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Abstract

Aim: A simple, accurate, precise, and sensitive reversed-phase high-performance liquid chromatography 
(RP-HPLC) method was developed and validated for simultaneous assessment of alogliptin benzoate (ALO) 
and metformin hydrochloride (MET) in combined tablet formulation. Materials and Methods: The proposed 
RP-HPLC method employed a reverse phase column (C18) and mobile phase with a composition of 0.2% (v/v) 
triethylamine (pH 5.5 with orthophosphoric acid) and methanol (2:98, v/v) was utilized and a flow rate of 
1 mL min-1 was employed. Results and Discussion: Quantification of effluents was monitored at 236 nm. Three 
symmetrical well resolved peaks of alogliptin, metformin, and benzoic acid (benzoic acid was separated from 
ALO) were obtained with retention time of 4.730 ± 0.0267, 6.109 ± 0.0301, and 2.281 ± 0.0324 min, respectively. 
Both, alogliptin and metformin, showed excellent linearity over the concentration range of 0.5–50 µg mL-1. The 
developed method was, then, validated in accordance with ICH guidelines and applied in the determination 
of ALO and MET in the combined tablet dosage form. The formulation analysis revealed good agreement 
(98–100% w/w) with the label claim for both the analytes by RP-HPLC method. Conclusion: Developed method 
was simple, sensitive, and accurate which thus can be utilized for simultaneous determination of both the drugs 
in combined tablet dosage form.

Key words: Simultaneous assessment, Alogliptin benzoate, Metformin hydrochloride, Tablet dosage form, 
Reversed-phase high-performance liquid chromatography

Address for correspondence: 
Dr. Dhanya B. Sen, Department of Pharmacy, 
Sumandeep Vidyapeeth Deemed to be University, 
Vadodara - 391 760, Gujarat, India. 
Phone: +91-8140810531. E-mail: dhanyab1983@gmail.com

Received: 26-03-2022 
Revised: 17-05-2022 
Accepted: 27-05-2022

INTRODUCTION

Alogliptin benzoate (ALO) is an oral 
antihyperglycemic drug which is a 
dipeptidyl peptidase inhibitor, as shown 

in Figure 1. ALO chemically is 2-({6-[(3R)-3-
aminopiperidin-1-yl]-3-methyl-2, 4-dioxo-
3, 4-dihydropyrimidin-1(2H)-yl} methyl) 
benzonitrile. It reduces fasting and postprandial 
glucose concentration in patients with type 2 
diabetes mellitus by inactivating incretin 
hormones. ALO exert the main mechanism 
of action is due to the inhibition of DPP-4, 
thereby increasing the amount of active plasma 
concentration of incretins. ALO appears as 
crystalline powder which is white to off-white 
in color and it is soluble in dimethyl sulfoxide, 
sparingly soluble in methanol and water, 
marginally soluble in ethanol and very slightly 
soluble in isopropyl acetate and octanol.[1-3] 
Metformin hydrochloride (MET) is an oral 

antidiabetic drug, as shown in Figure 1. Chemically, MET is 
N, N-Dimethylimidodicarbonimidic diamide hydrochloride, 
a biguanide antidiabetic. It is an oral antihyperglycemic agent 
prescribed in the treatment of type II diabetes mellitus and 
considers the drug of first choice in overweight patients. It’s 
mechanism of action to increase the insulin sensitivity to 
exert its antidiabetic effect and also possible mechanism of 
action includes the delay in the absorption of glucose from 
the GIT and glucose uptake into the cells and inhibition of 
hepatic gluconeogenesis. MET appears as white to off-white 
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crystalline powder, freely soluble in methanol, water, and 
practically insoluble in chloroform, ether and acetone.[4-8]

There are several reported methods for the quantification 
of ALO and MET individually and in combined tablet 
dosage form by UV spectrophotometry,[3,9-11] HPLC,[12-18] 
HPTLC,[19] and LC-MS.[20] Most of the reported method 
suffers from lower sensitivity, tedious sample and mobile 
phase preparation techniques or longer run time. Hence, it 
was thought to develop a new, simple, accurate, and sensitive 
alternative methods for simultaneous assessment of both the 
drugs in combined tablet formulation. Moreover, proposed 
method is the only method which describes the estimation 
of alogliptin rather than ALO unlike other methods. None of 
the methods have separated BA from ALO. Projected work 
explains a more sensitive and accurate HPLC method than 
the reported methods for the quantification of ALO and MET 
in tablet formulation.

MATERIALS AND METHODS

Materials and pharmaceutical formulations

Reference standard of ALO was bought from Swapnroop 
Drugs and Pharmaceuticals, Aurangabad, Maharashtra, India 
and MET was kindly supplied by IPCA laboratories, Mumbai, 
Maharashtra, India. In-house laboratory manufactured tablet 
formulation containing 12.5 mg of ALO and 500 mg of MET 
was utilized for the research work.

Chemicals and reagents

Merck Specialties Pvt. Ltd. and LobaChemie Pvt. Ltd., 
Mumbai, India were chosen as supplier for HPLC grade 
solvents such as methanol, orthophosphoric acid (OPA), and 
triethylamine (TEA). For all the analyses, HPLC grade water 
(Millipore Direct Q3, Millipore India, Bangalore, India) was 

used. Tablet excipients such as microcrystalline cellulose, 
magnesium stearate, povidone, and crospovidone used in 
the research work were of AR grade for preparing placebo 
solution which was used for specificity study.

Instruments used and chromatographic conditions

All weighing was achieved on highly sensitive Adventurer-
Pro, AVG264C electronic balance, Ohaus Corporation, 
Pine Brook, NJ, USA. Proposed method utilized UFLC 
Prominence (Shimadzu, Kyoto, Japan) outfitted with 
LC-20AD binary pump, SPD-M20A PDA detector, and LC 
solution as software for the investigation. An Enable C18 
column (250 × 4.6 mm i.d., 5 µm particle size, 120 Å) was 
employed for separation with 20 µL injector volume. A guard 
column (C18, 120 Å) also used to protect the analytical column 
which was utilized for the separation. The chromatography 
was performed using a mobile phase comprising 0.2% TEA 
in water (pH 5.5 adjusted with 5 %v/v OPA) and methanol 
(2:98 %v/v) with 1 mL min-1 as flow rate (F/R). The effluent 
was monitored at 236 nm using PDA detector and peak area 
was recorded.

Preparation of Solutions

Reference stock solutions of ALO and MET

Utilizing highly sensitive and precise electronic balance 
quantity equivalent to13.60 mg of ALO (13.60 mg of ALO is 
comparable to 10 mg of alogliptin) and 10 mg of MET were 
shifted into a standard flask (10 mL) separately and volume 
was completed up to the mark using mobile phase to attain 
the concentration 1000 µg mL-1.

Mixed working standard solutions of ALO and MET

Standard solutions were mixed together by transferring 1 mL 
of each stock solution into a 10 mL standard flask and level 
of the solution was completed up to the mark using mobile 
phase to get mixed solution containing ALO and MET 
(100 µg mL-1).

Sample solution preparation

Laboratory prepared 20 tablets (12.5 mg ALO and 500 mg 
of MET) were correctly weighed and transformed into 
powder. Equivalent quantity of the powder (5 mg of ALO 
and 200 mg of MET) was moved to a standard flask of 50 mL 
volume. Subsequently, 30 mL of methanol was added in the 
flask, vortexed, and later sonicated for 10 min. Volume was 
completed adding methanol and filtration was carried out 
using 0.45 µm membrane filter. From this 1 mL solution was 
transferred to a 10 mL volumetric flask and 3.9 mg equivalent 
of pure ALO was also added and volume was made up to 
the mark with methanol to maintain the same concentration 
for both the drugs (400 µg mL-1 ALO and MET). From this 
2.5 mL was pipetted out into a 10 mL volumetric flask and 

Figure 1: Chemical structures of alogliptin benzoate and 
metformin hydrochloride



Sen, et al.: Simultaneous assessment of alogliptin and metformin by RP-HPLC

Asian Journal of Pharmaceutics • Apr-Jun 2022 • 16 (2) | 198

volume was made up with methanol to get 100 µg mL-1 of 
ALO and MET. Suitable aliquots were prepared to get desired 
concentrations (10 µg mL-1 of ALO and MET).

Validation of the method

Projected method was validated in accordance with the 
official protocol described in “International Conference 
on Harmonization guidelines” for validation of analytical 
procedures.[21-23]

Specificity

Method specificity was studied to check how accurately and 
specifically the drugs under study are assessed in presence 
of expected components present in a formulation. Placebo, 
mixed working standard, and sample solutions were injected 
simultaneously and compared the peak position with that 
of standard drug to find out any interference exist between 
excipients and drug peaks in the proposed reversed-phase 
high-performance liquid chromatography (RP-HPLC) 
method.

Linearity and range

Previously prepared mixed working reference solutions 
comprising of ALO and MET (0.5–50 µg mL-1) were 
made and analyzed 6 times repeatedly. Peak areas of each 
concentration were recorded to judge the linearity of the 
projected RP-HPLC method. A 0.45 µm membrane filter 
was employed for the filtration of the mobile phase and 
degassing was done in an ultra-sonic bath to get rid of any 
particulate materials and dissolved gases. The column was 
equilibrated for 15 min with the optimized mobile phase 
before injecting the mixed reference solutions. Calibration 
graphs were built by means of peak areas and corresponding 
concentrations.

Precision

Appropriately diluted mixed reference solution (ALO 
and MET: 5 and 10 µg mL-1) was investigated 6 times and 
%RSD was evaluated to assess the repeatability of the 
method. Whereas, in case of intraday precision, analysis 
was completed in triplicate at two different concentration 
levels (ALO and MET: 5 and 10 µg mL-1) with in a day at 
a predetermined time interval within the linearity range and 
% RSD was calculated. Interday precision was evaluated 
by correlating the outcome of 3 consecutive days, where 
triplicate injections at two different concentration levels 
(ALO and MET: 5 and 10 µg mL-1) were studied within the 
linearity range and % RSD was calculated.

Accuracy

Analyte recovery was estimated to assess the accuracy of the 
projected method by adding standard analyte to pre-analyzed 
sample solution (Formulation, ALO and MET: 5, 10 and 

15 µg mL-1) at different % levels (50, 100 and 150%). The 
resulting combined solutions were reanalyzed for calculation 
of % recovery. Method accuracy was judged on the basis of 
standard ALO and MET recovered in terms of percentage 
from the pre-analyzed sample solution by applying following 
formula:

% Recovery=(Amount of drug found after addition of 
standard drug-Amount of drug found before addition of 
standard drug)/(Amount of standard drug added)×100

Limit of detection (LOD) and limit of quantification 
(LOQ)

With the help of calibration curve, LOD and LOQ of ALO and 
MET were evaluated by utilizing the formula as mentioned in 
ICH guidelines.

LOD = 3.3 ×
S
σ

LOQ = 10 ×
S
σ

Where, S = Slope of the calibration curve, σ = Standard 
deviation of the response.

Robustness

It is the ability of an analytical method to stay unaffected after 
slight and intentional modification in method parameter. The 
method should be able to restrict its influential parameters 
within the tolerable limit to achieve its goal to be used in 
quality control laboratory. Method robustness was assessed 
after slight alteration in parameters such as buffer strength 
(±0.1%), buffer pH (±0.2 units), and flow rate (±0.1 mL min-1).

Solution stability

Variations in response against newly prepared solutions, 
were noted after keeping at room temperature and analyzed 
at a predetermined time interval.

Formulation analysis

Sample formulations were extracted and diluted with 
the help of mobile phase as per the described procedure. 
Diluted sample solutions were analyzed and responses were 
documented. Recorded peak area of analytes was utilized to 
calculate the percentage purity of the formulation.

System suitability assessment

System suitability assessment was done to assure that the 
system was in suitable condition for the assessment to be 
completed. Standard solution was injected (6 times) and 
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chromatographic response was recorded to evaluate the 
appropriateness of the chromatograph using parameters such 
as peak area reproducibility, no of theoretical plates, tailing 
factor, retention time, and resolution.

RESULTS AND DISCUSSION

Chromatography is one of the most extensively used 
separation techniques applied for quantitative estimation 
and quality control of drugs. The challenge of proposed 
method was effective separation of ALO, MET, and 
BA using RP-HPLC. Initially, various solvents such as 
methanol, acetonitrile, and buffers were tried as mobile 
phase for separation of ALO, MET, and BA. However, 
desired separation could not be achieved. Different 
chromatographic conditions such as detection wave length, 
strength of buffer, flow rate, mobile phase composition, and 
pH were varied to get optimum chromatographic conditions. 
Enable C18 column with a mobile phase 0.2% TEA (pH 5.5 
was adjusted with OPA) and methanol (2:98 %v/v) at 
1 mL min-1 flow rate was employed for the separation of 
components and PDA detection at 236 nm was employed. 
Finally, under optimized conditions, the retention time of 
ALO, MET, and BA was found to be 4.730 ± 0.0267, 6.109 
± 0.0301, and 2.281 ± 0.0324 min, respectively [Figure 2].

Projected method was validated in accordance with ICH 
guidelines. The projected method was found to be specific as 
no interfering peaks were found within the specified run time. 
Standard graphs were established using chromatographic 
response (peak areas) of standard drugs against concentration 
for establishing linearity and range of the method. ALO and 
MET were found to be linear in the specified range 0.50–
50 µg mL-1, [Figures 3 and 4].

Outcome of linearity was utilized in regression analysis by 
means of least squares technique for evaluating correlation 
coefficient, slope, and intercept [Table 1]. The method 
preciseness was assessed through parameters such as 
repeatability, intraday, and interday precision. Results of 
precision studies expressed in %RSD follows ICH guideline 
acceptable limits, which indicates good repeatability and 
low interday variability [Table 1]. The results of recovery 
studies ranged from 98 to 102% for both the drugs showing 
the accuracy of the method, which reveals that there is 
no interference from tablet excipients. LOD and LOQ 
of the projected method were found to be 0.1253 and 
0.3797 µg mL-1for ALO, 0.1092 and 0.3308 µg mL-1 for 
MET, respectively [Table 1].

The proposed scheme was checked through all the parameters 
described earlier under robustness studies. However, there 
were no considerable variations in the chromatographic pattern 
after introducing small changes in experimental condition, 
which indicates that the developed method is robust [Table 2].

Solution stability was performed at room temperature and 
it was learnt to be unchanged up to 2 days. The projected 
method was successfully used for the quantitative assessment 
of ALO and MET in tablet formulation (12.5 mg ALO and 
500 mg of MET). System suitability tests were performed 
and results revealed that the parameters tested were within 
the tolerable limit as per the ICH guidelines indicating the 
proposed assessment method is suitable for the analysis 
intended [Table 3].

Figure 2: Standard reversed-phase high-performance liquid 
chromatography chromatogram of alogliptin benzoate and 
metformin hydrochloride (10 µg mL-1)

Table 1: Summarized data of validation parameters 
for the reversed‑phase high‑performance liquid 

chromatography method
Parameters ALO MET
Linearity range 
(µg mL‑1)

0.50–50

Correlation 
coefficient

0.9999 0.9997

Regression 
equation

y=32708x–892.76 y=91926x–3100.4

LODa (µg mL‑1) 0.1253 0.1092

LOQb (µg mL‑1) 0.3797 0.3308

Precision (%RSDc)

Repeatability 
(n=6)

0.6789 0.4458

Intraday (n=3) 0.8977 1.3546

Interday (n=3) 1.3558 1.5195

Accuracyd

% Recovery (n=3) 100.1598±1.6324 99.1032±1.1182

% RSD (n=3) 1.6298 1.1283

Specificity No interference
aLOD: Limit of detection, bLOQ: Limit of quantitation, c% RSD 
(Relative standard deviation) = SD/mean × 100; n: no. of 
determinations. dMean±SD
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Six replicate determinations were carried out to assess the 
formulation [Figure 5] and average experimental values were 
found to be 99.0123 and 99.1963 %w/w for ALO and MET, 
respectively [Table 4]. Hence, the developed method can be 
utilized for the simultaneous assessment of ALO and MET in 
tablet formulation.

Figure 3: Standard calibration curve of alogliptin benzoate 
(0.5–50 µg mL-1) at 236 nm

Figure 4: Standard calibration curve of metformin 
hydrochloride (0.5–50 µg mL-1) at 236 nm

Figure 5: Chromatogram of formulation containing alogliptin 
benzoate and metformin hydrochloride (10 µg mL–1)
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CONCLUSION

The projected RP-HPLC method for simultaneous assessment 
of ALO and MET is simple, accurate, precise, and sensitive. 
The developed method was validated in accordance with 
ICH guidelines and applied for the determination of ALO 
and MET in combined tablet formulation. The formulation 
analysis revealed good agreement (98–100% w/w) with the 
label claim for both the analytes. Moreover, wider linearity 
range, lower LOD and LOQ values, lower standard deviation, 
acceptable % RSD, and shorter run time make the method 
versatile and valuable. Hence, the method can be utilized for 
simultaneous determination of both the drugs in combined 
tablet formulation.
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