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Abstract
Two chromatographic methods were applied for the determination of butamirate citrate (BC) drug in the presence of its degra-
dation product. Rapid resolution liquid chromatography (RRLC) Agilent SB-C18 (4.6 × 50 mm, 1.8 µm) column with mobile 
phase [0.2% triethyl amine buffer:acetonitrile (50:50 v/v)], pH 4.8 adjusted with phosphoric acid and ultraviolet detection at 
222 nm was the first method. HPLC Promosil C18 (4.6 mm × 250 mm, 5 μm) column with mobile phase [0.05 M ammonium 
dihydrogen phosphate buffer:acetonitrile 50:50 (v/v)] with pH 5.4 and ultraviolet detection at 222 nm was the second method. 
These methods showed high sensitivity concerning linearity, accuracy, and precision over the range from 5 to 150 µg mL−1 
and 1 to 150 µg mL−1 for RRLC and HPLC methods, respectively. The proposed methods were successfully applied for the 
determination of butamirate citrate (BC) in its commercial formulation (cough cut syrup). The International Conference on 
Harmonization guidelines (ICH) were adopted for methods’ validation with respect to linearity, LOD, LOQ, precision and 
specificity. Moreover, to establish stability-indicating capability of the proposed methods, the kinetics of degradation of BC 
were studied in aqueous alkaline and acidic solution.The thermodynamic parameters of activation (enthalpy, free energy and 
entropy) were determined for acidic degradation reaction and half-life times could also be estimated.
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Introduction

Butamirate citrate (Scheme 1) which has the IUPAC name 
of 2-(2-Diethylaminoethoxy) ethyl 2-phenylbutyrate dihy-
drogen, belongs to a class of medicines called antitussives, 
which suppress coughing, possibly by reducing the activity 
of the cough center in the brain.

The usual dose is up to 30 mg daily in three or four 
divided doses by mouth; some countries permit up to 90 mg 
daily in divided doses (Brayfield 2017). The butamirate cit-
rate syrup contains butamirate citrate as an active ingre-
dient and works by treating acute lower respiratory tract 
infections.

Butamirate citrate is not official in any pharmacopeia and 
also no pharmacopoeial monograph has been reported for 

its determination in the syrup. Determination of butamirate 
citrate in its pharmaceutical formulations has been reported 
in literature applying several techniques such as UV–visible 
spectrophotometry (Doi et al. 1996; Malliou et al. 2003; 
Ayman et al. 2008; Sonia et al. 2011b). HPLC determination 
of BC in the presence of sodium benzoate or its degradation 
products was mentioned in literature using different mobile 
phases (Mohamed. 2011; Ahmed et al. 2011; Alok et al. 
2011; Sonia et al. 2011a).

There is no reported study on the determination of 
thermodynamic parameters of the hydrolysis process of 
butamirate citrate. However, thermodynamic evaluation is 
important in the development process of the drug towards 
the best possible energetic interaction profile while retain-
ing good pharmacological properties (Nichola and Jonathan 
2012). So, it is necessary to determine the thermodynamic 
parameters namely enthalpy, entropy and free energy for 
hydrolysis of BC drug, which can be applied to the drug 
development process.

Our study focuses on the presentation of valid, accu-
rate, well-developed chromatographic methods, with short 
analysis time, to quantify BC either in its bulk form or in 
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pharmaceutical product (Cough cut syrup). The methods 
were successfully applied to determine BC in the presence 
of its degradation product.

In addition, to attain better results, the Agilent 1200 
Series RRLC system equipped with RRHT 1.8 µm columns 
was used. It has many advantages, more than the conven-
tional HPLC method. It achieves fast and high resolution 
analysis with multiple bonded phases and a long lifetime 
(Robyn 2006).

Furthermore, kinetic studies and accelerated stability 
methods are essential in dealing with challenges in quality 
control issues and predicting the alteration of drug dosage 
forms by dissolution, addition of excipients, or changes in 
storage conditions, and the expiry dates.

Experimental

Apparatus

RRLC

A liquid chromatograph consisting of an Agilent RRLC 
instrument (Agilent, USA) 1200 series, Binary pump SL 
(Model G1312B Agilent 1200 series, Agilent Technologies) 
connected with auto sampler ALS SL (Model G1329B Agi-
lent 1200 series, Agilent Technologies),Thermostat column 
compartment FC/ALS (Model G1330B, Agilent 1200 series, 
Agilent Technologies) equipped with a diode array detector 
DAD SL(Model G1315C, Agilent 1200 series, Agilent Tech-
nologies). Data acquisition and analysis were performed on 
ChemStation module.

HPLC

A liquid chromatograph consisting of an Agilent HPLC 
instrument (Agilent, USA) 1200 series, quaternary pump 
(Model G1311A Agilent 1200 series, Agilent Technologies) 
connected with auto sampler SL (Model G1329A Agilent 
1200 series, Agilent Technologies), Thermostat column 
compartment TCC (Model 1316A, Agilent 1200 series, 
Agilent Technologies) equipped with a diode array detec-
tor MWD (Model G1365B, Agilent 1200 series, Agilent 

Technologies). Data acquisition and analysis were per-
formed on ChemStation module.

Analytical balance used was Metler Toledo (AB2665S 
Model, Switzerland). Digital pH meter (HANNA PH211 
Model, Romania), vacuum filter pump (Model XI 5522050 
of Millipore), sonicator (Crest model, USA) and thermo-
static water bath (Memmret, Germany) were used. Mass 
spectrometric analysis is carried out using a TSQ Quantum 
Access MAX triple quadrupole system. Data acquisition and 
processing were performed using Thermo Scientific Xcali-
bur 2.1 software.

Chromatographic conditions

In the first method (RRLC), the separation was carried out 
on Agilent SB-C18 (4.6 × 50 mm, 1.8 µm) column. The 
mobile phase consisting of buffer (0.2% triethylamine, and 
acetonitrile 50:50 (v/v) was adjusted to pH value 4.8 with 
phosphoric acid. In the second method (HPLC), the separa-
tion was carried out on Promosil C18 (4.6 mm × 250 mm, 
5 μm). The mobile phase consists of buffer [0.05 M ammo-
nium dihydrogen phosphate and acetonitrile 50:50 (v/v)] 
with pH 5.4. The prepared mobile phases were filtered 
through 0.45 µm filters under vacuum, degassed and soni-
cated for 5 min. The flow rate was kept at 0.5 mL min−1 and 
the injected volume was 2 μL in the first method, while the 
flow rate was 1 mL min−1 and the injected volume was 20 μL 
in the second method. The eluent was monitored at 222 nm 
in both methods.

Materials and solvents

Butamirate citrate (BC) reference standard material was 
kindly supplied by Labochim EGPI Factory, and its potency 
was found to be 99.5%. Cough cut syrup (HI Pharm. Com-
pany) labeled to contain BC 7.5 mg/5 mL was purchased 
from the local market.

All solvents used in this investigation were of HPLC 
grade. They included hydrochloric acid (36%, Fischer Sci-
entific, UK), ammonium dihydrogen-o-phosphate (Adwic, 
Egypt), acetonitrile (Poch, Poland), sodium hydroxide and 
triethylamine (LOBA Chemie, India).

Scheme 1  Chemical structure 
of butamirate citrate
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Preparation of standard solutions

Preparation of standard solution of BC

A stock standard solution of BC (1.0 mg mL−1) was pre-
pared in deionized water and kept in refrigerator at 8 °C. 
Working standard solution (50 µg mL−1) was obtained by 
dilution of the respective stock solution with mobile phase.

Preparation of standard stock solution of pharmaceutical 
formulation

5 mL of cough cut syrup (equivalent to 7.5 mg of BC) was 
dissolved in a less amount of water transferred into 75 mL 
volumetric flask and sonicated for 15 min. After filtration, 
the volume was completed to the mark using deionized water 
to obtain 100 µg mL−1 stock solution. A solution of a con-
centration, 50 μg mL−1 was prepared from (100 µg mL−1) 
by dilution with mobile phase.

Preparation of standard stock solution of alkaline 
degradation product

Accelerated alkaline degradation of BC was laboratory pre-
pared by dissolving 10 mg of BC in 10 mL of water and 
adding 10 mL of 1 N NaOH. The solution was left for 2 h 
at room temperature to achieve complete hydrolysis. The 
solution was neutralized to pH 7 with 1 N HCl and after that 
the flask was filled to 100 mL with water, 2 μL and 20 μL 
of each solution which were injected and chromatographed 
using the chromatographic conditions for the two methods 
described above.

A solution of a concentration, 50 μg mL−1 was prepared 
from (100 μg mL−1) stock solution, by dilution with mobile 
phase, and subjected to MS spectroscopic analysis for sub-
sequent structural elucidation.

Acidic degradation

To evaluate the apparent activation parameters, an accurately 
weighed amount of 50 mg of BC was dissolved in 50 mL 
of water. 5 mL aliquots of the above solution were trans-
ferred to separate series of test tubes and mixed with 5 mL 
of 1 N HCl. To study the effect of temperature for different 
time intervals, the test tubes were stoppered and placed in a 
thermostatic water bath at temperatures 50, 60, and 70 °C. 
At the specified time, the contents of the tubes were neutral-
ized to pH 7.0 using 1 N NaOH. The content of each tube 
was immediately transferred to 100 mL volumetric flasks 
and diluted to volume with mobile phase. Aliquots of 2 μL 
or 20μL for the first or the second method, respectively, of 
each solution were chromatographed under the chromato-
graphic conditions described above. The concentrations of 

the remaining BC were calculated at each time interval and 
temperature. Logarithm of the percentage of the remaining 
BC concentration was plotted against the corresponding time 
interval for each temperature, and the regression equations 
were computed.

Construction of calibration graph (general 
procedures)

Solutions from 5.0–150 µg mL−1 and from 1.0–150 µg mL−1 
were prepared from BC working standard solution, and 2 
μL or 20 μL were injected (triplicate) for RRLC and HPLC 
method, respectively, which were chromatographed at 
222 nm under the previously described chromatographic 
conditions. The average peak areas were calculated and plot-
ted against the corresponding concentration of the drug in 
μg mL−1 and the regression equation was computed.

Assay of BC in pharmaceutical formulation

Aliquots of 5.0 mL from pharmaceutical formulation stock 
solution were transferred to 10 mL volumetric flasks and the 
volume was completed with mobile phase, then each final 
dilution was injected in triplicate. The general procedures 
described above were followed. The recovered concentra-
tions of BC in its pharmaceutical formulation were calcu-
lated using the calibration regression equation.

Application of standard addition technique

To check the validity of the proposed chromatographic meth-
ods, the standard addition technique was applied. Known 
amounts of BC working standard solution were added to 
drug substance and pre-quantified sample solution (cough 
cut syrup). The relation between concentration and area was 
drawn and then the mean recovery % of the pure drug was 
calculated.

Laboratory‑prepared mixtures

From working standard solution (50 µg mL−1), aliquots of 
1–9 mL were transferred into series of 10 mL volumetric 
flasks, then 90–10% of degradate was added, calculated with 
respect to total weights (drug–degradation mixture) using 
9–1 mL of the degradate solution (50 µg mL−1) to the corre-
sponding flasks. The procedure was carried out and chroma-
tographed using the chromatographic conditions described 
above and the concentration of BC was calculated from the 
corresponding regression equation.
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Results and discussion

Stability of the studied drug

The stability of BC bulk powder and its cough cut syrup was 
studied by keeping in a muffle at 50 °C for 24 h. The samples 
were analyzed before and after this study according to the 
general procedures. The results revealed that the drug and 
its pharmaceutical formulation are stable in this condition.

Forced alkaline degradation product

It was found that when the drug was left for 2 h at room 
temperature in 1 N NaOH, the degradation was so fast that 
almost complete degradation of the drug gives one degrada-
tion product separated and analyzed using RRLC and HPLC 
as shown in (Fig. 1a, b).

The identification of BC degradation product was per-
formed by means of MS method. From MS spectrum, alka-
line degradation products were found at m/z 164, as shown 
in (Fig. 2).

Fig. 1  a RRLC chromatograms of complete alkaline degradation of butamirate citrate (2 h). b HPLC chromatograms of complete alkaline degra-
dation of butamirate citrate (2 h)

Fig. 2  Mass spectrum of complete alkaline degradation product of BC
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Method optimization

To optimize RRLC and HPLC assay parameters, we tried 
different types of C8 or C18 to enhance the separation pro-
cess. The tried columns were Agilent Bonus-RP (1.8 µm, 
4.6 × 50 mm), Agilent C8 (1.8 µm, 4.6 × 50 mm) and Agilent 
SB-C18 column (50 × 4.6 mm) with a particle size of 1.8 μm 
for RRLC method. As for the HPLC method, Agilent Zorbax 
C8 (5 µm, 4.6 × 250 mm), YMC-pack ODS C18 (3.5 µm, 
4.6 × 150 mm) and promosil C18 column (250 × 4.6 mm) 
with a particle size of 5 μm were tried. The mobile phase 
conditions and choice of detection wavelength were care-
fully investigated.

For RRLC method, it was found that the Agilent SB-C18 
column (50 × 4.6 mm) with a particle size of 1.8 μm gave 
suitable resolution for BC and its degradation product. The 
best results were obtained using buffer consisting of 0.2% 
triethylamine (with pH 4.8) and acetonitrile 50:50 (v/v) 
as a mobile phase. The flow rate was isocratic adjusted at 
0.5 mL min−1 where the injected volume was 2 μL. In case 
of HPLC method, it was found that the promosil C18 column 
(250 × 4.6 mm) with a particle size of 5 μm gave a suitable 
resolution for BC and its degradation products. Satisfactory 
separation was achieving using buffer consisting of 0.05 M 
ammonium dihydrogen ortho-phosphate (pH 5.4) and ace-
tonitrile in ratio 50:50 (v/v). The flow rate was isocratic 
adjusted at 1 mL min−1 and the injected volume was 20 μL, 
as shown in (Fig. 3a, b).

Method validation

Validation of the method was performed in accordance to 
ICH guidelines (ICH 2005).

Selectivity and peak purity

The selectivity of the proposed methods was further demon-
strated by testing the peak purity of the cited drug in phar-
maceutical preparation matrix spiked with its degradation 
products using diode array detector (DAD) as illustrated in 
(Fig. 4a, b).

The main feature of DAD is the possible collection of 
spectra across a range of wavelengths at each data point 
collected across a peak, and through software manipulation 
where each spectrum can be compared to determine peak 
purity (Galliard and Ritter 1997).

Comparing peak spectra is probably the most popu-
lar method to discover an impurity. If a peak is pure, all 
UV–visible spectra acquired during the peak’s elution or 
migration should be very close to a perfect 100% match 
(Through website 2014).

The similarity factor of BC peak was found to be 999.94 
indicating that the spectra are very similar (similarity fac-
tor > 995) and hence the drug is pure.

Linearity and system suitability tests

Calibration plots were constructed by plotting the 
peak area corresponding concentrations in the range of 
5–150 μg mL−1in RRLC method and 1–150 μg mL−1in 
HPLC method. Then, the regression equations were com-
puted and system suitability testing parameters were cal-
culated according to (USP 2018) to ensure that the chro-
matographic systems were working correctly during the 
analysis after optimizing the chromatographic conditions 
using different mobile phases, pH, and flow rates. Selec-
tivity factor (α), resolution (R), column efficiency, tailing 
factor (T) and relative standard deviation peak area of ten 

Fig. 3  a RRLC chromatograms of butamirate citrate. b HPLC chromatograms of butamirate citrate
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replicate injections were the parameters to be checked during 
the analysis as represented in Table 1.

Limits of detection and quantification

The detection LOD and quantification LOQ limits were 
calculated at a signal-to-noise ratio of 3:1 and 10:1, respec-
tively, and based on the standard deviation of the response 
and the slope of the calibration graph, as reported in Table 1. 
Comparison of the proposed methods and other reported 
HPLC methods for the determination of BC is represented 
in Table 2.

Precision

The precision of a method was verified by its repeat-
ability. Repeatability was evaluated by analysis of three 

concentrations of BC solutions in 1 day and under the same 
experimental conditions (intra-day). The inter-day precision 
was also evaluated by assaying solutions on three consecu-
tive days. Peak areas were determined and the precision was 
expressed as %RSD < 2. From the results summarized in 
Table 3, the small values of RSD indicate reasonable repeat-
ability and precision of two proposed methods.

Specificity and accuracy

The specificity of a method is the extent to which it can 
be used for analysis of a particular analyte in a mixture or 
matrix without interferences from other components. The 
specificity of the proposed methods was tested by analyz-
ing synthetic mixtures of BC and its degradant in different 
proportions (10–90% w/w). The recovery percentage and 
RSD percentage were calculated as shown in Table 4. The 

Fig. 4  a Peak purity of BC in drug product matrix spiked with its degradation products in RRLC method. b Peak purity of BC in drug product 
matrix spiked with its degradation products in HPLC method
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Table 1  Linearity parameters 
and system suitability test 
results of the proposed 
RRLC and HPLC method for 
the analysis of BC in drug 
substance

Parameters Method

RRLC HPLC

Linearity range 5–150 1–150
LOD, µg mL−1 0.119 0.052
LOQ, µg mL−1 0.399 0.157
Regression Y = 1.1456x + 0.0336 Y = 5.88x + 0.274
Slope 1.1456 5.88
SE of slope 0.012 0.47
Intercept 0.0336 0.274
SE of intercept 0.324 0.801
Regression 0.999 0.999
Parameters Butamirate Deg. Butamirate Deg.
Retention time 1.79 2.22 3.937 4.561
Selectivity (α) – 1.29 – 1.21
Resolution (R) – 2.96 – 2.26
Tailing factor 1.01 1.117 0.924 1.117
RSD % of peak 0.37 0.386 0.116 0.186
Theoretical plates 2891 3291 3487 4072

Table 2  Comparison of the 
proposed methods and other 
reported HPLC methods for the 
analysis of BC

a Reviewer guidance (1994)

Parameters Proposed meth-
ods

Reported methods

RRLC HPLC Sonia et al. 2011a Ahmed et al. 2011 Mohamed. 2011

Linearity range, µg mL−1 5–150 1–150 100–1200 5–35 280–840
Regression coefficient (r2) 0.9997 0.9999 0.9999 0.9999 0.9975
Retention time (min) 1.79 3.937 10.08 3.7 6.1
RSD % of peak (≤ 2)a 0.37 0.208 0.85 0.116 0.928

Table 3  Precision data for the determination of BC

a Mean of three different samples for each concentration

Conc.
(μg mL−1)

Method

RRLC HPLC

Intra-day precision %Mean recov-
ery ± SD

Mean % RSD Intra-day precision %Mean recov-
ery ± SD

Mean % RSD

Amount  founda %Recoverya Amount  founda %Recoverya

30 30.25 100.84 100.09 ± 0.717 0.716 29.83 99.43 99.15 ± 0.59 0.60
50 50.015 100.03 49.78 99.56
70 69.58 99.41 68.93 98.47

Conc.
(μg mL−1)

Inter-day precision Mean %Recov-
ery ± SD

Mean %RSD Inter-day precision Mean %Recovery 
y ± SD

Mean %RSD

Amount  founda %Recoverya Amount  founda %Recoverya

30 30.012 100.04% 99.02 ± 0.88 0.89 29.82 99.40 99.28 ± 0.144 0.145
50 49.19 98.38% 49.56 99.12
70 69.062 98.66% 69.52 99.32
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specificity was demonstrated by the chromatogram recorded 
for a mixture of BC and its degradant which illustrates high 
resolution between the drug and its degradant (Fig. 5a, b).

Standard addition technique was applied to the commer-
cial pharmaceutical formulation containing BC (cough cut 
syrup). Results in Table 5 indicate high specificity of the 

Table 4  Determination of BC in 
the presence of its degradation 
products in laboratory-prepared 
mixtures by the proposed 
methods

Condition Method

RRLC HPLC

Drug added % Recovery % Mean recovery % ± SD Recovery % Mean recovery % ± SD

90 98.2 98.97 ± 1.06 99.01 99.54 ± 0.51
80 98.1 99.27
70 98 99.29
60 98.9 99.40
50 98 99.23
40 98.8 100.35
30 99.67 100.51
20 100.9 99.15
10 100.2 99.73

Fig. 5  a RRLC chromatogram of laboratory-prepared mixture of butamirate citrate and its degradation products. b HPLC chromatogram of 
laboratory-prepared mixture of butamirate citrate and its degradation products

Table 5  Standard addition data of BC to 50 μg mL−1pharmaceutical formulation (syrup) for the proposed method

a Mean of three different samples for each concentration

Method RRLC HPLC

Amount of 
standard added 
(μg mL−1)

Amount 
found 
(μg mL−1)

%Recoverya %Mean recov-
ery ± SD

Mean % RSD Amount 
found 
(μg mL−1)

%Recoverya %Mean recov-
ery ± SD

Mean % RSD

10 10.01 100.10 100.17 ± 0.32
99.66 ± 0.789

0.32 10.17 101.7 100.03 ± 1.13 1.13
30 29.90 99.67 29.90 99.67
50 50.15 100.30 50.11 100.23
70 70.18 100.25 69 98.57
90 90.50 100.55 90 99.98
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proposed methods for determination of BC in its commercial 
syrup. According to the obtained results, a good precision 
and accuracy were observed for the proposed methods.

The results obtained were statistically compared with 
those obtained using the reported HPLC method (Ahmed 
et al. 2011).

The statistical analysis of the results concluded that with 
95% confidence, there is no significant difference between 
them since the calculated t and F values are less than the 
theoretical values, as presented in Table 6.

Robustness

Robustness of a method was performed by changing one 
chromatographic parameter while keeping all others 

unchanged. The studied variables included flow rate of the 
mobile phase, buffer pH values and wavelength as illustrated 
from Table 7. These minor changes did not affect the separa-
tion or the chromatographic resolution of BC from its degra-
dation product, indicating good robustness of the proposed 
chromatographic methods.

Kinetic and thermodynamic study 
of alkaline and acidic degradation of BC

Kinetic study of alkaline degradation of BC

The kinetic of alkaline degradation of BC was investigated 
using 1 N NaOH, and a regular loss of the drug with increas-
ing time intervals was observed Table 8. It was found that 
the decomposition rate was convenient to obtain reliable 
kinetic data. Since the hydrolysis was performed using rela-
tive excess amount of sodium hydroxide solution, therefore 

Table 6  Statistical analysis of data obtained for the determination of 
BC drug

Tabulated F values at 95% confidence limit: 5.0503
Tabulated t values at 95% confidence limit 2.2281 at degree of free-
dom 10

Parameters Method

RRLC HPLC Reported 
(Ahmed et al., 
2011)

Mean N 99.96
6

99.95
6

99.50
6

SD 0.357 0.47 0.642
Variance 0.127 0.221 0.413
t test 1.531 1.394 –
F test 3.22 1.865 –

Table 7  Robustness parameters

Condition Method

RRLC HPLC

System Resolution Retention 
time

Theoretical 
plates

Tailing factor Robustness Resolution Retention 
time

Theoretical 
plates

Tailing factor

Robustness

Flow rate
 0.4 1.2 1622 1.579 2.38 0.8 1.6 5067 5.13 4.7
 0.5 1.01 2891 1.796 2.96 1 1.53 5062 3.905 4.19
 0.6 1.00 1128 2.02 2.29 1.2 1.48 4918 3.434 4.38

Buffer pH
 4.6 1.55 1564 1.75 3.37 5.2 1.55 5392 4.189 6.12
 4.8 1.01 2891 1.796 2.96 5.4 1.53 5062 3.905 4.19
 5.0 0.95 1593 1.91 2.55 5.6 1.56 5976 4.618 2.43

Wavelength
 219 nm 1.03 2890 1.796 2.34 219 nm 1.6 5175 4.055 4.55
 222 nm 1.01 2891 1.796 2.96 222 nm 1.53 5062 3.905 4.19
 225 nm 1.02 2880 1.796 2.35 225 nm 1.52 5040 4.05 4.58

Table 8  Forced alkaline degradation of BC

Time (min) Method

RRLC (%) HPLC (%)

5 11.3 12
30 9.4 8.11
45 5.6 4.11
60 3.8 2.05
75 2.7 1.02
90 1.4 0.58
120 0 0
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a pseudo-first-order reaction rate was obtained with respect 
to drug concentration.

From the slopes of the lines obtained from plotting the 
relation between the logarithm of the remaining concentra-
tion of the drug and the corresponding time interval, it was 
found that the degradation process was confirmed by first-
order degradation with a rate constant (Kobs) = 0.726 and 
0.764 h−1 and half-life (t½ = 0.693/Kobs) = 0.9545 and 0.907 h 
at room temperature for RRLC and HPLC, respectively.

Kinetic and thermodynamic study of acidic 
degradation of BC

The effect of temperature on reaction rate of the studied drug 
was studied. To evaluate the apparent activation parameters, 
the kinetic degradation was performed in 1 N HCl at 50, 60, 
and 70 °C; the concentrations of the remaining BC were 
calculated at each time interval and temperature (Table 9). 
Graphs of logarithm of the remaining BC concentration were 
plotted against the corresponding time interval in minutes 
for each temperature, and all appeared to be rectilinear. It 
was found that the degradation process followed pseudo-
first-order kinetics for RRLC and HPLC. From the slopes of 
the straight lines, it was possible to calculate the correspond-
ing degradation rate constants Kobs  (h−1) and half-life t1/2 (h) 
at each temperature Table 10.

The various activation parameters of the reaction product 
can be calculated using Arrhenius equation:

where Kobs is the rate constant, A is the frequency factor, Ea 
is the activation energy, R is the gas constant = 8.314 J mol−1 
Kobs mol−1 and T is the absolute temperature in Kelvens.

A plot of ln Kobs against 1/T (Fig. 6a, b) produces a 
straight line with a slope Ea/R. Activation energy Ea (which 
was used to describe the energy required to reach the transi-
tion state) can be calculated from the slope, and A from the 
intercept. Whereas enthalpy, entropy and free energy of acti-
vation can be calculated by applying the Eyring equation:

lnKobs = −Ea∕RT + ln A

where ΔH*(kJ mol−1) is the enthalpy difference between the 
transition state of a reaction and the ground state of the reac-
tants (activation enthalpy), KB is the Boltzmann constant 
(1.381 × 10−23 J K−1), h is the Planks constant (6.626 × 10−34) 
and ΔS* is the activation entropy (J mol−1 K−1) which is 
equal to the difference between the entropy of the transition 
state and the sum of the entropies of the reactants.

By plotting ln Kobs/T versus 1/T (Fig. 7a, b), a straight 
line was obtained with a slope (− ΔH*/R) and intercept (ln 
KB/h + ΔS*/R) ΔS* that can be determined from the inter-
cept of Eyring plot:

where ln KB/h = 10.76.And ΔG* can be calculated applying 
the relation:

The activation energy of the reaction was found to be 
13.23 and 13.37 kcal mol−1 for RRLC and HPLC, respec-
tively, which agrees with that reported as 14 kcal (Kenneth 
et al. 1979) which was required for hydrolysis of ester group, 
indicating that the hydrolysis of BC needs low activation 
energy.

As shown in Table 10, the negative values of ΔS* denote 
a reduced freedom of motion in the transition state and 

lnKobs∕T = (−ΔH∗∕R)(1∕T) + ln KB∕h + ΔS∗∕R

ΔS∗ = (intercept−10.76)R

ΔG∗ = ΔH∗ − TΔS∗

Table 9  Forced acidic 
degradation of BC

Time (min) Remaining %

RRLC HPLC

50 °C 60 °C 70 °C 50 °C 60 °C 70 °C

5 88.32 85 78.75 88.78 86.6 79.87
30 76.65 72.23 71.55 77.68 72.14 72.14
45 74.25 71.30 70.75 75.78 70.70 70.5
60 70.12 69.01 65.86 70 68.93 65.26
75 65.55 64.5 62.66 64.99 64.23 63.26
90 63.95 62.3 61.88 64.2 63.2 61.5
120 62.82 61.25 57.33 62.67 61.1 56.5

Table 10  Rate constant and half-life times of BC at different tempera-
tures using (1 N HCl)

Method

RRLC HPLC

T (K) Kobs  (h−1) Half-life t1/2 
(h)

T(K) Kobs  (h−1) Half-life t1/2 (h)

323 0.0812 8.53 323 0.0822 8.43
333 0.109 6.35 333 0.112 6.18
343 0.202 3.43 343 0.205 3.38
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relatively slow reaction that can be followed kinetically. 
Also as shown in Table 11, the positive values of both 
ΔG* and ΔH* indicate that the reaction will not proceed 
spontaneously.

Conclusion

The proposed RRLC and HPLC methods were developed 
and validated for sensitive and specific quantitative analy-
sis of BC in its available commercial syrup with no inter-
ference from the excipients or its degradation product. As 
well, the solvents used in preparation of mobile phases 
are available in all analytical laboratories. A potential 

advantage appears in the study of reaction kinetics of the 
degradation and was found to be a pseudo-first-order reac-
tion under the experiment’s basic and acidic stress con-
ditions, while the half-life times were estimated. Moreo-
ver, the thermodynamic parameters of acid degradation 
reaction and activation energies were estimated for its 
importance in understanding and optimizing molecular 
interactions and design process. The methods proved that 
the selectivity, accuracy, and simple mobile phases used 
provide simple and economic applications, and they reflect 
suitability for quality control laboratories. The proposed 
methods permit the preparations of BC degradate in pure 
form within a short time at room temperature.
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Fig. 6  a The Arrhenius plot for butamirate citrate with RRLC method. b The Arrhenius plot for butamirate citrate with HPLC method
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Fig. 7  a Eyring equation plot for butamirate citrate with RRLC method. b Eyring equation plot for butamirate citrate with HPLC method
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Table 11  Kinetic parameters

ra correlation coefficient from Arrhenius equation, rb correlation coefficient from Eyring equation

Parameters Method

RRLC HPLC

Ea (Kcal/mol) 13.23 13.37
ra  (Regressiona) 0.9999 Y = 6665.4x + 17.8 0.9997 y = 6736.46x + 17.42
rb  (Regressionb) 0.9998 y = 6443.3x − 11.323 0.9997 y = 6459.1x − 11.5

R2 = 0.9997
ΔH* (KJ mol−1) 53.54 53.68
ΔS* J mol−1  K−1 −183.5 −185.06
ΔG* at 323(K) 112.81 113.45
ΔG* at 333(K) 114.64 115.30
ΔG* at 343(K) 116.48 117.15

http://www.chem.agilent.com/Library/applications/59888647EN.pdf
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