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ABSTRACT

A simple, cost-effective, reproducible, robust stability-indicating liquid chromatography (LC) method is developed
using reverse-phase mode and validated for the quantitative estimation of guaifenesin present in complex extended-
release formulation dosage. Guaifenesin and its known impurities are well separated in this method; achieved baseline
resolution by using C18 stationary phase and isocratic elution method. The validation of the analytical method was
performed with parameters specificity, linearity, accuracy, precision, ruggedness and robustness using ICH guidelines.
Evaluated linearity of method in the concentration range 60 to 180 pg/mL and the obtained correlation coefficient is
within the limit (not less than 0.999).
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INTRODUCTION

Bronchitis is an infection of bronchial tubes, which carry air to the lungs. Inflammatory airway disorder
diseases cause the production of mucus and obstruct the airways. Expectorants are generally used in treating
bronchitis as it clears the mucus from the airways. Guaifenesin, (+)-3-(2-methoxyphenoxy)-propane-1, 2-
diol (Fig.-1) is a category of expectorant, widely employed to treat cough and nasal congestion caused by
bronchitis and the common cold. Guaifenesin has one chiral center with empirical formula as CioH1404,
with a molecular mass of 198.21 and is a crystalline substance, slightly gray or white color and is bitter.
The expectorant properties of guaifenesin primarily work by thinning of bronchial secretion and
loosening mucus in the airways, clearing congestion, and suitable for the symptomatic relief of breathing
conditions.! Guaifenesin shows effects across different types of respiratory conditions like acute bronchitis,
chronic respiratory conditions and rhinosinusitis. Guaifenesin mainly effects to decrease the production of
mucus, other cough symptoms and nasal congestion. Guaifenesin is considered a safe and effectual
expectorant in treating mucus-related respiratory disorder symptoms in acute bronchitis.

Daily multiple doses of immediate-release dosage formulations are needed to maintain the therapeutic effect
for 24 hours. To overcome this, extended-release guaifenesin tablet formulations are developed for
prolonged efficacy, providing more therapeutic effect with 12-hourly dosing compared to instant release
dosage forms and reducing the frequency of dosing.

In literature, several high-performance liquid chromatography methods of assay for estimation of
guaifenesin in solid and liquid oral dosage delivery forms by HPLC?2? and methods in human plasma®-2¢
are reported. From the literature survey and further study, we have developed a stability-indicating, simple,
cost-effective, reproducible, rugged, robust, reverse-phase liquid chromatography method for the
quantitative estimation of guaifenesin in the presence of impurities in the complex extended-release
formulation matrix. The developed liquid chromatography method validation was performed with the
parameter’s precision, specificity, accuracy, linearity, ruggedness, solution stability and robustness. Force
degradation stress study was conducted on drug product and placebo to show the discrimination of the
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method considered as stability-indicating method. These stress studies are performed based on the ICH
guidelines.?”
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Fig.-1: Chemical Structures of Guaifenesin, Beta Isomer Impurity and Guaiacol Impurity

EXPERIMENTAL
Material and Methods
The methanol (Grade: HPLC) and dihydrogen potassium phosphate (Grade: AR) and ortho-phosphoric acid
(Grade: AR) are purchased from Merck. Millipore purification system was used to obtain highly pure water.
The reverse-phase HPLC method was used to estimate the Guaifenesin in the extended-release dosage form.
Developed and the optimized procedure was validated with specificity, accuracy, precision, linearity,
solution stability, ruggedness, and robustness. Chromatographic conditions were discussed below.

Equipment

The equipment used to perform the chromatographic analysis is Waters Alliance HPLC (2695) with UV-
visible detector (2489) or Photo Diode Array detector (2998) or Agilent’s 1200 series DAD detector,
quaternary pump, degasser, and autosampler. The Processing of chromatograms was done by using
Empower 2 software. A water bath (Cintex) was used in hydrolysis studies. The photostability chamber
(Make: Sanyo) is used to perform photostability studies. A dry air oven (Make: Cintex) is used for thermal
stability studies. The pH meter (Make: Mettler-Toledo) is used to check the pH of the solutions.

Chromatographic Conditions

The method developed using C18 stationary phase, Hypersil BDS column (4.6 x 150 mm, 5um) and the
mobile phase comprises 60 volumes of potassium dihydrogen phosphate 0.02 M (pH adjusted to 3.0) and
40 volumes of methanol. Filtered the mobile phase using 0.45 um dura pore hydrophilic membrane filters
and degassed. Diluent was prepared using 60 volumes of water and 40 volumes of methanol. The flow rate
of the mobile phase was kept as 1.0 mL/min. and 40 °C temperature maintained for column oven. Observed
the peaks at a wavelength of 271 nm with 10 pl of sample injection volume.

Standard Preparation

The standard stock of Guaifenesin was prepared by weighing and transferred accurately 60 mg into a 100
mL volumetric flask, dissolved in diluent using sonication and made up to the mark with diluent (0.6
mg/mL). Further prepared standard by diluting 10 mL of the standard stock transferred into 50 mL flask
and made up to mark with diluent (0.12mg/mL).

Test Preparation
Fine powder of tablets was made using mortar and pestle. Weighed and transferred sample equivalent to
600 mg of Guaifenesin into a 250 mL flask, added 150 mL diluent. Kept on sonication for 15 minutes and
made up to the mark with diluent. Centrifuged the above solution at 4000 RPM. Further pipette and
transferred 5.0 mL of clear centrifugate into 100 mL volumetric flask and diluted up to the mark with diluent
(0.12mg/mL).

RESULTS AND DISCUSSION
HPLC Method Development
Method development was initiated based on the polarity of molecules and functional groups. Guaifenesin
has one chiral center and its enantiomers. Guaifenesin is soluble in water, chloroform, alcohol, propylene
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glycol, and sparingly soluble in glycerin. By using UV spectroscopy, scanned the standard solution from
200 nm to 400 nm to find lambda (1) maxima. Based on the UV spectroscopic result evaluation, HPLC
method optimization was done at lambda (A) maxima of around 271 nm. The development study aims to
estimate guaifenesin from a complex extended-release formulation matrix, which should be specific,
separate from all known impurities and unknown degradation products. Various attempts are made to
extract guaifenesin from the polymer-based complex matrix and got a good resolution from all known
impurities and unknown degradation products. Numerous attempts are made with the mobile phase having
different buffer pH and different methanol composition in the mobile phase and using different stationary
phase columns like C18 and C8. To get a good resolution between guaifenesin and its known and unknown
degradation compounds, the stationary phase (C18) having end-cap was used. The mobile phase was
optimized comprising a mixture of solvent in the composition of 60 volumes of potassium dihydrogen
phosphate 0.02 M (pH adjusted to 3.0) and 40 volumes of methanol. The eluted compounds are observed
at the wavelength of 271 nm with 1.0 mL/minute as flow rate and temperature of the column at 40 °C.

HPLC Method Development/Optimization Trial-1

Prepared mobile phase A (Buffer) by dissolving 1.36 gm. of potassium dihydrogen orthophosphate in 1000
mL of Milli-Q-Water, used methanol as mobile phase B, acetonitrile as mobile phase C in the composition
0f 50:15:35 vol/vol/vol respectively. Water and methanol of 60:40 vol/vol ratio were used as diluents. Used
column (Phenomenex) with stationary phase C18, 150x4.6 mm, 5 um and with the flow of 1.0 mL/minute.
The temperature of the column oven was kept at 25 °C and observed the peaks at a wavelength of 271 nm
with sample injection volume as 10 pl.

Observation

Observed all three peaks Beta-Isomer, Guaifenesin and Guaiacol were eluted with retention at 1.60 minutes,
1.87 minutes, and 4.55 minutes. The peaks of Beta isomer and Guaifenesin were eluted in zero volume.
Further optimization by decreasing of solvent ratio in the mobile phase is needed to increase the retention
of beta isomer, guaifenesin peaks and get more resolution between peaks. Development trial impurity
spiked test chromatogram is shown in Fig.-2.

HPLC Method Development/Optimization Trial-2

Mobile phase A was prepared using Potassium dihydrogen phosphate and adjusted pH to 3.0 and methanol
in the composition of 50:50 v/v respectively. Water: methanol of 60:40 vol/vol ratio was used as diluent.
Using Phenomenex column with C18 stationary phase, 150x4.6 mm, 5 um with 1.0 mL/minute as flow
rate. The column was maintained at 25 °C temperature and observed peaks at detection of 271 nm. Using
sample injection volume as 10 pl.

Observation

From impurities spiked sample chromatogram observed the peaks Beta-Isomer, Guaifenesin and Guaiacol
are cluted with retention at 2.89 minutes, 3.26 minutes and 6.10 minutes. Less resolution was observed
between Beta-Isomer and Guaifenesin peaks. To get more resolution between Beta-Isomer and Guaifenesin
peaks further mobile phase solvent composition needs to optimize. Development trial impurity spiked test
chromatogram is shown in Fig.-3.

HPLC Method Development/Optimization Trial-3

Mobile phase A (pH 4.5 buffer) preparation was done by dissolving 6.8 gm. of potassium dihydrogen
orthophosphate in 1000 mL of Milli-Q-Water, methanol as mobile phase B in the composition of 55:45 v/v
respectively. Water: methanol of 60:40 v/v ratios was used as diluent. Column Xterra C18, 150x4.6mm,
Sum with 1.0 mL/minute as flow rate. The maintained temperature of the column at 40 °C and peaks are
observed at lambda max of 271 nm with sample injection volume as 10 pl.

Observation: By changing the column and pH of the mobile phase, Beta-Isomer, Guaifenesin and Guaiacol
peaks are eluted with retention at 2.39 minutes, 2.60 minutes and 4.43 minutes. Observed resolution
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between Beta-Isomer and Guaifenesin less than 2.0. Further optimization is needed to change the HPLC

column to get a resolution greater than 2.0. Development trial impurity spiked test chromatogram is shown
in Fig.-4.
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Fig.-2: Trial-1 Chromatogram
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Fig.-3: Trial-2 Chromatogram

HPLC Method Development/Optimization Trial-4
The mobile phase was prepared in the composition of 60 volumes of dihydrogen potassium phosphate
buffer pH 3.0 and 40 volumes of methanol. Water and methanol used as a diluent in the composition of
60:40 ml vol/vol respectively. Column Hypersil BDS C18, 150x4.6mm, S5um with 1.0 mL/minute as flow
rate, column temperature at 40 °C and observed peaks at detection of 271 nm with sample injection volume
as 10 pl.
Observation: After changing the column and increasing temperature the resolution between Beta-Isomer
and Guaifenesin increased to 3.0. Observed Beta-Isomer, Guaifenesin and Guaiacol peaks with tailing
factor is 1.0 and theoretical plates above 9000. The three peaks were well resolved, with retention of Beta-
Isomer at 2.72 minutes, Guaifenesin at 3.10 minutes and Guaiacol at 5.67 minutes. Further optimization is
needed to decrease the retention time of guaiacol and total runtime. Development trial impurities spiked

test chromatogram is shown in Fig.-5.

Validation of the Method

The developed method to estimate Guaifenesin from a complex extended-release formulation matrix was
validated as per guidelines of the International Council for Harmonization (ICH).?”* The following
validation parameters were executed: Specificity, linearity, accuracy, precision, ruggedness, solution
stability and robustness.
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Fig.-5: Trial-4 Chromatogram

Method Validation Summary

System Suitability

The suitability parameters are evaluated for the standard solution as per the standard test procedure. The
standard solution was prepared using Guaifenesin working standard as per the test procedure and injected
into the HPLC system. A blank, standard solution of five replicates is injected into the HPLC system and
evaluated for the system suitability. System suitability results are within acceptable limits and found
satisfactory. The tailing factor obtained from the standard solution for the Guaifenesin peak is 1.1. The
average theoretical plate count obtained from the standard solution for Guaifenesin peak is 9605. The
relative standard deviation for Guaifenesin peak areas from the five replicate injections is 0.1%. The blank
is shown in Figure-6 and the standard solution is shown in Fig.-7.

Precision

Method precision evaluation was done using six individual assay test preparations of the Guaifenesin ER
Tablet and performed analysis according to the test method. The % assay and the relative standard deviation
of Guaifenesin are found within the acceptable limits. Performed intermediate precision using different
instruments (HPLC), different columns, different analysts and different days. The % assay and the relative
standard deviation of Guaifenesin are found within the acceptable limit (NMT 2.0% RSD). The precision
and intermediate precision results are shown in Table-1.

Specificity
Specificity is to check the interference from placebo, blank and impurities from degradation studies. Stress
study testing for Acid, base, peroxide oxidation, water, photo, thermal, and humidity conditions was
performed.
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Fig.-7: Typical Chromatogram of Standard
Table-1: Guaifenesin — Precision and Intermediate Precision Results
Test Preparation | Precision % Assay | Intermediate % Assay
1 99.93 100.92
2 100.92 102.72
3 100.87 101.34
4 100.94 99.85
5 100.75 101.40
6 100.57 99.40
Mean 100.66 100.94
%RSD 0.4 1.1
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Fig.-8: Typical Chromatogram of Acid Stress Test
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In Table-2 all stress study conditions were listed. The stress study conditions for all test samples results are
represented in Figure-8 to 12. To check specificity, injected all stressed samples into the HPLC system
connected with detector photodiode array as per test method. Degradant peaks are well resolved from the
Guaifenesin peak in all stressed sample chromatograms. The peak purity of Guaifenesin was evaluated for
all the stressed samples using Agilent ezchrom analytical software. In all stress conditions of forced
degraded samples, the peak purity was found more than 0.99 (limit: not less than 0.99). The results indicate
no interference was observed from blank, placebo and degradants in quantitating the Guaifenesin in ER
tablet. Hence, this discriminating nature of the method is considered as "Stability Indicating".
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Fig.-10: Typical Chromatogram of Peroxide Stress Test
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Fig.-11: Typical Chromatogram of Water Stress Test
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Table-2: Specificity Stress Study Conditions
Stress Conditions

5N HCI for 3 hours at 60°C
5 N NaOH for12 hours at 60°C

Stress parameter

Acid stress

Base stress

Peroxide stress

10% for 6 hours at 60°C

Water stress

For 12 hours at 60°C

Photo stress

200-watt hours/2m-1.2m Lux hours for 7 days

Thermal stress

At 50°C for 7 days

Humidity stress

At 85% RH for 7 days

Table-3: Specificity Stress Study Results

Stress Condition % Degradation Peak Purity
Acid stress 16.345 1.00
Base stress 15.185 1.00

Peroxide stress 1.465 1.00
Water stress Nil 1.00
Photo stress Nil 1.00

Thermal stress Nil 1.00

Humidity stress Nil 1.00

Linearity

By diluting the guaifenesin standard stock solution to the required concentrations, linearity solutions are
prepared. Linearity graph of guaifenesin confirmed by plotting a linear curve between concentrations versus
peak response and calculated the correlation coefficient. Prepared five concentration solutions of
Guaifenesin working standard in the linear range of 60 pg/mL to 180 ug/mL and analyzed according to the
procedure. A graph is plotted with a concentration on X-axis versus the response of a peak on Y-axis. The
obtained correlation coefficient is 0.9998 and the detector response was found to be linear. The bias for
100% response was 1.42%. The Table-4 represents Linearity results and Fig-13 shows Linearity graph

Table-4: Linearity Results

Spike Level | Concentration ‘ug/mL’ | Peak Response
50% 60.03846 844476
75% 90.05769 1225867
100% 120.05769 1617574
125% 150.09614 2038588
150% 180.11537 2454660

Correlation of coefficient (r) 0.9998
Intercept (C) 22997.3
Slope (m) 13435.02
Bias at 100% response 1.42
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Fig.-13: Linearity Graph of Guaifenesin
Accuracy

Recovery studies are performed for Guaifenesin at 50% to 150%. Samples were prepared, with Placebo and
Guaifenesin API equivalent to 50%, 75%, 100%, 125%, and 150% of target concentration of the assay of
Guaifenesin ER Tablet. Triplicate sample solutions were prepared for spike level 75%, 100% and 125%
and six preparations for 50% and 150% and assayed as per test method. The % recovery was found within
the range of acceptable limits. The Recovery results are represented in Table-5.

Table-5: Recovery Results

Pri?):;ggon Recovery Spike Level % Recovery Mean % Recovery
1 50% 98.37
2 50% 97.81
3 50% 98.42
4 50% 100.00 98.72
5 50% 97.73
6 50% 99.98
1 75% 99.09
2 75% 98.98 99.08
3 75% 99.16
1 100% 98.13
2 100% 98.12 98.08
3 100% 97.99
1 125% 98.20
2 125% 98.97 98.86
3 125% 99.40
1 150% 97.91
2 150% 97.68
3 150% 98.50
4 150% 98.41 98.46
5 150% 99.39
6 150% 98.89

Ruggedness

Solution stability of standard solutions performed at room temperature and refrigerator conditions. Solution
stability of sample solutions performed at room temperature and in the refrigerator. Initially, two samples
were prepared and kept on bench top (at room temperature) and in the refrigerator. Analysis was performed
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after day-1, after day-2 and after day-5. The standard and sample solutions are stable for 5 days on benchtop
condition. Table-6 represented the solution stability results.
Robustness
Robustness is evaluated for variations in mobile phase flow rate, pH of buffer in mobile phase and oven
temperature of column. Done System suitability calculations and results are within the acceptable limits.
The robustness results are represented in Table-7.

Table-6: Sample Solution Stability Results

Room Temperature Results

Difference from Initial Zero-

Time in Days Standard Similarity Factor % Assay of Test day

Test-1 Test-2 Test-1 Test-2

Initial Zero Day NA 100.75 100.57 NA NA

1 1.01 101.46 101.42 0.71 0.85

2 1.01 101.02 100.38 0.27 0.19

5 1.02 102.71 102.48 1.96 1.91

Table-7: Robustness Results
Variation Robust Parameter 5 inj. Area %RSD | USP Plate Count Avg. | USP Tailing Avg.

Flow variation Actual(1.0 ml/min) 0.1 9354 1.1
Low (0.8 ml/min) 0.1 9958 1.1
High (1.2ml/min) 0.2 7334 1.1
Column oven Actual(40°C) 0.0 8490 1.1
temperature Low (35°C) 0.1 8455 1.1
High (45°C) 0.1 8649 1.1
pH of buffer in Actual(pH 3.0) 0.1 9354 1.1
mobile phase Low (pH?2.8) 0.1 8772 1.1
High (pH 3.2) 0.1 8504 1.1

CONCLUSION

Successfully developed a stability-indicating liquid chromatographic method using reverse-phase mode and
analytical method validation of the test method was done for the quantitative determination of guaifenesin
present in the complex extended-release formulation matrix. This method provided selective quantification
of Guaifenesin without interference from blank, placebo and impurities. Forced degradation studies show
the discriminating nature, considering the analytical method as stability-indicating. The developed method
was further validated with parameters specificity, precision, accuracy, linearity, ruggedness, and robustness
according to ICH guidelines. The results of validation parameters are found satisfactory and met the
acceptable limits. Hence, the developed method is stability-indicating and can be employed for quality
control evaluation of pharmaceutical products.
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