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Introduction
Betahistine dihydrochloride [N-Methyl-2-(2-pyridyl) ethylamine 

dihydrochloride] is an analogue of histamine and is claimed to 
improve the microcirculation of the labyrinth resulting in reduced 
endolymphatic pressure. It is used to reduce the symptoms of 
vertigo, tinnitus, and hearing loss associated with Ménière’s disease.  
Etilefrine hydrochloride [2-Ethylamino-1-(3-hydroxyphenyl) ethanol 
hydrochloride] is a direct-acting sympathomimetic with beta1-agonist 
properties, and some alpha- and beta2-agonist actions. It is used for the 
treatment of hypotensive states [1]. Few methods have been reported 
for the determination of betahistine dihydrochloride including 
spectrophotometry [2-6], atomic absorption spectrometry [4], capillary 
electrophoresis [7] and HPLC [4, 8-10].

Different techniques were also reported for the determination 
of etilefrine hydrochloride including: spectrophotometry [11-13], 
automated sequential injection spectrophotometry [14], Flow-injection 
spectrophotometry [15], flow-injection chemiluminometric assay [16] 
and HPLC [17-18].

NBD-Cl is an electroactive halide reagent, it has been used as a 
fluorogenic or chromogenic reagent in pharmaceutical analysis, it has 
also been used in charge transfere reactions due to its electrophilic 
properties, where it acts as p acceptor. The analysis of different 
compounds or drugs either in pharmaceuticals or in biological samples 
was performed after derivatization with NBD-Cl followed by measuring 
the resulted product by means of: spectrophotometer,spectrofluorimet
ry and liquid chromatography [19-21].

To our best knowledge no attempts have yet been made to 
determine both drugs by any kinetic method. Furthermore, some 
specific advantages in the application of kinetic assay can be expected 
[22], e.g. (a) Selectivity due to the measurement of the evolution of the 
absorbance with the time of reaction instead of measuring the concrete 
absorbance value; (b) Possibility of no interference of the colored 
and/or turbidity background of the samples, and (c) Possibility of no 

interference of the other active compounds present in the commercial 
product if they are resisting the chemical reaction conditions established 
for the proposed kinetic method.

The aim of the present work was the development of simple, sensitive 
and economical kinetic analytical method for the determination of 
betahistine dihydrochloride and etilefrine hydrochloride in their 
pure form and in their pharmaceutical formulations by measuring the 
absorbance at 496, and 503 nm for both drugs respectively after the 
addition of NBD-Cl.

Experimental
Apparatus

Shimadzu UV-260 double beam recording spectrometer with a 1 
cm cell holder

Materials and reagents
All reagents and solvents were of analytical grade, doubly distilled 

water was used.

• Disodium hydrogen phosphate (El-Nasr Chemical Co. Cairo,
Egypt), 0.05 M aqueous solution.

• 4-chloro-7-nitrobenzofurazan (NBD-Cl) (Fluka- Germany), a
fresh solution (0.1% w/v) in methanol was prepared daily.

• Betahistine dihydrochloride pure drug (Pharco Co., Egypt),
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Abstract
The importance of betahistine dihydrochloride as an anti-vertigo medicine and of etilefrine hydrochloride in the 

management of hypotension necessitates the development of a simple, sensitive and inexpensive technique for 
their analysis. This study reports the development of an accurate, feasible kinetic technique for their determination. 
It is based on the reaction of the cited drugs with 4-chloro-7-nitrobenzofurazan (NBD–Cl) in presence of 0.05 M 
disodium hydrogen phosphate. The absorbance was measured at 496, and 503 nm for betahistine dihydrochloride 
and etilefrine hydrochloride respectively, at a fixed time of 30 minutes on thermostated water bath at 90°C. 
The absorbance concentration plots were rectilinear over the range 0.25–7 and 3–13 μg/ml for betahistine 
dihydrochloride and etilefrine hydrochloride, respectively. The method has been applied successfully to commercial 
tablet dosage form and can be further applied for their determination on a large scale in quality control laboratories, 
or in small laboratories. The obtained results statistically agreed with those obtained by official titrimetric methods. 
The determination of the studied drugs by the fixed concentration and rate constant methods is feasible with the 
calibration equations obtained, but the fixed time method proves to be more applicable. 
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Betaserc tablets (Pharco Co., Egypt), labeled to contain 8 mg 
betahistine dihydrochloride per tablet, batch No. 296.

• Etilefrine hydrochloride (CID Co., Egypt), Effortil tablets (CID Co.,
Egypt), labeled to contain 5 mg etilefrine hydrochloride per tablet,
batch No. 105.

Standard drug solutions

Aqueous solutions of 0.1 mg/ml betahistine dihydrochloride and 
etilefrine hydrochloride were prepared by dissolving appropriate 
amounts of each compound in distilled water.

General procedures 

Construction of calibration curves: Accurately measured aliquots 
of standard solutions containing (0.0025 – 0.07), (0.03 – 0.13) mg of 
betahistine dihydrochloride and etilefrine hydrochloride respectively 
were transferred into a series of 10 ml volumetric flasks, after that 
1.5 ml of 0.05 M disodium hydrogen phosphate was added to bring 
the solution to pH of 9, followed by 1.5 ml of 0.1% w/v NBD-Cl, the 
mixtures were heated to 90°C in a water bath for a fixed time of a 30 
minutes, the flasks were cooled under water, volumes were made up to 
the mark using distilled water, the absorbance was measured directly at 
496, 503 nm  for the two drugs respectively. The concentration was then 
calculated from the corresponding equation for the calibration graph 
for the fixed time method (Tables 1-3).

Procedures for pharmaceutical formulations: Ten tablets were 
grinded, an accurately weighed amount equivalent to 10 mg of both 
drugs was extracted by shaking with 10 ml distilled water, filtered, 
transferred into separate 100 ml volumetric flasks, completed to the 
mark using distilled water.

Results 
Optimization of the reaction’s conditions

The presence of nitro group in the 7th position in NBD-Cl molecule 
induces a direct and indirect electrophilic reactivity. This can be also 
attributed to the strongly unsaturated character of nitro-benzofurazan 
system. The possibility of the reaction of NBD-Cl with betahistine 
dihydrochloride and etilefrine hydrochloride was investigated under 
various conditions. It was found that the reaction proceeds optimally 

in alkaline media and at elevated temperatures. Like many alkylamine 
[23-24] betahistine dihydrochloride and etilefrine hydrochloride react 
with NBD-Cl to form brown color product (scheme 1), that absorbs at 
496 and 503 nm for both drugs (Figure 1), respectively, the extent of 
the formation of this species depends on the concentration of NBD-Cl, 
alkalinity, temperature and therefore the effects of these variables were 
studied:

• Volume of 1.5 mL of 0.1% w/v NBD-Cl solution in methanol was
found to be satisfactory and was used throughout this investigation.

• Different bases were tried in order to generate the nucleophile from
the studied drugs such as disodium hydrogen phosphate, sodium
bicarbonate, sodium acetate, and borax. The best results were
obtained with 1.5 ml of 0.05 M disodium hydrogen phosphate.

• The reaction rate was found to increase with higher temperature

Parameter Betahistine 
dihydrochloride

Etilefrine
hydrochloride

Reaction Temperature(°C)
Reaction Time (min)

          Reagent Volume
(ml of 0.1% w/v in methanol)

Solvent
Maximum Wavelength

90
30
1.5

Water
496

90
30
1.5

Water 
503

Table 1: Assay parameters for the determination of betahistine dihydrochloride 
and etilefrine hydrochloride using fixed time method.

Items Betahistine 
dihydrochloride

Etilefrine 
hydrochloride

Linearity range (ìg/ml )
Apparant molar absorptivity* (mol-1 
cm-1)
Sandell’s sensitivity (ìg/ml per 0.001 A)
Regression equation :
Intercept (a)
Slope (b)
Correlation coefficient (r)
Variance

0.25 -  7
4.76 x 104 
2.28 x 10-2

0.189
0.107
0.9999
0.602

3 - 13
1.51 x 104

6.92 x 10-3

- 9.05 x 10-5

0.069
0.9998
0.719

*calculated on the basis of the molecular weight of the drug
Table 2: Spectral data for determination of betahistine dihydrochloride and etilefrine 
hydrochloride using fixed time method.

Time (min) Calibration equation Correlation coefficient (r)
Betahistine dihydrochloride

10 A = 0.119 + 0.085 C 0.9947
20 A = 0.155 + 0.101 C 0.9950
30 A = 0.189 + 0.107 C 0.9999
40 A = 0.089 + 0.114 C 0.9983

Etilefrine hydrochloride
10 A = -0.045 + 0.055 C 0.9928
20 A = -0.050 + 0.068 C 0.9981
30 A = -9.05 x 10-5 + 0.069 C 0.9998
40 A =  -0.053 + 0.062 C 0.9975

Table 3: Calibration equations for betahistine dihydrochloride and etilefrine 
hydrochloride at different fixed times over the linearity range for both drugs, in 
presence of constant concentration of NBD-Cl.

Scheme 1: Proposed reaction scheme for the reaction of NBD-Cl with:
a) Betahistine dihydrochloride
b) Etilefrine hydrochloride
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with a subsequent increase in the slope of calibration graph (Table 
3), indicating higher analytical sensitivity. Heating for 30 minutes 
was found to give most optimum results, further heating leads to 
decrease in the absorbance, and in the slope of calibration graph 
leading to a lower sensitivity.

Kinetics study of the reactions

The rate of the reaction was also found to be dependent on the 
drug concentration. The rate was followed   at 90°C with various 
concentrations of the studied drugs in the range 0.25–7 and 3–13 
μg/ml for betahistine dihydrochloride and etilefrine hydrochloride 
respectively, keeping the other reactants, base and NBD-Cl at constant 
high concentration. The graph shown in (Figures 2, 3), was obtained, 
from which it is clear that the rate increases as the studied drugs 
concentration increases, indicating that the reactions rates obeys the 
following equation:

Rate=K’ [drug]n                 (1)

where K’ is the pseudo-order constant of the reaction and n is the 
order of the reaction. The rate of the reaction may be estimated by the 
variable-time method measurement [25] as  ∆A/∆t, where A is the 
absorbance and t is the time in seconds. Taking logarithms of rates and 
concentration (Table 4) equation (1) is transformed into:  

log (rate)=log ∆A/∆t = log K’ + n log [drug]   (2)

Regression of log (rate) versus log (drug) gave the regression 
equation:

log(rate)= -0.5402 +0.6843 log C (r=0.9946), K’ = 0.288 S-1 for 
betahistine dihydrochloride log (rate) = 0.4032 + 0.9446 log C ( r = 
0.9031), K’ = 2.531 S-1  for etilefrine hydrochloride hence the reaction is 
first order (n ≈ 1) with respect to drug concentration.

Evaluation of the kinetic methods

Several experiments were carried out to obtain the drug 
concentration from the rate data according to the corresponding 
equation (1). Rate constant, fixed concentration and fixed time methods 
[26,27] were tried and the most suitable analytical method was selected 
taking in consideration applicability, sensitivity and correlation 
coefficient. 

Rate-constant method: Graphs of log (absorbance) versus time for 
the studied drugs concentrations in the range (1.195 x 10-6 to 3.347 x 
10-5 and 1.378 x 10-5 to 5.971 x 10-5 M) for betahistine dihydrochloride
and etilefrine hydrochloride respectively were plotted and all appeared
to be rectilinear. Pseudo-first order rate constants corresponding to
different drugs concentrations (C) were calculated from the slopes
multiplied by −2.303 and are presented in (Table 5), (Figure 4,5).

Regression of (C) versus K’ gave the equation:

K’= - 0.0004 + 9.2297 C (r=0.4569)     (for betahistine dihydrochloride)
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Figure 1: Absorption Spectra of the reaction products of the studied drugs 
with NBD-Cl.   
……….  Betahistine dihydrochloride (3 μg/ml) 
__  __   Etilefrine hydrochloride (9 μg/ml )
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Figure 2: Absorbance vs. time graphs for the reaction of betahistine 
dihydrochloride and NBD-Cl, at fixed concentration of NBD-Cl and different 
concentration of betahistine dihydrochloride: (1) 1.19 x 10-6 ; (2) 2.39 x 10-6 ; 
(3) 4.78 x 10-6 ; (4) 9.56 x 10-6; (5) 1.43 x 10-5; (6) 1.91 x 10-5; (7) 2.39 x 10-5; 
(8) 2.87 x 10-5; (9) 3.35 x 10-5M of the studied drug.
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Figure 3: Absorbance vs. time graphs for the reaction of etilefrine hydrochloride 
and NBD-Cl, at fixed concentration of NBD-Cl and different concentration of 
etilefrine hydrochloride (1) 1.38 x 10-5; (2) 2.29 x 10-5; (3) 3.22 x 10-5; (4) 4.13 
x 10-5; (5) 5.05 x 10-5; (6) 5.97 x 10-5 M of the studied drug.

Betahistine dihydrochloride Etilefrine hydrochloride
Log (rate), 
log ∆A/∆t

Log (betahistine 
dihydrochloride) (M)

Log (rate), log 
∆A/∆t

Log (etilefrine 
hydrochloride) (M)

-4.602
-4.436
-4.139
-3.933
-3.824
-3.757
-3.714
-3.645
-3.661

-5.922
-5.621
-5.320
-5.019
-4.843
-4.718
-4.621
-4.542
-4.475

-4.071
-4.176
-3.829
-3.709
-3.664
-3.538

-4.861
-4.639
-4.493
-4.384
-4.296
-4.224

Table 4: Logarithms of the rates, of the reactions of different concentrations of 
betahistine dihydrochloride and etilefrine hydrochloride with NBD-Cl, at constant 
concentration of NBD-Cl.



Citation: Anis SM, Hosny MM, Abdellatef HE, El-Balkiny MN (2011) Kinetic Spectrophotometric Determination of Betahistine Dihydrochloride and 
Etilefrine Hydrochloride in Pharmaceutical Formulation. Pharm Anal Acta 2:116. doi:10.4172/2153-2435.1000116

Page 4 of 6

Volume 2 • Issue 1 • 1000116
Pharm Anal Acta
ISSN: 2153-2435 PAA, an open access journal 

K’= - 0.0006 + 9.5836 C (r=0.7763)      (for etilefrine hydrochloride)

The value (r) indicates poor linearity, which is probably due to 
inconsistency of K’ as a result of slight changes due to the elevated 
temperature of the reaction.

Fixed-concentration method: Reaction rates were determined for 
different concentrations in the range 1.913 × 10−5 – 2.869 ×10−5 and 4.134 
× 10−5 – 5.972 × 10−5 M for betahistine dihydrochloride and etilefrine 
hydrochloride respectively. A pre -selected value of the absorbance was 
fixed, and the time was measured in seconds. The reciprocal of time 
(i.e. 1/t) versus the initial concentration of the studied drugs (Table 6) 
was plotted (Figure 6, 7). The following equations for calibration graphs 
were worked out by linear regression: 

1/ t = -1.7 × 10−3 + 116.11 C (r=0.9991) for betahistine 

Betahistine dihydrochloride Etilefrine hydrochloride
K’ (S-1) (M) K’ (S-1) (M)

-9.18 x 10-4

-1.67 x 10-4

-1.94 x 10-4

-2.59 x 10-4

-2.97 x 10-4

-2.05 x 10-4

-2.48 x 10-4

-1.98 x 10-4

-1.669 x 10-4

1.19 x 10-6 
2.39 x 10-6

4.78 x 10-6

9.56 x 10-6

1.43 x 10-5

1.91 x 10-5

2.39 x 10-5

2.87 x 10-5

3.35 x 10-5

-6.84 x 10-4

-2.99 x 10-4

-1.78 x 10-4

-1.46 x 10-4

-1.26 x 10-4

-1.78 x 10-4

1.38 x 10-5

2.29 x 10-5

3.22 x 10-5

4.13 x 10-5

5.05 x 10-5

5.97 x 10-5

Table 5: Pseudo-first order rate constants K’, corresponding to different drugs 
concentrations, at constant concentration of NBD-Cl.
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Figure 4: Values of Pseudo-first order rate constants K’, for different 
concentrations of betahistine dihydrochloride at constant concentration of the 
reagent.
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Figure 5: Values of Pseudo-first order rate constants K’, for different 
concentrations of etilefrine hydrochloride at constant concentration of the 
reagent.
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Figure 6: Values of reciprocal of time taken at fixed absorbance for different 
initial concentrations of betahistine dihydrochloride, at constant concentration 
of NBD-Cl.
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Figure 7: Values of reciprocal of time taken at fixed absorbance for different 
initial concentration of etilefrine hydrochloride, at constant concentration of 
NBD-Cl.

dihydrochloride 1/ t = -1.9 × 10−3 + 60.681 C (r=0.9967) for etilefrine 
hydrochloride.

The range of the concentration of the studied drugs giving the most 
acceptable calibration graph with the above equations was very limited, 
which could be disadvantage.

Fixed time method: Reaction rates were determined for different 
concentration of the studied drugs. At a pre-selected fixed time, which 
was accurately determined, the absorbance was measured. Calibration 
graphs of the absorbance versus initial concentration of the studied 
drugs were obtained at fixed times of 10, 20, 30 and 40 min with the 
calibration equation shown in (Table 3).  It is clear that, both the slopes 
and intercepts increase with time. The most acceptable values of the 
correlation coefficient and more reaction products (indicated by higher 
absorbance readings) as shown in (Figures 2 and 3) were obtained for a 
fixed time of 30 min, which was, therefore chosen as the most suitable 
time interval for measurements.     

Betahistine dihydrochloride Etilefrine hydrochloride
1/t (S-1) (M) 1/t (S-1) (M)

5.56 x 10-4

9.26 x 10-4

1.67 x 10-3

1.91 x 10-5

2.39 x 10-5

2.87 x 10-5

5.55 x 10-4

1.19 x 10-3

1.67 x 10-4

4.13 x 10-5

5.05 x 10-5

5.97 x 10-5

Table 6: Values of reciprocal of time taken at fixed absorbance for different initial 
concentrations of betahistine dihydrochloride and etilefrine hydrochloride.
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After optimizing the reaction conditions, the fixed time method 
was applied to the determination of betahistine dihydrochloride 
and etilefrine hydrochloride in pure form and in pharmaceutical 
formulation over the concentration range of (0.25–7 and 3–13 mg/ml) 
for both drugs respectively. Analysis of the date gives the following 
regression equation:

A =   0.189 + 0.107 C (r= 0.9999) for betahistine dihydrochloride 

A = - 9.05 x 10-5 + 0.069 C (r = 0.9998) for etilefrine hydrochloride

Discussion
The fixed time method was applied to the determination of the 

studied drugs in the pure form and in the supplied drug formulations 
(tablet form). The concentrations of the studied drugs were calculated 
using the corresponding calibration equation in (Table 3) at fixed 
time of 30 min. The developed analytical method was validated 
as per USP requirements [29]. Under the described experimental 
conditions, calibration graphs were constructed for all of the studied 
drugs, linear relationship was found between the absorbance at λmax 

and the concentration of the drug in the ranges of 0.25 - 7 and 3 - 13 
μg/ml, for betahistine dihydrochloride and etilefrine hydrochloride 
respectively. The values for correlation coefficients ranged from 0.9998 
to 0.9999 (Table 2). The recoveries, standard deviations, relative 
standard deviations, standard errors, variances for the two studied 
drugs applying the previously stated method were listed in (Table 7). 
The proposed method was applied for determination of the selected 
drugs in their pharmaceutical formulations using the standard addition 
method. The results of analysis of the commercial dosage forms and the 
recovery study are shown in (Table 8). The average percent recoveries 
obtained, indicated good accuracy of the methods. 

The result obtained for the analysis of the studied drugs in drug 
formulations employed was compared with those obtained with the 
titrimetric methods [28], (Table 9). The Student t-test and F-test values 
of 95% confidence level did not exceed the theoretical values indicating 
no significant difference between the accuracy and the precision of the 
two methods.

Conclusion
The proposed method holds several advantages when compared to 

other previously reported methods:

a) In sensitivity when compared with the official titrational procedures
[28]. The proposed method can be used for detection of as low
as 0.25 or 3 mg/ml of betahistine dihydrochloride or etilefrine
hydrochloride respectively while the lowest detection limit for the
official method is 1.6 or 2.14 mg/ml for both drugs in same order.

b) In selectivity due to the measurement of the evolution of the
absorbance with the time of reaction instead of the measurement
of a concrete absorbance value, makes it advantageous over other
reported spectrophotometric methods.

c) In contrast to HPLC which requires special hardware and is
expensive both in instrument time and in solvent consumption. The
reported method holds the advantages of requiring only standard
spectrometer hardware.

In conclusion the given data reveal that the proposed method
is accurate and sensitive, with good precision and accuracy. With 
this method, one can do accurate analysis at low cost without losing 
accuracy. The proposed method can be used as alternative methods to 
the reported ones for the routine analysis of betahistine dihydrochloride 
and etilefrine hydrochloride in the pure form and in pharmaceutical 
formulations, in quality control laboratories, or on smaller scale in 
small laboratories.
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