
INTRODUCTION 
Ivabradine HCl (IVA) is used to treat the symptoms of stable 
angina pectoris. Ivabradine lowers heart rate and act on the 
ion current, which is located in the sinoatrial node. It is a mixed 

+ +Na -K  inward current that's triggered by hyperpolarization 
 [1]and controlled by the autonomic nervous system . Heart 

failure is a chronic condition in which the heart doesn't pump 
blood in the required quantity causing shortness of breath. 
Heart failure can happen if the heart cannot pump required 
quantity of blood. Symptoms are shortness of breath, fatigue, 
swollen legs and rapid heartbeat.

Ivabradine is hyperpolarization activated cyclic nucleotide-
gated (HCN) channel blockers. Chemically IVA is 3-[3-[[(7S)-
3,4-dimethoxy-7-bicyclo[4.2.0]octa-1,3,5-trienyl]methyl-
methylamino]propyl]-7, 8-dimethoxy-2,5-dihydro-1H-3-

[2-3]benzazepin-4-one . It acts by slowing the heart rate so that 
the heart can pump more blood through the body each time it 
beats. Ivabradine is used in chronic heart failure with systolic 
dysfunction in combination with standard therapy including 
beta-blocker therapy or when beta-blocker therapy is 

 [4]contraindicated or not tolerated .

Bisoprolol (BIS) is a competitive, cardio selective β1-
adrenergic antagonist. Chemically it is 1-(propan-2-ylamino)-

[5-6]3-[4-(2-propan-2-yloxyethoxymethyl) phenoxy]propan-2-ol . 
When β1-receptors (located mainly in the heart) are activated 
by adrenergic neurotransmitters such as epinephrine, both 
the blood pressure and heart rate increase, leading to greater 
cardiovascular work, increasing the demand for oxygen. 
Bisoprolol reduces cardiac workload by decreasing 
contractility and the need for oxygen through competitive 

 [7]inhibition of β1-adrenergic receptors .

Combining ivabradine with low dose of bisoprolol in angina 
patients produces additional antianginal and anti-ischemic 
benets. This combination is under Clinical phase III trial.

Literature survey indicates that there was no analytical 
method published for simultaneous estimation of Ivabradine 
and Bisoprolol in combination. Liquid chromatography (LC) 
techniques for BIS or IVA alone and in combination with other 

[8-38]drugs have been reported . The present study involves 
development and validation of UV spectrosphotometric 
simultaneous equation method for the estimation of IVA and 
BIS in combination. Compared to liquid chromatographic 
methods, UV method offers advantage of less analysis time 
and cheaper. UV methods are comparable with liquid 
chromatographic method with respect to accuracy and 
precision. So, the present study describes accurate and 
precise UV spectroscopic method for simultaneous 
quantication of BIS and IVA in synthetic mixture.

Figure 1: Overlaid UV spectra of BIS (4-16 µg/ml) and IVA (8-
32 µg/ml) in water

EXPERIMENTAL
Materials and Instruments
IVA and BISO were obtained from reputed pharmaceutical 
industry, Gujarat, India.  Methanol (AR grade) was purchased 
from S. D. Fine Chemicals Ltd., India. Double distilled water 
used in the study was prepared in the laboratory.
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Double Beam UV-Visible spectrophotometer (UV-1900 I, 
Shimadzu, Japan) with 1  cm matched quart cell was used in 
the study.  All materials were weighed on calibrated METTLER 
TOLEDO (Columbus, OH, USA) analytical balance.

Preparation of stock solution
BIS and IVA were weighed (10 mg each) and transferred to two 
separate 100 ml volumetric ask containing few ml of water. 
Drugs were dissolved in water and volume was made up to the 
mark with water, which gave 100 µg/ ml of both the drugs.

Selection of wavelength
From the stock solution of BIS and IVA, 2.5 ml was pipetted out 
and diluted up to 25 ml using Distilled water which gave 10 µg/ 
ml solution of both the drugs. Spectra of both the solutions 
were scanned between 400-200 nm. 223 nm was selected as 
wavelength maxima of BIS and 286 nm as wavelength 
maxima of IVA. BIS  do not absorb at the wavelength maxima 
of IVA so 286 nm was selected for the estimation of IVA.

Calibration Curves for BIS and IVA
Appropriate aliquots of BIS and IVA from the stock solutions 
were taken in different 10 ml volumetric asks and diluted up 
to the mark with water to obtain nal concentrations in the 
range of 4-16 µg/ ml of BIS and 08-32 µg/ ml of IVA, 
respectively.  Spectra of solutions were scanned between 400-
200 nm. Calibration curves were constructed relating to 
absorbance at 223 nm and 286 nm. Regression equations 
were computed for BIS and IVA. Absorptivities of both the 
drugs were evaluated at both the wavelength and 
s i m u l t a n e o u s  e q u a t i o n  w a s  c o m p u t e d .  A l l  t h e 
spectrophotometric estimations were carried out at controlled 
room temperature.

Method Validation
[39]The method was validated as per ICH guidelines  for 

accuracy, precision, specicity, linearity, LOD, LOQ and 
robustness by following procedure.

Linearity and range
Linearity of the method was evaluated by constructing 
calibration curves at ve concentration levels over a range of 
4-16 µg/ ml of BIS and 08-32 µg/ ml of IVA at 223 nm and 286 
nm, respectively. Calibration curves were constructed by 
plotting average absorbance versus concentrations and 
regression equations were computed for both the drugs (n=5).

Precision
The intra-day and inter-day precision studies were carried out 
by estimating corresponding responses 3 times on the same 
day and on 3 different days (rst, second, third day) for 3 
different concentrations of BIS (4,10,16µg/ ml) and IVA (8,20,32 
µg/ ml) at 223nm and 286 nm, respectively and the results are 
reported in terms of relative standard deviation (RSD).

 The repeatability studies were carried out by analysing of BIS 
(10 µg/ml) and IVA (20 µg/ml) six times and results are 
reported in terms of relative standard deviation.

Accuracy
The accuracy of the method was determined by calculating 
recoveries of BIS and IVA by method of standard additions. 
Known amount of BIS (3,6,9 µg/ ml) and IVA (6,12,18 µg/ ml) 
were added to a pre quantied (6 μg/ml and 12 μg/ml of BIS 
and IVA, respectively) sample solution. The amount of BIS and 
IVA were estimated by measuring response at the appropriate 
wavelengths. The recovery was veried by estimation of drugs 
in triplicate preparations at each specied concentration 
levels.

LOD and LOQ 
The limit of detection (LOD) is dened as the lowest 

concentration of an analyte that can reliably be differentiated 
from background levels. Limit of quantication (LOQ) of an 
individual analytical procedure is the lowest amount of 
analyte that can be quantitatively determined with suitable 
precision and accuracy. LOD and LOQ were calculated using 
following equation as per ICH guidelines. 

LOD = 3.3 ×σ /S; 
LOQ = 10 ×σ /S; Where σ is the standard deviation of y-
intercepts of regression lines and S is the slope of the 
calibration curve. 

Specicity
The specicity of the method was ascertained by analysing 
BIS and IVA in presence of excipients like Micro crystalline 
cellulose, Hydroxypropyl methylcellulose and Magnesium 
stearate were used for preparation of tablet formulations. 
Interference due to excipients was noted and amount of drug 
recovered were calculated. 

Laboratory prepared mixtures
Appropriate aliquots of BIS working standard solutions were 
taken in different 10 ml volumetric asks. To the same ask 
appropriate aliquots of IVA working standard solutions were 
added and the volume was diluted to the mark with distilled 
water to achieve nal concentration of 4, 8, 10,12,16 µg/ ml of 
BIS and 8,16,20,24,32 µg/ ml of IVA. Spectra of solutions were 
scanned and absorbance was measured at 223 nm and 286 
nm. 

RESULTS AND DISCUSSION
Selection of solvent and wavelength
Both the drugs, BIS and IVA are freely soluble in Water. So, 
Water was selected as a solvent and further dilutions were 
carried using distilled Water. Stock solution of 10 �g/ml of BIS 
and IVA were prepared and scanned between the ranges of 
400-200 nm.  From the overlaid spectra BIS gave wavelength 
maxima at 223 nm and IVA gave wavelength maxima at 286 
nm. BIS do not absorb at the wavelength maxima of IVA, so 
IVA was estimated at 286 nm, while for estimation of BIS, 
simultaneous equation was formed (Figure 1)

Method Validation
Linearity and Range 
The calibration curve was plotted for BIS in the concentration 
range of 4-16 μg/ml which showed linear absorbance at 223 

2nm with correlation coefcient (r ) of 0.9970 and for IVA in the 
concentration range of 08-32 μg/ml which showed linear 

2absorbance at 286 nm with correlation coefcient (r ) of 
0.9942. The absorptivities of both the drugs were determined 
at 223 nm and 286 nm and simultaneous equation was 
computed for further calculations.

At 286 nm, Concentration of IVA is
A = a b c286 IVA

= 133 x b x c
Where a = absorptivity of IVA at 286 nm286 

C= concentration of IVA

At 223 nm (Total absorbance of IVA and BIS)
A = a bC   + a bCBIS BIS IVA IVA

A = Total absorbance of mixture at 223 nm
a  = absorptivity of BIS at 223 nmBIS

C  = Concentration of BIS at 223 nmBIS

a = absorptivity of IVA at 223 nmIVA 

C  = Concentration of IVA at 223 nmIVA

Precision 
Intraday precision 
The intraday studies were carried out by measuring response 
for 3 concentrations for 3 times a day. The % RSD was found to 
be 0.733-1.88% for BIS at 223 nm and 0.229-1.34% for IVA at 
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286 nm. These %RSD value was found to be less than ± 2.0 
indicated that the method is precise. 

Inter day precision 
The interday studies were carried out by measuring response 
for 3 concentrations for 3 times at 3 different days. The % RSD 
was found to be 0.82-1.71% for BIS at 223 nm and 0.679-1.81% 
for IVA at 286nm. These %RSD value was found to be less than 
± 2.0 indicated that the method is precise. 

Repeatability study
The repeatability studies were carried out by measuring 
response for a single concentration for 6 times a day. The % 
RSD was found to be less than 1%  at both the wavelength.

Accuracy 
Accuracy of the method was determined by recovery study 
from marketed formulation at three level of standard addition. 
Percentage recovery for BIS and IVA by this method was found 
in the range of 96.43-100.60% and 95.80-100.10 %, respectively 
(Table 1). The value of %RSD within the limit indicated that the 
method is accurate and percentage recovery shows that there 
is no interference from the excipients. 

Table 1: Accuracy data of BIS and IVA

Limit of detection and limit of quantication
LOD is the lowest amount of the analyte that can be detected. 
From the visual observation of UV spectra, the LOD for BIS was 
found to be 1 µg/ml and for IVA was found to be 2.5 µg/ml. LOQ 
is the lowest amount of the analyte that can be detected and 
quantied. LOQ of the BIS was found to be 4 µg/ml and LOQ of 
the IVA was found to be 8 µg/ml.

Specicity
The specicity study was carried out to check the interference 
from the excipients. The spectra showed absorbance for both 
the drugs without any interference and the recoveries of both 
the drugs were above 96%. 

The validation parameters are summarized in Table 2.
Table 2: Summary of Validation Parameters

Laboratory prepared mixtures
To check the validity of developed equation, laboratory 
prepared mixtures were analyzed. The percentage recovery of 

the BIS and IVA was found to be 97.56-99.58% and 97.5-99.7%, 
respectively. 

CONCLUSION
A simple analytical method has been developed for 
simultaneous estimation of Ivabradine HCl and Bisoprolol in 
synthetic mixture. Modied simultaneous equation method 
was developed using water as a solvent. The method was 
found to be linear in the range of 4-16 µg/ ml of BIS and 08-32 
µg/ ml of IVA. The method was validated with respect to 
accuracy, precision, specicity and robustness. The method 
was applied for the estimation of laboratory prepared mixture 
and was found to be accurate and precise.
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Amt of std 
drug taken
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Amount of 
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% recovery ±SD % RSD

BIS IVA BIS IVA BIS IVA BIS IVA
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Inter-day precision (%RSD) 
(n=3) 
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Robustness Robust Robust

Specicity Specic Specic
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