
INTRODUCTION

Bendamustine hydrochloride {(4-{5-[bis-
(2-chloroethyl) amino]-1-methyl-1Hbenzimidazol-
2-yl} butanoic acid)} (Fig. 1) is a bifunctional
alkylating agent  that is used to treat chronic
lymphocytic leukemia (CLL) and non-Hodgkin
lymphoma and may be used for other types of
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ABSTRACT

The present study is aimed to develop visible spectrophotometric methods for the
determination of Bendamustine hydrochloride. The developed methods involve the formation of
chloroform extractable colored ion-association complexes of Bendamustine hydrochloride with
tropaeolineo-oo (Method A) and Alizarin Red S (Method B). The chloroform extracted coloured
complexes showed absorbance maxima at wavelengths 480 and 460nm in methods A and B
respectively. Beer’s law obeyed in the concentration range of 2.5–12.5 µg/mL in both the cases.
Correlation coefficients were found to be 0.9991 and 0.9998 for methods A and B respectively. In
addition molar absorptivity, Sandell sensitivity and the optimum conditions for quantitative analysis
of the Bendamustine hydrogenchloride were determined. The developed ion-association complex
methods were rapid, simple and economically viable compared to other reported analytical methods
which require expensive instruments and are not available in common laboratories. Thus the
proposed methods for Bendamustine determination in bulk and pharmaceutical formulations can
be used in commercial laboratories.
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cancer1,2. Literature survey revealed that one each
UV spectrophotometric3, HPLC4, LC–MS5 and
capillariy GC method6 have been developed for its
determination in various biological fluids. Though,
the above methods have vivid benefits like multi
component determination, rapidness, precision etc.,
they suffer from noteworthy disadvantage –
expensive equipments which unavailable for
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common laboratories. Hence, currently simpler and
lower cost alternative techniques are employed for
the quality control (QC) of the drug in commercial
preparations. Among such techniques,
spectrophotometric method is the generally used
method of choice for routine analysis in industrial
QC laboratories, especially in developing countries.
Therefore, in the present study, an attempt has been
made to develop sensitive visible
spectrophotometric methods for the determination
of Bendamustine   hydro chloride in pure and
dosage formulations using the acidic dyes (TPooo
and ARS).

EXPERIMENTAL

Instruments
A double beam UV-VIS spectrophotometer

(UV-1800, Shimadzu, Japan) with 1.0cm matched
quartz cells were used for the spectral and
absorbance measurements. An Elico LI-120 digital
pH meter was used for pH measurements.
Materials and Methods

TPooo solution was prepared by dissolving
200mg of tropaeolineo-oo in 100ml of distilled water.
ARS solution was prepared by dissolving 200mg of
Alizarin Red-S in 100ml of distilled water. HCl (0.1M)
was prepared by diluting 8.6ml of concentrated
hydrochloric acid to 1000ml with distilled water and
standardized. All the chemicals used in this study
were of AR grade.

Preparation of standard solution
The standard stock solution of

Bendamustine hydrochloride was prepared by
dissolving 100mg of the drug in 10mL of the
methanol and diluted to 100ml with distilled water
to get 1.0mg/mL solution. Final working standard
solution of 50 µg/mL of Bendamustine hydrochloride
was prepared by diluting 5.0mL solution of the above
solution to 100mL with distilled water.

Preparation of Marketed formulations
Bendit (lyophilized powder - marketed

formulations of Natco Pharma Limited, Hyderabad),
an amount equivalent to 50 mg of Bendamustine
hydrochloride was dissolved into 10ml of methanol
and filtered through a Whatman filter paper (No.42).
The filterate was transferred into 100mL volumetric
flasks and made up to the mark with distilled water.

Proposed Procedures for Methods – A and B
Into a series of 125ml separating funnels

containing aliquots of standard bendamustine
solution (0.5 – 2.5ml, 50mg/ml), 5.0ml of 0.1M HCl
solution and 2.0ml of 0.2% dye solution [TPooo in
method-A / ARS in method-B] were added
successively. The total volume of aqueous phase in
each separating funnel was adjusted to 10ml with
distilled water. To each separating funnel 10ml of
chloroform was added and the contents were shaken
for 2 min. The two phases were allowed to separate
and the chloroform layer was passed through
anhydrous sodium sulfate for the removal of
moisture content. The absorbances of the separated
chloroform layers were measured at 

max 480nm /
460 nm against reagent blank for methods A and B
respectively. All spectroscopic measurements were
carried out at room temperature (25 ± 2oC).

RESULTS AND DISCUSSION

Absorption spectra of coloured complex
In the present investigation, the presence

of positively charged tertiraty nitrogen in
Bendamustine hydrochloride in acid medium is
expected to attract negatively charged part of the
acidic dyes (TPooo and ARS) forming colored ion
association / ion-pair complexes (Fig. 4) exhibiting
absorption maxima at 480nm and 460nm
respectively. The so formed complexes are more
stable due to electrostatic interactions.

Chemistry of the colored chromogens
The aim of the proposed study is the usage

of TPooo/ARS as the anionic components for the
spectrophotometric determination of Bendamustine
which forms ion association complexes. TPooo is
an azo dye and chemically named as 4-[(4-hydroxy-
1-napathalenyl azo] benzenesulfonic acid
monosodium salt. Alizarin red S (sodium salt of 3,4-
dihydroxy-9,10-dioxo-2-anthracene sulfonic acid)
ionizes in aqueous solution and thus develops a
negative charge on it. Presence of several functional
groups in Alizarin Red S (ARS) facilitates its use in
complexation reactions and its selectivity can be
altered by changing the reaction conditions in
various assay procedures.

Due to lack of primary amino group in the
Bendamustine, it cannot participate in
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Table 1: Optical and regression characteristics of the
proposed methods for Bendamustine hydrochloride

Parameter Method A Method B

max (nm) 480 460
Beer’s law limits (mg/ml) 2.5  -  12.5 2.5-12.5
Molar absorptivity (1 mol-1.cm-1) 1.145 x 104 9.241 x 103

Sandell’s sensitivity (mg.cm-2/0.001 absorbance unit) 0.3254 0.3496
Optimum photometric range (mg/ml) 3.5-10.0 3.0-20.0
Regression equation (Y=a+bc); Slope (b) 0.028 0.0236
Standard deviation on slope (Sb) 4.953 x 10-4 3.0288 x 10-4

Intercept (a) 0.003 0.0024
Standard deviation on intercept (Sa) 2.857 x 10-3 1.7473 x 10-4

Standard error on estimation (Se) 3.915 x 10-3 2.3944 x 10-3

Correlation coefficient (R2) 0.9991 0.9998
Relative standard deviation (%)** 1.12004 1.60586
% Range of error (confidence limits)
0.05 level 0.93666 1.34295
0.01 level 1.38548 1.9864
LOD 0.102 0.0221
LOQ 1.017 0.0737

* Average of six determinations

Table 2: Assay and recovery of bendamustine in dosage forms

Method Pharmaceutical Labeled Proposed Method

Formulation Amount t F
Amount Found** (Value ) (Value)
 (Mg) (mg) ±S.D

A Bendit 100.0 99.90 ± 0.356 0.200 1.207
B 100.01 ± 0.336 0.079 1.075

** Average of six determinations.

T and F- values refer to comparison of the proposed method.  Theoretical values at 95% confidence limits t=

2.365 and F=5.88.

disadvantageous reactions viz., diazotization,
azocoupling, gelatin gel, Schiff base formation,
indophenol reaction etc., which require long
reaction time as well as form instable coloured
products.  But extraction photometric determination
can be adopted for its determination due to
presence of tertiary nitrogen7,8. Intensively colored
associates are formed between the negative ions
of acid dyes (TPooo / ARS) and oppositely charged
ions of basic organic compound (Bendamustine).
The produced colored associates are poorly water

soluble and are easily extracted into organic
solvents. The coloured associates have lower
dissociation in the organic phase9 due to their lower
dielectric coefficient in comparison with water. This
helps us for extraction spectrophotometric analysis
of basic organic compound7. A number of low
concentrated compounds can be determined by
extraction spectrophotometry using anion dyes like
TPooo/ARS which are having high molar absorption
coefficients7.
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Fig.3: Beer’s law spectra of
Bendamustine for ARS

Fig. 2: Beer’s law spectra of Bendamustine for TPooo

Fig. 1 : Bendamustine hydrochloride

Fig. 4: Schemes of Bendamustine reactions with TPooo & ARS
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Optimised conditions for methods A and B
The optimum conditions for the color

development of methods (A and B) were
established by varying the parameters one at a time,
keeping the others fixed and observing the effect
on the absorbance of the colored species. The effect
of dye volume was studied by varying in the range
0.5- 3.0 ml, where the intensity of the colour was
maximum at 2.0 ml and the intensity continued till
3.0 ml and hence, 2.0ml dye was considered as
optimum volume. The selection of the extracting
solvent was done by studying its effect both on
extraction efficiency and color intensity. Out of the
proved useful solvents (toluene, dichloromethane,
dichloroethane, chloroform, and carbon
tetrachloride), chloroform was selected due to its
lower extraction abilities of the reagent blank and
higher stability of the colored species produced. The
effect of shaking time of aqueous coloured solution
with chloroform was studied in the range 1 to 5
minutes and 2minutes was found to be the optimum.
The colored species after separation into the organic
phase were found to be stable for 60 min & 120 min
in the methods – A & respectively, and afterwards
the intensity gradually decreased. Hence, all the
absorbance measurements were carried out within
30 minutes from the extraction of coloured species
into chloroform. Similarly, for acidic conditions
maintenance, the most favorable condition was
found to be 5.0ml of 0.1M HCl solution.

Method Validation
Validation of the proposed

spectrophotometric method was done according
to ICH guidelines10.

Linearity and Range
The absorbance was determined at five

concentration levels ranging from 2.5µg / ml to
12.5.0¼g/mL of Bendamustine hydrochloride. The
calibration curve was constructed by plotting
response factor against various concentrations of
Bendamustine hydrochloride. The regression
equation for calibration curve of Bendamustine
hydrochloride was Y=0.028X–0.00030 (R2=0.9991)
for TPooo and Y=0.0236X–0.0024 (R2=0.9998) for
ARS (Fig. 2 and 3). The results show that an
excellent correlation exists between response
factor and concentration of drugs within the studied
concentration range (Table.1).

Sensitivity (LOD and LOQ)
The limit of detection (LOD) is defined as

the lowest concentration of an analyte that an
analytical process can reliably differentiate from
back-ground levels. The limit of quantification (LOQ)
is defined as the lowest concentration of the
standard curve that can be measured with an
acceptable accuracy, precision and variability. In
this study, LOD and LOQ for the two proposed
methods were calculated using standard deviation
of the response and the slope of the calibration
curves (Table 1).

Precision and Accuracy
The precision of the method was

demonstrated by intraday variation studies. In the
intraday studies, response factor for six repeated
concentrations of standard and sample solutions
were determined, and percentage RSD for two
methods were calculated. The accuracy of the
methods was determined by recovery experiments.
The recovery studies were carried out six times.
The percentage recovery and standard deviation
for the two methods were calculated and presented
in (Table.1). From the data obtained, the mean
recovery was found to be 99.95 % for Bendamustine
hydrochloride, indicating very good reproducibility
of the developed method

Analysis of pharmaceutical preparations
Commercially available lyophilized

powder of Bendamustine hydrochloride (Bendit)
was subjected to analysis by the proposed methods
and amount of Bendamustine was deduced from
the calibration curves (Fig. 2 and 3).  Recovery of
Bendamustine hydrochloride by the suggested
methods was satisfactory with standard deviations
with in limit (Table 2).

CONCLUSION

The proposed method made use of a
simple reagent, which most ordinary analytical
laboratories can afford. The present method involve
the formation of highly stable colored species which
makes it easier for the determination of
Bendamustine hydrochloride in pharmaceutical
dosage forms as low as 5.0µg/mL for Bendamustine
hydrochloride drug at the given optimum conditions.
Further statistical parameters and the recovery study
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data clearly indicate the reproducibility and accuracy
of the proposed method.  There it is concluded that
the proposed method is suitable and valid for

application in laboratories lacking liquid
chromatographic instruments.
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