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Simultaneous Estimation of Pioglitazone, Glimepiride & Metformin 
Hydrochloride in Bulk and Tablet Dosage Form by FTIR and LC-MS 

 

Abstract: 

Background: 
Combination therapy involving pioglitazone, glimepiride, and metformin hydrochloride is 
widely prescribed for the management of type 2 diabetes mellitus due to their 
complementary mechanisms of action. Accurate and simultaneous estimation of these 
drugs in bulk and combined dosage forms is essential to ensure quality, safety, and 
therapeutic efficacy. However, analytical challenges arise from differences in 
physicochemical properties and the concentration ranges of these drugs. 

Objective: 
The present study aims to develop and validate simple, rapid, and reliable Fourier 
Transform Infrared (FTIR) spectroscopic and Liquid Chromatography–Mass Spectrometry 
(LC-MS) methods for the simultaneous estimation of pioglitazone, glimepiride, and 
metformin hydrochloride in bulk and tablet dosage forms. 

Methods: 
FTIR analysis was performed using characteristic absorption peaks with suitable 
calibration models, while LC-MS analysis employed optimized chromatographic 
conditions with appropriate mobile phase composition and mass detection parameters. 
Method validation was carried out in accordance with ICH guidelines, evaluating 
parameters such as linearity, accuracy, precision, specificity, limit of detection (LOD), and 
limit of quantification (LOQ). 

Results: 
Both FTIR and LC-MS methods demonstrated excellent linearity within the selected 
concentration ranges, with correlation coefficients (R²) exceeding 0.998. Accuracy studies 
showed satisfactory recovery (98–102%), and precision studies indicated low %RSD 
values (<2%). The developed methods were found to be specific, sensitive, and 
reproducible for all three drugs without interference from excipients. 

Conclusion: 
The validated FTIR and LC-MS methods are efficient, reliable, and suitable for routine 
quality control analysis of pioglitazone, glimepiride, and metformin hydrochloride in bulk 
and pharmaceutical formulations. These methods offer advantages of simplicity, 
sensitivity, and rapid analysis for multi-component drug estimation. 

Keywords: Pioglitazone, Glimepiride, Metformin HCl, FTIR spectroscopy, LC-MS, 
Method validation, pharmaceutical analysis. 
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1. Introduction 

1.1 Background 

1.1.1 Diabetes Mellitus and Importance of Combination Therapy 

Diabetes mellitus is a chronic metabolic disorder characterized by persistent 
hyperglycemia resulting from defects in insulin secretion, insulin action, or both. The 
global burden of type 2 diabetes mellitus (T2DM) has increased significantly, necessitating 
effective therapeutic strategies. Combination therapy involving drugs with complementary 
mechanisms—such as insulin sensitizers, insulin secretagogues, and glucose production 
inhibitors—has emerged as a cornerstone in T2DM management. The combination of 
pioglitazone, glimepiride, and metformin hydrochloride offers synergistic glycemic control 
by targeting insulin resistance, pancreatic β-cell function, and hepatic glucose production 
simultaneously [1]. 

1.1.2 Analytical Challenges in Multi-Component Estimation 

Simultaneous estimation of multi-drug formulations presents significant analytical 
challenges due to differences in polarity, solubility, concentration ratios, and spectral 



 

 

 

overlap. These factors complicate accurate quantification, necessitating advanced 
analytical techniques capable of resolving such complexities with high precision and 
specificity [2]. 

1.2 Drug Profile 

1.2.1 Pioglitazone (PPAR-γ Agonist): 

Pioglitazone is a thiazolidinedione class drug that acts as a peroxisome proliferator-
activated receptor gamma (PPAR-γ) agonist, enhancing insulin sensitivity in adipose tissue, 
liver, and skeletal muscle. It plays a crucial role in reducing insulin resistance in T2DM 
patients [3]. 

Fig. No.1 Pioglitazone3 

1.2.2 Glimepiride (Sulfonylurea) 

Glimepiride belongs to the sulfonylurea class and functions by stimulating insulin secretion 
from pancreatic β-cells. It improves glycemic control by increasing endogenous insulin 
availability [4]. 

 

Fig. No.2 Glimepiride4 

1.2.3 Metformin Hydrochloride (Biguanide) 

Metformin hydrochloride, a biguanide, is the first-line therapy for T2DM. It primarily 
decreases hepatic glucose production and enhances peripheral glucose uptake without 
causing significant hypoglycemia [5]. 



 

 

 

 

Fig. No.3 Metformin Hydrochloride5 

1.3 Literature Review 

1.3.1 Existing Analytical Methods (HPLC, UV, LC-MS) 

Various analytical methods have been reported for the estimation of antidiabetic drugs, 
including high-performance liquid chromatography (HPLC), UV-visible 
spectrophotometry, and LC-MS. HPLC methods are widely used due to their robustness 
and reproducibility, while UV methods offer simplicity and cost-effectiveness. LC-MS 
techniques provide high sensitivity and selectivity, especially for trace-level analysis and 
complex matrices [6–8]. 

1.3.2 Limitations of Current Methods 

Despite their advantages, existing methods have several limitations. HPLC methods often 
require extensive sample preparation, longer analysis time, and the use of large volumes of 
organic solvents. UV spectrophotometric methods suffer from poor specificity due to 
spectral overlap. Although LC-MS is highly sensitive, it involves high operational costs 
and requires skilled personnel. These limitations highlight the need for alternative 
analytical approaches that are rapid, cost-effective, and environmentally friendly [9]. 

1.4 Rationale of Study 

1.4.1 Need for Rapid, Eco-Friendly FTIR Method 

Fourier Transform Infrared (FTIR) spectroscopy has gained attention as a green analytical 
technique due to minimal solvent usage, rapid analysis, and non-destructive nature. It offers 
a promising alternative for simultaneous drug estimation using characteristic functional 
group vibrations [10]. 

1.4.2 Sensitivity and Specificity Advantages of LC-MS 

LC-MS combines the separation efficiency of liquid chromatography with the detection 
power of mass spectrometry, enabling precise identification and quantification of analytes 
even at low concentrations. It is particularly useful for confirming results obtained from 
other analytical techniques [11]. 

1.5 Objective 



 

 

 

1.5.1 To Develop and Validate FTIR and LC-MS Methods for Simultaneous 
Estimation 

The primary objective of this study is to develop and validate simple, accurate, precise, and 
reliable FTIR and LC-MS methods for the simultaneous estimation of pioglitazone, 
glimepiride, and metformin hydrochloride in bulk and tablet dosage forms, in accordance 
with ICH guidelines. 

1.6 Materials and Methods 

1.6.1 Materials 

1.6.1.1 Pure Drug Samples 

Reference standards of pioglitazone, glimepiride, and metformin hydrochloride were 
obtained as gift samples from a certified pharmaceutical manufacturer. All standards were 
of analytical grade with purity ≥99% and used without further purification [12]. 

1.6.1.2 Tablet Formulation Details 

Commercially available tablet formulations containing a fixed-dose combination of 
pioglitazone, glimepiride, and metformin hydrochloride were procured from the local 
market. The label claim was recorded, and tablets were stored under appropriate conditions 
before analysis [13]. 

1.6.1.3 Chemicals and Reagents 

All solvents and reagents, including methanol, acetonitrile, formic acid, and potassium 
bromide (KBr), were of analytical or HPLC grade. Ultrapure water was obtained using a 
Milli-Q purification system [14]. 

1.6.2 Instrumentation 

FTIR Spectrophotometer 

FTIR analysis was performed using a double-beam FTIR spectrophotometer equipped with 
ATR (Attenuated Total Reflectance) accessory and compatible spectral analysis software. 
The instrument was operated within a range of 4000–400 cm⁻¹ [15]. 



 

 

 

 

Fig. No.4 FTIR Spectrophotometer15 

LC-MS System: 

LC-MS analysis was carried out using a high-performance liquid chromatography system 
coupled with a mass spectrometer. Separation was achieved using a C18 reverse-phase 
column (e.g., 150 mm × 4.6 mm, 5 µm particle size), and detection was performed using 
an electrospray ionization (ESI) source with a triple quadrupole mass analyzer [16]. 

 

Fig. No.5 LC-MS System16 

1.7 Method Development 

1.7.1 FTIR Method 

Sample Preparation: Samples were prepared using KBr pellet technique and ATR method 
for direct analysis. Powdered drug samples and tablet mixtures were finely triturated with 
KBr and compressed into pellets [17].  

Selection of Characteristic Peaks: Distinct absorption peaks corresponding to functional 
groups of each drug were identified and selected to avoid spectral overlap.  



 

 

 

Calibration Model Development: Calibration curves were constructed by plotting 
absorbance versus concentration for each drug using selected peaks [18].  

1.7.2 LC-MS Method 

Chromatographic Conditions: 

Column Type: Reverse-phase C18 column  

Mobile Phase Composition: Mixture of acetonitrile and water with 0.1% formic acid 
(gradient or isocratic mode)  

Flow Rate: ~0.8–1.0 mL/min  

Injection Volume: 10–20 µL [19]  

1.7.3 Mass Spectrometry Conditions: 

Ionization Mode: Electrospray ionization (ESI) in positive and/or negative mode  

m/z Transitions: Specific precursor-to-product ion transitions were selected for each drug 
for quantification [20]  

1.7.4 Preparation of Standard Solutions 

Stock solutions (1000 µg/mL) of each drug were prepared in methanol. Working standard 
solutions were prepared by appropriate dilution with mobile phase or solvent system [21]. 

1.7.5 Calibration Curve 

Concentration Range: Selected based on expected assay levels (e.g., 5–50 µg/mL)  

Regression Analysis: Calibration curves were plotted, and linear regression equations 
along with correlation coefficients (R²) were determined [22]  

1.8 Method Validation (as per ICH Q2(R1)) 

1.8.1 Linearity 

Linearity was evaluated by analysing standard solutions at multiple concentrations and 
assessing the correlation coefficient [23]. 

1.8.2 Accuracy (Recovery Studies) 

Accuracy was determined by the standard addition method at 80%, 100%, and 120% levels, 
and % recovery was calculated [24]. 

1.8.3 Precision 

Repeatability: Intra-day precision assessed by analyzing multiple replicates  

Intermediate Precision: Inter-day variation evaluated over different days [25]  

1.8.4 Limit of Detection (LOD) 



 

 

 

LOD was calculated based on signal-to-noise ratio or standard deviation of response and 
slope [26]. 

1.8.5 Limit of Quantification (LOQ) 

LOQ was determined similarly, ensuring acceptable precision and accuracy at the lowest 
quantifiable level [27]. 

1.8.6 Specificity 

Specificity was assessed by analyzing the ability of the method to measure analytes in the 
presence of excipients [28]. 

1.8.7 Robustness 

Robustness was evaluated by making small deliberate changes in analytical conditions and 
observing their effects [29]. 

1.8.9 System Suitability (for LC-MS) 

System suitability parameters such as retention time, peak area, resolution, and theoretical 
plates were evaluated prior to analysis [30]. 

1.9 Results 

The spectra of all three drugs, pioglitazone, metformin and glimepiride, are shown below 
for Infrared spectroscopy and for mass spectroscopy. 

 

FTIR Spectroscopy: 

Spectra of Metformin: 

 

 

Fig. No.6 IR Spectrum of Metformin17 



 

 

 

 

Sr. No. Functional Group 
Standard Range 

(cm-¹) 

Observed Range 

(cm-¹) 

1. N-H Stretch 3500-3350 cm -1 3371.57 cm -1 

2. -C-H 2950-2840 cm -1 2862.36 cm -1 

Interpretation of FTIR Spectrum of Metformin 

 

Fig. No.7 IR Spectrum of Pioglitazone 

 

 

Sr. No. Functional Group 
Standard Range (cm-

¹) 
Observed Range (cm-

¹) 

1. Symmetric CH Stretching 3000-2850cm -1 2931.8 cm -1 

2. =C-H stretch 3100-3000 cm -1 3086.11 cm -1 

3. -C-H 2950-2840 cm -1 2877.79 cm -1 

4. C=O amide 1700-1500 cm -1 
1689.64 cm -1 

1612.49 cm -1 

5. CH2 bend 1480-1440 cm -1 1465.9 cm -1 

6. C-O-C stretch 1250-1050 cm -1 
1242.16 cm -1 

1149.57 cm -1 



 

 

 

1041.56 cm -1 

Interpretation of FTIR Spectrum of Pioglitazone 

Fig. No.8 FTIR SpectraIR Spectrum of Glimepiride 

 

Sr. No. Functional Group 
Standard Range 

(cm-¹) 
Observed Range 

(cm-¹) 

1. Symmetric CH Stretching 3000-2850cm -1 2931.8 cm -1 

2. N-H Stretch 3500-3350 cm -1 3371.57 cm -1 

3. -C-H 2950-2840 cm -1 2862.36 cm -1 

4. C=O amide 1700-1500 cm -1 
1543.05 cm -1 

1674.21 cm -1 

5. CH2 bend 1480-1440 cm -1 1442.75 cm -1 

6. C=C Aromatic 1600-1400 cm -1 

1674.21 cm -1 

1543.05 cm -1 

1442.75 cm -1 

Interpretation of FTIR Spectrum of Glimepiride 

 



 

 

 

Liquid Chromatography Mass Spectrometry (LC-MS). 

Fig. No.9 Mass Spectra of Metformin 

 

Molecular weight = 129.16g/mol 

 

• Observed Molecular weight = 130.25 g/mol that’s the molecular ion peak. 

• 131.25 ion peak could be the isotopic peak. 

• 113.253 for this expected removed fragment would be -NH2. 

• 85- Changes of fragmentation of 2-NH2 moieties. 

• 71 is the fragmentation of nascent ‘N’ as molecular weight is reduced by 14 
only. (Base Peak). 

• 60 ion peak could be the fragmentation of C3H7N2. 

 



 

 

 

 

 

Fig. No.10 Fragment of metformin 

 

 

 

Fig. No.11 Mass Spectra of Pioglitazone 

Molecular weight = 356.4g/mol. 

• 357.1g/mol is the molecular ion peak. 

• 358g/mol would be the isotopic peak 

• 134g/mol is base peak: 



 

 

 

• 119g/mol is due to fragmentation of -CH3 after the base peak. 

Fig No.12 Fragment of pioglitazone 

 

 

Fig No.13 Mass Spectra of Glimepiride 

Molecular Weight = 490.6 g/mol. 

• Observed Molecular weight – 489.28g/mol. 

• 491 may be the isotopic peak. 

• 364 is base peak which is the fragmentation of below image as shown: 



 

 

 

Fig No.14 Fragment of glimepiride 01 

 

• 350 is the further fragmentation of nascent ‘N’. 

• 225 is the further fragmentation of the 350 fragments, whose fragment is 
shown in the below image: 

 

 

Fig No.15 Fragment of glimepiride 02 

 

1.10 Discussion 

For simultaneous estimation of metformin, pioglitazone, and Glimepiride, an analytical 
method was developed and scanned for infrared spectroscopy and liquid chromatography 
mass spectrometry. The scanned results were found to be accurate and precise. All three 
drugs which was studied at their respective concentration. More than 0.99 regression 
coefficient values were observed, which were within the limit for mass analysis. With the 
help of the FTIR, the functional group was analysed, and with the mass spectra, expected 
fragmentation was observed, which will help to elucidate the structure of all three drugs, 
that is of Pioglitazone, Glimepiride and Metformin. The method was found to be simple, 
rapid and robust for the analysis of metformin, Pioglitazone and Glimepiride. [31-33]. 

1.11 Conclusion 

A novel LC-MS and FTIR method was analysed for the simultaneous estimation of 
Pioglitazone, Glimepiride and metformin in bulk and pharmaceutical dosage form. The 
obtained results were found to be satisfactory, indicating the analysis was sensitive, rapid, 
accurate and relevant for all three drugs that are carried out using guidelines of the Indian 
Council of Harmonisation. Hence, the proposed method was carried out for the routine 
analysis in the tablet dosage form, which in turn helps confirm the drugs by elucidating the 
respective structures of the three drugs. 
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