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Abstract

Bromhexine hydrochloride ion-selective electrodes (conventional type) based
on bromhexinium tetraphenyl borate (I) and bromhexinium-phosphotungstate (Il)
were prepared. The electrodes exhibited mean slopes of calibration graphs of 59.4
mV and 59.8 mV per decade of bromhexine concentration at 25°C for electrode (1)
and (ll), respectively. Both electrodes could be used within the concentration range
3.16x10°-1.00x10? M bromhexine within the pH range 2.0-4.5. The standard
electrodes potentials were determined at different temperatures and used to
calculate the isothermal coefficients of the electrodes, which were 0.00065 and
0.00050 V°C™ for (I) and (ll), respectively. The electrodes showed a very good
selectivity for bromhexine with respect to a number of inorganic cations, amino
acids and sugars. The electrodes were applied to the potentiometric determination
of bromhexine hydrochloride and its pharmaceutical preparation under batch and
flow injection conditions. Graphite, copper and silver coated wires were prepared,

characterized and successfully applied as sensors for the drug under investigation.
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Introduction
Bromhexine hydrochloride; 2-Amino-3,5-dibromobenzyl (cyclohexyl)
methylamine, mol. mass: 412.6, [CAS-611-75-6].
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Bromhexine hydrochloride is a mucolytic used in the treatment of respiratory
disorders associated with productive cough. It has been determined by different
techniques including spectrophotometry [1, 2, 3], HPLC [4, 5, 6], colorimetry [7, 8],
TLC [9], Flow-injection-spectrophotometry [10], GC [11], lon-Selective Electrode
(ISE) [12], Hybrid Linear Analysis [13], capillary isotachophoresis [14], Absorption
Spectrophotometry and Electrophoresis [15, 16].

In the present work, plastic membrane electrodes, selective for bromhexine
hydrochloride are constructed, their performance characteristics studied and then
used to determine the drug both in batch and with a flow injection technique, which
is considered a very efficient way of improving the performance characteristics of
ISEs. The electrodes are based on the incorporation of bromhexinium
tetraphenylborate (Brom-TPB) and bromhexinium phosphotungstate (Brom-PT) ion-
exchangers in poly (vinyl chloride) (PVC) membranes plasticized with
dibutylphthalate (DBP). The selectivity of the electrodes was also tested in batch
and FIA techniques. Fine-graphite, copper and silver wires coated with a solution
mixture of liquid ion-exchangers and poly (vinyl chloride) in THF were used as an

ion-selective electrodes for bromhexinium cation.

Experimental
All chemicals used were of analytical grade, double distilled water was used

throughout all experiments. Pure grade bromhexine hydrochloride and its
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pharmaceutical preparation (Bisolvon tablets, 8 mg/tablet), were provided by
Chemical Industries Development Co., (Egypt), sodium tetraphenylborate (NaTPB)
and phosphotungstic acid (PTA) were obtained from Fluka. The ion-exchangers,
bromhexinium tetraphenylborate (Brom-TPB) (white powder) and bromhexinium
phosphotungstate (Brom-PT) (buff powder) were prepared as previously described
[17]. The chemical composition of the ion-exchangers as identified by elemental
analysis was found to be 1:1 and 3:1 for (Brom-TPB) and (Brom-PT), respectively.

Potentiometric measurements as well as the construction of an FIA system
and the methods used for recording the peaks as a function of the potential were
performed as mentioned in our previously studies [17, 18].

The conductivities were measured with the aid of an Engineered Systems &
Designs [ESD] conductometer model 72 (Conductance/TDS) (USA) provided with
conductivity cell of 1.000 cell constant.

Several membrane composition electrodes as well as graphite, copper, and
silver wires (3 mm in diameter and 12 cm in length) were constructed and used as
previously described [19].

Conductimetric measurements and determination of the solubility product of
the Brom-TPB and Brom-PT ion-exchangers were carried out as in previously
described method [20]. The solubility (s) and the solubility product (Ksp) of the
precipitates, Brom-TPB and Brom-PT were calculated using the following

equations:

s = Ks x 1000/(A-Brom-TPB)  and  Ksp = s?
s = Ks x 1000/(A-Brom-PT) and Ksp = 27 s*

where Ks is the specific conductivity of a saturated solution of the ion-associate,
determined at 25°C and corrected for the effect of the solvent and . is the
equivalent conductance at infinite dilution and it is obtained from the ionic
conductance of the constituents ions using Kohlrausch’s law of independent

migration.
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Results and discussion
Optimization of the ISE in batch conditions
Composition of the membrane

Several membrane compositions were investigated, the best performance was
obtained by using composition containing 10% Brom-TPB or Brom-PT, 45.0% of
each PVC and DBP with resulting slopes of 59.4 and 59.8 mV/decade of
concentration for (1) and (Il) electrodes, respectively after minimum presoak of %2 h
at 25°C. The usable concentration range was 3.16x10°-1.00x10? M for both
electrodes and response time < 10s. The above optimum composition was used to

prepare membrane electrodes for all further subsequent investigations.

Effect of soaking

Freshly prepared electrodes can be used after presoaking in 10° M
bromhexine hydrochloride where the mean slopes are 59.4 and 59.8 mV/decade of
concentration at 25°C for electrodes (1) and (ll), respectively. In the present work,
the slopes remained stable over 10 and 17 days and then, they sharply decreased
reaching 44.5 and 46.2 mV/decade of concentration for electrodes (I) and (ll),
respectively. The electrodes responded correctly within the concentration range
3.16x10°-1.00x102 M and their response has not been affected by soaking. On the
other hand, the electrode that has been kept dry in a closed vessel and stored in a
refrigerator showed nearly constant slope value and the same response properties

extending to about 45 and 30 days for electrodes (l) and (ll), respectively.

For the coated wire electrodes, it was found that the plastic membrane coat
must be reformed prior to every use by immersing the bared terminal of the
electrode in the solution mixture containing the ion-exchanger for a few seconds
and left it to dry in air. For Brom-TPB coated wires electrodes, the calibration graph
slopes for the fresh graphite, copper and silver were 61.9, 58.7 and 60.0
mV/decade, respectively. After daily use of the graphite, copper and silver
electrodes for 14, 7 and 11 days the slopes decreased to 48.6, 42.4 and 44.8

mV/decade, respectively. While for Brom-PT coated wires, the calibration graph
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slopes were 63.3, 62.0 and 60.7 mV/decade for the graphite, copper and silver
coated electrodes, respectively, and after daily use of the graphite, copper and
silver electrodes for 16, 8 and 16 days the slopes decreased to 47.5, 45.6 and 46.5
mV/decade, respectively. The usable concentration range of the electrodes was
1.77x10°-1.00x102 M. Also the wire electrodes do not need conditioning before
each use. Fig. 1 shows representative calibration graphs for Brom-PT graphite

coated electrode.
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Fig. 1. Calibration graphs at 25°C for Brom-PT graphite coated electrode for 1h (a),
6h (b) and 24h (¢), 3 (d), 6 (e), 9 (f), 12 (g), 14 (h), 15 (i) and 16 days (j).

Note: All graphs start at pBrom = 6.
pBrom = -log [concentration of bromhexine HCI].

Effect of temperature of the test solution

To study the thermal stability of the electrodes, calibration graphs (cell
potential, E.; vs pBrom) were constructed at different test solution temperatures
covering the range 25-65°C. The isothermal coefficients (dE°/dt) of the electrodes

were calculated with the help of these graphs [21] and found to be 0.00065 and
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0.00050 V/°C for Brom-TPB and Brom-PT electrodes, respectively. These values
indicate a fairly good thermal stability of the electrodes within the investigated

temperature range and show no deviation from the theoretical Nernstian behavior.

Optimization of FIA response

The flow injection measurements were carried out in a two-line configuration
as shown in Fig.2. The dispersion coefficient ranged between 1.45 and 1.49, i.e.,
limited dispersion coefficients that aid optimum sensitivity and fast response of the

electrodes [22].

ISE RE

Figure 2. Single-stream FIA manifold for bromhexine hydrochloride
determination; S, sample; P. peristaltic pump; V, injection valve; ISE,
Brom-electrode; RE, reference electrode; D, detector. R, recorder; W,
waste.

Optimization of operational conditions
Optimization of flow rate and sample volume.

Several flow rates (4.15-27.00 ml min™') were checked. A flow rate of 9.7 ml
min™ was adopted, providing about 99% of the maximum peak height obtained by

higher flow rates, with a shorter time to reach the baseline and less consumption of
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the carrier. The sample volume was optimized at flow rate 9.7 ml min™ by injecting
volumes between (5-340 pl) of 10 M bromhexine. A sample loop of size 75 ul was
chosen as a compromise between reagent consumption and signal size and used
through out this work. Fig. 3 shows typical recordings obtained from Brom-TPB

under optimum conditions.
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Optimization of pH

The effect of the pH of the test solution on the electrode potential was studied
in batch and FIA measurements as previously described [17]. It was found that the
(I) and (Il) electrodes do not respond to pH changes in the range 2.0-4.5 in both
batch and FIA conditions. At a pH less than 2.0, the drop in potential of both
electrodes (I) and (II) may be due to penetration of chloride ions into the membrane

network at the interface between the test solution and the matrix of membrane.
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While the gradual decrease in potential observed at a pH-value more than 4.5 for
both electrodes may be due to the deprotonation of bromhexine hydrochloride in
the solution, which leads to a consequent decrease in its concentration [17]. These
results were confirmed by pH-metric determination of the protonation constant of
bromhexine, the mean pKa value obtained was 4.5, indicating that the decrease in

pH outside the above the working range is due to the formation of the free base.

Electrode response in FIA

The slope of the calibration plots in FIA was high compared with batch
measurements, where potential is measured under conditions very close to the
equilibrium at the membrane-solution interface [23]. The slopes of the calibration
graphs were 72.9 and 68.6 in FIA compared to the batch 59.4 and 59.8 mV per
concentration decade for Brom-TPB and Brom-PT electrodes, respectively. The
usable concentration ranges of the electrodes in FIA are 5.62x10°—-1.00x10 which

is nearly the same as in batch mode.

Selectivity

The selectivity of the ion-pair associates based membrane electrode depends
on the selectivity of the ion-exchange process at the membrane—test solution
interface and the mobilities of the respective ions within the membrane [24]. The
influence of some excipients, inorganic cations, amino acids and sugars on the
response of bromhexinium electrodes was investigated in FIA and batch conditions
applying separate solution method as previously described [25].

The selectivity coefficient K‘;’j;m, of the electrodes towards some inorganic

L
cations: NH,*, Na*, Mg®, Cu®*, Ca?®*, Zn**, Ni**, Mn?**, Pb*" and AI** were 9.8 x 10™
—2.6x10°and 1.9 x 102 - 4.3 x 10 under batch and FIA conditions, respectively,
for both electrodes, which reflect very high selectivities of the investigated
electrodes for the bromhexinium cation. The selectivity mechanism is mainly based
on the sterospecificity and electrostatic environment, and is dependent on how
much fitting is present between the locations of the lipophilicity sites in the two

competing species on the bathing solution side and those present in the receptor of



Potentiometric Flow Injection Analysis of Bromhexine Hydrochloride and its ... 129

the ion-exchanger [25]. In other words, the distribution of the active components
situated at the electrode surface allow the primary ions to react but do not enter the
membrane phase under zero-current conditions and this explained the fact that the
electrode surface is not completely flat but has depressions and hills [26]. The
inorganic cations do not interfere because of differences in the ionic size, the
mobility and the permeability. Also, the smaller is the energy of hydration of the
cation, the greater is the response of the membrane. The electrodes exhibit good
tolerance towards amino acids and sugars, where it was found that the Brom-TPB
electrode could be safely used without interferences in the presence of glucose,
fructose, maltose, lactose, ascorbic acid, vitamine B4, leucine, alanine and glycine
up to 320, 482, 233, 165, 210, 133, 96, 202 and 1166 folds of the investigated drug
and 400, 385, 200, 145, 167, 154, 112, 198 and 960 folds in the case of the Brom-

PT electrode.

Conductometric determination of the solubility product of Brom-TPB and
Brom-PT ion-exchangers

The solubility products of the precipitated ion-exchangers were determined as
previously described [27] and found to be 6.2x10° and 1.2x10™"" for Brom-TPB and
Brom-PT, respectively. These values indicate that the solubilities of the ion-
exchangers are very low (2.5x10° and 2.6 x 10° mol/l). Consequently, the

equilibrium constants of the reactions,

Brom + Na-TPB = Brom-TPB + NaCl
3 Brom + H3PTA = Broms-PT + 3 HCI
are 1.6x10° and 8.5x10", respectively, which reflects that the reaction is more than
99.9% complete. In the above equilibria, the solubilities of the undissociated ion-
exchangers in water (i.e. the intrinsic solubility) were omitted as they only have a

negligible contribution to the total solubility.
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Analytical applications

Bromhexine hydrochloride is determined potentiometrically using the
investigated electrodes under batch conditions with conventional and coated wire
electrodes by standard additions methods [28]. Fore sampling of tablets (Bisolvon,
8 mg per tablet), 40 tablets were ground together and appropriate weights of each
were dissolved in the equivalent volume of 0.01 M HCI and diluted to 50 ml with
bidistilled water.

In batch technique using conventional electrode, the mean recoveries of the
amounts taken (10-100 mg) ranged from 97.6 to 99.8% with RSD = 0.20-1.20% for
Brom-TPB and from 97.6 to 99.9% with RSDs = 0.04-0.50% for Brom-PT
electrodes. While for coated wire electrodes, the mean recoveries of the amounts
taken (10-100 mg) ranged from 98.0 to 101.9% with RSD = 0.4-1.9% and 97.8 to
100.6% with RSD = 0.4-1.6% for graphite-pencil rod of Brom-TPB and Brom-PT
electrodes, respectively and ranged from 97.7 to 99.9% with RSD = 0.1-1.0% and
97.8 to 99.1% with RSD = 0.1-1.3 for Brom-TPB and Brom-PT electrodes using
copper coated wire, respectively, and ranged from 97.5 to 100.2% with RSD = 0.2-
1.2% and 98.8 to 101.6% with RSD = 0.2-1.5% for Brom-TPB and Brom-PT
electrodes, respectively using silver coated wire.

The results of the determination of bromhexine hydrochloride in its pure state
or pharmaceutical preparation by conductimetric method for the amounts taken (10-
100 mg) showed good recovery ranging from 98.2 to 99.8% with RSD = 0.1-1.0%
and 99.1 to 100.7% with RSD = 0.1-1.4% in case of using Na-TPB and PTA as
titrants, respectively.

Under FIA conditions, The mean recoveries for the amounts taken (10-100
mg) ranged from 97.7 to 99.1% with RSDs of 0.1-1.8 for Brom-TPB electrode and
from 96.4 to 98.8% with RSDs = 0.1-1.4 for Brom-PT electrode. These methods are
compared with each other by applying F- and t- tests [29] and with the official
method (potentiometric titration of bromhexine hydrochloride with standard NaOH)

[30]. The values given in Table 1, show that the present methods are of comparable
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precision to each other and there is no significant difference between the mean
values obtained by the three methods.

Pure solutions Bisolvon tablets (8 mg/tablet)

Method X+S.E RE’, | FPvalue | X+S.E | RE, F>? value
% 927" % 927"

Official method 100.0 + 0.06 0.01 99.5 +0.05 0.5
Brom-TPB electrode (I)
Method (A)
-Conventional 99.2+0.14 0.81 5.9 98.3+0.28 1.73 7.8
-Graphite coated 100.0 +0.50 0.05 2.5 98.7 +£0.36 1.28 54
-Copper coated 99.2 £ 0.11 0.83 3.7 98.3+0.14 1.74 2.3
-Silver coated 99.3 £0.30 0.66 9.0 98.9+0.18 1.02 4.0
Method (B) 98.2+0.13 1.83 4.8 98.4+0.16 | 1.63 3.0
Method (C) 99.3+£0.27 0.74 7.3 99.0+0.17 | 0.97 34
Brom-PT electrode (II)
Method (A)
-Conventional 99.4 +0.08 0.60 1.8 98.0+0.14 | 2.00 2.3
-Graphite coated 101.0 £0.29 1.00 8.4 99.5+0.21 0.50 54
-Copper coated 98.2+0.21 0.90 5.6 98.2+0.14 1.90 2.3
-Silver coated 99.9+0.93 0.40 4.8 99.7+0.12 | 0.30 1.8
Method (B) 98.2+0.21 1.83 4.4 97.0+0.17 | 2.45 3.4
Method (C) 99.9. +0.39 0.08 4.2 99.4+0.24 | 0.60 6.7

"RE: Relative error./”"One — tailed critical F value./ Method (A): Standard additions method/ Method
(B): FIA./Method (C): Conductimetric titration.

Tab. 1. Statistical treatment of data obtained for the determination of
bromhexine hydrochloride using conventional and coated wire
electrodes employing the standard additions method, FIA and by
conductimetry in comparison with the official method.

Conclusion

The investigated electrodes were shown to be useful as potentiometric
sensors for the determination of bromhexine hydrochloride and its pharmaceutical
preparation, the proposed methods are characterized by high degree of precision
and accuracy when compared with the official method (potentiometric titration),
within wide concentration, temperature and pH ranges as shown by F- and t-values.

Comparing the results obtained from potentiometric determination of the drug in
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batch (using standard additions method) and FIA conditions and those obtained
from the conductimetric titrations with the results obtained from the official method,
it is clear that either Brom-TPB or Brom-PT electrode is recommended using FIA
conditions since potentiometric and conductimetric titrations are time consuming
(20 min in each run), in addition the application of the electrodes in FIA shortened
the time required for the determination of the drug in its pure state or in its
pharmaceutical preparation. Regarding coated wire electrodes, either Brom-TPB or
Brom-PT graphite or silver coated wire electrodes is recommended for use because

of its high life time compared to the copper coated electrode.
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