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Abstract: Tripelennamine hydrochloride (TPA) primarily acts as first generation antihistamine psychoactive or H1 receptor
antagonist and an antipruritic drug. In the present study, the voltammetric behavior of TPA was studied using glassy carbon
electrode with pH ranging from 4.2 to 10.4. Cyclic voltammetry (CV) and Differential pulse voltammetric (DPV) techniques
have beenemployed in order to elucidate an irreversible electrodic reaction with maximum anodic peak current at pH 7.0.
Surface area of the electrode was calculated and was found to be 0.0202 cm”. Scan rate variation shows that electrodic reaction
involves electron transfer with diffusion controlled mass transfer process. The heterogeneous electron transfer rate constant
(k") was obtained to be 1.332x 10’ s™'. A linear relationship between peak current and TPA concentrations was obtained from
0.9x107 M to 10.0 x 10° M by using DPV and limit of detection of 9.7 x 10® M was estimated. In addition, a sensitive
voltammetric method was developed, and it was successfully applied for TPA determination in pharmaceutical sample and
human urine samples.The present method was also applied for the determination of TPA in pharmaceutical samples, with
satisfactory recoveries from 95.32 % to 100.12 %.
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Tripelennamine hydrochloride (TPA, Chemical structure as
given in Figure 1) is a member of pyridine and
ethylenediamine classes. It is first generation antihistamine
psychoactive drug as an antipruritic. It is used in the
treatment of laminitis, allergy, asthma, hay fever, rhinitus and
urticaria. Tripelennamine acts primarily as an antihistamine,
or H; receptor antagonist. In addition to its antihistamine
properties, tripelennamine also acts as a weak serotonin
reuptake inhibitor (SRI) and dopamine reuptake inhibitor
(DRI) [14-17]. Because of its serotonin reuptake inhibitor
(SRI) properties, tripelennamine was used as basis for the
development of selective serotonin reuptake inhibitor (SSRI)
fluvoxamine (Luvox) [18]. In Addition, due to its DRI
properties, it is occasionally abused as recreational drug.

1. Introduction

In the last few decades electrochemical methods are most
widely studied and accepted for the determination of electro-
active compounds in pharmaceutical samples and
physiological fluids due to its simple, sensitive, rapid and
economical properties [1, 2]. Particularly development of
voltammetric methods for both analysis and determination of
medicinally important drugs such as anticancer,
antihistemine, anti HIV, antihistamine etc. has been received
much more importance for the scientific growth of
electroanalytical research [3-13]. Electroanalytical chemistry
along with the use of oxidation—reduction reactions and other
charge-transfer phenomena had its origins eight decades ago.
It is one of the fundamental sub disciplines of analytical
chemistry.
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Figure 1. Chemical structure Tripelennamine hydrochloride.

In view of pharmaceutical importance and biological
significance of the drug and to develop a simple, low-cost
direct current voltammetric method for the determination of
TPA, present work had been carried out. We optimized all
experimental parameters and developed an electro analytical
method for its determination. The proposed method was also
applied to the determination of TPA in urine samples.

2. Experimental
2.1. Reagents and Chemicals

Tripelennamine hydrochloride (TPA) was purchased from
Sigma Aldrich (Mumbai, India). TPA containing tablet
Azaron was purchased from Omega Pharmaceutical and
Health Care Products (India). All other solvents and
materials used were of analytical grade.

2.2. Instrumentation and Analytical Procedure

The electrochemical experiments were performed with
CHI630D Electrochemical analyzer (Austria, USA) with the
three electrode system. Glassy carbon electrode was used as
working electrode, a platinum wire as auxiliary electrode,
and an Ag/AgCl (3.0 M KCI) as reference electrode,
respectively. pH measurements were performed with Elico
LI120 pH meter (Elico Ltd., India). Experiments were carried
out at room temperature.

The parameters for differential pulse voltammetry (DPV)
were Initial potential: 0.4V; Final potential: 0.9 V; Increase
potential: 0.004V; Amplitude: 0.05V; Frequency: 15Hz; Quit
time: 2s; Sensitivity: 1x10° A\V.

2.3. Measurement Procedure

Stock solution of 1.0 mM TPA was prepared by dissolving
the desired amount in double distilled water. Required
amount of stock solution was added to electrolytic cell
containing phosphate buffer solution. Voltammograms were
then recorded using voltammetric analyzer under optimized
parameters.

2.4. Area of the Electrode

The area of electrode was obtained by cyclic voltammetric
method using 0.1 mMKj;Fe (CN) 4 as a probe at different
scan rates as shown in Figure 2. For a reversible process, the
following Randles—Sevcik equation (1) [19] can be used to
calculate area of the electrode:

3 1 1
ipa = (2.69 x 10_5)n5ADgCOIﬁ (D)

where i, refers to the anodic peak current, n is the number of
electrons transferred, A is surface area of the electrode, Dg is
diffusion coefficient, m is scan rate and Cq is concentration
of K;3Fe(CN)e. For 0.1 mM KjFe(CN)s in 0.1 M KCI
electrolyte, n = 1, Do = 7.6 x10™ cm? s [19], then from the
slope of the plot of iy, versus v'2, surface area of the electrode
can be calculated. In our experiment slope was 14.96x10°
nA (Vs'y"? and area of the electrode was calculated to be
0.0202 cm’.
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Figure 2. Cyclic voltammogram of 0.1 mM K3;Fe(CN)s in 0.1 M KCI solution
at different scan rates (1) - (16): 25mV/s-400mV/s.

2.5. Standard and Pharmaceutical Sample Preparation

The electrochemical techniques, especially voltammetry,
had gained steadily importance during recent years. Such
electrochemical techniques have been applied for the
determination of pharmaceutical compounds in dosage forms
(tablets, capsules, injections and suspension) and biological
samples (real and spiked urine samples, blood and serum).

The commercially available tablets of TPA were weighed
and powdered using pastel mortars. A portion of the powder
equivalent to about 1.0 mM was weighed accurately,
transferred to a 100 mL calibrated flask and completed the
volume with double distilled water. It was then sonicated for
15 min to effect complete dissolution, and diluted to volume
with water. Suitable amounts of this solution were taken and
analyzed. The amount of TPA in tablet was calculated using a
calibration graph or regression equation.

Recovery experiments were carried out by the standard
addition method. Recovery study helps us to know the
accuracy of proposed method, and to check interference from
excipients used in the dosage forms. This study was
performed by addition of known amounts of TPA to known
concentration of the tablets. The resulting mixture was
analyzed as in pure TPA.

2.6. Determination of TPA in Spiked Human Urine and
Plasma Samples

Using the calibration curve method, application of GCE for
the determination of TPA in human urine was also investigated.
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The urine sample was diluted 100 times with 0.2 M PBS (pH

=7.0) to fit the calibration curve and to reduce matrix effect.
No other pre-treatment process was performed.

3. Results and Discussion

3.1. Electrochemical Response of TPA at Glassy Carbon
Electrode

Figure 3 shows the cyclic voltammograms of TPA at glassy
carbon electrode. It can be seen that TPA exhibits an anodic
peak at 0.78 V in pH 7.0 phosphate buffer solution with scan
rate 50 mVs . On scanning in the negative direction, no
reduction peak was observed in this potential range, showing
that oxidation of TPA is an irreversible process.
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Figure 3. Cyclic voltammogram of 0.1 mM TPA at a) Bare glassy carbon
electrode; b) glassy carbon electrode+TPA; scan rate 50 mVs™'; phosphate
buffer of pH 7.0 as supporting electrolyte.

3.2. Effect of pH

Figure 4 displayed effect of different pH on the response
of 0.1 mM TPA at GCE. When the pH changed from 4.2 to
10.4, the anodic peak potential moved to negative direction
indicates electro oxidation of TPA is pH dependence. With
increasing pH, the peak current increased until at about pH
7.0, and then decreased (Figure 5). The sharp and well
defined oxidation peak was observed in phosphate buffer of
pH 7. Hence, we have selected phosphate buffer of pH 7, a
biological pH value, for further studies.
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Figure 4. Influence of pH on the shape of the anodic peak of TPA, (a) 4.2;

(b) 5.0, (c)-6.0, (d) 7.0, () 8.0, () 9.2, (2) 10.4.
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Figure 5. Variations of peak currents I, (u4) of TPA with pH.
3.3. Effect of Scan Rate

The whole procedure for cyclic voltammetry was repeated for
0.1 mM TPA with different scan rate value from 25 to 300 mVs’
'while other parameters were kept constant (Figure 6). In this
scan rate range, the oxidation peak currents increased gradually
along with increase in scan rate. There was a good linear
relationship between anodic peak current and square root of scan
rate (v'?) as shown in Figure 7. The regression equation was L=
= 5.158 v'? (V/s) + 2.338 (R’= 0.987), which indicated that
electron-transfer reaction of TPA on the GCE was diffusion
controlled process. This was also supported by the slope of the
plot log I ,versus log scan rate was 0.102.
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Figure 6. Cyclic voltammograms for the oxidation of TPA at different scan
rates (a) - (j): 25mV/s — 300 mV/s.
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Figure 7. Dependence of oxidation peak current on the square root of scan
rate.
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Figure 8. Dependence of oxidation peak potential on the logarithm of scan
rate.

Moreover, TPA oxidation peak was shifted to more
positive potentials with the increase in scan rate, an expected
behavior of irreversible electrochemical reactions. A linear
relationship was observed between E,, and log v in the range
from 25 to 300 mV s™' represented by a linear equation Ep =
0.056 + 0.896 log v (R*= 0.973), as shown in Figure 8:

The potential is defined by equation (2), according to the
Laviron theory for irreversible systems [21]:

. (2.303RT RTK’ 2.303RT
Epa=E°+[ jlog[ ]4-( jlogv )

onF onF onF

where « is charge transfer coefficient, k® is heterogeneous
electron transfer rate constant, n is number of electrons
transferred, v is scan rate, and E” is formal redox potential.
Other symbols have their usual meanings. Thus, from the
obtained slope of E ,versus log v and considering T=298 K,
R=8.314 J K" mol”, and F=96485 C mol, the value of an
can be easily calculated. Using the obtained slope of 0.056
and o = 0.5 for irreversible diffusion controlled process;
number of transferred electrons was calculated to be 2.11 =
2.0 in the oxidation reaction. The on value was used for the
determination of heterogeneous electron transfer rate
constant. The value of E* in equation (2) can be obtained
from the intercept of E,, versus v curve by extrapolating to
the vertical axis at v = 0 [22]. The intercept obtained for E,,
versus v plot was 0.811. Thus, using this information and
equation (2), the k° value obtained was 1.332x 10° s™".

3.4. Mechanism

The number of electrons calculated was two, indicating
that electro-oxidation of TPA on GCE involves transfer of
two electrons and two protons per molecule of analyte.
Figure 9 shows the probable electro oxidation mechanism for
TPA by taking into account the number of electrons and
protons transferred by calculation. There are two tertiary
amines present in the molecule. The electro oxidation takes
place at tertiary amine attached to pyridine ring [23].
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Figure 9. Probable electro-oxidation mechanism of TPA.

3.5. Analytical Parameters

Differential pulse voltammetry (DPV) was used for the

quantification of TPA since DPV has a much higher current
sensitivity and better resolution than cyclic voltammetry. It
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was used to estimate lower detection limit from
voltammograms in which peaks are sharper and better-
defined than those obtained by cyclic voltammetry. The
electrode showed linear behavior in the concentration range
as represented in Figure 10. Figure 11 represents calibration
plot of TPA at GCE electrode. The calibration plot was fitted
with the equation of I,, (A) = 530.08 [TPA] + 1.8503
(R*=0.995). The detection limit was calculated to be 9.7 x 10"
"M, using the formula (3s/m), here s is standard deviation of
peak currents of the blank (three runs) and m is the slope of
calibration curve. Characteristics of calibration plot are as
shown in Table 1. On comparing the detection limit and
concentration ranges obtained by means of reported HPLC
method [24], i.e. 0.7 pg/mL (LOD), 2-200 pg/mL (Linearity
range), we achieved lower detection limit and concentration
range.
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Figure 10. Differential pulse voltammograms for increasing concentration
of TPA at GCE: (1) - (11): 0.9x107 M to 10x 10° M.
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Figure 11. Plot of current against the concentration of TPA.
3.6. Interference Study

Under the optimized conditions, influence of various
common interferences in pharmaceutical samples for the
determination of TPA was studied. 100-fold Glucose, Gum
Acacia, Sucrose, Citric acid, Dextrose, Lactose, Tartaric acid,
Starch had no obvious interference with the current response
of TPA (signal change below 10%).

Table 1. Characteristics of TPA calibration plot using differential pulse
voltammetry at glassy carbon electrode.

Linearity range (M) 0.9x107 - 10x 107
Slope of the calibration plot 530.08

Intercept 1.8503

Correlation coefficient (r) 0.995

RSD of slope (%) 0.3239

RSD of intercept (%) 0.3230

Number of data points 11.00

LOD (M) 9.7 x 107

LOQ (M) 3.24 x 10

3.7. Sample Analysis

3.7.1. Pharmaceutical Sample Analysis

The proposed method was applied to determine TPA in
Azaron tablets using DPV. Tablet sample was prepared as
explained in the procedure section. The proposed method
shows that recovery of TPA from Azaron tablet were in good
agreement with labeled values of the tablet. A standard
addition method was adopted to estimate accuracy of the
proposed method. The measurement results are shown in
Table 2. The recoveries of TPA standards added arein the
range of 95.32 % to 100.12 %.

Table 2. Results of the assay and the recovery test of TPA in pharmaceutical
preparations using DPV.

Azaron tablet

Labeled claim (mg) 20.00
Amount found (mg) * 19.06
Recovery (%) 95.31
RSD (%) 00.42
Amount of pure drug added (10°M) Found (10°M)®  Recovery
3 3.045 101.50

5 5.006 100.12

8 7.8422 98.02

10 9.532 95.32

*Average of three determinations

3.7.2. Real Sample Analysis

Voltammetric methods can be applied in real sample
analysis in different areas such as biomedical, food,
agriculture, and fishing industries. The developed differential
pulse voltammetric method was applied for the determination
and recovery of TPA from urine samples. The recoveries
from urine were measured by spiking drug free urine with
known amounts of TPA. The urine samples were diluted 100
times with the phosphate buffer solution before analysis
without further pre-treatments. A quantitative analysis can be
carried out by adding the standard solution of TPA (1.0 x 107
M) into the detect system of urine samples. The calibration
graph was used for the determination of spiked TPA in urine
samples. The detection results of four urine samples obtained
are listed in Table 3. The recoveries determined were in the
range from 97.07 % to 100.50 % with a good R.S.D. Thus
satisfactory recoveries of analyte from real samples make the
developed method applicable in clinical analysis.
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Table 3. Application of DPV to the determination of TPA in spiked human urine sample.

Sample Added(x 10° M) Found®(x10° M) Recovery(%) R.S.D (%)
1 2 1.9786 98.93 0.47
2 5 4.8538 97.07 0.73
3 6 6.0304 100.50 0.32
4 8 7.8854 98.56 0.22

*Average of three determinations

4. Conclusion

Tripelennamine hydrochloride exhibited an anodic peak at
glassy carbon electrode. Based on this, a simple and sensitive
electrochemical method was developed for the determination
of TPA. This method had much strength including low cost,
simple preparation process, good stability, excellent
repeatability, and satisfactory sensitivity. The electrodic
reaction process is an irreversible diffusion controlled, the
number of electrons and protons transferred was calculated to
be two. Based on the results suitable electrochemical
mechanism was proposed. TheLower LOD of 9.7 x 107 M
was obtained compared to reported methods. Better
properties of the technique were also observed in comparison
with few other analytical techniques which have already been
developed for determination of TPA. Further, this method
was applied for the recovery study of TPA in human urine
samples.
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