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Abstract:  This research thesis presents the development and validation of a stability-indicating analytical method for the 

quantification of Acetazolamide using Reverse Phase High Performance Liquid Chromatography (RP-HPLC). Acetazolamide, a 

carbonic anhydrase inhibitor, is widely used in the treatment of glaucoma, epilepsy, and altitude sickness. However, its stability 

under various conditions is crucial to ensure its efficacy and safety in pharmaceutical formulations. The method development phase 

involves the selection of an appropriate RP-HPLC inertsil C18 (4.6 x 250mm, 5μm) column, mobile phase composition Acetonitrile: 

Phosphate Buffer (15:85), and chromatographic conditions such as flow rate 1 ml/min, injection volume 20μl at wavelength 265nm to 

achieve optimal separation, resolution, and sensitivity for Acetazolamide. Method optimization includes the evaluation of different 

buffer concentrations and organic modifier content to enhance peak shape and retention time stability. The retention time of acetazolamide 

was found to be at 11.256 min. The method was validated using different parameters such as, accuracy, precision, system suitability, 

linearity, robustness, ruggedness, limit of detection, limit of quantitation etc. he developed and validated stability-indicating RP-HPLC 

method provides a reliable tool for assessing the stability of Acetazolamide in pharmaceutical formulations, enabling accurate 

quantification of the drug and its degradation products. This method serves as a valuable quality control tool for pharmaceutical 

manufacturers, ensuring product quality, efficacy, and regulatory compliance throughout the drug development and manufacturing 

process. 

Keywords: HPLC-VU, Acetazolamide, oral suspension, stability, compounding, Extemporaneous preparation etc. 

 

1. INTRODUCTION 

An impurity in a drug substance as defined by the international conference on Harmonization (ICH) Guidelines is any component 

of the drug substance that is not the chemical entity defined as the drug substance and affects the purity of active ingredient or drug 

product. Therefore any extraneous material present in the drug substance has to be considered an impurity even if it is totally inert 

or has superior pharmacological properties.  

The impurity profile of pharmaceuticals is of increasing importance as drug safety receives more and more attention from the public 

and from the media. Several recent books and journal reviews address this topic and guidelines are available from US and 

international authorities. Most active pharmaceutical ingredients (API) are produced by organic chemical synthesis. Various 

components, including residual solvents, trace amounts of inorganic, and organic components can be generated during such a 

process. Those components remaining in the final API are considered as impurities.  

The sources and routes of formation of impurities in generics are starting materials, by products and residual solvents from the API 

synthesis; degradants formed during the process and long term storage; contaminants from packaging components and other drug 

products manufactured in the same facility. Impurities could be forming from the impact of heat, light, and oxidants (including air) 

on the drug product and might be catalyzed or accelerated by trace metal impurities, changes in the pH of the formulation 

interactions with packaging components, excipients and other active ingredients, in the case of combination products. Therefore, 
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identification, quantification, and control of impurities in the drug substance and drug product, are an important part of drug 

development and regulatory assessment. 

Use of analytical method is almost importance all phase of synthetic research and related areas. The analytical activities related to 

the estimation of impurity profiles do not come to an end after the R&D phase of the introduction of a new drug. It is essential to 

ensure that no new impurities appear in the course of scaling up procedure and the quantity of the impurities in the bulk drug 

identified during the synthetic research phase remain below the specification limits. For this reason the analytical control of all steps 

of scaling up procedure is of key importance. More or less the same applies to the cooperation or drug analysts in the course of 

production of bulk drug in the routine scale. The identification, structural elucidation, quantification of impurities and degradation 

products are of prime importance in the course of all the phase of research and development and production of drug formulation. 

The pharmaceutical analyst should have a clear picture about impurity profile of bulk drug used for the development of the 

formulation in order to able to differentiate between synthesis related impurities and degradation products. In such a way stability 

indicating nature of method established. These studies indicate which of the impurities in the bulk drug are degradation products 

types. The increase of these is expected during the stability studies while the synthesis related impurities are likely to remain 

constant. A number of articles have stated guidelines and designed approaches for isolation and identification of process-related 

impurities and degradation products, using Mass spectrometry (MS), Nuclear Magnetic Resonance (NMR), High performance 

Liquid Chromatography (HPLC), Fourier Transform Ion Cyclotron Resonance Mass Spectrometry (FTICR-MS), and Tandem 

Mass. 

 

1.1. Classification of impurities 

Impurities in drug substance can be classified into the following categories 

A. Organic Impurities 

Organic impurities can arise during the manufacturing process and / or storage of the drug substance. 

They can be identified or unidentified, volatile, voltaic or nonvolatile 

B. Enantiomeric impurities 

The single enantiomeric form of a chiral drug is now considered as an improved chemical entity that 

may offer a better pharmacological profile and an increased therapeutic index with a more favorable 

adverse reaction. 
C. Inorganic impurities 

Inorganic impurities may also derive from the manufacturing processes used for bulk drugs. 
 

2. NEED OF THE STUDY. 

Till date there are very less literature available on the stability indicating analytical method development and validation of 

Acetazolamide by using ICH guidelines. Various analytical methods using biphasic, triphasic mobile phase system as performed 

but, no one has performed using simple biphasic mobile phase for the detection of Acetazolamide. So, in this research work it is 

hypothesized that, development of simple, robust, stable analytical method development and its validation for the quantification of 

Acetozolamide in different formulations. 

Acetazolamide, sold under the trade name Diamox among others, is a medication used to treat glaucoma, epilepsy, acute mountain 

sickness, periodic paralysis, idiopathic intracranial hypertension (raised brain pressure of unclear cause), heart failure and to 

alkalinize urine. It may be used long term for the treatment of open angle glaucoma and short term for acute angle closure glaucoma 

until surgery can be carried out. It is taken by mouth or injection into a vein. Acetazolamide is a first generation carbonic anhydrase 

inhibitor and it decreases the ocular fluid and osmolality in the eye to decrease intraocular pressure. 

 

3. REVIEW OF LITERATURE 

Literature survey was carried out on the proposed topic by referring various scientific journals, online and offline also referred 

various text books available in college library. This survey reveals that no such articles were reported on the proposed work and 

some related articles.  

 

4. AIM 

To Develop & Validate stability indicating analytical method for these of Acetazolamide by using Reverse Phase High Performance 

Liquid Chromatography 

 

5. OBJECTIVES 

1) To conduct the detail review of literature related to proposed research work 

2) To conduct the different preliminary trials for the analytical method of Acetazolamide by using different mobile phase 

composition 

3) To optimize the analytical method for the quantification of Acetazolamide by using Reverse Phase High Performance 

Liquid Chromatography 

4) To validate the optimized analytical method for Acetazolamide by using ICH Guidelines 

5) To propose effective strategy for analytical method development and its validation for quantification of Acetazolamide 

 

6. PLAN OF WORK 

1. Literature Survey 

2. Selection of drug molecules and Selection of formulation 
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3. Selection of analytical techniques 

a) UV-Spectrophotometric method 

b) Reverse Phase High Performance Liquid Chromatography (RP-HPLC) method 

4. Estimation of Acetazolamide by UV & RP-HPLC method involving following steps: 

a) Drug solubility 

b) Selection of wavelength 

c) Preparation of solution and Linearity study by UV Spectrophotometer 

d) Selection of stationary and mobile phase 

e) Preparation of solution 

f) Selection and optimization of chromatographic condition 

5. Validation of UV & HPLC method as per ICH Guidelines 

I. Linearity and Range 

II. Precision 

III. Robustness 

IV. Ruggedness 

V. Specificity 

VI. Accuracy 

VII. Limit of detection (LOD) 

VIII. Limit of quantitation (LOQ) 

IX. System suitability 

6. Compilation of data 

7. Writing of Thesis, Publication on the performed research work 

 

7. MATERIALS & METHOD 

Table 1: List of Materials 

Sr.No. Name of Materials Supplier 

1 Acetazolamide Tokyo Chemical Industry (TCI) 

2 HPLC Grade Water S D Fine-Chem Limited 

3 Potassium Dihydrogen Orthophosphate Dipa chemical Industry 

4 Acetonitrile Dipa chemical Industry 

5 Methanol Dipa chemical Industry 

 

Table 2: List of Equipment’s 

Sr. No. Name of Equipments Make Model 

1 Analytical Balance Wensar PGB 301 

2 pH Meter Ri 152-R 

3 Ultra Sonicator Life care equipment’s 3210 

4 Filter Ecotest NY 0.45µm 

5 FT-IR JASCO FT/IR-4600 

6 UV Spectrophotometer Lasany LI-2702 

7 Column Khromasil 100-5-C8 250X4.6mm, 5µm 

8 HPLC SHIMANDZU LC-2010 AHT 

 

 

7.1 UV Method Development of Acetazolamide 

7.1.1 Preliminary Studies and Spectral Studies of Acetazolamide [23,24] 

FT-IR Studies and UV Spectrometry studies of Acetazolamide 

The FT-IR spectra for both the drugs were recorded by using FT‒IR (Brukers Alpha) to confirm the identity of the drugs. Solubility 

of both the drugs was determined by dissolving the drugs in various solvents varying in their polarity.  

Identification by IR Spectroscopy 
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 10 mg of Acetazolamide and KBr was mixed properly then carefully triturated in a mortar pestle. Make thin plate, place in IR 

chamber and IR Spectrum was scanned. 

7.1.2 Optimization of Uv Spectrometry Conditions and Method Development 

Various Solvents like Methanol, ethanol and phosphate buffer were used for the optimization of diluents for the Uv method 

development of Acetazolamide. Optimized diluents were used for the preparation of standard solution and further dilutions. 

7.1.3 Preparation of Acetazolamide Standard Solution 

Standard solution was prepared by accurately weighed 10 mg of Acetazolamide working standard into a 10 ml volumetric flask, 

added 10 ml of Methanol, shake and sonicated to dissolve the content, made up the volume with solvent mixture and filtered through 

0.45 micron membrane filter. The solution was further diluted with solvent mixture to obtain the required concentration of standard 

concentrations (4-25 µg/ml) for Acetazolamide. 

7.1.4 Determination of λ max (Selection of Wavelength) 

The standard solution of Acetazolamide was scanned in the wavelength range of 200-400 nm on a UV-Visible Spectrophotometer 

from this, wavelength corresponding to maximum absorbance (λ max) was found to be 265 nm for Acetazolamide. 

7.1.5 Development of standard curve for the Acetazolamide [25,26] 

Various dilutions of Acetazolamide from the standard solutions were prepared for the Acetazolamide 4, 8, 12,16,20 and 25 µg/ml 

were prepared whereas, by using optimized solvent mixture at the fixed wavelength 265 nm. 

 

7.2 UV Method Validation of Acetazolamide [27,28] 

Developed UV method for estimation of Acetazolamide was validated as per ICH guideline for evaluating different parameters like 

Linearity, accuracy, precision, robustness, ruggedness, limit of detection (LOD) and limit of quantification (LOQ). 

7.2.1 Linearity 

Linearity of Acetazolamide was established using estimation of absorbance of six different calibration standards and the calibration 

curve plot. 

7.2.2 Accuracy 

The solutions prepared i.e., 80%, 100% and 120% solutions were prepared and amounts added and amounts estimated for 

Acetazolamide and the individual recovery and mean recovery values were calculated. 

 Following formula was used to calculate percent recovery. 

% RC= [SPS-S/SP] × 100 

Where, SPS= Amount found in the spiked sample 

 S= Amount found in the sample 

 SP= Amount added to the sample 

 % RC= Percent recovery 

7.2.3 Precision 

Intra- and inter-day precision of the method was established at three concentration levels. Intra-day precision was established by 

preparing nine different solutions of Acetazolamide with concentrations of 4 µg/ml, 12 µg/ml and 20 µg/ml and its analysis at 

morning, afternoon and evening time. Deviation in results in terms of % relative standard deviation (% RSD) was calculated. Inter-

day precision of Acetazolamide was established by analyzing the above mentioned solutions at three consecutive days. 

 

7.2.4 Robustness  

Robustness of the method was evaluated by changing the solvents. Three different solvents viz.  Ethanol, methanol and Phosphate 

buffer were used for dissolving Acetazolamide and the absorbance of each was determined. Acetazolamide levels in each sample 

were estimated using pre-defined calibration curve. Results were represented in terms of % RSD. 

7.2.5 Ruggedness 

Ruggedness of the method was determined by carrying out the analysis of Acetazolamide solutions (4 µg/ml, 12 µg/ml and 20 

µg/ml) at three different (25°C, 37°C and 60°C) temperatures and absorbance were noted and % RSD was calculated. 

7.2.6 Limit of Detection (LOD)  

The LOD of the developed UV method for Acetazolamide was calculated using the following formula 

LOD=3.3×SD/S 

Where, SD= standard deviation of Y- intercepts 

  S=Slope 

7.2.7 Limit of Quantitation (LOQ) 

The LOQ of the developed UV method for Acetazolamide was calculated using following formula  

LOQ=10×SD/S 

Where, SD= standard deviation of Y- intercepts 

 S=Slope 

 

7.3 Method Development by Reverse Phase High Performance Liquid Chromatography (RP-HPLC) [29, 30] 
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The objective of this experiment was to developed simple, accurate, sensitive, reproducible validated HPLC method for estimation 

of pure drug Acetazolamide by RP-HPLC 

7.3.2 Preparation of Mobile Phase: 

Prepared a mixture of potassium Dihydrogen Orthophosphate Buffer (pH 4.5) and Acetonitrile in the ratio of 85:15 v/v mixed well 

and degassed it. 

7.3.3 Preparation of Standard Stock Solution: 

Acetazolamide (40 mg) were accurately weighed and transferred into a 100 ml clean, dry volumetric flask and about 60 ml of 

diluent was added and sonicated to dissolve the drugs completely and the volume was made up to the mark with the same solvent 

(Stock solution I). Later, 2 ml of solution was pippetted out from the above stock solution into a 100 ml volumetric flask and the 

volume was made upto the mark with the diluent (stock solution II).  

7.3.6 Optimization of Chromatographic Conditions and Method Development 

Several chromatographic runs for mixture of Acetazolamide were taken in various combinations of mobile phase. Proper selection 

of the method depends upon the nature of the sample (ionic/ionizable/neutral molecule, its molecular weight and solubility). Here, 

the reverse phase HPLC method was selected for the initial separation owing to its simplicity, suitability, ruggedness and its wider 

usage. Various mobile phases such as Methanol: Buffer (50:50), Acetonitrile and Buffer (50:50), Acetonitrile and Buffer (30:70), 

were tried. Finally, Water and Acetonitrile in the ratio of (15:85) was selected as mobile phase for further chromatographic study. 

7.4 Method Validation by RP-HPLC [31-35] 

Validation study was intended to show that the method is suitable for assay and stability studies of Acetazolamide. The method 

validation was carried out as per ICH guidelines for specificity, forced degradation, precision, linearity, accuracy and stability in 

analytical solution (ICH 1996, Q2 (R1) ICH, 2005). 

7.4.1 System Suitability Study 

20 µl of standard preparations in six replicates previously prepared were injected. The chromatograms and the peak responses were 

measured for Acetazolamide. System suitability of the method was evaluated in terms of Retention time (RT), peak area, tailing 

factor, resolution and theoretical plate. 

7.4.2 Specificity 

Specificity is the ability to assess unequivocally the analyte in the presence of components which may be expected to be present. 

Typically these might include impurities, degradants, matrix, etc. Blank solution, individual standard solution and mixed standard 

solution of Acetazolamide (8 µg/ml) were injected into the HPLC system. The peak purity data of Acetazolamide was compared 

there should not be any interference at the retention time of the main peaks. 

7.4.3 Precision 

a) System Precision 

Six replicates of the mixed standard solution containing the Acetazolamide (10 µg/ml) were injected into HPLC system. Prepared 

solutions were analyzed as per the proposed method. The mean, SD and % RSD were calculated. 

b) Method Precision 

Six samples containing the known amounts of Acetazolamide (10 µg/ml) were analyzed as per test method and the % assay and % 

RSD for both the drugs was calculated. 

c) Intraday and Inter-day Precision 

The intraday precision of the assay method for Acetazolamide was evaluated at three concentration levels prepared from the sample 

stock solution (8 µg/ml, 10 µg/ml and 12 µg/ml) by performing analysis at an interval of two hrs and 12 hrs. The inter-day precision 

study was also performed on three different days i.e. day 1, day 2 and day 3 at three different concentration levels as used for 

intraday study. 

7.4.4 Accuracy (Recovery Study) 

Accuracy study of pre-optimized method was calculated using recovery studies by performing the standard addition method. Three 

levels of percent i.e. 80, 100 and 120 % amount was added externally to the solutions with predefined amount of (8 µg/ml, 10 µg/ml 

and 12 µg/ml)  and the % recovery was calculated. 

% Recovery = A/B+C x 100 

A = Total drug estimated (mg) 

 

B = Wt. (mg) of drug contributed by tablet powder  

C = Amount of pure drug added (mg) 

7.4.5 Linearity and Range 
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Linearity for the Acetazolamide was determined by preparing the standard solutions at five concentrations in six replicates levels 

in the range of 2-12 µg/ml from the stock solutions. 20 µl of each solution was injected into the HPLC system and the peak area of 

the chromatogram obtained was noted. The mean area with its standard deviation and % relative standard deviation of peak areas 

were calculated. Mean AUC was plotted against concentration to obtain the calibration curve. Regression equations, correlation 

coefficients were computed from calibration curves 

7.4.6 Stability in Analytical Solution 

Stability of Acetazolamide in analytical solution was verified by analyzing the sample (2 µg/ml, 6 µg/ml) in six replicates before 

and after 24 hrs by storing in refrigerator (8 °C) and at room condition. The % assay was calculated from the peak areas of 

Acetazolamide. 

7.4.7 Limit of Detection (LOD) and Limit of Quantitation (LOQ) 

LOD and LOQ for Acetazolamide were calculated from slope and standard deviation of the response for Acetazolamide. The LOD 

and LOQ were determined using equations. 

LOD=3.3×SD/S 

LOQ=10×SD/S 

Where; 𝜎 = Standard deviation of response, 

 

     S = Slope of calibration curve 

 

7.4.8 Robustness 

Pre-analyzed sample solution containing mixture of 10 μg/ml of Acetazolamide was prepared and analyzed as per proposed method 

by changing the flow rate to 1.2 ml/min and 0.8 ml/min. The system suitability parameters and peak areas (or % assay) was evaluated 

in each condition and the results were compared with method precision results. 

7.4.9 Ruggedness 

Ruggedness of the method was determined by carrying out the analysis of Acetazolamide (2 µg/ml, 4 µg/ml and 6 µg/ml) at three 

different (25°C, 37°C and 60°C) temperatures and area were noted and % RSD was calculated 

 

8. RESULT & DISCUSSION 

8.0 Results and Discussion 

8.1 Preliminary Studies and Spectral Studies of Acetazolamide 

8.1.1 FT-IR Studies and UV Spectrometry studies of Acetazolamide 

The preliminary identification was carried out by recording the FTIR spectrum for Acetazolamide. The observed group frequencies 

are tabulated in table. From the overlain spectrum Acetazolamide 265 nm was selected as wavelength for chromatographic method 

development. 

 

Figure 1: FT-IR Spectra of Acetazolamide 

Table 8: Observed Group Frequencies by FT-IR 

Name of Drug 

Standard IR 

Range 

(cm⁻¹) 

Observed 

Frequencies in 

Acetazolamide 

Functional 

group Present 

Acetazolamide 

3200-3500 3296.35 N-H (Amide) 

1600-1690 1620.21 C=O (Amide I) 

1550 - 1650                  1575.84 C-N (Amide II) 

1230-1280                  1246.02 C=S (Thioamide) 
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 1000 - 1200 1109.07,1159.22 C-N (Secondary Amine) 

8.1.2 Optimization of Uv Spectrometry Conditions and Method Development  

Acetazolamide: Observations 

It is found that Acetazolamide is soluble in Methanol, Ethanol, and Acetonitrile so, we had tried the solvent mixture of Methanol 

found to be stable system so for Uv method development the mixture used.  

8.1.3 Determination of λ max (Selection of Wavelength) of Acetazolamide 

 

Figure 2: Absorbance maxima of Acetazolamide 

Absorbance maxima of Acetazolamide were found to be on 265nm. The calibration curve of the drug was developed by using these 

maxima as fixed wavelength. 

8.1.4 Development of standard curve for the Acetazolamide 

8.1.4.1 Acetazolamide 

The calibration curve of Acetazolamide was performed and graph plotted concentration vs. absorbance. The absorbance values of 

different concentration were noted. The regression equation was found to be y = 0.0983x-0.0015, with R2 value of 0.9993. The 

graph was found to be linear.  

Table 9: Concentration range and respective absorbance of Acetazolamide 

Sr No. Concentration (ppm) Absorbance 

1.  4 0.215 

2.  8 0.436 

3.  12 0.612 

4.  16 0.801 

5.  20 0.986 

6.  25 1.244 

 

Figure 3: Standard Curve for Acetazolamide 

8.2 Method Validation for Uv method development 

8.2.1 Linearity 

For the linearity of the Acetazolamide six point calibrations curve were plotted in a concentration range of 4-25 (μg/ml). From the 

linearity study it was observed that the drug was found to be linear in the concentration range and the linear regression equation 

was y = 0.0482x + 0.033with correlation coefficient 0.9992.  
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8.2.2 Accuracy 

Accuracy of the proposed UV method for Acetazolamide was verified by conducting the recovery studies by using standard addition 

method. Standard drug concentration at three different percent levels was added to known amount of Acetazolamide. The percent 

recovery of added standards was calculated (Table 10). The results showed better % mean recovery for respective percent levels. 

The % mean recovery values are closer to 100% showed high accuracy of the proposed UV analytical method. 

Table 10: Evaluation data of Accuracy study of Acetazolamide 

 Acetazolamide   

Levels (%) 

Origin 

Concentrations 

(µg/ml) 

Amount 

added 

(µg/ml) 

% Recovery 
Mean % 

Recovery 
% RSD 

80 4 3.2 101.40 

100.00 1.677 100 4 4 98.14 

120 4 4.8 100.47 

80 8 6.4 100.92 

100.84 0.347 100 8 8 100.46 

120 8 9.6 101.15 

80 12 9.6 101.14 

100.71 0.894 100 12 12 101.31 

120 12 14.4 99.67 

8.2.3 Precision 

Intra-day and inter-day precision study of Acetazolamide were evaluated for the 4 µg/ml, 12 µg/ml and   20 µg/ml. Absorbance 

mean, percent assay and percent RSD were calculated for the intra-day as well as inter-day precision study (Table 11). 

Table 11: Evaluation data for Intra-day and Inter-day study of Acetazolamide 

Intra-day Morning Afternoon Evening 

Concentration 

Range (µg/ml) 

Mean % Assay % RSD Mean % 

Assay 

% RSD Mean % 

Assay 

% 

RSD 

4 0.215 100.24 1.168 0.216 100.13 1.669 0.211 101.34 1.513 

12 0.615 99.45 0.570 0.615 100.65 0.650 0.210 100.16 0.585 

20 0.986 100.03 0.457 0.984 100.33 0.310 0.216 99.23 0.211 

          

Inter-day Day 1 Day 2 Day 3 

Concentration 

Range (µg/ml) 

Mean % Assay % RSD Mean % 

Assay 

% RSD Mean % 

Assay 

% 

RSD 

4 0.211 99.84 0.722 0.213 100.93 0.938 0.213 98.75 1.177 

12 0.611 99.72 0.250 0.613 99.67 0.326 0.613 100.32 0.431 

20 0.984 99.76 0.211 0.983 99.96 0.357 0.985 99.59 0.366 

 

8.2.4 Robustness 

Robustness study was evaluated by using three different solvent. The method was found to be robust as indicated by the % RSD 

values which are less than 2%. (Table 12) 

Table 12: Evaluation data for Robustness of Acetazolamide 

Acetazolamide 

Concentration (µg/ml) Solvents Absorbance % RSD 

8 Ethanol 0.437 0.575 

8 Methanol 0.428 0.713 

8 Phosphate Buffer 0.435 1.053 

 

8.2.5 Ruggedness  
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Ruggedness study of drug was carried out at the three different temperature levels. From the results it was found that the method 

was rugged showing the % RSD value less than 2%. (Table 13) 

Table 13: Evaluation data for Ruggedness of Acetazolamide 

Acetazolamide 

Concentration 

(µg/ml) 

Temperature (°C) Absorbance % RSD 

4 25 0.214 1.636 

12 37 0.615 0.488 

20 60 0.982 0.327 

 

8.2.6 Limit of Detection (LOD) & Limit of Quantification (LOQ) 

Form the results it was found that LOD & LOQ are in the sub-microgram level, which indicates the sensitivity of the method. (Table 

14) 

Table 14: Evaluation data for LOD & LOQ of Acetazolamide 

Acetazolamide 

LOD 0.217 µg/ml 

LOQ 1.124 µg/ml 

 

8.3 Method Development by Reverse Phase High Performance Liquid Chromatography 

8.3.1 Optimization of Chromatographic Conditions and Method Development 

In order to achieve the optimized chromatographic conditions to separate and quantify Acetazolamide one or two parameters were 

modified at each trial and chromatograms were recorded with all specified chromatographic conditions.  

Selection of Solvent 

Acetazolamide is readily soluble in potassium dihydrogen orthophosphate buffer. So mobile phase was used as a solvent of choice 

for the drug. 

Optimization of mobile phase 

After many trials being done on the basis of pKa, solubility study results of the drug and review of literature survey potassium 

dihydrogen ortho phosphate and was choosen for buffer preparation. 

Detection and selection of wavelength 

Known concentration of Acetazolamide working standard was taken and dissolved in mobile phase such that the standard solution 

contains about 8 ppm. Blank solution prepared. All these solution were scanned between 200-400 nm using UV Visible 

Spectrophotometer then these are subjected to chromatograph containing UV detector to determine accurate and optimized 

wavelength. After reviewing chromatograms and peak purity, a wavelength of 265 nm is selected as the wavelength for this drug. 

Various trials [figure 8-11] were carried out to finalize the optimized chromatographic conditions mentioned in the Table 15. Poor 

resolution, bad peak shapes, disturbances in base line were the few reasons of the rejections of the trials. 

Table 15: Various Trials and Optimization of Chromatographic Conditions 

Trial 

No 

HPLC 

System 

Chromatographic Conditions Observation Remarks 

1 HPLC 

(Shimazdu LC 

2010 with Uv 

detector) 

Mobile Phase-Methanol: Phosphate Buffer  

50:50 

Column - Inertsil C18 (4.6 x 265 mm, 5μm) 

Flow rate- 1 ml/min 

Injection Volume- 20µl  

Pump mode- Isocratic 

Column temperature- Ambient 

Wavelength- 265 nm 

Peaks were not 

clearly 

separated. Base 

line is not clear. 
Rejected 

2 HPLC 

(Shimazdu LC 

2010 with Uv 

detector) 

Mobile Phase-Acetonitrile: Phosphate 

Buffer  50:50 

Column - Inertsil C18 (4.6 x 250mm, 5μm) 

Flow rate- 1 ml/min 

Injection Volume- 20µl  

Pump mode- Isocratic 

Column temperature- Ambient 

Peaks were not 

clear. Base line 

is not clear. 

Rejected 
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Wavelength- 265 nm 

3 HPLC 

(Shimazdu LC 

2010 with Uv 

detector) 

Mobile Phase- Acetonitrile: Phosphate 

Buffer  30:70 

Column - Inertsil C18 (4.6 x 250mm, 5μm) 

Flow rate- 1 ml/min 

Injection Volume- 20µl  

Pump mode- Isocratic 

Column temperature- Ambient 

Wavelength- 265 nm 

Peaks shape not 

much good 

Rejected 

4 HPLC 

(Shimazdu 

LC 2010 

with Uv 

detector) 

Mobile Phase- Acetonitrile: Phosphate 

Buffer  15:85 

Column - Inertsil C18 (4.6 x 250mm, 5μm) 

Flow rate- 1 ml/min 

Injection Volume- 20µl  

Pump mode- Isocratic 

Column temperature- Ambient 

Wavelength- 265 nm 

Peaks shape 

were good, with 

good resolution 

and intensity 
Accepted 

 

Blank Chromatogram 

 

Figure 4: Blank Chromatogram 

Trial 1 

 

Figure 5: HPLC Chromatogram of Acetazolamide for 

trial 1 

Table 16: Evaluation parameter of trial 1 

Sr. No. Name Retention 

Time (min) 

Area  

(μV*sec) 

Height (μV) 

1 Acetazolamide 5.614         2056 562.14 

 

Trial 2 

 

Figure 6: HPLC Finger printing of Acetazolamide for trial 2 

Table 17: Evaluation parameter of trial 2 

Sr. No. Name Retention 

Time (min) 

Area  

(μV*sec) 

Height (μV) 

1 Acetazolamide 4.863 42631 35684 
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Trial 3 

 

Figure 7: HPLC Finger printing of Acetazolamide for trial 3 

Table 18: Evaluation parameter of trial 3 

Sr. No. Name Retention 

Time (min) 

Area  

(μV*sec) 

Height (μV) 

1 Acetazolamide 9.460 42517 34264 

Trial 4 

 

Figure 8: Optimized trial for HPLC Finger printing of Acetazolamide 

Table 19: Evaluation parameter of optimized trial 

Sr. No. Name Retention 

Time (min) 

Area  

(μV*sec) 

Height (μV) 

1 Acetazolamide 11.256 43841 33624 

8.4 Method Validation by RP-HPLC 

The following parameters were considered for the analytical method validation of optimized method: 

 System Suitability 

 Specificity 

 Linearity and Range 

 Precision 

 System Precision 

 Method Precision 

 Inter-day Precision 

 Intraday Precision 

 Ruggedness 

 Accuracy (Recovery) 

 Robustness 

 Limit Of Detection(LOD) 

 Limit Of Quantitation (LOQ) 

 Solution Stability 

 Application of method to the marketed dosage form 
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8.4.1 System Suitability 

The HPLC method has been developed for the determination of the percentage assay of Acetazolamide. The chromatograms of the 

standard are shown in figure 11. The Retention time for Acetazolamide was found to be 11.315 min respectively and other 

parameters like, resolution, tailing factor, and theoretical plates were found to be within acceptable limit. (Table 20) 

Table 20: System Suitability Parameters for Acetazolamide 

Sr. 

No 

. 

 

Name 

Retention 

Time* 

 

Area* 

USP 

Tailing* 

USP Plate 

Count* 

1 Acetazolamide 11.315 44216 1.42 2354 

 

 

Figure 9: Standard Chromatogram of Acetazolamide 

8.4.2 Specificity 

There was no interference from the blank at the retention time of analyte peaks. The peak purity data of blank solution and standard 

solution was examined. The peak purity plots are shown in figure 12-17 which reveals the homogenous peaks. 

 

Figure 10: Blank Chromatogram 

 

Figure 11: Purity Chromatogram of Standard 1 of 

Acetazolamide 

 

Figure 12: Purity Chromatogram of Standard 2 of 

Acetazolamide 

 

 

Figure 13: Purity Chromatogram of Standard 3 of 

Acetazolamide
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Figure 14: Purity Chromatogram of Standard 4 of 

Acetazolamide 

 

Figure 15: Purity Chromatogram of Standard 5 of 

Acetazolamide 

Table 21: Specificity Data of Acetazolamide 

Sr. No. 
Peak areas of 

Acetazolamide 

1 43516 

2 44215 

3 43684 

4 42367 

5 43617 

Mean 43479.8 

SD (±) 678.357 

RSD (%) 1.560 

Retention Time (min) 11.194 

Theoretical Plate (Number) 2350.6 

Tailing Factor 1.139 

8.4.3 Precision 

a) System Precision 

The system precision was performed by measuring the peak response for standard drugs solutions (10 µg/ml) in six replicates. Peak 

responses, mean, standard deviation and % relative standard deviation (%RSD) for Acetazolamide was found to be 0.623%. The 

results are shown in table 22 and were found well within the acceptable criteria. 

Table 22: System Precision Data of Acetazolamide 

Sr. No. 
Peak areas of 

Acetazolamide 

1 57264 

2 56935 

3 57124 

4 56834 

5 57841 

6 57314 

Mean 57218. 67 

SD (±) 356.606 

RSD (%) 0.623 
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Figure 16: Chromatogram of System precision 1 (10 

µg/ml) 

 

Figure 17: Chromatogram of System precision 2 (10 

µg/ml) 

 

 

Figure 18: Chromatogram of System precision 3 (10 

µg/ml) 

 

Figure 19: Chromatogram of System precision 4 (10 

µg/ml) 

 

 

Figure 20: Chromatogram of System precision 5 (10 

µg/ml) 

 

Figure 21: Chromatogram of System precision 6 (10 

µg/ml) 

b) Intraday and Inter-day Precision 

The % RSD in intraday precision for Acetazolamide (8, 10, 12 µg/ml) was found to be 0.249, 0.354, 0.218%.  In inter-day 

precision % RSD for Acetazolamide (8, 10, 12 µg/ml) was found to be 0.988, 0.798, 1.403%. Percent RSD in intraday and inter-

day studies were found well within the acceptable limits. The results obtained are mentioned in the table 23 and 24 

 

Figure 22: Chromatogram of Intraday precision at 8 

µg/ml (Morning) 

 

Figure 23: Chromatogram of Intraday precision at 10 

µg/ml (Morning) 
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Figure 24: Chromatogram of Intraday precision at 12 

µg/ml (Morning) 

 

Figure 25: Chromatogram of Intraday precision at 8 

µg/ml (Afternoon) 

 

Figure 26: Chromatogram of Intraday precision at 10 

µg/ml (Afternoon) 

 

Figure 27: Chromatogram of Intraday precision at 12 

µg/ml (Afternoon) 

 

Figure 28: Chromatogram of Intraday precision at 8 

µg/ml (Evening) 

 

Figure 29: Chromatogram of Intraday precision at 10 

µg/ml (Evening) 

 

Figure 30: Chromatogram of Intraday precision at 12 µg/ml (Evening) 
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Table 23: Intraday Precision data of Acetazolamide  

Acetazolamide 

Sr. 

no. 

Conc. 

(µg/ml) 
Area 

Mean peak 

area 

 

SD(±) 

 

%RSD 

 

1 
8 

 43468 (Morning) 

43551 108.48 0.249     43515 (Afternoon) 

43674  (Evening) 

2 10 

54286 (Morning) 

54189 192.19 0.354 54968 (Afternoon) 

54314 (Evening) 

 

3 
12 

64891 (Morning) 

65038 142.26 0.218 65175 (Afternoon) 

65048 (Evening) 

 

Interday Precision:  

Interday precision study was performed by analyzing standard solution at three different concentration 8, 10, and 12 μg/ml on three 

different consecutive day. The chromatogram of interday precision studies are shown in figure 33 to 41 and results are shown in 

table 24. 

 

Figure 31: Chromatogram of Interday precision at 8 

µg/ml (Day 1) 

 

 

Figure 32: Chromatogram of Interday precision at 10 

µg/ml (Day 1) 

 

Figure 33: Chromatogram of Interday precision at 12 

µg/ml (Day 1) 

 

Figure 34: Chromatogram of Interday precision at 8 

µg/ml (Day 2) 
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Figure 35: Chromatogram of Interday precision at 10 

µg/ml (Day 2) 

 

Figure 36: Chromatogram of Interday precision at 12 

µg/ml (Day 2) 

 

Figure 37: Chromatogram of Interday precision at 8 

µg/ml (Day 3) 

 

Figure 38: Chromatogram of Interday precision at 10 

µg/ml (Day 3) 

 

Figure 39: Chromatogram of Interday precision at 12 µg/ml (Day 3) 

Table 24: Inter-day Precision data of Acetazolamide 

Acetazolamide 

Sr. 

no. 

Conc. 

(µg/ml) 
Area Mean peak area 

 

SD(±) 

 

%RSD 

 

1 
 

8 

43548 (Day 1) 

43140 426.57 0.988    42697 (Day1) 

   43175 (Day1) 

2 
 

10 

  55121 (Day 2) 

54749 437.75 0.798   54861 (Day 2) 

54267 (Day 2) 

 

3 
 

12 

65154 (Day 3) 

64247 901.55 1.403 64236 (Day 3) 

63351 (Day 3) 
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8.4.4 Accuracy (Recovery Study) 

The accuracy of the assay method was evaluated by standard addition method in triplicate at 80%, 100 % and 120% level of the 

labeled claim and the percentage recovery was calculated. The mean % recovery was found to be 100.27%, 100.17% and 99.96% 

respectively for Acetazolamide. The results of the recovery study are shown in the table 25. 

Table 25: Recovery study for Acetazolamide 

Acetazolamide 

Level Set 
Amount 

added(µg/ml) 

Amount 

found(µg/ml) 
%Recovery Mean SD %RSD 

 

80% 

1 8 8.010 100.13 

100.27 0.772 0.770 2 8 8.088 101.10 

3 8 7.966 99.58 

 

100% 

1 10 10.030 100.30 

100.17 1.115 1.113 2 10 9.899 98.99 

3 10 10.120 101.20 

 

120% 

1 12 12.011 100.09 

99.96 0.481 0.482 2 12 11.930 99.42 

3 12 12.042 100.36 

 

 

Figure 40: Chromatogram of Acetazolamide accuracy at 

80% level 1 

 

Figure 41: Chromatogram of Acetazolamide accuracy at 

80% level 2 

 

Figure 42: Chromatogram of Acetazolamide accuracy at 

80% level 3 

 

Figure 43: Chromatogram of Acetazolamide accuracy at 

100% level 1 

 

 

 

 

 

 

 

 

 

Figure 44: Chromatogram of Acetazolamide accuracy at 

100% level 2 
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Figure 45: Chromatogram of Acetazolamide accuracy at 

100% level 3 

 

Figure 46: Chromatogram of Acetazolamide accuracy at 

120% level 1 

 

Figure 47: Chromatogram of Acetazolamide accuracy at 

120% level 2 

 

Figure 48: Chromatogram of Acetazolamide accuracy at 120% level 3 

Table 26: Test preparation data of accuracy 

Level (%) Set Area 

80 

1 43523 

2 44165 

3 42984 

100 

1 54324 

2 53716 

3 54638 

120 

1 65348 

2 64837 

3 65714 
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8.4.5 Linearity and Range 

Linearity for Acetazolamide was found to be in the range of 2-12µg /ml with correlation coefficient value (r2) 0.9989. The results 

were tabulated in table 27 and graphically represented in figure 51 and 57.  

Table 27: Linearity and Range for Acetazolamide 

Concentration (µg/ml) Average Peak Area 

2 10715 

4 21216 

6 31124 

8 43516 

10 54395 

12 65274 

Slope 5496.1 

C 765.73 

 

Figure 49: Standard Curve for Acetazolamide 

 

  

 

Figure 50: Standard Chromatogram for Linearity 2 

µg/ml 

 

Figure 51: Standard Chromatogram for Linearity 4 

µg/ml 

 

Figure 52: Standard Chromatogram for Linearity 

6µg/ml 
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Figure 53: Standard Chromatogram for Linearity 8 

µg/ml 

 

Figure 54: Standard Chromatogram for Linearity 10 

µg/ml 

 

Figure 55: Standard Chromatogram for Linearity 12 

µg/ml 

 

8.4.6 Stability in Analytical Solution 

No significant difference was found in the % Assay of Acetazoamide before and after storing for 24 hrs in refrigerator and room 

temperature. This confirms the stability of the drugs in solutions. The percentage assay is tabulated in table 28. 

Table 28: Solution Stability Data of Acetazolamide 

Time level Refrigerator (25°C) Room Condition (37°C) 

Time in hrs % Assay of Acetazolamide % Assay of Acetazolamide 

Initial 100.56 (±0.26) 99.96 (±0.28) 

After 24 hrs 100.13 (±0.31) 100.00 (±0.35) 

   

8.4.7 Limit of Detection (LOD) and Limit of Quantitation (LOQ) 

For Acetazolamide the LOD and LOQ were found to be 0.126µg/ml and 1.015µg/ml respectively. For These values indicate that 

the method is suitable for the determination of the lower concentration and confirms that proposed method is sensitive for the 

determination. 

8.4.8 Robustness 

The system suitability parameters and peak areas were evaluated in each condition and the results were compared with method 

precision results. %RSD at each condition was found less than 2. This indicates the robustness of the method. The results are 

tabulated in table 29. 

Table 29: Robustness data of Acetazolamide 

Flow Rate 
Acetazolamide 

RT Area Theoretical Plate  Tailing Factor 

0.8 ml/min 

12.245 54368 2598 0.864 

12.284 54293 2519 0.859 

12.210 54428 2565 0.854 

Average 12.246 54363 2560.67 0.859 

SD 0.0370 67.638 39.677 0.005 

%RSD 0.302 0.124 1.549 0.582 

     

1.2 ml/min 
10.327 54864 2368 0.791 

10.357 53967 2349 0.795 
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10.346 54567 2346 0.793 

Average 10.343 54466 2354.33 0.793 

SD 0.151 456.95 11.930 0.002 

%RSD 0.146 0.838 0.506 0.252 

8.4.9 Ruggedness 

The Ruggedness parameter was determined by analyzing the different concentration at different temperature. The results were 

showed in table 30. 

Table 30: Data of Ruggedness for Acetazolamide 

Acetazolamide 

Change in 

Parameters 

Area of 

Standard 
Mean SD %RSD 

25°C 

10726 

10707.3 22.745 0.212 10682 

10714 

37°C 

21237 

21214.7 40.426 0.190 21168 

21239 

60 °C 

31186 

31469 248.916 0.790 31654 

31567 

9. SUMMERY 

This project outlines the materials and methodologies used for the study, focusing on acetazolamide, potassium dihydrogen 

orthophosphate, acetonitrile, and methanol. The chapter details the properties, mechanisms of action, uses, and side effects of these 

compounds. Acetazolamide is used for treating various conditions like glaucoma and epilepsy. Its mechanism involves inhibiting 

carbonic anhydrase to reduce pressure. Potassium dihydrogen orthophosphate helps in maintaining essential physiological 

functions and is used to treat low potassium or phosphate levels. Acetonitrile is primarily an industrial solvent with toxic properties, 

while methanol is a toxic alcohol used in various industrial applications.The project also describes the development and validation 

of UV and RP-HPLC methods for acetazolamide. The UV method development included preliminary studies, optimization, and 

validation for parameters like linearity, accuracy, and precision. The RP-HPLC method involved mobile phase preparation, standard 

solution preparation, and method optimization, followed by validation for specificity, precision, and accuracy as per ICH guidelines. 

10. CONCLUSION 

A simple, economical, selective, precise and stability-indicating HPLC method has been developed and validated for analysis of 

Acetazolamide. Reversed-phase chromatography was performed on a C-18 column with Acetonitrile: Phosphate Buffer (pH 4.5) as 

mobile phase at a flow rate of 1.0mL/min. Detection was performed at 265nm and a sharp peak was obtained for Acetazolamide at 

a retention time of 11.256 min. The %RSD for the peak area of LOQ level is not more than 2. The method was validated for 

accuracy, precision, reproducibility, specificity and robustness, by ICH guidelines. Statistical analysis proved the method was 

precise, reproducible, selective, specific, and accurate for the analysis of Acetazolamide. The wide linearity range, sensitivity, 

accuracy and simple mobile phase imply the method is suitable for routine quantification of Acetazolamide with high precision and 

accuracy. 
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