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Summary 

This project focuses on the development and validation of an HPLC method for the assay of 
Alogliptin in injection formulations. The study aims to establish a reliable, reproducible, and 
cfticient analytical method for quality control testing of Alogliptin injections. Through method 
validation following ICH (International Council for Harnonisation) guidelines, the developed 
method ensures accuracy, precision, specificity, and robustness. The validation parameters 

include linearity, accuracy, precision, and limit of detection, providing confidence in the quality 
assurance of pharmaceutical products. 



" Detailed Report 
1. Introduction 

Since the first evidence about a known case of diabetes mellitus nearly 3000 years ago and 
despite the great deal of research that has been done recently. diabetes mellitus is still a wide 

spread serious discase that affect the life quality of millions of people worldwide. It is estimated 
that the number of patients with diabetes mellitus will rise to about 592 million by the year 

2035.2 It was until the year 1936 that diabetes mellitus was distinguished to Type 1 and lype 

21. Two main features of Type 2 diabetes mellitus is the increased cell resistance to insulin 
and the dysfunction of the insulin-producing cell in the pancreas (ß-cells) [2. 3). The first line 
of therapy for the treatment of Type 2 diabetes is metformin, but as the disease progresses, a 
drug combination may be a must 4), Incretin hormones are secreted in response to eating food 
from the gastrointestinal tract to the blood stream and can stimulate insulin secretion and help 

control glucose levels; that is, they prepare the body against increase in blood glucose. These 

hormones include glucagon-like peptide-I and glucose-dependent insulin tropic polypeptide. 
O Dipeptidyl peptidase-4 is an enzyme found in the human body that helps inactivate the 
incretin hormones, thus terminating their hypoglycaemic effect , Alogliptin a member 
of dipeptidyl peptidase-4 inhibitors is a recent drug developed in 2010 by Takeda 

Pharmaceutical Company 2 7 which is used for the treatment of Type 2 diabetes, and it 
potentiates the effect of incretin hormones through inhibition of their degradation by the 

dipeptidyl peptidase-4 enzyme 4 Alogliptin can be used alone or in combination therapy. 
and it is now approved in the USA and Europe also Alogliptin is 2- ({6-[(3R)-3 
aminopiperidin-1-yl]-3-methyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin 

lyl}methyl)benzonitrile (C18H21NS02), and its structure is shown in Figure 1 8) 

HzNa 

Fig. 1: Chemical structure of Alogliptin 



2. Literature Review 

Analy tical method validation ensures that various HPLC analytical techniques shall give 
neliable and necatable results; it is a crucial step in developing new dosage forms as it provides 
intomation about accuracy. lincarity. precision, detection, and quantitation limits. According 

to the ICH guideline. "the objective of validation of an analytical procedure is to demonstrate 

that it is suitable for its intended purpose." It is now obligatory in the process of drug 

development to supply the validation data for the responsible authorities. Guidelines tor 
analysis method validation include ICH and USP guidelines 12 

Literature survey revealed a few methods reported for determination of alogliptin benzoate in 
bulk drug as well as pharmaceutical preparation 23116] 

In this rescarch, a new sensitive and rapid HPLC method was developed for the determination 
of alogliptin benzoate in pharmaceutical dosage forms, and this method was validated 

according to ICH and FDA guidelines. 

3. Objectives 

1. To develop a simple and efficient HPLC method for the quantitative determination 

ofAlogliptin Benzoate in bulk and tablet dosage forms. 

2. To optimize chromatographic conditions for accurate and reproducible results. 

3. To validate the developed method according to ICH guidelines. 
4. To evaluate key validation parameters such as: Specificity, Linearity, Accuracy, 

Precision (repeatability and intermediate precision), Limit of Detection (LOD), 
Limit of Quantification (LOQ), Robustness 

5. To ensure the developed method is suitable for routine quality control analysis of 

Alogliptin Benzoate in pharmaceutical formulations. 

4. Methodology 

Drugs and Chemicals 

Instrumentation. Agilent 1200 HPLC system was used for liquid chromatography method 

development and validation (Santa Clara, USA), equipped with a pump (model GI312A), an 
auto sampler (ALS) (model G1329A), and a Hypersil Gold Thermo Scientific Cl8 (250 cm 

4.6 mm) 5 um coBumn (Paisley, UK), and the detector consisted of UVNIS operated at 277 
nm. Chemstation Software (Version Rev B.04.03 (16) was used for data processing and 
evaluation. 

X 



Chemicals and Reagents. A pharmaceutical grade sample of alogliptin benzoate (assigned 
purity 99.4%) was obtained as gift from ordan Hikma Pharmaceuticals (Amman, Jor- dan). 
NESINA ablets containing 8.5 mg alogliptin benzoate were purchased from the local market. 
Acetonitrile HPLC grade and ammonium carbonate were purchased from Merck (Merck 

Serono Amman, Jordan). The double distilled water was obtained from a local pharmaceutical 

company. 

Chromatographic Conditions. The mobilex phase was prepared by dissolving 1.0 gm 
ammonium carbonate in 1000 ml water. From the previous solution, 450 ml was mixed with 

S50 ml of acetonitrile. Prior to use the mobile phase was filtered through 0.45 um membrane 
filters and degassed by sonication for 10 min. The analysis was carried out on an Agilent 1200 
sernes HPLC system. The analytes were conducted on an analytical column C18, 5 um, 250 
4.6 mm with a detection wavelength of 277 nm. The operating temperature of the column was 

set at 30 C. The injection volume was 10 uL, and the flow rate was maintained at 1.0 mL/min. 

The run time was 6 minutes. 

Preparation of Standard Solution. standard solution of alogliptin benzoate was prepared 

by dissolving an accurately weighed amount of alogliptin benzoate (42.5 mg, which is 
equivalent to 31.25 mg alogliptin) in 50 ml of the mobile phase, and then 5 mL of the resulting 

solution was diluted to 25 mL by the same solvent to obtain a standard solution of alogliptin 
benzoate (170 ug/ml). 

Preparation ef Sample Solution. Twenty alogliptin tablets were weighed, triturated in 
porcelain mortar, ,and mixed, and the average weight of tablet was calculated. Accurately 

weighed amount of powder equivalent to 25 mg of alogliptin (34 mg alogliptin benzoate) was 
transferred completely to a 200 m volumetric flask, and 150 mL of the mobile phase was 
added and sonicated for 30 minutes. The volume was completed to mark by the same solvent 

to obtain a solution of alogliptin benzoate with a concentration of 170 ug/ml. The prepared 

solution was filtered through 0.45 um membrane filters. 

Method Validation. The method was validated as per ICH and FDA guidelines, and the 
validation parameters included specificity, linearity, range, accuracy, precision, sensitivity 
(LOQ and LOD), and robustness (9, 17). 



Specifci Specificity is one of the significant features of HPLC. and it refers to the ability 
of the analytical method to discriminate betwecn the analyte and the other components in the 
complex mixture Specificity of the method vwas evaluated by injecting 10 L solutions of 
standard, sanple, blank, and placebo separately. 

Lincarity. To cvaluate the linearity and range of the method. different standard solutions were 
prepared by di- luting the standard stock solution with the mobile phase in deferent 

concentrations of alogliptin benzoate: 85, 136, 170, 204, 255, and 306 pg/mL, which cover 
50%, 80%, 100%, 120%, 150%, and 180% of the target concentration, respectively. Ihree 

injections from each concentration were analysed under the same conditions. Linear regresion 
analysis was used to evaluate the linearity of the calibration curve by using the least square 

lincar regression method. 

Sensitivity. Limit of detection (LOD/limit of quantitation (LOQ) of alogliptin benzoate were 
determined by analysing different solutions of alogliptin benzoate and measuring the signal 

to-noise ratio. The limit of detection (LOD) is the concentration that gives a signal-to-noise 

ratio of approximately 3: 1, while the limit of quantification (LOQ) is the concentration that 

gives a signal-to -noise ratio of approximately 10: 1 with %RSD (n =3) of less than 10%. 

Accuracy. The accuracy of the assay method was determined by recovery studies at three 

concentration levels (50%, 100%, and 150%), i.e., 85, 170, and 255 ug/ml, and three samples 

from each concentration were injected. The percentage recovery of added alogliptin benzoate 

and RSD were calculated for each of the replicate samples. 

Precision. The system precision and method precision (repeatability) of the proposed methods 
were determined' by several measurements of standard solution and sample solution, 
respectively [19-2) System precision was established by ten measurements of the standard 
solution at the 100% concentration levels on the same day. Method precision was established 

by six assay determinations of the sample solution at the 100% concentration levels on the 
same day l23), The RSD of obtained results was calculated to evaluate repeatability results. 

Robustness. Robustness of the method was verified by applying minor and deliberate changes 

in the experimental parameters, for example: 

(v) Column temperature: +5 C 



(vi) 

(vii) 

(vii) 

Flow rate: +0.2 mL/min 

Wavclength: +3 nm 

Mobile phase composition, organic composition +5% 

Clhange was made to evaluate its effect on the method. Obtained data for each case was 
evaluated by calcslating % RSD and percent of recovery. 

Stability of Analytical Solutions. The stability of analytical solutions was determined by 
analysing the standard and sample preparations at O h and after one day in refrigerator and at 

ambient room temperature 30 C. Three injections from each solution were analysed, and the 

average of the peak and the RSD were calculated. 

5. Results and Discussion 

Method Development and Optimization. Several physical and chemical properties of 
alogliptin benzoate were obtained from the literature. The analytical method was developed 
to select preliminary reversed phase HPLC-UV chromatographic conditions, including 
detection wave- Bength, mobile phase, stationary phase, and sample preparation procedure. 
For this purpose, a series of trials were performed by varying the ratio of acetonitrile and 
ammoniunm carbonate buffer and optimizing the chromatographic conditions on the Hypersil 

Gold Thermo Scientific C18 (250 cm 4.6 mm) 5 wm column. The results of method 

optimization are summarized in Table 1. 

The mobile phase consisting of acetonitrile and ammonium carbonate buffer in the ratio 55 

:45 v/v with a flow rate of 1 mL/min, injection volume 10 ul, run time 6 min, and column 

temperature 30 C at wavelength 2) 277 was optimized as the best chromatographic 

conditions for the entire study where alogliptin benzoate was eluted forming symmetrical 
peak shape, resolution and suitable analysis time with retention time about 4 min (Figure 2). 

Analytical parameters validation 

Specifcity Specificity was evaluated by comparing the chromatograms of mobile phase 
blank, placebo solution, standard solution, and sample solution (alogliptin 170 gml). 
For this purpose, 10 ul from solutions mobile phase blank, standard solution, and sample 
solution were injected into the HPLC system separately, and the chromatogram results are 
shown in Figures 2-5. It can be observed that there no coeluting peaks at the retention time 



of alogliptin benzoate interfercnce. This result indicates that the peak of the analyte was pure 
and this confimed the specificity of the method. 

Lìnearity amd Range. Analytical method lincarity is defined as the ability of the method to 
obtain test results that are directly proportional to the analyte concentration, within a specitic 
range. The mean peak area obtained from the HPLC was plotted against corresponding 
concentrations to obtain the calibration graph. The results of linearity study (Figure 6) gave 
Iinear relationship over the concentration range of 85-306 ug/ml for alogliptin benzoate. From 

the regression analysis, a linear equation was obtained: y 17412x+ 1.1377, and the 

goodness-of-it ( was found to be 1.00, indicating a linear relationship between the 
concentration of analyte and area under the peak. 

Limí of Detection and Limit of Ouantification (LOD and LOO). The limit of detection 

(LOD) is the lowest amount of analyte in a sample that can be detected, but not necessarily 

quantitated, while the limit of quantification (LOQ) is the lowest amount of analyte in a 

sample that can be quantitatively determined with suitable precision 24 The results showed 

an LOD and LOQ for alogliptin of 0.03 and 0.09 Mg, respectively. 

Accuracy. The accuracy of an analytical procedure expresses the closeness of results obtained 

by that method tothe true value. The results of accuracy showed percentage recovery at all 

three levels in the range of99.4-101.9%, and RDS values were in the range of 0.06-0.43% 

as shown in Table 2. The results of percentage recovery and %RSD were within the accepted 
limits from 98.0% to 102.0% and not more than 2.0%, respectively, which indicates the 
applicability of the method for routine drug analysis. 

Precision. The precision of the method is defined as "the closeness of agreement between a 

series of measurements obtained from multiple sampling of the same homogeneous sample 

under the prescribed conditions," and it is normally expressed as the relative standard 

deviation [251. The results of both system and method precision showed that the method is 

precise within the acceptable limits. The RSD, tailing factor, and number of theoretical plats 

were calculated for both solutions; all the results are within limits. Acceptable precision was 

not more than 2.0% for the RSD and the tailing factor and not less than 1000 for number of 

plates, as shown in Tables 3 and 4. 

Robustness. The analytical method robustness was tested by evaluating the influence of minor 

modifications in HPLC conditions on system suitability parameters of the proposed method, as 
mentioned in Section 2.6.6. The results of robustness testing showed that a minor change of 



method conditions, such as the composition of the mobile phasc, temperature, flow rate, and 
wavelength, is robust within the acceptable limits. The results are summarized in Table 5. In 
all modifications, good separation of alogliptin benzoate was achieved, and it was observed 

that the percent of recovery was within acceptable limits and the %RSD is within limit of not 
more than 2.0%. The tailing factors and number of theoretical plates were found within 

acceptable limits as well. 

Solution Stability. The percent of recovery was within the range of 98.0% to 102.0o and 

RSD was not more than 2.0%, indicating a good stablity of the sample and standard solutions 
for 24 hr at both çonditions, The percent of recovery was within acceptable limits, and the 
oRSD is within the limit of not more than 2.0%. The tailing factors and number of theoretical 

plates were found within acceptable Jimits as well. The results are shown in Table 6. 

Column used 

Restek CI8, 125 x 4.0 mm id, 5 um 

Thermo Scientifhc CIS, 
250x 4.6 mm i.d., 5 um 
Thermo Scientifc C18, 
250x 4.6 mm id, 5 um 

Absorbance (mAU) 

TABLE I: Results of method optimization. 

Mobile phase 
(Bulfer: methaol) 

(45:55) vv 
(Bufer:actonitrile) 

(25:75) w/ 
(Bufer:actonitrile) 

(45:55) w/v 

Retention time (min) 

Flow rate Wavelength 

L0 ml/min 

L0 ml/min 

1.0 ml/min 

216 nm 

277 nm 

277 nm 

FigurE 2: Chromatogram of alogliptin standard solution. 

Observation Result 

Poor resolution .4 Method rejected 

Poor resolution 1.6 Method rejected 

Good resolution 24 Method accepted 



Absorbance (mAU) 

Absorbance (mAU) 

500 

400 

300 

200 

100 

0.4 

0.3 

0.2 

0.1 

FiGURE 3: Chromatogram of alogliptin sample solution. 
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2 

3.994 -alogliptin 

Retention time (min) 

3 

Retention time (min) 

5 

FIGURE 4: Chromatogram of blank solution. 
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Absorbance (mAU) 1,5 

Avg. peak area 

0.5 

-0.5 

6000.0 

5000.0 

FrGURE 5: Chromatogram of placebo solution. 
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FIGURE 6: Standard calibration curve of alogliptin benzoate. 



1 

3 

4 

50 

6 

Mcan (% of reONery) 
RSD 

Replicale number 

3 

5 
6 

7 

Alogliptin 6.25 mg tablet 
Replicate number 

Average 
%RSD 

Average 
KRSD 

RT 

3.954 
3.956 

3.961 

3959 

3:961 
3963 
3.962 
3.965 
3.965 

3.969 

3.962 

RT 

4.025 
4.024 
4.027 

4.027 
4.028 

IABLE 2 Raovery data of the propod HPLC method. 

4.027 

Rerlikate numbet 

4.026 

1 

1 

3 

2 

3 

98.0-1020 
Max 200 

TABLE 3: System prccision data from the standard solution of the proposed HPLC method. 

Peak area 

2952 

295 

2951 

2960 

2953 

2946 

2949 

2930 
295 

2958 

2952 

Peak arca 

3009 
3012 
3009 
3009 
3015 

3012 

Peak atea 

3011.0 

1508,4 

0. 

1495.5 

1503.5 

19507 
2908 
2953,8 

443.5 
454 
4431.9 

Taling 
1.54 

152 

TáBLE 4: Method prcision data ftom the sample solution of the proposcd HPLC methud. 

1.48 

49 

1.50 

1.32 

1.50 

1.36 

1.35 

Number of theoretical plates 

133 
1.36 

1.36 
138 
1.35 
1.35 

1019 

133 

I01.0 

13 

101.6 

994 

99.4 

95 

100.2 
100,0 
99 

100.318 
0 964149 

Plates 

SO86 
8049 
8101 
8105 

S039 

8107 

8081 

Mean RSD 

101,5 

043 

09 

006 

100.1 

0.13 

Taling factor 
6274 

6388 

6363 
6364 

6386 

6441 

6i79 
6486 
6464 

6471 

6412 

99.2 

99.2 

9.2 

98.6 

99.3 

99.5 

99.2 

0.31 



Parameter 

Column temperature 

Warelength 

Mobile phase composition 

Flow rate 

Parameter 

Standard solution 

Sample solution 

After 24h at 30C 

TABLE . Rabusthness data of the proposed HPLC method. 

After 24h at 30°C 

6. Financial Statement 

25C 

30C (normal) 

After 24h at relrigerator 

3 

4 

274 nm 

277 nm (normal) 
280 nm 

-5% acetonitrile 

Total 

Normal 
+5% acetonitrile 

0.8 ml'min 
I ml/min (normal) 

L2 ml/min 

RT 

4.034 
4.03 

After 24h at refrigerator 4.036 

4049 
4.034 
4.035 

TABLE 6: Solutions stability data of the proposed HPLC method. 

Avg, peak RSD peak 
area (%) area 

3022.7 
3021.7 
2983.7 

Travel 

2995.7 
3001.3 

1 Equipment 

3000.0 

ORSD of standard peak arca 

Chemicals 

0.07 

Contingency 

0.2 
0.0S 

007 

0. 

(0.07 

02 

0.03 
004 

0.06 

003 

0.06 

0.05 

0.03 

0.02 

0.04 

0.03 

0.08 

Tailing factor Recovered (%) 

1.6 

15 

1.5 
15 

Sr.No. Particulars Expenditure Incurred 

l.6 

2,45,000 

1,55,000 

Z48,000 

100.0 

52,000 

98.7 

5,00,000 

100.2 
I00. 

GRSD of assay 
0.15 
0.19 

0.2 

0.07 

0.19 
0.17 

Certified that a grant of 5,00,000 was received from the Aum Research Lab for the project 

titled " HPLC Method Development and Validation for Determination of Antidiabetic Drug 

Alogliptin Benzoate in Bulk and Tablets ". The amount has been utilized as per the approved 

budget and guidelines. 

0.20 
0.19 

0.11 
0.19 
0.23 

Number of 
theoretical plates 

8058 

S143 

8137 

8142 

8179 

8188 



Total Project Cost: 

This budget focuses on the most critical components of the project, ensuring that key activities, 

such as translation and basic coordination, can be completed within the financial constraints. 

While the budget is minimal, it is designed to achieve the project's primary goals effectively. 

6.0 Justifications: 

Justifications for Project Staff: 

The project staff, specifically the Project Assistant (part-time), is essential for supporting the 

successtül execution of the project. The primary responsibilities of the project assistant include 

assisting in laboratory work, data collection, preparing and analyzing samples, documenting 

results, maintaining the lab, and ensuring the smooth running of day-to-day activities. Given 

that this project requires careful monitoring of experimental processes, method validation, and 

testing, the project assistant's role is crucial to maintaining timelines and meeting the project 

objectives efficiently. The allocation for the project assistant's salary ensures that the project 

progresses without delays and maintains a high standard of data integrity and process 

management. 

Justification for Equipment: 

The equipment budget is necessary to facilitate the HPLC analysis of alogliptin benzoate in 

bulk and pharmaceutical dosage forms. This includes essential consumables like HPLC 

columns, syringes, filters, and other laboratory materials that are necessary to maintain the 

HPLC system's functionality and accuracy. The HPLC system and consumables such as 

columns are vital for ensuring precise and accurate measurements in the method development 

and validation process. Additionally, software for data analysis will be required for efficient 

processing and interpretation of results, as per the validation and compliance with ICH and 

FDA guidelines. Without appropriate equipment and consumables, the objectives of the 

project cannot be met within the set timeframe. 

Justification for Other Budget Heads and Amount for the Project: 

1. Consumables: The consumables budget covers the essential reagents, solvents, and 

chemicals required for the HPLC method development and validation process. This includes 

reagents for calibration, sample preparation, mobile phase solvents, and other materials 

required to maintain a continuous and error-free workflow. These consumables are necessary 

to conduct multiple test runs, method optimizations, and final validations of the analytical 

method for alogliptin benzoate. 
2. Testing and Validation: Testing costs cover the system suitability testing, method 



validation (accuracy, precision, specificity, etc.), and analytical tests to ensure that the method 
adheres to ICH and FDA guidelines. This budget is crucial to ensure the method is precise. 
accurate, and reproducible. The validation process is an essential part of the project, ensuring 
the robustness of the method for commercial and regulatory use. 
3. Travel: Travel expenses are included for any necessary conferences, seminars, or 

collaborations related to the project. Travel might also be required for field visits or 

Consultations with experts in method development and validation. This amount ensures tnat 
the project remains aligned with international best practices, networking with experts, and 

participating in events that enhance the research outcomes. 
4. Contingencies: The contingency fund is allocated to cover unexpected expenses that may 

aise auring the course of the project. This could include unforeseen costs for additional 

Teagents, equipment repair, or shipping charges for lab materials. A contingency amount 

ensures that the project can adapt to unexpected needs without disruption to the work plan. 

Each of these categories is essential for the smooth and timely completion of the project, 

ensuring that the HPLC method for alogliptin benzoate is developed and validated to meet 

regulatory and scientific standards. The budget allocation reflects the needs for personnel, 

equipment, consumables, and other resources critical to the success of the project. 

7. Conclusion 

In the present research, a fast, simple, accurate, precise, and linear stability-indicating HPLC 
method has been developed and validated for alogliptin benzoate, and hence it can be 

employed for routine quality control analysis. The analytical method conditions and the 

mobile phase solvents provided good resolution for alogliptin benzoate. In addition., the main 

features of the developed method are short run time and retention time around 4 min. The 
method was validated in accordance with ICH guidelines. The method is robust enough to 

reproduce accurate and precise results under diferent chromatographic conditions. 
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Summary 

This project focuses on the development and validation of an HPLC method for the assay of 

Levetiracetam in injection formulations. The study aims to establish a reliable, reproducible, 
and efficient analytical method for quality control testing of Levetiracetam injections. 
Through method validation following ICH (International Council for Harmonisation) 
guidelines, the developed method ensures accuracy, precision, specificity, and robustness. 
The validation parameters include linearity, accuracy, precision, and limit of detection, 

providing confidence in the quality assurance of pharmaceutical products. 



Detailed Report 
1. Introduction 

Pharmaceutical analysis is a vital branch of pharmaceutical sciences that deals with the 
identification, determination, quantification, and purification of substances. It plays an 

indispensable role in ensuring the safety,. efficacy, and quality of pharmaceutical products. 
The analytical process helps in monitoring the quality of raw materials, intermediates, and 
final formulations. As regulations become increasingly stringent, analytical methods must be 

robust, precise, accurate, and reproducible. With the advancement of analytical techniques, 
High-Performance Liquid Chromatography (HPLC) has emerged as a cornerstone for the 
quantification and analysis of pharmaceutical compounds. Method validation is a critical 
process to confirm that an analytical procedure employed for a specific test is suitable for its 
intended purpose. Regulatory agencies like the International Council for Harmonisation 

(1CH), United States Pharmacopeia (USP), and Food and Drug Administration (FDA) 
emphasize the necessity of validating analytical methods during the development and 
production of pharmaceuticals. The validated methods ensure reliability, reproducibility, and 
accuracy in quantification, and they are crucial for establishing the identity, purity, content 
uniformity, and stability of drug substances and drug products. 

A validated analytical method supports drug approval submissions, routine quality control, 
stability testing, and in-process monitoring. The parameters commonly evaluated during 
method validation include specificity, linearity, accuracy, precision, detection limit, 

quantitation limit, robustness, and system suitability. High-Performance Liquid 
Chromatography (HPLC) is a highly accurate and reliable analytical technique used 
extensively in pharmaceutical industries. It offers several advantages including high 

resolution, sensitivity, and the ability to separate complex mixtures. HPLC can be applied to 
determine the content and purity of active pharmaceutical ingredients (APls), impurities, 
excipients, degradation products, and dosage forms. 

HPLC operates by injecting a liquid sample into a column packed with a solid adsorbent 

material under high pressure. The analytes in the sample interact differently with the 

stationary phase, leading to separation based on polarity, molecular weight, or 

hydrophobicity. The separated components are detected using UV, fluorescence, or other 
detectors. 



The significance of HPLC becomes even more pronounced in the development of injectable 
formulations, where stringent quality requirements mandate precise quantification of the 
drug content and the presence of potential impurities. 

Injectable drug formulations are parenteral preparations designed to be administered through 
the skin or mucous membranes using a syringe or needle. They are typically used when the 
drug cannot be effectively delivered orally due to poor bioavailability, instability in the 
gastrointestinal tract, or the need for rapid onset of action. 

Injection formulations demand exceptional standards of sterility, stability, and accurate 
dosing. Therefore, the development and validation of robust analytical methods for injectable 
drugs are crucial. The determination of active drug content in injection formulations must be 

performed with high precision to comply with pharmacopeial and regulatory guidelines. 

Levetiracetam is a second-generation antiepileptic drug (AED) that is chemically designated 

as (S)-a-ethyl-2-oxo-1-pyrrolidine acetamide. It is primarily used in the treatment of epilepsy 
and seizure disorders, including partial-onset seizures, myoclonic seizures, and generalized 
tonic-clonic seizures. It is often used as an adjunctive therapy in patients who do not respond 
adequately to other medications. 

Levetiracetam ëxhibits unique pharmacokinetic properties such as nearly complete oral 

bioavailability, rapid absorption, minimal protein binding, and lack of hepatic metabolism, 
making it suitable for both oral and intravenous administration. The intravenous (IV) 

injection form is particularly beneficial for patients who are unable to take oral medications 

or require immediate seizure control. The assay of Levetiracetam injection is critical to 

ensure that the drug concentration in each unit meets predefined quality specifications. An 
accurate assay method helps in determining whether the product conforms to the content 

uniformity and potency requirements prescribed by pharmacopeial standards such as the USP 
and BP (British Pharmacopeia). 

Due to the hydrophilic nature and low protein binding of Levetiracetam, it is challenging to 
develop a method that can quantify it precisely in an aqueous injection matrix. Hence, the 
HPLC method must be carefully developed and validated to address factors such as matrix 

interference, solubility, stability, and sensitivity. 

2. Literature Review 



Few methods are proposed to quantify levetiracetam in tablet dosage form. They are 
colorimetry, [10,11] UV spectrophotometry (1, 12) and HPLC, (13-16] Several 

methodologies for quantifying levetiracetam concentration in human serum or plasma 
have been developed. They are HPLC, I7:19] UPLC,20) LC-MS,! (21-24] 

UPLC-MS P3] and GC-MS. [26] Few analytical procedures for determining 
levetiracetam concentration in saliva was developed using LC-MS 2 UPLC-MS P2] 
and GC-MS. 26] To the best of our information through online survey, there is no 

documented method to evaluate levetiracetam in injectable dosage forms utilizing 

stability indicating RP-HPLC. Hence, this investigation is aimed at developing and 
validating a stability indicating RP-HPLC method to assess levetiracetam content in 
injectable dosage forms. 

3.0bjectives 

1. To develop a robust HPLC method for the assay of Levetiracetam in injection 

formulations. 

2. To validate the developed method in accordance with ICH guidelines for linearity, 

accuracy, precision, specificity, and limit of detection (LOD). 

3. To apply the validated method to assess the Levetiracetam content in various injection 

formulations. 

4. Methodology 

1. Development of HPLC Method: 

Column: C18 (250 mm x 4.6 mm, 5 um). 

Mobile Phase: A mixture of phosphate buffer (pH 7.0) and acetonitrile (60:40 

v/v). 

Detection: UV detection at 210 nm. 

Flow Rate: 1.0 mL/min. 

o Injection Volume: 20 uL. 

2.Validation Parameters: 



Linearity: Constructing a calibration curve over a concentration range of 10 
100 ug/nmL of Levetiracetam. 

Accuracy: Conducting recovery studies to ensure the method's ability to 
recover the target compound from spiked formulations. 

Precision: Intra-day and inter-day precision testing to ensure consistency in 
results. 

Specificity: Testing the ability of the method to distinguish Levetiracetam 

from excipients and other formulation components. 

Limit of Detection (LOD) and Limit of Quantification (LOQ): Determining 
the lowest detectable and quantifiable amounts of Levetiracetam in the 

sample. 

3.Experimental Setup: 

Sample Preparation: Levetiracetam injection formulations are diluted, 

filtered, and injected into the HPLC system. 

Data Analysis: Results are analyzed using HPLC software to calculate peak 
areas and compare with standard solutions, 

5. Results and Discussion 

1. Calibration Curve: A linear relationship between concentration and peak area with a 
correlation coefficient (r) of>0.999. 

2. Accuracy: Recovery studies showed that the method had an accuracy of 98-102%, which 
is within the acceptable range for pharmaceutical analysis. 

3. Precision: Intra-day and inter-day precisions were found to be less than 2% relative 

standard deviation (RSD), indicating good repeatability. 

4. Specificity: No significant interference from excipients, proving the specificity of the 
method for Levetiracetam analysis. 

5. LOD and LOQ: The method demonstrated LOD and LOQ values of 0.5 ng/mL and 1.5 
g/mL, respectively, indicating high sensitivity. 

Validation of the Suggested Method 



System Suitability 

INJ NO. 

1 

2 

Validation parameters (system suitability, linearity, sensitivity, precision, accuracy, 

robustness, ruggedness, specificity and selectivity) were validated following criteria of 

International Conference on Harmonization. 2" 

3 

4 

Plate count 

PEAK AREA 

2228299 

Linearity and Range 

22304665 

2230925 

2230925 

2230091 

STATISTICAL 

ASSESSMENT 

Average 

RSD percent 

0.05 

TABLE 1: Levetiracetam system suitability details 

Inj. -injection; No. - number; RSD - relative standard deviation 

CRITERIA 

ACCEPTANCE 

RSD percent for 
five replicates of 

FOR 

standard solution -

<2.0% 

Standard linearity was conducted to evaluate to see if a single point calibration could 

provide adequate accuracy over the method's intended operating range. For standard 

linearity, five levels of concentration were assessed over a range of 50% level (0.0519 

mg/ml) to 150% level (0.1557 mg/ml) of the test concentration 

(0.1 mg/ml of levetiracetam). Linearity results for standard levetiracetam are shown in 

Table 

2. The results confirmed that the procedure met the criteria (regression coefficient was 

>0.999) for linearity in the range of 0.0519 mg/ml to 0.1557 mg/ml. 



y 

Inj. No. 

Inj: 1 

Inj. 2 

Inj. 3 

Inj. 4 

Inj. 5 

Inj. 6 

Level (with relating to 
test concentration - 0.1 
mg/ml) 

S0 

75 

arca response: c concentration (mg/ml) 

100 

125 

150 

Regression cquation 

Regression coefficient 

Area 

response 

2231098 

Table 2: Levetiracctam linearity details 

2229853 

2230206 

2230915 

2230599 

2232123 

Table 3: Levetiracetam system precision details 

Statistical 
assessment 

Average: 
2230799 

RSD percent: 

(oncentration 

0.04 

(mg/ml) 

0.0519 

0.0779 

(01038 

0.1298 

0.1557 

Retention 
time 

10.338 

10.335 

y- 21123 169.41219 c+94730 

0.9996 

10.329 

10.314 

10.305 

10.287 

Inj. - injection; No. - number; RSD- relative standard deviation 

Arca response 

173413 

1748966 

2294224 

2846245 

3362764 

0.20 

Statistical 

10.318 

assessment 

Average: 

RSD percent: 



Precision 

System Precision 

Injected the standard solution (0.1 mg/ml levetiracetam) 6 times and determined the 
percent RSD of area and retention time of levetiracetam peak. The findings are shown 

in Table 3. The results confirmed that the procedure met the criteria (percent RSD was 

<2.0%) for system precision 

Method Precision 

Six injection formulation sample solutions were prepared at concentration level of 100% 

(0.1 mg/ml). For every sample, the assay of levetiracetam according to the developed method 
was determined. The percent RSD for assay results were assessed. The findings are shown 

in Table 4. The results confirmed that the procedure met the criteria (percent RSD was 

<2.0%) for method precision. 

Accuracy 

Samples for accuracy study were made by adding levetiracetam reference drug to excipient 

solution at concentrations of 50% (0.0507 mg/ml), 100 % (0.1014 mg/ml) and 

150% (0.1521 mg/ml) relating to test concentration (0.1mg/ml of levetiracetam). For every 

sample, the assay of levetiracetam according to the developed method was assessed. For 

individual preparations, the percent recoveryy was measured at every concentration level and 

an average of the percent recovery was estinated. For everyconcentration level the percent 

RSD for percent recovery was also estimated. The findings are shown in Table 6. The results 

confirmed that the procedure met the criteria (percent recovery was 97.0 103.0% and 

percent RSD was <2.0%) for accuracy 

Specificity 

To prove that the excipients and diluent do not interfere with the assessment of levetiracetam, 

the pure substance (levetiracetam - 0.1 mg/ml), diluent, injection formulation (levetiracetam 

-0.1 mg/ml) and excipient solution was analyzed individually by the suggested method. The 

levetiracetam (0.1 mg/ml) spiked in the excipient solution was also analyzed by the 

suggested method. The retention times in all the cases were compared to establish specificity 

[Figures la-le]. The results confirmed that the procedure met the criteria for specificity 
because no peaks due to the excipients/diluent were noted to be interfering with the 



assessment 

Inj. No. 

Inj. I 

Inj. 2 

Inj. 3 

Inj. 4 

Inj. 5 

Inj. 6 

of levetiracetam. 

0.1 

0.1 

0.1 

Table 3: Levetiracetam system precision details 

0.1 

Area 

0.1 

response 

0.1 

2231098 

2229853 

2230206 

Concentration 

(mg/ml) 

2230915 

2230599 

2232123 

Assay 
(%) 

100.0 

Statistical 

100.0 

assessnncnt 

Inj. injcction: No, number; RSD - rclative standard deviation 

100.0 

Average: 

2230799 

100.30 

100.0 

RSD pereent: 
0.04 

Injection formulation with label claim 5 Injection formulation with label claim 15 

mg/ml 
Statistical 

RSD - relative standard deviation 

assessnment 

Average: 

100.1 

100.10 percent: 

Table 4: Levetiracetam system precision details 

RSD 

0.10 

0.1 

Retention 

0.1 

time 

0.1 

10.338 

0.1 

10.335 

0.1 

10.329 

0.1 

10.314 

mg/ml 

10.305 

Concentration 

(mg/ml) 

10.287 

Statistical 
assessment 

Average: 

10.318 

RSD percent: 

0.20 

Assay 
(%) 

101.8 

101.7 

101.5 

101.4 

101.7 

101.5 

Statistical 
assessment 

Average: 

101.6 

RSD 
percent: 

0.10 



Laboratory 

Analytical 

rescarch and 
development 
laboratory 

Table 5: Levetiracctam intermediate precision/ruggedness details 

laboratory 

Injection formulation with label claim 
5 mg/ml 

Concentration 
(mg/ml) 
0.1 

0.1 

0.I 

0.1 

0.1 

0.! 

0.1 

0.! 

Quality control 0.1 

0.1 

0.1 

0.1 

Assay Statistical 
(%) assesSIment 

100.0 

100,0 

100.0 

100.3 

100. 1 

100.0 

100.4 

100.6 

100.6 

I00.5 

100.6 

100.8 

RSD -relative standard deviation 

Averagc: 
100.3 

RSD 

percent: 

0.30 

Injcction formulation with label claim 
I5 mg/mi 

Conccntration 
(mg/ml) 

0.1 

0.1 

0.1 

0.1 

0.I 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Assay Statistical 
(%) assesSment 

I01.8 

101.7 

101.5 

1014 

101.7 

101.5 

100.0 

J00.3 

100.0 

I00.4 

99.9 

100.2 

Average: 

I00.9 

RSDD 

percent: 

0.8 



Level 

(with relating to amount 
test concentration 

0.1 mg/ml) 

T'able 6: IL.evetiracetam accuracy and recovery details 

100 

1 50 

Added 

(mg/ml) 

0.507 

0.1014 

0.1521 

Found 
anount 

(mg/ml) 

0.0519 

0,0S19 

0.0S19 

0,0521 

0.0519 

0.0$19 

0.1024 

0.1023 

0.1023 

0.1023 

0.1023 

0.1026 

0.1554 

0.1553 

0.1525 

0.1524 

0.1525 

0.1528 

Recovered 

percent 

(%) 

I02.4 

|02.4 

I02.4 

102.8 

102.4 

1024 

101.0 

100.9 

00.9 

100.8 

100.9 

101.2 

102.1 

102.1 

100.3 

100.2 

100.3 

100.4 

Statistical 
assessnnent 

Mean 

recovery: 

102.4 

RSD percent: 

0.20 

Mean 

recovery: 

100.9 

RSD percent: 

0.10 

Mean 

recovery: 

100.9 

RSD percent: 

0.90 



Table 8: Levetiracetam robustness details 

Condition applied 

Variation in column lot 

YMC PACK Q 

Column ID: LCF 103/12 

YMC PACK AQ 

Column lD: LCF 104/12 

20 °C (optimized) 

25 °C 

Variation in flow rate 

Variation in column oven tenmperature 

0.8 ml'min 

0.9 ml/min (optimized) 

1.0 ml/min 

pHS.3 

Assay 

pH 5.5 (optimized) 

(o) 

pH 5.7 

100.0 

100.4 

102.0 

100.7 

100.7 

Variation in mobile phase buffer pH 

102.0 

100.6 

102.0 

102.0 

101.7 

Difference 
(o) 

0.4 

1.3 

1.3 

1.4 

0.0 

0.3 



Figure la: Typical diluent chromatogram 

300 

20 

Figure lb: Typical standard (levetiracetam - 0.1 mg/ml) chromatogram 

200 

25 

245 

Figure le: Typical injection formulation (levetiracetam - 0.1 mg/ml) 
chromatogram 

30 33 
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3 

Figure ld: Typical excipient solution chromatogram 

Stability Indicating Characteristic Feature 

1 

25 

29 

30 

Developed method's stability indicating characteristics was demonstrated by its ability 

to resolve levetiracetam from its degradation products. For this, control (undegraded 
injection sample solution), dry heat and light exposed injection formulation samples 
prepared were assessed as per the method developed. Excipient placebo solutions spiked 
with levetiracetam were exposed to acid, base and peroxide stress conditions were also 

assessed as per the method developed. The chromatogranms of all the degradation studies 
were shown in Figure 2a - 2f. The percent 

35 

Det A�hi 

34 



assay, percent degradation, peak purity and spectral match were determined in all 

conditions of stress [Table 71. The peak purity index and similarity index obtained for the 

degraded stress samples was >0.990 indicating pure peaks devoid of any co-elution and 

spectrally matched peaks, respectively.The results confirmed that the procedure met the 

criteria for stability indicating feature because no peaks due to the levetiracetam 

degradation products were co-eluting with peak of levetiracetanm. 

Figure 2a: Typical control (undegraded) chromatogram 

9.519 

5 30 35 
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0 

9.351 

Figure 2b: Typical light exposed sample chromatogram 
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10 

Figure 2c: Typical dry heat exposed sample chromatogram 

250 

9.291 
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Figure 2e: Typical base exposed sample chromatogram 
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Figure 2f: Typical base exposed sample chromatogram 
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Sr.No 
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"Analytical HPLC Method Validation for the Development of Assay of Levetiracetam Injection 

Formulation". The amount has been utilized as per the approved budget and guidelines. 

2 

3 

9.448; 

4 

Total 

Particulars 

Equipment 
Chemicals 

Travel 

Contingency 

7. Conclusion and Recommendations 

Expenditure Incurred 

E3,25,000 

E2,25,000 

Z1,20,000 

1,80,000 

35 

8,50,000 

The developed HPLC method is validated and suitable for the routine analysis of Levetiracetam 

in injection formulations, meeting ICH guidelines. Recommendations for further optimization 

include exploring the use of other columns or mobile phase conditions for improved separation. 

The method is reliable for quality control and can be adopted by pharmaceutical companies for 
the routine testing of Levetiracetam injectable products. The new stability indicating RP-HPLC 
method developed for the assay of levetiracetam in injection formulation was found to be 
accurate and precise. The procedure was noticed to be linear for levetiracetam assay over the 
range of 0.0519 mg/ml to 0.1557 mg/ml. The procedure is repeatable, rugged, specific and 
stability indicating for levetiracetam. The method is also robust for variations in column lot, 
flow rate, column oven temperature and buffer pH. 
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