CHAPTER III
RESULTS
In Vitro Evaluation of NFP Transdermal Patch

All prepared NEFP transdem{at _patches featured yellowish gel
according to the color of drug. Each efulation was filled into an
aluminium mold with'a fixed circular diameter at 3.44 cm, a fixed depth at
1.5 mm, and 9.294}"cm2 surf%ce area before evaluating the physical
properties, as shown i Figare 11 © ©
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Physical prnpe_pties ; ,

The physical prapemes data sua: jas difficulty in preparing, clarity,air
bubles, and residue on apphcatlons ,of twenty formulations (F1-F20) are

summarized in Table A
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Difficulty in preparing , o

The degree of difficulty were measured by the times and forces ‘
used in preparing each formulation. They were different due to various types
and ' concentrations of csurfactants ' used..In the formulation containing
Cremophor A25 (F9 and F10), stearyl alcohol (F17 and F18), and cetyl
alcohol (F19 and F20), they took longer. times to disperse surfactant
completely into Pluronic F-127 gel than the others. ‘
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Table 2

Physical propertics of NFP transdermal patch using various types and concentration of surfactants

1. The number of the symbols of (+) and () showed ‘a'degree 'of intensity and notappearance, respectively

2. Clarity : () = transparent, (-)% transluecnt
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It was found that increasing the concentration of Cremophor A25
from 1% (F9) to 2% (F10) increased the time in preparing. However, the
concentration of surfactant did not affect the times used in formulations
containing stearyl alcohol (F17 and F18) and cetyl alcohol (F19 and F20).

These four formulations took approximate equal times in preparing.
Clarity

All ingredients in the fgnnulatioh; were dissolved in the gel base.
The appearance of-each pioduct was fransparent without any insoluble

materials in preparations. \

Air bubbles -.
)"

Small air bubbles: appeared m'the gels during preparing process and
were prominent in fonnulahons con’tmmng stearyl alcohol (F17 and F18)
and cetyl alcohol (F19 and ¥20). ﬁ the other formulations, air bubbles
disappeared aﬁer stored the lmxturé in reﬁ'lgerator It was found that the

amount of small air bubbles in the fonmdatmns-c’ontamng 1% stearyl and
cetyl alcohol (F17 and F19) were less than the amount of them in
formulations containing 2% stearyl and,cetyl alcohol (¥ 18 and F20).

Residue

No residue could be observed on the applied area from formulations
containing no surfactant (F1), 0.5% sodium lauryl sulfate (F2), 1% cetyl
trimethylammonium bromide (F5), and 1, 2 % cetylpyridinium chloride (F7
and F8).
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For formulations containing 1 and 2 % sodium lauryl sulfate (F3
and F4), 2% cetyltrimethylammonium bromide (F6), 1 and 2% Cremophor
A25 (F9 and F10), some residue (+1) could be detected on the applied area.
More residue (+2) could be observed on the applied area from formulation
containing 1 and 2% Cremophor RH40 (F11 and F12), 1% stearic acid
(F13), 1% stearyl alcohol (F17), and 1% cetyl alcohol (F19). Formulations
containing 2% stearic acid (F14), 1/and 2% oleic acid (F15 and F16), 2%
stearyl alcohol (F18)ing9e" el ladhol(F20) cxhibited the highest
grease-like residue (13) when apf)iied on the surface of skin

From ac;c[ffgble phy;ical characteristics according to the
comfortably in prefién'iig, cfari& ‘of gel, disappearance of air bubbles
prominent, and good congsistency, }eﬁ formulations selected for further in-
vitro study were Fl to FIO These wqre formulations contained no surfactant
(F1), 0.5,1, and 2% sod1um~ lauryl" sulfate (F2, F3, and F4), 1 and 2%
cetyltnmethylammomum brermde (E—‘and F6), 1 and 2% cetylpyridinium
chloride (F7 asdFs), | and 2% Cremophaliig (F9,and F10),

-
a

Chromam_gmpMc condition

The' chromatographi¢- condition | used for this experimént could
provide good resolution as shown in Figure 12. Internal standard (IS), 4-
dimethyl aminobenzaldehyde, and NFP were eluted at the retention times of
5.63-5.71 and 6.57-6.69 minutes, respectively. The run time per sample was
within 10 minutes. Either standard or sample solution gave similar retention
times for both drug and IS as shown in Figure 13.
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Figure12 ' l P from in vitro permeatmn study and

.\ «\‘x 0.12 pg/ml in methanol at

’1.

480 g/l (C) NP 600 gl
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(A) (B) | ©
Chromatogram of NFP from in vitro permeation study and
4-dimethylaminobenzaldehyde(IS) 0.12 ug/ml at 238 nm

(A)At7hr (B)At10hr (C)At13hr

Figure 13
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Calibration curve

The calibration curve of NFP was constructed by plotting between the
peak area ratio of NFP and IS versus NFP concentration. Calibration curve
~ in Figure 14 represents linear regression line between PAR and NFP

concentration according to the equation of

Y =11.64X - 0/10.4 (3)

-t
where Y was the PAR-of NEP versus IS -and X was the concentration of

NFP. Correlation coéﬁﬁCient of the plot (r) was 0.9981. Calibration curve

was constructed for égch day of sample analysis.

— =

In vitro eva!n’atébn of NF P rll‘D'l)s formulations

NFP permeatlog data through plgs skin from in-vitro permeation
study are shown in Table 3 and Appmlﬂ.lx I. NFP permeation-time profiles
are shown ﬁ'om Flgures 15 to Flgure 3% The permeation data were

presented as aw:m_ge cumulative permeation of NEP per unit surface area of
pig's skin (Qs). -

Figure .15 _shows that all formulations (F1-F10) could provide

sustained permeation pattern 6f NFP over:24 hours. During the initial stage
 thefd was a ' characteristic lag -phase followed by | diffusion stage. The
maximum permeatioh amount was observed from formﬁlation containing 2%
cetyltrimethylammonium bromide (F6) to be 340.32 pg/cm?2 at 24 hr and
368.25 pg/cm? at 28 hr whereas the minimum permeation amount of 92.74 p
g/cm2 was observed from formulation containing 1% cetyltrimethyl

ammonium bromide (F5). The cumulative permeation amount of NFP at 24
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Table3 The average cumulative amount of NFP per stirface area of pig's skin permeation from NFP transdermal patch

using various types and concentratio’hsp of" surfactant%.

Time Average cumulative permeation amount/surface area (ug/cm?)

@r) [ F1 F2 F3 Fa /|7 Fs (]| ¥6 ] F8 F9 F10
0 | 000 | 000 | 000 | 000 /| 1000 | 000 | 000 | 000 | 000 | 0.00
1 302 | 264 | 105 0980 [/ 1.77 | 464 | 255 0.73 0.43 1.15
2 636 | 398 | 230 1.13 J 559 1631 3.93 1.89 1.12 | 065
4 | 959 | 948 | 463 | 1237 | Wss="9 " 587 | 564 | 3.15 | 1.27
7- | 1053 | 2091 | 624 | 149 | 7745 | 189% | 935 | 1226 | 923 | 2.59
10 | 1589 | 3507 | 1063 | 5.79 | 9.12 | 43.12 | 1590 | 2046 | 1865 | 6.69
13 | 35.12 | 8873 | 22.44 | 3783 | 1550 | 7638 | 13872 | 32.89 | 2939 | 15.01
16 | 67.39 | 147.39 | 53.70 | 9740 | 29.93 | 132.76 | 5991 | 54.01 | 36.06 | 30.05
20 | 93.07 | 171.51 | 97.59 | 148.33 | 58.61 | 220.95 | 79.46 | 89.04 | 99.63 | 88.47
24 | 142.44 | 202.08 | 181.34. | 24520°| 92.74_| 340,32 | 147.34 | 119.78 | 123.77 | 102.29
28 g XUk e : 771368251 4| J161.78 | 208.29 | 151.55

S9
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Figure 15  Drug permeation-time profiles of NFP transdermal patch
~ from F1-F10
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.hr could be ranked as F6 >>F4 > F2 > F3 > F7 = F1>F9 = F8 >F10> F5.

The surfactants used as enhancer on skin permeation of NFP were
divided into three groups by types of surfactants, such as anionic-, cationic-,
and nonionic- surfactant. The results were relatively compared with control

formulation (F1) which contained no surfactant.

The effects of anionic smfacta’i’itfbn skin permeation amount of NFP
were investigated by comparing the relat:ionship of drug permeation-time
profiles from formulations Containing no surfactant (F1), with those of 0.5%
sodium lauryl sulfatc(SLS) (£2),11.0% SLS (E3), and 2.0 % SLS (F4). The
results are shown Fi‘n/Figure 16. D_ufmg the permeation study, no drug was
permeated from each formalation m the first two hours, then the permeation
of NFP was slowly moreased Aﬁer 10 hours, permeation amount was

rapidly increased to'the maxitmum am%unt after 24 hours.

racat
——

At time interval- 4-20 hours, - the permeation amount from NFP
transdermal patcbmhﬁéA&.S{El}rapxdbL méreased higher than from
F1, F3, and F4 that contained no surfactant 1% SLS, and 2% SLS,
respectively. However at 24 hours, the maximum amount among this group

was observed from the formulation containing 2% SLS (F4).

The fliixes across pig's skin' from NFP trarisdertiial ‘patch containing
cationic surfactant and no surfactant are shown in Figure 17. It could be seen
that the highest amount permeated from formulation containing 2% cetyl
trimethylammonium bromide (F6). At 24 hr, it increased cumulative

permeation amount about 2 times comparing to control formula (F1).
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Figure 16  Drug permeation-time profiles of NFP transdermal patch
from F1 vs F2, F3, and F4 (contained anionic surfactant)
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Figure 17  Drug permeation-time profiles of NFP transdermal patch from
F1 vs F5, F6, F7, and F8 (contained cationic surfactant)
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Comparison of permeation amount between formulation containing 1

and 2 % cetyltrimethylammonium bromide (F5 and F6) are shown in Figure

-18. The results revealed that F5 exhibited lower amount than F6 and F1
about 3 and 1 fold. F5 was the lowest permeated formulation in this group.

The effects of cetylpyridinium chloride on the skin permeation profile
of NFP were observed from F7 and F8 A(contained 1 and 2 % cetylpyridinium
chloride), as depicted in Figure 19. Theesults of permeation profiles were

similar to control formulation.

The effects ofenonionic si'}rfactant on skin permeation profiles are
shown in Figure 20‘ In thig group :"gonsistcd of formulation containing 1 and
2 % Cremophor A25(F9 and F 1 O).'-?J Itwas found that skin permeation rate of
NFP was decreased swhen increaé‘mg concentration of Cremophor A2S.
During the time of expenmcnl F1 had_more permeation amount than F9 and
F10. Except for the time at 10 and Zdjtr the cumulative permeation amount
from F9 was hlgher than F1. - SR

group of surfactant are shown in_Figure 21, which obtained from the
formulation containing no @ surfactant (F1),/ 0.5% SLS (F2), 2%
cetyltrimethylammonium bromide (F6), and 1% Cremophor A25 (F9). It was
noticed that the formulation containing cationi¢c- surfactant (F6) exhibited
faster and higher NFP-permeation rate from devices when compared to other

formulations.

The permeation pattern of NFP transdermal patches were determined
by linear correlation coefficient. The relationship between NFP permeation

versus time and versus square root time were shown in Table 4, the
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Figure 18  Drug permeation-time profiles of NFP transdermal patch
from F1 vs F5 and F6 (contained cetyltrimethylammonium

bromide)
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Figure 19  Drug permeation-time profiles of NFP transdermal patch
from F1 vs F7 and F8 (contained cetylpyridinium chloride)
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Figure 20  Drug permeation-time profiles of NFP transdermal patch
from F1 vs F9, and F10 (contained nonionic surfactant)
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Figure 21  Drug permeation-time profiles of NFP transdermal patch
from F1 vs F2, F6, and F9

74



75

permeation profile better fitted with a zero order kinetic than that followed
Higuchi's model. This trend of kinetic pattern could be better described by
the higher correlation coefficient in the relationship between the NFP
permeation amount against time.

Comparing the NFP permeation profiles of all formulations suggested
that each permeation profile could be d1v1ded into two phases, the first phase
was O to 10 hr and the second pha.se"was 10 to 24/28 hr. The NFP
permeation rate and-correlation ‘¢oefficient of all formulations in the first
phase were 0. 4596-3.9666 fig/em?Zhr and 0.7571-0.9826, respectively. In the
second phase, the pénneanon ratl and correlation coefficient were 6.0980-
19.7972 ug/cmzh} .ﬁggw0:9273-_0.9‘8_§l, respectively, as shown in Table 5. It
was found that t-hq.i'ienngaﬁon ra& in the first phase was slower than the
second phase. I i2

2/

The effects of types and condentrauons of surfactants on skin
permeation profile of NEP transdermal patch. by in vitro permeation
experiment cmjd be concluded that the qu_mlﬂauon containing 2%
cetyltﬁme@lamﬁ:onium bromide (F6) had the;highest permeation amount
and rate in this experiment and was selected for in vivo study.
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Table 4 Correlation coefficient of the relationship between cumulative
NFP permeation versus time (A), cumulative NFP permeation
versus square root time (B) and kinetic pattern.

A B
Formulation| correlation | Y-intercept | X-coefficient] correlation | Y-intercept X-
coefficient
coefficient ; coefficient

F1 0.8844 -13.7307 | ; 5.3681 0.7036 -29.7928 25.0498
F2 0.9429 -19.9393 /00856 0.7964 -50.6252 43.6842
 F3 0.7826 -22.7205 62590 0.5834 -38.9042 28.2718
F4 0.8189 =34-5102a] 91189 0.6137 -58.3853 41.2988
F5 0.8187 =9 2836 32813 0.6301 -18.4154 15.0596
F6 0.9139 -43.7624 13.6356 0.7397 -94.3800 69.5971
F7 0.8627 -JAR715 \| \\5.2757 0.6794 -30.3160 24.4933
F8 0.9244 170625 7|  5.4893 0.7513 -37.6111 28.0760
F9 0.8427. 24 8138 17 6.4214 0.6533 -46.5936 32.0787
F10 0.8450 #20.7380 4" 50220 0.6480 -37.4160 24.9700

%
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Table 5Permeation ratg and correlation coefficient between cumulative
NFP permeation versus ume in the first and the second phase of

NFP permeatlon proﬁles
The first phase, 0-10 hr The second phase, 10-24/28 hr
Formulation | Permeation rate | Correlation | Permeation rate | Correlation
(mcg/cmzhr) coefficient (mcg/cmzhr) coefficient

Fi 1.4209 0.9251 89185 0.9870
F2 3.4766 0.9787 11.6812 10.9373
K3 1.0101 0.9826 12.0987 0.9412
¥4 0.4596 0.7571 16,9315 0.9830
FS 0.8186 0.8471 6.0980 0.9601
Feé 3.9066 0.9239 19.7972 0.9778
F7 1.4586 0.9779 8.7679 . 0.9412
F8 2.0753 0.9808 7.9457 0.9881
F9 1.8386 0.9353 10.3612 0.9273
F10 0.5832 0.8562 8.2958 0.9626
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In-Vivo Evaluation of NFP Formulations

Method of analysis

The HPLC technique for determining NFP in plasma sample was
modified from Thongnopnua and Wiwattanawongsa's (1992). By changing
tonic strength of mobile phase used, the‘»éhr‘qmatogram of NFP can be better
resolved, as demonstated in Figure 2}. 7

NFP and IS wese€1utéd it approximately 8,53-8.76 and 16.82-16.90
minutes, respectivelys ‘fﬂ,her splked jbr plasma samples obtaining following
oral and transdermayﬁdmunstraugns_gave similar retention times for both
drug and IS. No mtc:fenhg peaks \bere observed in these regions. These
supported the specificity of the me.thod_' psed for this study.

ok 4

F

The relationship betweenthe pe&k‘ﬁelght ratio of NFP/IS (PHR) and

'\-—..

NFP concentranon (Conc ) was determmed in the tefm of power function in
which the repr&seméd equation for this relationship coald be shown as

T

PHR.= 0.04 (Conc)0-98 4)

Linear calibration curve could be obtained from log-log plot of PHR
and NFP concentration, as shown in Figure 23, with corrélation coefficient
(r) of 0.9996.
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Flgure 22 Chromatogramg.from rabbit's samples
q W f] (B) Plasma ﬁ%{}g s:]an?ar?lso%lnlglé’]P 240 ng/ml
(C) Plasma sample taken after 1 hr of oral administration
(D) Plasma sample taken after 1 hr of transdermal patch
administration
Peak identification : (1) nifedipine; (2) IS



79

10

PHR

¢ PHR

ﬂ“‘UEJ’JVIEJVI‘iWEJ’]ﬂi 1000

(;oncentratlon (ng/ml)

Q RIANN T um'mzna 2]

Figure 23 Cahbratlon curve of NFP-IS peak height ratio (PHR) as a
function of NFP concentration in rabbit plasma
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In vivo evaluation of NFP in rabbit plasma

The normalized NFP plasma concentration-time profiles from
individual rabbit for both oral and transdermal patch administration are
shown from Figure 24 to Figure 30 . After oral NFP administration (Adalat
®10 mg) to rabbits, tmax were within the range of 0.5-12 hr. Cpax
determined from the profiles were w1thm 451.5-1108.1 ng/ml. The detail
data are shown in Table 6. /

J

The time toréach.maximum NFP concentration for every rabbit using

transdermal patch was at the szﬁpe time point at 8 hr. with the maximum

concentration range 47.2-218.3 ng/ml, as shown in Table 7.

— =t

Comparison' of the nbrﬁxaliz:hed'maxhnum NFP concentration (Ciyax)
between oral and transderma,l patcbluqsmg unpaired t-test. It was found that
the normalized gy from Oral administration was statistically significant
higher than normalized Cyiax froniﬁlthhsdermal patch administration (p <
0.001). c 5

- =
j

The area under NFP plasma concentration-time curve of all five
rabbits admiristefing oral ‘and transdermal patch were determined from zero
to.24 hrs afer drug administration (AUC | ) as shown in Table 8. Since the
doSe ‘for “ordl) .and \transdermal ‘patch <for! ‘every rabbit /lwere 10 and
approximately 30 mg, respectively, the normalized area were also calculated.
It was found that the normalized AUC |* from oral administration was
statistically significant higher than normalized AUC |? from transdermal
patch administration (0.001 < p <0.005).
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Figure 26  Normalized plasma concentration-time profiles of NFP
from rabbit No.1



1200

:

g

Plasma conc./Dose (ng/ml)
: 3

200 +

ﬂumw%wm

l - AMANNIBAMINGS

Figure 27 Normalized plasma concentration-time profiles of NFP
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Figure 28 Normalized plasma concentration-time profiles of NFP
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Figure 29 Normalized plasma concentration-time profiles of NFP
| from rabbit No.4
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Figure 30 Normalized plasma coricentration-time profiles of NFP
from rabbit No.5
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Table 6 NFP concentration versus time at maximum obtained from
rabbit plasma sample from oral administration
Rabbit No. Oral administration
t max (hr) |Cmax (ng/ml)
1 0.5 1108.1
2 12.0 659.9
3 2.0 1003.9
4 40 963.7
5 12:0 451.5
g |
Table 7 NFR.e6ncentration versus time at maximum obtained from
rabbit plasma samplL_e from transdermal patch administration
ARl'bbit No. | Patch administration
' fmax (kr) |Cmax (ng/ml)
1 -,;-J',_,s'.o 95.5
> ~ 80 47.2
3% - 80 85.5
4 = 8- 212.6
5 8.0 £ )218.3
Table 8 The normalized area under the plasma concentration-time
(t 0-24-hr) curve(AUC,| > ) from oral.and transdermal patch
administrations
Rabbit No. AUC (ng hr/ml) Normalized AUC (ng hr/ml)
Oral Patch Oral Patch
1 32977 36311 3298 1157
2 56743 10103 5674 322
3 39782 14283 3978 372
4 89969 67024 8997 1746
5 45505 39109 4551 1137

g
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In vitro - In vivo relationship

The normalized area under the profiles of NFP concentration released
from the patch per diffusion volume at various time intervals (AUC 11
from in vitro study were highly statistical significant difference from in vivo
study (p < 0.001), data was shown in Table 9

Table9  Unpaired t-test of nommﬁz;'A'AUC |2 for in vitro and in
vivo evaluahon 2 -

Sampleﬁ(,?k ~ .| Normalized AUC
A vtt;\p (ng hi/mi) | In vivo (ng hr/ml)
W £ A/L 10476 1157
2 ; ,_- 13363 322
T ;’ ;i,’ L4 372
af F O A | 1746
5 I 1137
Average | | = ‘." 119:19,5 946.8
Variance. §o— 41618845 359962.7
n I, 1 F - -y
Calculated t-value 7.738

"rf (VS
b

£(5,0.03). =2.571

o AF
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