CHAPTER 111
RESULTS
1. Solubility of Nifedipine

The solubilities of NFP in various solvents
including water was shown in Table 10. It was found that
the solubilities of NFP in various solvents were greater
than in water and phosphate buffer pH 7.4 solution (PBS).
The results indicated that NFP was practically insoluble
in water, PBS and the mixture of 20% v/v PEG 400 in
phosphate buffer pH 7.4 solution, the elution medium for
skin permeation study of this reseach. [Its solubilities
in these three solvents were about 7.79 x  10~"
7.25 x 10“5 and 8.61 x 10-» /100 ml, respectively.
However, NFP showed a substantially more soluble in the
elution medium than in pure PBS. In a report Dby Chien
(1982), the addition of a co-solvent into the elution
medium increased the solubility of drug, thus the addition
of PEG 400 into PBS as the elution medium, might provide
and maintain a sink condition required for in-vitro SKin
permeation study for NFP transdermal delivery system.



0 The Solubilities of Nifedipine -ill Wafer and other Solvents at 37°

Solvent

Reverse osmosis treated water
Phosphate buffer pll 7.1 Solution
Mixture of PBS + PUG 100 20% v/v
Olycerol

Mixture of glycerol + water

(1:1)
Propylene glycol (PC!)
Mixture of pn + water (1:1)

Ab ol te alcOhol (Ah .Al.c)

Mi.t re Of Ab .Alc + wal<r
(11)

Naverage concentration of h'FP from Triplicate run (N

cone.of NFP
(mcg/m1)

0.7785 + 0.0196
0.7218 + 0.0 7)
8.6111 + 0.8391
0.7928 + 0.0816
2.8761 + 0.1069
53,1696+ 6.2621
13.07093 + 3.2256
69.7811 + 2.3762

91.2763 + 2.0105

9/1.00 nl
7.79 « 10~5
7,25 « 10"5
.61 X 104
7.9 « 10'5
205 x 10~4
5.35 x 10'3
131 « 10'3
9.68 « 10"3
9.13 « 10"3

3)

Soiubility

Practical i sol ble
(1:1,283,697)

PraOtical insoluble
(1:1,379,310)

Practical insoluble
(1:116,144)

Practical insoluble
(1:1,261,034)

Practical insoluble
(1 3471222)
Practical insoluble

(1:18,691)

Practical insoluble
(1:23,201)

gh 11y soluble

1330)

Very siigh tly sol.ble
(1110604)

1i gh
(1:1013
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2. Physical characteristics of Nifedipine Transdermal

delivery system

All' NFP preparations exhibited yellowish  gel
according to the color of the drug.

2.1 Pluronic F-127 gel matrix

From the physical characteristics showed in Table
11, 12 and 13, the consistency of gel increased with
increasing the concentration of PF-127. Small air bubbles
appeared during preparing pjrocress and were prominent at
higher concentration of gelling agents.  However, these
air bubbles disappeared when stored the mixture in
refigerator.  The highest concentration, 50% [, of
PF-127 was very difficult to prepare. It took much more
times to be completly dispersed but it provided higher
consistency than the lower concentrations, 30% /[ and
40% . .  The residue of gel matrix when applied on the
surface of skin was observed. It was found that the
residue increased when decreasing the concentration of
PF-127.  Incorporation of PG, glycerol, or PEG 400 could
reduce this problem and improve the consistency  of
prepartation.

After stored in refigerator, preparation of 30%
[ and 40% / polymer completely dispersed within 24
hours, while that of 50% / polymer took more times,



Table 1l Physical Characteristics Ohbtained from 30% / Plnrontc F-127 gel matrices.

h Prep. No
Physical\. 1 z 3 4 5 0 / 8 9 10 12 13 U

Characteri tioi?'v.

Difficulty in
preparing”

¢l rity? ¥ t ¥ ¥ ¥ - ¥ ¥ - ¥ ¥

Air bubble 1

Residue™ on t 4 43 43 43 +4 +4 0 44 +4 4 +4 +4 44
Applicatlon

Consi tency” 2 +2  +2 +2.5 42 425 +2- 42 +2  +2 42 42

1. The number of the symbols of (+) and (-) showed a degree of intensity and no
appeara ce, respeotively.

2. Clarity  (+) = transparent, (-) : translucent.

3. Consistency  OI) OrVed by ha d-Pre ed ith SCOring as f0llo
a) +5 = solid fi:nod matrix a d leaved no impression when pressed
b) {4 - 0Llid firmod matriX and Jcaved iMlPre o he pressed. "
e) +3  hard gel ”
e) +2 - soit gCil«
d) +1 :cream 1llked .



Table 12 Physical Charuolori lios Obtained from V0% / Pluronle F-127 g01 matrices.
Prep. No
Physical 15 16 17 18 19 20 21 22 23 24 25 26 2T 28
Characteristics
Difficulty in + - - - - - - - - - - - - -
preparing
CJ.arH,yz + + + + + 4 4 + + + 4 + + +
Air bubbl(-:1 + + - - - - - - - + - - - -
Residue! on #3 43 43 42 +3 A==V 43 ¥, ¥ 48 ¥ $3  i3
Application
Consistency> 3.6 8 #3 w8 44 LTI hy 445 4  #3  +8 #3 83
The number of the symbols of (+) and (-) showed a degree of intensity and no
appearance, respectively.
2. Clarity (+) = transparent, (-) - translucent.
3. Consistency . observed by hand-pressed with scoring' as follow
a) +5 - olid firined matriX a d leaVed linpress-i.o when pressed
b) +4 - sol id fi Iiled )atriX and leaved impression when pressed. ®
o) +3 = hard gel .
e) +2 - soft, gel1

+1 - cream 1lked.



Tallin 13 Phys If:al. Oharan (.eristics Obtained from )% [/ Pluronic P-127 Mel matrices.
Prep. No
Physica 29 30 31 32 33 34 36 206 37 38 39 40 41 12
Characteristics
NDifficul by in ++ t + - + + Ly - = = - N
preparing
7 2 X
Clarity”™ + + + + + + + 4 + + + +
Air ]')ubhlel + - - + - - = e + = = =
Resicluel on + + + - + + + + + + - +
Application
Consistency® £3 $3.5 +3.5 +3.5 +3 +375FWe5 43 43 43 43.5 +3 - 43 43

1. The number of the symbols of (+) and (-) showed a degree of intensity and
aPPoal'a Oel rf Jeetively.

2. Clarity
3. Consistency
a) +5
b) +4
c) +3
e) 42

g +1

(+) n transparent,

(-)

~observed by hand-pressed with scoring as follow
solid rirmed malriX arid leaVed no jMpressilon when presse

translucent.

solid (ifined mal.riX aml lcaved impression when pn:lssed.

hard gel .
soft gel.
cream lilied.

no
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about 36 hours.  However, all preparations exhibited
clear, yellowish gel without precipitation of NFP after
incubated for 24 hours at room temperature.

2.2 Aerosil A-200 gel matrix

The physical characteristics of NFP transdermal
preparation containing Ae-200 were shown in Tables 14 and
15, No air Dbubbles was obtained in these gels.  The
preparation of 30% [/ polymer showed better consistency
and better physical appearance, however, it was more
difficult to prepare than the other, 20% / of Ae-200.
This problem might be reduced by incorporating PEG 400.
PEG 400 might' also improve the clarity of gel matrices.
The consistency of gel matrices which dued to the
properties of PG and glycerol was observed. It was found
that suitable concentrations of both organic modifiers
ranged from > 25% / to <45% /[ . Concentration lower
than  25% /[ provided rigid gel which might crack when
stored at room temperature. In addition, concentration
higher than 45% [/ provided [liquid gel whick took
much more time, over 72 hours to transform to hard gel.
Thus, the precipitation of NFP in gel matrix might occur,
Suitable concentrations of PEG 400 were not more than
35%w/w, since higher concentration might also provide soft

gel.



Table 14 Physion] Character! sties Obtained from 20% / Aerosil A-200 gel matrices

Prep. No
Physical 13 44 45 16 17 48 19 50 51 52 83 54 55 56 57 58 59 60
Characteristics
Difficulty in - - - - - - - - - - - - - - - + - +
preparing
Clarityz - - + - + + + + + + + + + + - - - ~
Air bubble! 5 ” 4 % ” + Z 5 X : = s i 4 > = = 23
Resiclue1 + + + + + + + + + + + + + + + - + -
Consistenrry3 +3 +3 +3 +3 +3 +3 +3 et 34D+ +3 +3.5 43 +3.5 +4 +4.5 +4 +4.5
Transformation 24 >24 >36 24 >36 36 32436 >36FH36 . >24 >36 >36 >36 >24 24 >24 24
times (hours) <36 <36 <36 <36 <36

1. The number of the symbols of {+) and (-) showed a decree of intensity arid no
appearance, respectively.

2. Clarity  (+) transparent, {-)  translucent.

3. Consistency  observed by hand-pressed with scoring as follow
a) +. =solid firmed matrix and leaved no impression when pressed.
b) +4 - solid finned matrix and leaved impression when pressed,
e) +3 : hard gel .
e) +2 =soft gel.
]) +L : cream ]jl<ed.



Table 15

Physico 1l Characheri 1lcs Obtained from 30% /

Acrosil A-200

gel matrices.

Prep.
Physical
CharacterisbLics

No

66 67 68

Difficully in
preparing

Clarityz

Air bubble!
Residue1
Consistency3

Transformation
times (hours)

- — .’
+ + +
H 43 +3  +38.5

>21 ) T
<36 <36 <306

+3.05 #3.5 #4

»24 >24 >36

<36 <36

1. The number of the symbols of (+) and (") showed a degree of intensity and
aPPeara ce, respec .Vely.

2. Clarity
3. Consistency
a) +5
bg +1
c) +3
e) 2
I

(+) = transparent,

(-) = translucent.

ohserved by hand-pressed witil scoring as follow

solid firllled matrix and leaved no impi'ession when pressed
solid firilled matrix and leaved impressi on when pressed.

hard gel 1
soft gel.
cream lited .

no

-1

()]

(54}
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2.3  Pluronic F-127-Aerosil A-200 Gel Matrix

The objective in using combined gelling agents
was to improve the physical appearance of gel matrices.
Ae-200 could be used as thickening agent for improving the
consistency and reducing the transformation time of PF-127
gel.  The result was shown in Table 16.  The suitahble
concentration  of Ae-200 was below 120% / with PF-127
50% | .

2.4 The Selected Formulations of NFP Transdermal

Deliver Preparations for Permeation study

From the results of physical characteristies
study of NFP transdermal delivery preparations, the
desired NFP preparations for evaluation were shown in
Tables 17, 18, 19 and 20.

For PF-127 gel matrices (Table 17), the desired
preparation composed of 50% / of PF-127, 3-6% of Ae-200,
5-10% / of glycerol or PG and/or 10-15% [ of PEG 400.
For Ae-200 gel matrices (Table 18), they consisted of 30%
[ Ae-200 as drug carrier. The other additives were
glycerol or PG at the range of 27-35% [ , 15-25% [/  of
PEG 400 and/or 1% [ of HPMC.



Table 16
Pulronic F-127
Aero.s.il A-200 (%
Phy e —
Charaeteri ties~~~~

Difficulty ill
preparing”

Clarity?2
Air bubble
Residue”

Consl tenoy'

)

L= AA Prep. No

2.5
70 80

+ +

.

+ +
+2.5 43

30% ( /
10 5 10
81 82 83
++ + +
+ +
+ + +
+3 +3 +3

+

+3

1 The number of t:he symbols of (+) and (-)
appearance 1 respee tively.

2. Clarity

Consi

)
iy
C)
¢)
rf)

+5
+4

+1

en

0y : observec
solid firuled mat ri X and
- solid firmed matrix and
3 -
¥ -

hard gel
soft gel
cream lilied.

. (+) - transparent, (-)

8) 80 &7

+
+
+
+3 +3 +3

shelved a degree of intensity

translucent.

by hand-pressed

‘ith scoring ns

Physical ClmracteriSt.ios otained from Combined Pbiponic F-127 30-50%

0% { /)

) 5 10
88 89 90
f+ + +

+ 4 +

+3.5 +4 4

Pol. ow

leaved no impression when pressed
iHprOa iU Kh L p/«SS(id.

leaved

/

and Aerosil

5 ) 2

91 92 93

+ +ot+4
+ +

+

+1 +4  +3.
and no

A-200 2-10% /| Gel Matrices.

91

+H4

+4

50% ( /)
0 5 10 5 .10

05 00 97 98 99

+H4 + + + +

+4.5 +4.5 +4.5 +4.5 +4.5



Table 17 The Desirtid Prey);?rations of Ni.fedipi e-TDDs Using Pi ro ir
F-127 Gel aa Drug Carrier.

_ perot?l Of ingredien! i each préparaiion (% / )
Tngred ienls

POl PO2 PO3 PO4 PO5 POG PO7 POB PO9 P10
N.ifedj pine 1 1 1 1 1 1 1 1 1 1
Pluroni ¢ F-127 5 50 50 50 50 50 50 50 50 50

Glycerine - - 10 7.5 7.5 7.5
Propy leneg.lyeol - - - - - - 10 75 7.5 7.5
PEG 400 - - - - = 15 - - 10 15

Aerosi 1 9 6 6 6 G. 6 6 6 & 6



Table 8  The Desired Preparations of Nifedipine-TDDs Using Aerosil
A-200 (el as Drug Carrier.

Percent of ingredients in each PreParati (% /)

Ingi‘ed:ienc
AO1 AO2 AO03 A04 AD5 AO6 AO7 AOB AO09 Al10 All A2
Ni fed i.pilie 1 I 1 | 1 1 1 1 1 1
Aerosi ] A-200 30 30 30 30 30 30 30 31 30 30 30 3B
Glycerine 21 35 21 2121 2
Propyleneglycol - - - - - - 21 3% 2x 21212
PEG 400 - - 15 2B 1525 - - 1525 15 25

HPMO - - - - h 1 - - - - 1 1



Table 19 Physical Characteristics Obtained from Desired Nifed.ipine-TDDs

Preparations

Using Pluroiuc F-1.27 Gel. as Drug Carrier,

Prep. No.
Physical
Characteristics

Dificully in
Preparing

Clarityz
: 1
Air bubble

Residue on 4
Application

Consitency3

POl PO2 P03 P04 POS PO6 POT PO8 POY P10
++ 1+ - + = = - + - -
+ + + + + + + + + +

+ = & = = = T = & &
+4 +4.5 +4.5 +4.5 +4 +4 +4 +4 +4 +4

1. The number of the symbols of (+) and (-) showed a degree of intensity and no

appearance,

respectively.

2. Clarity  (+) transparent, (-) translucent.

3. Consistency

a) +5 = solid firmed madtrix and leaved no impression when pressed,

. observed by hand-pressed with scoring as follow to

co

b) +4 : solid firmed matrix and leaved impression when pressed.
c) +3 - hard gel.
e +2 = sofl ge}.



Table 20 Physical CharaolerJsliOS Obtai ned from Desirod Nifodi pino~TDI)s
preparations  ils Aero i] A-200 el a Dr ¢ Carrier.
Prep. No. AO1 AO2  A03  AO4 AOG A6 AOT  A08  A09  A10  All Al2
Physical
Characteristics
Dificulty in - - - - - + - 2 - - + +
Preparing
Cl.al'll;yz & + + + + + b + + + + +
Air huhhlel - - - - - - - - - - - -
Residue on
Appli«nxtionl - 3 - t - - - + + + - -
Consil;er(:y3 +4 +1 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4
Transformalion 21 21 24 24 24 24 21 21 21 24 24 21
Times (hours)
1. The number of Idle symbols i* (+) and. (-) showed a degree of inle ily 110
appearance, re pecfiVCly.
2. Olariry : (+) transparent., (-) - brans llice 1.

3. Consi stfiiicy

O TP
~

observed by hand-pi'c

ed iLh scoring .. follow
leaved no impression when pressed .

irilled mal riV a d leaved impression when pressed.

#) - sol. il fi.rilled matriX an
+1  solid

+3 - hard gel .

+2 - soli. gel .

+1 : cream .ibed.
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All  twenty two selected preparations provided
good physical appearance, good consistency and took a
short time for gel transformation.

3. Permeation study
3.1 Determination of Optimal stirring Rate

The results for the determination of optimal
stirring rate  for each diffusion cell was run Dby the
method of Gummer and et.al., (1987) were shown in Table
21, The results indicated that the suitable stirring
rate, for each assembly, which completely dispersed of
mauve coloration from permanganate crystal within 30
seconds was 90 rpm. by external driving unit. This
stirring rate provided good hydrodynamics of elution
medium to reduce the effect of aqueous houndary layer. It
was  the stirring rate wused for the in-vitro  SKin
permeation of NFP-TDDs preparation for this research
study.

3.2 Determination of Temperature Control

To determine the optimal temperature for the in-
vitro  Skin permeation study, the temperature of elution
medium, “inner temperature, IT", and the temperature of
water in the water jacket," outer temperature, OT", that
correlated to the scale of temperature adjustable knob



Table 21 The Average Time to Disperse of Mauve Coloration from

Obtained from Each in-vitro Permeation. Apparatus .

Diffusion cell A B
tivri g rate (rpm.) 60 70 80 90 100 60 70 80 90 100
Times (second)* 85 63 47 29 22 103 74 37 26 23

Each data repressents the mean of triplicate determination

Permanganate

107
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were detected. The results from three diffusion cells
were shown in Table 22. It was found that the scale of
adjustable knob of each external thermostatic plate, A B,
¢ that could provide and maintain a constant temperature
of diffusion cell at 37 + [°c for at least 24 hours of
experiment were 1.3, 1.5 and 1.3, individually. The mean
different temperature between "[1' and "OT” in each
diffusion cell, A B, ¢ was 0.9, 08 and 0.9,
respectively. These scales, 1.3, 15 and 1.3, of
individual external thermostatic plate were maintained
throughout is research study.

4. Quantitative Analysis of Nifedipine-TDDs Preparation

4.1 Determination of Maximum Absorption Wavelength of

NFP

By uv scanning for maximum absorption wavelength
of NFP and IS, the result in Figure 11, indicated that
both NFP and IS had two maxima absorptions. Their maxima
UV-absorptions were detected at the wavelength of 358,237
and  341,242.5 nm, respectively. The absorbances of NFP
and IS at maximum wavelength, 237 and 341 nm, were 1.38
and 1.14, respectively. However, the wavelength at 238 nm
was preferred for NFP detection in high performance liquid
chromatographical method to determine the quantities of
NFP by several investigators and by USP. Thus, in this
research study, the quantitative analysis of NFP from NFP-



Tai'le 22 The

ertper ture of Elution Medium and Wat"1 in Hater Jacket Ghhi 151 from Each Diffusion Cell

Various Degree of Adjustable Knob.

Diffusion cell

Scale

TiiPs(h)

0.5

3.0

6.0

9.0

12.0

16.0

20.0

24.0

mean dif.temp.

Each data represent the mean of duplicate determination and the hydrodynamic* of eluticil medium in each diffusion cell was maintained at 90 rpa.

If

34.3

34.7

35.2

35.0

35.?

351

35.?

35.0

rates.

1.0

or

35.6

35.9

36.0

36.2

36.2

36.3

36.2

Pif

13

1.2

0.8

12

1.0

12

1.0

1.2

11

36.7

37.1

37.3

37.2

314

37.)

37.4

37.5

at

13

01

31.7

37.8

38.1

38.0

38.2

38.5

38.5

38.6

Dif

1.0

0.7

o.f)

0.8

0.8

1.0

1.1

0.9

358

39.2

40.1

40.5

40.6

10.7

15

40.2

40.3

40.B

41|

4 3

41.3

415

41.6

Dif

14

11

0.7

0.7

0.6

*0.8

0.9

0.9

0.9

32.1

32.7

331

333

33.5

33.6

33.6

33.6

1.0

33.0

33.5

34.2

34.4

34.5

34.4

34.6

34.6

Dif

11

3.1

35.7

35.9

36.1

36.2

13

01

35.9

36.6

36.7

36.9

16.

36.9

37.0

37.2

Dif

0.8

0.9

0.8

0.¢

0.6

0.6

0.6

0 ft

36.3

37.1

37.5

374

37.4

71.5

hy Coiitro 1]iMj with Individual External Thermostatic

15

37.1

37.8

38.8

709

38.6

3t 6

38.5

Dif

0.8

0.7

0.6

0.6

0.8

0.8

1.0

33.2

34.0

35.4

35.5

35.9

36.0

36.2

36.1

1.0

34.2

35.2

36.1

36.3

36. ?

36.9

37.0

37.0

Dif

12

1.2

0.7

0.8

1.0

0.9

0.0

0.9

0.9

IT

%). 4

36.9

37.2

37.3

37.4

37.4

37.5

37 5

1.3 m

ar

37.3

38.1

38.0

38.1

38.3

38.5

38.6

Dif

0.9

12

0.8

0.8

0.9

0.9

0.9

0.9

37.5

38.3

38.7

39.0

39.2

39.2

39.3

39.3

15

33.6
394

F.7
39.9
40.0
40.1

X100

40.2

of

Plate at

Dif

0.9

11

0.9

0.B

0.9

0.7

0.9

0.9

stirring

[EN
o
w
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Absorbance.

i.

- T T v T . . v T - - v -
400 350 300 250 200

Wavelengtm, ()
Figure 11 UV-Scanning Curve of Nifedipine (NFP) and 4-Dimethyl
aminobenzaldéhyde (IS) in Methanol by  UV-
Spectrophotometer.  NFP 39.68 ug/ml; IS - 4.03

ug/ml.  Maximum Absorbance of NFP at 341,237 nm; IS
at 358 and 242.5 nm.
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TDDs by HPLC were performed at the wavelength of 238 nm of
UV-detector.

4.2 Chromatographic Conditions

Isocratic  reversed-phase HPLC and  designed
chromatographic  conditions, e.g., mixture of 0.01 M
acetate Dbuffer pH 6.1 and methanol in the ratio of 35
65, as mohile phase and the wavelength of 238 nm of UV-
detector, could provide good resolution between NFP and
IS.  The run time per sample was within 12 minutes. Their
chromatogram of HPLC was shown in Figure 12 presented the
good resolution Dbetween NFP and IS and the interval of
retention time was about 1.24 - 1.29 minutes.

4.3 Calibration Curve

The calibration curve of NFP was constructed by
plotting the ratio of peak area (PAR) of NFP and IS
against the NFP concentration. A typical calibration
plot (Figure 13), showed a linear relationship between the
ratio of AUC and NFP concentration with the correlation
coefficient by a least square fitted was 0.9982. For the
calculation of the concentration of NFP in in-vitro skin-
permeation study, the calibration plots in the range 0.02
- 0.24 ug/ml NFP was repeated every course of the analysis
and each x-coefficient of a least square fitted was used
to calculate the amount of NFP in each elution sample.
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= 7. 18 IS

NFP IS

S, 81

7. 05 :
y NEP 15

Figure 12~ High Performance Liquid Chromatogram of Nifedipine
(NFP) and 4-Dimethylaminobenzaldehyde (IS) at 238 nm
Each Sample Contained Fixed Concentration of IS as
0.12 ug/ml with various concentrations of NFP; [A]
0.04 ug/ml; [B] 0.06 ug/ml and [C] 0.08 ug/ml.
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NIFEDIPISN:F CALIBRATION CURVE

Average NFP/IS NFP concentration
average PAR
0.2
0.16
0.1
1
0.05
o 1 { 1 i 5
Q 0.05 0.1 0.18 0.2 0.25
conc {mcg/mi}
Figure 13 Calibration Curve of Nifedipine (NFP) -

Internal

Standard (IS) Peak Area Ratio (PAR) as A function of
NFP Concentration Range of 0.02 - 0.24  ug/ml
Determined by HPLC at 238 nm uv detector.

(Y = 0.75981X + 0.000768 R-square  0.9982 = 2).
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5 In vitro Evaluation of Nifedipine TDDs Preparations

From in-vitro skin permeation experiment which
used miniature pig's skin as barrier, the skin permeation
profile data and of NFP from saturated solution and from
twenty-two  desired preparations were illustrated in
Appendices I-XXV, Figures 14 - 47 and Tables 23 - 25. All
data were presented as average cumulative permeation of
NFP  through a unit surface area of pig's skin [Qs]. The
relationship between Qs vs time (t) or vs square root of
time (sqrt t) and between logarithm of remained drugs
(RQs) per area vs t of each formula were exhibited for the
observation of permeation pattern, permeation mechanism,
rate of skin permeation and correlation coefficient to
indicate the effect of gelling agents and other additives.
The result of these relationships were shown in Tables
26, 21.

5.1 Saturated Nifedipine Solution

The permeation data and profile of saturated NFP
solution was presented in Appendix |, Table 23, and
Figures 14-16 the results indicated that the maximum Qs
was 0.1837 mcg/em”.  The relationship between Qs vs t
indicated that permeation pattern of NFP from saturated
solution was non-linear, the drug rapidily permeated for
the first two hours and followed by a slow permeation till
24 hours with a constant rate. From the relationships
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PERMEATION AMOUNT OF NIFEDIPINE
CUMULATIVE AMOUNT/AREA vs TIME
NFP SOLUTION FOR IN-VITRO PERMEATION

Avg cumulative amount/area[mcg/cm?2i

0.35

0.3

0.25

O. 1 5 sl Rl E

g e B

0.05H

O CeltA 0 Celi8 O CeltC —Z Average | |

1] 1] )

0 5 10 15 20 25
Timelhours]

Figure 14 Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
from Saturated Solution.
[Y = 0.0060X + 0.0834, R-square  0.9344 = 3].



PERMEATION AMOUNT OF NIFEDIPINE
LOG REMAINED NFP vs TIME
NFP SOLUTION FOR IN-VITRO PERMEATION

Drug Remained/areq[mog/om2]

QB\S\S\E - Average
0.3

0.2 \g
0.1
o i} 1 1 ]
0 5 10 15 20 25
Timelhoursl

Figure 15 First-Order Plot of Nifedipine Permeation [mcg/cm?]
from Saturated Solution.
[Y = 0.0356X - 1.063, R-square = 0.8034 ;3]
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PERMEATION AMOUNT OF NIFEDIPINE
CUMULATIVE AMOUNT/AREA vs Sqrt TtME
NFP SOLUTION FOR IN-VITRO PERMEATION

Avg cumultive amount/Area[mcg/cm2i

0.35
| O cCeit A O Celi B A Ceit € —% Average ¢
0.3 O
O
0'25 e e S e e e i e o e S

0.15

0.1

0.05 O - SN S ——

Sart Timelhr]

Figure 16 Hiquchi's Plot of Nifedipine Permeation [mcg/cm2]
from Saturated Solution.
[Y = 0.0356X + 0.0411, R-square = 0.9789 = 3].
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between Qs vs t, logarithm of RQs vs t and Qs vs Sqrt t
(Table 26 and Figure 14 16), the value of each
correlation  coefficient was observed from a linear
relationship which established from the data generated.
The results were 0.9344, 0.9344 and 0.9789, respectively,
indicated that the skin permeation pattern of NFP from the
saturated solution by in-vitro skin permeation study
seemed to be the Higuchi's model kinetics with 0.0356
mcg/ecm?A-h”/A of slope and 0.0411 mcg/cm™ of Y-intercept.

5.2 NFP-Pluronic F-127 TDDs Preparations

The permeation-Time data and  permeation-Time
profile of NFP from ten preparations of NFP-TDDs using
PF-127 gel as drug carriers were illustrated in Appendices
[l - XII Table 24, and Figure 17 - 32. All preparations,
exactly, sustained permeation of NFP over 24 hours.  The
maximum permeation amount was observed from preparation
P03 to be 194.13 mcg/cm”, while the minimum was 2.0635
mcg/em® from P10. they could be ranked in the following
order; P03 > P02 > P01 > P09 > P05 > P04 > P06 > P07 > P08
> P10.  From the skin permeation rate of NFP from each
preparation, which observed from the slope of Qs vs time
plot (Figures 17 - 19, 24-25 and Table 26), it was found
that P03 exhibited must superior skin permeation rate than
the others, and the maximum permeation rate was 8.1598
mcg/cm”-h,



114

[ed

O OO0
= o NI O<IT—LOCIN—00oLO
5]
CO0OSHTHOMN
o OO OO —i—t——l—ic
S
()

A ~H —coNIHLOGH T ANILOO IO
> .44 o OO — O —0OOOOTNCHYCO
= < it

& O A=< OX O
rmk m 01%(04_93891111
Ep=Jp) - Oy LO~H—LOO—

> oo e OLO~H O —<t—

DD e o OO0 H OO OILOO KO
I — S
- — " — (g} i H 1 H i 4 i i I X > 5

= S OO —i—iINICIONOYOD
— '
o= ()
e < — SHYSHOO T—0OLOICO<H OONOOOLOD
...n_lvﬁv.l = OO —O0OCO~ 0O~ I\ICO—MNICO00O
h - » O O —OO O —HN
—= o

= Paei 01I1T2/_H/F./WJO.A(V4. O

= =

D = o,

5 S o CNHOOCH<IT—CoNIonOoy <t~ <H—
= = o 44...3.866./0000%1&/0

=58 =2 SEoooooooOTire

Sgo 2 e

= = OO <t

= = < Lo ~HOCOOONIOOLO—1ICOOD<OOSH~—

<~ & LS O ST

umD a COOCOLOLO—LOCOLOL OO0,
=9ox = O IO <H OO —co o>
== OO I—I\ICOco—
=3 = @ - ~t<i<t+OOr—00
= > COCO<H- OO —CDCO I ONNICHOO
—co = m LOODGLO A — OO

— ONILOCOCONIF—COMSH AN <F oo
=—on I ES 25 B T T =)
3 = <L O

e AL Aty < AP I = L

CNIOOLOOD
N T S O LONS
S 5 B s PRI Ay
el " > - . .1?8/91428
T=CE S o
" — ()
(an Eples op Fp ap an)
> S = m 45/94..000nﬂn/_n.0 o
o< <C CNCNONO0MMO— SR
= > L= ‘SioxIcoo
on OO O ——I—iCDCD <t
o
SOONICNICO<H OO —
~ O—icd
m ILOOCOCO0OOOD < ——lo o

OO oIt <t+



115

NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127 GEL : P01 vs P02

Permeation Amounts/surface area vs Time

Cumulative Permeation Amounts ( cg/cm2)

50

40 -

10 15 20 25

Time (hours}

O j 5
n

Figure 17 Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
from P01 and P02 Contained Aerosil A-200 3% / and
6% [ Respectively.
[POL Y = 1.8894X - 45295, R-square = 0.9717,
P02 Y 1.9842X - 5.9247, R-square = 0.9433],
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NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127 P03 vs P04
Permeattion Amounts/surface area vs Time

Cumulative Permeation amounts (mcg/cm?2)
250

—5- P03

150 //
100

0 5 10 15 20 25
A TIME (hours)

Figure 18 Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
from P03 and P04 Contained Glycerol 10% / and 7.5%
|, Respectively.

[PO3 Y 8.1598X - 18.8938 R-square : 0.9735;
P04 Y =0.2896X + 1.0423 R-square = 0.9250].
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NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127 P05 vs P06
Permeattion Amounts/surface area vs Time

Cumulative Permeation amounts (mcg/cm?2)

14

—+— PoS

21 = pos |

] e "

< < %_//X
- XX = =
0¥ 1 ] 1 !
0 5 10 15 20 25

TIME (hours)

Figure 19  Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
from P05 and P06 Contained PEG 400 10% / and 15%
|, Respectively.

[PO5 Y - 0.4692X + 0.9532, R-square : 0.9694;
P06 Y = 0.2136X - 0.4758, R-square = 0.5954].
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NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127 : PO1 ys PQ2 vs P03 vs P04

Permeattion Amounte/eurfaoe area ve Time

Cumulative Permeation amounts (mcg/cm?2)
250

PO1

P03

P04
150 /
100

kdb

4] 5 10 15 20 25
TIME (hours)

Figure 20 Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
Compared P01, P02 vs P03, P04,
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NIFEDIPINE IN VITRQ ,SKIN-PERMEATION

PLURONIC F127 : Po1 VO P02 VS P05 VS Poe
Permeattlon Amounts/surface area V8 Time

Cumulative Permeation amounts (mcs/cm?2)
—— PO1 /
—&—
oL P02 ol
—+— POS
—=- P08

TIME (hours)

Figure 21 Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
Compared P01, P02 vs P05, PO6.
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NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127;P01/PQ2vsP03/P0O P05/P06
Permeattion Amounte/surfaoe area Time

Cumulative Permeation amounts (mcg/cm2)

250
—— PO1
200 | ™ Po2
-5~ P03
=% P04
1501 <+ pos
—- P08 /
100

TIME (hours)

Figure 22 Drug Permeation-Time Profile of Nifedipine [mcg/cm”]
Compared P01, P02 vs P03, P04 vs P05, PO6.
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NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127:P02/P04vsP06/P06
Permeattion Amounts/surface area Time

Cumulative Permeation amounts (mcg/cm2)

-4~ pO2 /
40 H —— P04

—— PO5
—— P08

TIME (hours)

Figure 23 Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
Compared P02 vs P04 vs P05, P06.
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NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127 P07 va pQ8
Permeattion Amounts/surface area Time

Cumulative Permeation amounts (mcfl/lcm2)

6

5».-

—¥- P07 /

—— P08 /{

4

e =

1 1 | 1

Figure 24

5 10 15 20 25
TIME (hours)

Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
from P07 and P08 Contained Propylene glycol 0% /
and  7.5% [ , Respectively.

[PO7 Y . 0.1811X + 1.0806, R-square = 0.9872;
P08 Y 0.1175X + 0.8409, R-square = 0.9825],
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NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127 P09 vs P10
Permeattion Amounts/surface area Time

Cumulative Permeation amounts (mcg/cm2)

20

—¥- Pog
- P10 //
16 *
10 //K//
5
OPZQX*; X > 4 : :

0 5 10 15 20 25
TIME (hours)

Figure 25  Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
from P09 and P10 Contained PEG 400 120% / and 15%
|, Respectively.

[PO9 Y :0.6893X + 1.6133, R-square = 0.9870;
P10 Y = 0.0574X + 0.5159, R-square = 0.9596].
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nifedipine IN VITRO SKIN-PERMEATION

PLURONIC F127 : POl vs P02 vs P07 vs P08
Permeattion Amounts/surface area vs Time

Cumulative Permeation amounts (mcg/cm2)

PO1 /
P02 ol
PO7

P08

40

R

TIME (hours)

Figure 26 Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
Compared P01, P02 vs P07, PQ6.



125

NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127 P01 vs P02 vs PQ9 vs P10
Permeattion Amounta/surface area Time

Cumulative Permeation amounts (mcg/cm2)

PO1 /
P02 s
P09

P10

40 H

bkt

TIME (hours)

Figure 27 Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
Compared P01, P02 vs P09, P10
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NIFEDIPINE IN VITRO SKIN-PERMEATION
PLURONIC F127 :P01/P02vsP07/P08v8P09/P10

Permeattion Amounts/surface area vs Time

Cumulative Permeation amounts (mcg/cm?2)

40 H

Fhbge |

PO1
P02
PO7
P08
P08
P10

Figure 28

TIME (hours)

Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
Compared P01, P02 vs P07, P08 vs P09, P10.



NIFEDIP”\I!’IEUF%I VITRO SKIN-PERMEATION

INIC F127:P02/P08V8P09/P10
Permeattion Amounts/surface area vs Time

Cumulative Permeation amounts (mcg/cm2)
—4~ P02 /
40 - —o— P08
—*- P08
=< P10
30 /
10 l /

O—Fo7 % % _x——X
10 15 20 25

<>

TIME (hours)

Figure 29 Drug Permeation-Time Profile of Nifedipine |
Compared P02 vs P08, vs P09, P10.
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NIFEDIPINE IN VITRO SKIN-PERMEATION

PLURONIC F127 :P01/P02vsP03/P04vsP07/P08
Permeattion Amounts/surface area vs Time

50 Cumulative Permeation amounts (mcg/cm2)
2

PO1
PO2

PO3 ‘
PO4
150 PO7
P08 /
100 /
50

He=

0 5 10 15 20 25
TIME (hours)

200 —

PE kb b

Figure 30  Drug Permeation-Time Profile of Nifedipine [mcg/cm ]
Compared P01, P02 vs P03, P04 vs P07, P08
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NIFEDIPINE INVITRO SKIN-PERMEATION

PLURONIC F127:P01/P02vaP05/P06vsP09/P10
Permeattion Amounts/surface area Time

Cumulative Permeation amounts (mcalcm2)

PO1 ) /
PO2 /
P05 /
P08

bR ]

P08
P10 /

TIME (hours)

Figure 31 Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
Compared P01, P02 vs P05, P06 vs P09, P10.
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NIFEDIPINE INVITRO SKIN-PERMEATION

PLURONIC.F127:POl/POZ/POS/POS/PO?/POQ
Permeattion Amounts/surface area vs Time

Cumulative Permeation amounts (mcg/cm2)

250
—— PO1
200 -4~ P02
—=- P03
—— P05 :
150 | =& po7
= POg /
100

TIME (hours)

Figure 32 Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
Compared P01, P02 vs P03, vs P05, vs PO7 vs P09,
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To evaluated skin permeation pattern of NFP from
PF-127 gel matrices, the linear relationship from the
correlation of %Qs vs time, logarithm of remains % Qs vs
time and % Qs vs square root time were observed and the
kinetic patterns of each preparations were analysed.  The
results (Table 27), indicated that the skin permeation
pattern of P01, P02 and P03 tended to he <zero order
kinetic P05, P08 was of Higuchi's model and all others
might be zero order kinetic or first order kinetic.

The effects of organic modifiers on  skin
permeation of NFP were investigated by comparing the
linear relationship of drug permeation-time profiles which
obtained from the preparation P03, P04, contained 10% /
and 7.5% [ of glycerol, respectively and from P07, P08
which contained 10% [/ and 7.5% [ of PG. The results
were illustrated in Figures 20, 22, 26, 28, 30. The
obtained permeation profiles from P03 and P04 (Figure 18),
showed quite different pattern. The permeation rate which
obtained from P03, 8.1598 mcg/cm2/h, was higher than from
P04 and increased about 4 times in permeation rate when
compared to POl and P02 which had no organic modifier
Figure 20. However, the addition of 7.5% [ glycerol,
P04, decreased the permeation rate of NFP approximately 10
folds.  Two permeation patterns were similarly depicted
from P07 and P08, in Figure 24, these results indicated
that  higher  concentration of PG exhibited  higher
permeation rate of NFP, about 0.1811 mcg/cm2/h and 0.1175
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mcg/cm?/h, respectively. Howeverd the comparison in skin
permeation profile from these preparations (Figure 30)
indicated that glycorol could increase the permeation rate
of NFP when used more than 7.5% [ while the addition of
PG might decrease the NFP-permeation from PF-127 matrices
that a 10-fold decrease in permeation rate was obtained
from P07, P08 when compared to POl and P02,

The effects of PEG 400, which combined with
organic modifiers, glycerol and PG, on the skin permeation
profile of NFP were observed.  Figure 19 showed the
obtained profiles from two different concentration of
added co-solvent 10% / PEG 400 for P05 and 15% /[  PEG
400 for P06, combined with a fixed concentration of
glycerol as 7.5% /. The results indicated quite
different permeation profile, the profile from P05 was
closed to Higuchi's model while two different slopes were
observed from P06 that the quite low permeation rate of
NFP was detected for the first eighteen hour and then the
rate was quite higher over 24 ‘hours. The result of
increasing a 1 fold in permeation rate of NFP was observed
from P05 when compared to P04 (Figure 23), which contained
only glycerol 7.5% /[ but the decreasing in permeation
rate of NFP was obtained from P06, a higher concentation
of PEG 400 containing (Figure 30).
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These phenomenon was also observed from P09 and
P10 that PEG 400 was added to the preparation of fixed
concentration of PG, 7.5% /[, as 10% /[ and 15% [,
respectively (Figures 25, 29),the NFP skin permeation rate
was 6-fold increased and 0.5 fold decreaed from P09 and
P10, respectively, when compared to P08. With comparison
to P01 and P02 (Figure 27), the results indicated that
the adding of co-solvent, PEG 400, to PF-127-PG gel
matrices could not increase the permeation rate of NFP but
all of these preparation could prolong the penetration of
NFP from devices over 24 hours.

The effects of organic modifier and co-solvent on
skin permeation profile of NFP from PF-127 gel matrices by
in-vitro permeation experiments (Figures 22, 28),could be
concluded that the permeation rate of NFP was increased
when the preparations were added with only glycerol with
the concentration of 10% [/, but the lower concentration
of glycerol, as 7.5% [/, might decrease the rate.  The
skin permeation rate of NFP might be decreased when the
preparations  were added with PG at Dboth  designed
concentrations.  The addition of PEG 400 could not
increase the permeation rate of NFP, however the results
for ~ this investigation  was shown  that the [low
concentration of PEG 400 combined with both organic
modifiers could exhibit faster NFP-permeation rate from
PF-127 matrix devices when compared to their preparations
contained high concentration.
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5.3 NFP-Aerosil A-200 TDDs Preparations

The cumulative permeation-time data and profiles
of NFP from twelve preparation of NFP-TDDs using Ae-200
gel matrices as drug carrier were presented in Appendices
XI - XXV (Table 25 and Figures 33-47).  The skin
permeation pattern and the rate of skin permeation rate of
NFP from these TDDs could be fitted to a linear of Qs Vs
time relationship, except the preparations A03 and P10 in
which their permeation profiles were more closely to
Higuchi's model kinetics, Qs vs These results
indicated that Aerosil gel matrices could give a sustain-
release characteristic with a constant NFP-permeation rate
overs 24 hours except the specified preparations, A03 and
A10. The maximum permeation was clearly depicted from Al0
with a 156.11 mcg/cm® of permeation amount and a 32.854
mcg/cm?h-'-/2  of permeation rate while the  minimum
permeation was observed from AO8 of which the permeation
amount and permeation rate were 5.1962 mg/cm® and 0.2265
mcg/cm?/h, respectively.,

Different pattern of skin permeation profile of
NFP from AL0 and AO3 was noticed that each permeation
pattern had two different slopes, during the first six
hour and the rest of time interval which both tended.
These slopes were 13.326 mcg/cm"/h and 3.7941 mcg/em®/h
from P10 while those from P03 were 6.0937 mcg/cm™h and
3.4779 mcglem™h, respectively. With respect to Qs vs t
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relationship, these preparations could be ranked according
to the permeation rate of NFP as the following order; AlD
> A09 > AD3 > AL2 > AO7 > ADL > A06 > A04 > All > A02 >
A05 > AO08.

The effect of organic modifiers on the rate of
skin ~ permeation of NFP were investigated from the
permeation profiles which obtained from A01, A02 for
glycerol and A07, A08 for PG as depicted in Figures 33, 39
and 45, The patterns of these profiles were similar and
the results indicated that skin permeation rate was
constant  and faster permeation rate was achieved from
lower concentration of organic modifiers, A0l and A07.
The increasing in the concentration of glycerol from
2% | (A01) to 3% /[ (A02) a 5-fold decrease in skin
permeation rate was obtained, to a permeation rate of
2.3239 mcg/em'Vh.  Similarly to A07 vs A08, a 12-fold
decrease in skin permeation rate occurred when increasing
PG concentration from 21% [/ to 3% [, with the
permeation rate of NFP from P07 was 2.4250 mcg/cm”/h. At
high concentration of organic modifiers, A02 vs A08, the
permeation rate affected from glycerol was faster than
that from PG while at low concentration, A0l vs A07, the
obtained permeation profile and rate were quite close
similar (Figure 45).
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TABLE 26  The Cofrr(?Iatlon Coeffn:len of Nifedipine Saturated Solution
g edi |8 ar tions
T ] gf um ermeatl mount of NFP per Suface Area [Qg]
[B] Lor% Remalned Amount of NFP per Surface Area [RQs] vs

C Cum Permeation _Amount of NFP per Suface Area [QS
(€] vsgSquare root of Time d [Qs]

Saturated NFP Solution
[A] Qs vs Time [B] log RQs vs Time [C] : Qs vs sqrt Time
X-COEF Y-INT R~2 X-COEF Y-INT R"2 . X-COEF Y-INT R~2

0.0060 0.0834 0.9344 -0.005 0.3141 0.9344 0.0356 0.0410 0.9789

NFP-Pluronic F-127 TDDs
re [A] Qs vs Time [B] log RQs vs Time [C] Qs vs sqrt Time
dp X-COEF Y-INT R-2  X-COEF Y-INT R-2 X-COEF Y-INT R"2

LELE bRl
A 0 3

NFP-Aerosil A-200 TDDs

re [A] 1 Qs vs Time [B] log RQs vs Time [C] Qs vs sqrt Time
Nop X-COEF Y-INT R"2  X-COEF Y-INT R~2 X-COEF Y-INT R-2

B
L §i§§ i % ! %&Z%é 133
LRI R R
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NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL : A0l vs A({%
Permeation amounts/surface area Time

Cumulative Permeation Amounts (mcg/cm2)

e —2- A0t A A02 : ‘ _a
40 /

30 /
20 //

; 2

OL 5 ! 1 1
0

5 10 15 20 25
Time (hours)

|

Figure 33 Drug Permeation-Time Profile of Nifedipine [mcg/em?]
from A0l and A02 Contained Glycerol 27% /[ and 35%
|, Respectively.

[A0L Y = 2.3239X - 2.9529, R-square
A02 Y = 0.4344X - 1.1535, R-square

0.9887;
0.9852],
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AEROSIL G Vs A

Permeation amounts/area V8 Time

NIFEDIPINE IN VITRO IN PERMEATION
EL E 654

Cumulative Permeation Amounts <mcfl/cm2)
100
—=- A03 //—X
g0 9 A04 /

L e

0 5 10 15 20 25
Time (hours)

Figure 34 Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
from A03 and A04 Contained PEG 400 15% [ and 25%
[, Respectively.
[A03 Y - 4.0842X + 9.8237, R-square
A04 Y = 1.7151X - 0.828, R-square

0.9742;
0.9787],
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NIFEDIPINE IN VITRO SKIN PERMEATION
AEROSIL GEL : A01 vs A03/A04

Permeation amounta/area va Time

Cumulative Permeation Amounta (mcg/cm2)
-2 A0f //K”/_X
—=

—— AQ4 /

100

15 20 25
Time {hours}

Figure 35 Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
Compared A0L vs A03, P04,
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NIFEDIPINE IN VITRO SKIN PERMEATION
AEROSIL GEL AO05 Y8 A06

Permeation amounte/area vs Time

Cumulative Permeation Amounts (mcg/cm2)

40

=¥ A0B /
£~ A08

30

20

10

Figure 36

LL i !

5 10 15 20 25
Time {hours)

Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
from A05 and A06 Contained PEG 400 15% /[ , HPMC
% [/ and PEG 400 25% [/, HM 1%
Respectively.

[AO5 Y =0.2988X + 0.1736, R-square
AO6 Y = 1.9778X + 0.8274, R-square

0.9791:
0.9914].



NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL : A01 vs AOS/A06
Permeation amounts/surface area vs Time

Cumuisative Permeation Amounts (mcg/cm2)

60
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Figure 37 Drug Permeation-Time Profile of Nifedipine [meg/
Compared A0L vs A05, A06.



NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL AO01 vs A03 vs A06
Permeation amounts/surface area vs Times

00 Cumulative Permeation Amounts (mcfl/cm2)
1

-5 AO% /&/_X
80 - —=X- A03

—A— A08 /
) /z//
40 / /
20 A

0 1 i 1 !
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\

Figure 38 Drug Permeation-Time Profile of Nifedipine [meg/
Compared A0L vs A03 vs AQ6.
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NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL AO07 vs A08
Permeation amounts/surface area V8 Times

o Cumulative Permeation Amounts (mcg/cmz2)
6

—— A07 % A08 /
50—

40
30 //
20 .

10 1
>4 5¢ —X ]

ok M 1
o 5 10 15 20 25

Time (hours)

Figure 39 Drug Permeation-Time  Profile  of Nifedipine
[mcg/cm2]  from AO7 and A08 Contained Propylene
glycol 2% [ , and 3% [ , Respectively.

[AO7 : Y = 2.4250X - 1.705, R-square = 0.9961;
A08 = 0.2265X + 0.0573, R-square = 0.9654].
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Figure 40

NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL AO09 vs Al10

Permeation amounts/aurface area va Time

Cumulative Permeation Amounte (mcg/cmz2)

-

—0— A0S

—— A10 /

L.

///4//

i

{ L

5 10 15 20 25
Time (hours)

Drug Permeation-Time Profile of Nifedipine [mcg/cm?]
from A09, AL0 Contained PEG 400 15% [/ and 25 /
Respectively.

[A09 Y = 4.3602X - 2.266, R-square : 0.9877;

Al0 Y = 5.4845X + 36.836, R-square : 0.9080].
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NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL : A0O7 vs A09/A10
Permeation amounts/surface area va Times

80 Cumulative Permeation Amounts (mcfl/cm2)
1

160 H — A07

—o— AO® /
MO e at0 /é_’__/ ‘
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/ n
- olosé
- /M/:/”/,ﬁ//
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Figure 41 Drug Permeation-Time Profile of Nifedipine [mcg/cm®]
Compared A07 vs A09, AIl0.
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NIFEDIPINE IN VITRO SKIN PERMEATION
AEROSIL GEL At! Al2

Permeation amounts/area Time

Cumulative Permeation Amounts (mcg/cm?2)
—+— A1t X
—>— A12
60
/
40 //
20 ; =

0 1 1 !

0 5 10 156 20 25
Time {hours)

Figure 42 Drug Permeation-Time Profile of Nifedipine [mcg/cm2]
from All and A12 Contained PEG 400 15% [/ , HPMC 1%
[ and PEG 400 25% / , Respectively.
[AIl Y = 0.9468X - 1.361, R-square
Al2 Y = 3.0886X - 2.848, R-square

0.9687;
0.977],
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NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL AO07 vs Al11/A12
Permeation amounts/surface area V8 Times

Cumulative Permeation Amounts (mco/cm?2)

—— AO7 X
—— A4
60 H —¢« A12

0 5 10 16 20 25
Time {hours}

Figure 43 Drug Permeation-Profile of Nifedipine Compared A07
vs All, Al2.
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NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL AO07 va A10 vs Al2
Permeation amounls/aurface area va Times

Cumulative Permeation Amounts (mcg/cm2)
180

160 H — AQ7
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Figure 44 Drug Permeation-Profile of Nifedipine Compared AQ7
vs AlL0 vs Al2.
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NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL AO01/A02 vs AO07/A08
Permeation amounts/surface area vs Times

Cumulative Permeation Amounts (mcfl/cm2)

-8~ A0t
-~ A02
== A07
—o— AO08

-
il
Wi

Figure 45

Time {(hours)

Drug Permeation-Profile of Nifedipine Compared A0l
A02 vs A07, AO08.
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NIFEDIPINE IN VITRO SKIN PERMEATION

AEROSIL GEL AO01 vs A06 vs AO7 vs Al2
Permeation amounts/surface area V8 Times

Cumulative Permeation Amounts (mcfl/cm2)

- A0%

_ X
—A— A08 /
80 — A07 | '
- A12 /

25

Time {hours) -

Figure 46 Drug Permeation-Profile of Nifedipine Compared A0l
vs A06 vs AO7 vs Al2.
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NIFEDIPINE IN VITRO SKIN PERMEATION

AERQSIL GEL AO03 vs A06 vs Al0 vs Al12
Permeation amounts/surface area V8 Times

Cumulative Permeation Amounts (mcg/cm2)
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160H —= Aos
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Figure 47 Drug Permeation-Profile of Nifedipine Compared A03
vs A06 vs Al0 vs Al2.
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The effect of PEG 400 concentration on the rate
of skin permeation and permeation profile was also
examined. The increase in skin permeation rate of NFP was
observed to be dependent upon the PEG 400 concentration
(Figures 34, 40). For preparations A03 and A04 (Figures 34,
35) which contained 27% [/ glycerol, the high permeation
rate of NFP was achieved from the lower concentration of
PEG 400 with a 2-fold increase in permeation rate of NFP
when compared to AO0L, contained no PEG 400, while the high
PEG 400 concentration, A04, exhibited the permeation rate
of NFP closely to AOL. A contrast phenomenon was observed
for the -effect of PEG 400 combined with of PG. For
preparations A09, A0 (Figures 40, 41), skin permeation
rate  of NFP was increased as increasing PEG 400
concentration to be a 1.5 and a 2.2 folds for A09 and ALl0,
respectively, when compared to AQO7. These observations
could be ranked according to the skin permeation rate of
NFP as the following order AL0 > A09 > A03 > A04 with the
rates of 5.4845, 4.3603, 4.0842 and 1.7151 mcg/cm?/h,
respectively.

The skin permeation profiles of NFP affected from
HPMC as thickening agent, in preparations A05 ~ A06, All
and  A12 were shown in Figures 36, 37, 38, 42, 43 and 44.
The results indicated that thickening agent could retard
the permeation rate of NFP especially in the preparation
containing glycerol. The skin permeation rate of NFP from
A05 was clearly decreased of 2.6, 15 and 6 folds when
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compared to AQL, AO3 and AO04, respectively. The Ae-200
gel matrices contained 2/% glycerol could be ranked
according to the skin permeation rate of NFP as the
following order, A03 > A0L = A06 > A04 = P05 For the
preparation containing PG, the obtained permeation rate
from All was approximaly 4.6 folds decreased and from Al2
was 1.7 fold decreased when compared to A09 and A0,
respectively.  To compared to A07, the permeation rate
achieved from AL2 which contained high concentration of
PEG 400 and HPMC was little faster than from PO7 which had
no PEG and HPMC but that from Pl was slower than that
from AO07 with approximatly 1.6 fold decreasing.  The
ranking of skin permeation from these preparations were as
follow as Al0 > A09 > Al2 = AO7 > All.

5.4 The Elucidation of Drug Permeation Model

Inorder to determine the effects of different
types of gelling agent and different formulation on the
model of drug permeation, all of permeation data were
fitted to zero order, first order or Higuchi's model. The
most linearity which obtained from correlation between
%Qs vs time (zero order kinetic), the logarithm of
% remained Qs vs time (first order kinetic) and %Qs vs
square root of time were used to determine the kinetic of
drug permeation model of each preparation. The result of
this interpretation was shown in Table 27, it was found
that the correlation coefficients of these preparations
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were closely to be both zero order and first order
kinetics exepted P05, P08, A03, A10. It was difficult to
indicate the exact permeation profile of NFP from gel
matices devices.  However, it could estimate that the
permeation rate of NFP from these devices were constant
over a peroid of required times. The estimated profile
kinetic of NFP permeation was shown in Table 27, it was
found that PF-127 gel matrices devices which exhibited a
zero order kinetic of NFP permeation was the preparation
P01, P02 and P03. Higuchi's model was obtained from P05,
P08 and the other tended to be zero order or first order
kinetic. ~ For Ae-200 gel matrices devices, the most
linearity obtained from all preparations except from A03
and A10 which the correlation coefficients of overall data
were  closed to first order and Higuchi's  model,
respectively.  However, with observation of permeation
profile of both preparation Figures 34 and 40, it showed
that A03 and A10 exihibited two permeation slopes, the
first six hours of permeation and the rest time interval,
their correlation coefficient were closed to zero order
kinetic model.

The results of in-vitro  Skin  permeation
experiment  of hydrophilic gel matrices, PF-127, and
hydrophobic gel matrices, Ae-200, indicated that different
polymer and different concentration of addition produced
different both the permeation-time profile and the skin
permeation rate. The maximum skin permeation rate of NFP
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in the period as required could be observed from PF-127
hydrophilic gel matrices, P03, however the hydrophobic gel
matrices produced a rapid onset of permeation of NFP. The
results of skin-permeation studies from both types of gel
matrices were indicated that they might be able to enhance
the Dbioavailabity of NFP and exhibited a sustain-release
characteristic with a constant rate over peroid of 24
hours.
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