multiple range test of percent

cumulative amounts of minoxi (Table 9, 10). Except for the formulae

Rx 9 and Rx 10, their per: ts were not statistically different at
24 hours

test of percent cumulative
amounts at 24 hours o i and shown in Table 14. It
showed that percen i) of the formula containing HP-B-CD 10 %

enificant), not the formula Rx 2

that CD did not m&ase the flux Qf. um.‘ ikl solutions through newborn pig

ah 11  of i the solution by a complex
formation, minoxidilgid not pr ate out of the srmnon Therefore, the amounts
of minoxidil that could‘be=absorbed through membrane were increased. On the other

hand, addmgﬂoulﬂ @ aﬂ ﬁ]m ‘5 wﬂaa aoi hydrophilic so that the

permeation ofqllmnomdll was decreased. The.decrement of minoxidil permeation
on § R IR AU ’510’3 Fikel i) fipm the formulac
containihg HP-B-CD. The reason was that dissociation of minoxidil- B-CD complex
was more difficult than that of minoxidil-HP-B-CD complex owing to the higher

formation constant (Kc) shown in solubility studies.



Table 12. Duncan’s new multiple range test of percent cumulative amounts of
" minoxidil in receiver compartment at 24 hours of the commercial
minoxidil solution, Re:gaine® (Rx 1) and minoxidil solutions containing

various concentrations of 3-CD (Rx 2-5).

Rx 5 4 1 3 2
Cumulative .69 4.77 5.83 13.35
amount (%)
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S A% m\\\\
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Table 13. Duncan’s new multiple range test of percent cumulative amounts of

minoxidil in receiver compartment at 24 hours of the commercial

minoxidil solution, Regaine® (Rx 1) and minoxidil solutions containing

various concentrations of HP-B-CD (Rx 6-10).

7 6 8
1475 | 16.82 | 17.89

Rx 7 9 10

1 . .

6 . = x

7 : - J = x

8 x 2 L ! x

9 dia) = -

10 - AT x -

)
= Not statistical difference{p>0.05)
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Table 14. Duncan’s new multiple range test of percent cumulative amounts of

minoxidil in receiver compartment at 24 hours of minoxidil solutions

formulae Rx 1-10.

77

== Statlstlcal dlfgejence (p<0.05)

ﬂUBﬂMﬂﬂWﬂ%@
q RIAINTU NN INYAE

Rx 3 4 10 1 3 9 2 7 6 8
Cumulative 198 | 269 | 468 | 477 | 583 | 10.77 | 13.35 | 1475 | 16.82 | 17.89
amount (%)

Rx 1 74 8 9 10
1 x : -
9 x -~ - - x

WY

3 z y x x = E
4 = :& - x = -
5 - iy-= x x <
6 x - . J = = = x
F * - % T s » %

x = x = = x
: A
9 - = s
10 - %* =
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