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ABSTRACT

Benzyloxiamine was used as an ampholytic drug model to
study the in vitro drug release from films in a function
of pH. Two films based on commercial acrylic dispersions
Scopacrle and EudragitR were used as drug carriers. The
films investigated were produced by a solvent cast tech-
nique. The pH into the films was adjusted at every expe-
riment before cast.,

To understand the factors governing the velease of the
ampholytie drug its protonation/ionization macro- and
microconstants have been determined. The protonation
macroconstants determined were log K1= 7.80, log K2

= 4.26 and log B,= 12.06. The microconstants calculated
were log K = 7.79, log K®= 4.74, log K£= 7.33 and log K?
= 4.29.

The release data could be interpreted by taking into ac-
count species concentrationsg calculated by use these
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constants on the one hand and the velocity and diffu-
sion coefficients on the other.

INTRODUCTION

Drugs are often incorporated in aerylic films as
part of a transdermal delivery system (2, 6, 8, 14).
Following the drug on its pathway from the film into
the interphase formed with the horney layer the first
step comprises the dissolution and diffusion (1).
Higuehi (3) indicated that the chief driving force
for diffusion is the thermodynamic activity, which
for a weakly acidiec drug is inversely proportional
to the term 10PY, Prlegel et al. (12) observed an
increase in the permeation of an acidic drug through
an acvrylic film when the pH was decreased and a de-
crease in the permeation of a basic-drug respectiv~
ly when the pH was increased.

Summarizing these results one can state that the
diffusion respectivly permeation of a drug through
an acrylie film occurs by a partition process of

the undissociated drug.

It is known that the incorporation of drugs into
acrylic films makes possible the preparation of va-
rious compositions with an inside pH in a wide sca-
le (2). But the question was not decided how the
drug release depends on its ionization degree.

The objective of this study was to determine the
influence of pH on the release of an ampholytic drug
from acrylic films, using 2-hydroxy-5-carbomethoxy-
benzyloxyamine as a model compound. For this reason
the compound was incorporated in films based on two
commercial acrylic dispersions. The pH of the film
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has been adjusted by modifying the film forming materi-
al before cast. Since benzyloxyamine may act in four
microforms, first we studied its ionization respectivly

protonation process at the level of microequilibria.

MATERTALS 4AND KETHODS

Chemicals

Benzyloxyamine was obtained from the Drug iesearch In-
gtitute of budapest (5). Its good absorption from seve-
ral dosage forms was stated earlier (13).

Two commercial acrylic copolymers served as film for-
ring materials: PMA, Eudragit & %0 D (Réhm Pharma GmbH
Darmstadt, ’RG) and PAA, Scopacryl D %40 (VEB Chemi-
sche #Werke Buna, GDR). The preparation of the films
was carried out by & solvent cast technique as descri-
bed earlier (2).

All the inorganic chemicals were of analytical grade
and from iteanal, Budapest, Lungarvry.

Determination of macro- and microconstants

The pH.mnetric titrations wevre carried out at constant
% NaOH and O.1 Mdmw™> HCl

solutions as well as C.4 I\-“ldm-'3 naCl as auxiliary elec-

ionic strength with O.1 Mdm

trolyte. The pH was measured by Radiometer pil-l. ©4 re-
search pH meter and Ingold 104053059 combined electro-
de. At titrations the temperature was kept constant by
ultrathermostat at 25.0 I 0.1 °c.

Spectra were recorded by Specord UV-V1S spectrophoto-

meter, ViB Carl Zeiss Jena, CIR.

Drug release

The drug telease was {ollowed as described earlier (2).

The amount of drug released was determined spectropho-
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tometrically at 258 nm. The amount of drug released was
calculated and plotted as a function of square root of
time on a personal computer HP 85 (Hewlett Packard Cor-
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vallis, Oregon 97330, USA).
Utilizing the slope of the straight line of this plot
the apparent diffusion coefficient was determined by a
modificated Higuehi equation (4):

(2e}
D = appavent diffusion coeffic
a = velocity coefficient (M.cm
¢, = initial drug concentration

RESULTS AND DISCUSSION
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Benzyloxyamine may aect in four mieroforms (Figure 1).
Consider the complete ionization scheme the macro- and
microconstants and their relations (9) are as follows:

(Eq.2)

(Eq.3)

(Eq. 4)

(Eq.5)

(Eq.6)

(Eq.T)
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FIGURE 1

Scheme of protonation microequilibria for Benzyloxyamine
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¢ [no] [H']

£ [aoput]
kt = (Eq.10)
& [Tosu'] (K] :

The superscripts of k microconstants indicate the pro-

tonation group in the given process (a = amino, f =
phenolate), while subscripts if any stand for the group
holding already proton.

The protonation macroconstants of Benzyloxyamine could
be determined by pH-metry:

-+

log K, = 7.80 * 0.02
log K, = 4.26 ¥ 0.03
log B, = 12.06 ¥ o.05
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The pH-dependent UV spectra show that the proton disso-
ciation around pH = 7.8 is accompanied by the appearance
of a band at 298 nm, while the other band at 256 nm di-
minishes. On the other hand protonation around pH = 4.26
causes only slight spectral change. On this basis it is
obvious that the process at pH = 7.8 can be assigned to
the phenoclate group. The more than three orders of mag-
nitude difference between the protonation macroconstants
indicate that the minor protonation isomer species

“OBH® occurs in a very low concentration. For this
reason the determination of microconstants is not fea-
sible from pH-metric and spectroscopic data only. Consi-
derations for microconstants of related molecules, name-
ly tyrosine derivatives, are also necessary.

The effect of one group on the basicity of the other
group in a molecule is expressed by the difference bet-
ween the log microconstants of the same group. This va-
lued by Eq.11 for para-tyrosine is 0.3%8.

alog k = log K- log kg = log k%- log k? (Eq.11)

The analogous data for meta-tyrosine is 0.42 (7). Conse-
quently, the effect of the meta-para relocation of the
phenoclic hydroxyl results in an 0.42 - 0.%8 = 0.04 in-
crease of alog k. The meta-ortho modification certain-
ly causes a similar change. Accordingly, at Benzyloxy-
amine the effect of the neighboring group can be esti-
mated as Alog k = 0.42 + 0.04 = 0.46. Using this value
and the macroconstants, the microconstants could be
calculated:

f

log k° = 7.79 log k2 = 4.74

log k; = 7.33% log kg = 4.29

The microconstants made possible the calculation of
microspecies concentrations (Table 1). The relative
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Relative concentrations of Benzyloxyamine microspecies

as a function of pii, i1n -log % units

i 0B~ HOB “oBH" HOBH ™"
0 12.08 4.29 7.%4 0.00002
2 8.08 2.29 5.34 0,002%
4 4.26 0.47% 3,52 0.18%

5 2.88 0.086 314 Q.796
6 1.81 0.024 3,075 1.7%
7 0.86 0.075 3.12 2.78
3 0.212 0.422 3,47 441
9 0.026 1.24 4.26 5.95

10 0.0027 2.21 5.26 7.92

12 0. 000027 4.21 7.26 11.92

14 0. 00000027 6.21 9.26 15.92

concentrations 4* can be converted into concentrations

in percentage by Eq.12.

1

v

- log B "
rep = 100+ 10 () [%] (£g.12)

The pH at which the zwitter ion concentration is a ma-
ximum is known as the isoelectric point. The lines la-
belled HOBH' and OB in a log 4 versus pH diagram
{(Fig.2) intersect at the isoelectric point (10). The
macroconstants could also be used to calculate the

isoelectric point by use Eg.1% (10).

= , 0. . — .
le = —log [I{3O+]1 = (fx1l<2) > = 6.0§ (E-Q-15)
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FIGURE 2

Distribution of Benzyloxyamine microspecies (1og1‘)
in the function of pH
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However, it is important that in biological processes
the dominating microspecies is not necessarily the rve-
active one (11).

A follow-up to this part of the experiment the release
properties of the films were determined by means a me-—
thod described earlier (2). In the time period from 30
to %90 min there was in all cases a linear relation-
ship between the amount of the drug released and the
square root of time in accordance with the model pro-
posed by Higuchi (4) (Fig.3).

The slope of the straight lines a, after Kehne et al.
(6) also called velocity coefficient, can be used to

calculate the apparent diffusion coefficient D (Eq.1).
9
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D calculated in this way ranged from 0.17 to 9.78.10
for PMA and from 0.35 to 3.29-10~2 cm’s™' for PAA.
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SIGURE 3

-
Amount of drug released m versus t9°? (PAA films)

For both types of films a was plotted as a function of
the film pH (Fig.4).
In both cases the curves calculated show in the basic pH
range upward tendency at greater pH values. Besides the
release from the PMA-films increases again below pH 6.
The PAA-films are instable at this pH range.
It was obvious that the change noted in the velocity co=-
efficients depends on the pH and the HOB concentration
respectivly the concentration of ionizing drug Cre Cr
was calculated by use Eq.12 and 14 as follows:

C; = 100 - C_, (HOB) [%1 (Eq.14)

For the pH range from 7 to 12 and both types of films CI
was plotted as a function of the film pH (Fig.5). In the
same way the vrelative velocity coefficients are plotted.
They are calculated by Eg.15.

a’= 22— 100 [%] (Eq.15)
max
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FIGURE 4

Relationship between veloecity coefficients a and pH of
PMA~ and Pii- films
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FIGURE 5

Relationship between the concentration of ionizing drug
Cqy the relative velocity coefficients a’ and pH
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C1 and &’ are in agreement in their change with the pH

similar to a titration curve. These results are in gene-

ral agreement with the work of Pflegel et al. (12).
Whilst the authors have found an increase of permeation
rate when the drug ionization was decreased it was Jjust
in the release process the other way round.

CONCLUSIONS

On the basis of the microconstants as well as the pH-
metric and spectroscopic results the acid-base proper-
ties of Benzyloxyamine can be summarized as follows:

- The HOB-form predominating in neutral solution con-
tains phenolic hydroxyl and aminooxy groups, which
are able to dissociate and protonate, respectively.

- In basiec solution the anionic ~OB and at low pH the
cationic HOBH' species are in overwhelming majority.

- At neutral pH two isomeric species, the neutral HOB
and the zwittevionic ~OBH' predominate, of which HOB
is the more abundant one.

On the basis of our experimental drug velease data com-
pared to the results of Pflegel et al. (12) permeation
studies on PAA-films the following conclusions could be
drawn:

~ The velocity coefficients depend on the concentration
of the ionizing drug and the higher C1s the greater a
and the rate of the drug released.

- This effect is independent on the film forming mate~
rial, but at the same pH the release from PMA-films
is greater than from PAA-films.

- The data obtained suggest that the drug release from
acrylic films follows a dissolution mechanism whilst
the permeation through the films follows a such one
of partition.

RIGHTS

1673

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/22/12

For personal use only.

1674

The

DITTGEN, NOSZAL, AND STAMPF

ACKNOWLEDGEMENT

authors thank I. M6ller for experimental work in re-

lease studies and Dr.sc. Mdller for helpful discussions.

3
4.
5.

9.

10.

11.

13.
14.

REFERENCES

H. Asche et al.,
Pharmac. Acta Helvetiae 60,232(1985)

M. Dittgen et al., Pharmazie 39,625(1984) and
Drug Devel. Ind. Pharm. 11,269(1985)

T. Higuehi, J. Soc. Cosmet. Chem. 11,85(1960)
W.I. Higuehi, J. Pharmac. Sci. 51,802(1962)

G. Kasztreiner et al., Drug Research Inst., Budapest,
preclinical investigation 11.121(1974)

K. Kehne, H. Vogt and H.P. Merkle,
Acta Pharm. Technol. 27,17(1981)

T. Kiss and B. Toth, Talanta 29,5%9(1982)

B.H. Lippold and J.I'. Lichey,
Acta Pharm. Technol. 30,140(1984)

R.B. Martin, Intvroduction to Biophysical Chemistry,
Me Graw-Hill, New York, 1964

A.N. Martin, J. Swarbrick and A. Cammarata, Physi-
cal Pharmacy, Lea & Febiger, Philadelphia, 1969

B. Noszal, V. Scheller-Krattinger and R.B. Martin,
J. Amer. Chem. Soc. 104,1078(1982)

P. Pflegel et al., Pharmazie 36,788(1981) and
37,298(1982)

G. Stampf et al., Pharmazie 35,43(1980)

B. Zierenberg, Drug Devel. Ind. Pharm. 9,117(1983)
and Acta Pharm. Technol. 30,17(1985)

RIGHTS

i,



