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A method for the determination of ketotifen involving
its reaction with iodine in an alkaline medium is pre-
sented. In coulometric titration using biamperometric
end-point detection 0.25-2 umol (77-618 ug) of keto-
tifen was successfully determined. The elaborated
method was applied to the determination of ketotifen in
drugs.

Ketotifen (4,9-dihydro-4-(1-methyl-4-piperidinylidene)-
10 H-benzo[4,5]cyclohepta[ 1,2-b]thiophen-10-one) is an
active component of pharmaceutic products of antihista-
mine and antiasthmatic efficiency. Several methods for the
determination of ketotifen in pharmaceutic products have
been reported e.g. potentiometric titration with chlo-
ric(VII) acid (Mikotic-Mihun 1983), ion-selective electro-
des (Hopkata 1999), UV spectrophotometry (Mikotic-Mi-
hun 1983; Vachek 1987; Szczepaniak 1992; Sane 1993;
Sastry 1997; El-Kousy 1999), spectrofluorimetry (Sastry
1998), differential pulse polarography and adsorptive strip-
ping voltammetry (Bersier 1992), densitometric high-per-
formance thin-layer chromatography (Sanghavi 1995), and
HPLC (Zarapkar 1992; Nnane 1998).

Table 1: Results of the coulometric titration of ketotifen

n=6)
Taken (umol) Found (umol) RSD (%)
Xt toos - 5
0.2556 0.2572 £ 0.0007 0.27
0.5086 0.5063 £ 0.0075 1.41
1.017 1.018 +0.008 0.73
2.034 2.038 +0.003 0.14

Table 2: Results of coulometric determination of ketotifen in
tablets (n = 6)

Drug Declared content Found (mg) RSD (%)
(mg) X+ toos - 5

“Ketotifen” 1 1.003 £ 0.002 0.2

Polfa PL

“Pozitan” 1 1.001 £ 0.007 0.7

Glaxo Wellcome

“Zaditen” 1 0.998 + 0.002 0.2

Novartis CH
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It has been found that in alkaline medium one molecule
of ketotifen reacts with four iodine atoms. In acid or neu-
tral media the reaction of iodine with ketotifen is slow and
titration is impossible.

Water soluble tablet excipients remaining after filtrations
do not interfere under the conditions of the proposed ap-
plication. A high concentration of potassium iodide was
used in the coulometric titration in an alkaline medium in
order to obtain 100% current efficiency. Moreover, such a
solution is stable. Oxidation of iodide ions occurs only in
acidic solution and is not observed in alkaline.

In all the investigated drugs the amount of ketotifen deter-
mined by the coulometric method was in good agreement
with the declared content.

The titration presented here is the only coulometric meth-
od available for the determination of ketotifen. Comparing
the iodometric determination of ketotifen with the meth-
ods previously reported, one may conclude that this meth-
od is characterised by a short analysis time, high precision
and accuracy, a simple procedure and commonly available
reagents. The coulometric method is partly automated and
requires no standard solutions.

Experimental

1. Chemicals and apparatus

Doubly glass-distilled water, KI, NaOH, were used. A standard solution of
ketotifen (Polfa-Warsaw) was prepared by dissolving a weighed amount of
reagents in water. A type OH-404 universal coulometric analyser was ob-
tained from Radelkis (Budapest, Hungary).

An electolysis cell with two platinum electrodes each with an area of
5 cm?, working in a generation circuit and an OH-9381 double electrode in
a biamperometric indicator circuit was used. The cathode and anode com-
partments of the electrolysis cell were separated by a sintered glass G-4
disc. The levels of liquids in both compartments were the same in order to
avoid the mixing of electrolytes. A mechanical stirrer was employed.

2. Procedure
2.1. Determination of ketotifen in solution

The coulometric determination was carried out in the reaction solution con-
taining 1 mol - 17! KI and 2 mol - 1=} NaOH. A sample solution containing
ketotifen was introduced into 25 ml of the reaction solution placed in the
anode compartment of the electrolysis cell. The polarisation voltage ap-
plied to the indicator system electrodes was 150 mV. After starting the
mechanical stirrer, a stabilized current 5 mA was passed through the solu-
tion. The charge (Q) was noted after completing the titration of ketotifen
up to an indicator current of 0.4 nA.

The ketotifen content (umol) in the tested sample was calculated according
to Faraday‘s law:

_AQ

= 10° (1)

n
where:

AQ=Q - Qy (mC), Qp — the charge corresponding to blank titration, z —
the number of electrons transferred (z=4), F — the Faraday constant
(96485 C - mol ™).

2.2. Determination of ketotifen content in tablets

Ten tablets were weighed and crushed in a mortar. A mass of powder
equivalent to the average mass of one tablet was dissolved in 10 ml of
water and the solution was filtered. Then 1 ml of this solution was intro-
duced into 25 ml of the reaction solution placed in the anode compartment
of electrolysis cell and titrated in the same way as the pure substance. The
content of the ketotifen in one tablet was calculated according to the equa-
tion:

10 AQM

m=
zF

2

where:

m — content of the tested substance in one tablet (mg),

AQ =Q — Qp (mC), z — the number of electrons transfered (z =4), F —
Faraday’s constant (96485 C - mol~'), M — formula mass (309 g - mol~").
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The effect of novel 3-{4-[2-hydroxyl-(1-methyl ethyla-
mine) propyl oxygen]phenyl}propionic acid cetylester
(PAC) as a surface modification ligand on the delivery
of liposomes into cultured cardiomyocytes was investi-
gated. Small unilamellar liposomes with and without
PAC (PAC-liposome and Plain-liposome) were labeled
with a fluorescence marker. The cultured neonatal car-
diomyocytes were incubated with liposomes under nor-
moxia or hypoxia conditions, and then the cell-associa-
ted fluorescence was measured. A high affinity of the
PAC-liposomes to cardiomyocytes was observed. The
amount of cell uptake of PAC-liposomes under normo-
xia conditions was 4-fold higher than that of plain-lipo-
some, and the increase was 8.5-fold when hypoxia oc-
cured. The results suggested that PAC is a potential
surface modification ligand for liposome targeting the
ischemic myocardium.

Liposomes have been suggested as efficient carriers for the
delivery of drugs into ischemic myocardium (Caride and
Zaret 1977; Phelan and Lange 1991; Smalling et al. 1995;
Silva et al. 2001). This targeting phenomenon can be ex-
plained by the fact that in hypoxic areas of infarcted myo-
cardium with increased permeability, liposomes ranging
from 10 to 500 nm in size can extravasate and accumulate
inside the interstitial space as a reservoir of the drug
(Torchilin 2000). To enhance their activity of targeting to
an ischemic myocardium or cardiomyocytes, liposomes
with different characters (size, surface charge, permeability
can be designed) and modified with various kinds of li-
gands (antibody, receptor ligand, sugar residues, etc).

It was reported that the [3;-adrenoreceptor (1-AR) predomi-
nated in mammalian ventricular cardiomyocytes (ranging
from 80% in various rats, canine, and feline cardiac pre-
parations to 60% in baboon ventricular myocytes ) and its
levels significantly increased when hypoxia occured (Bae
etal. 2003). To improve the efficiency of liposomal drug
delivery into the ischemic myocardium, 3-{4-[2-hydroxyl-
(1-methyl ethylamine) propyl oxygen]phenyl}propionic
acid cetylester (PAC) was synthesized, which has a homo-
logous structure as esmolol (a selective ;-adrenoreceptor
blocker). Its effect as surface modification on the delivery
of liposomes into cultured cardiomyocytes was studied.
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