
DEVELOPMENT AND VALIDATION OF STABILITY 

INDICATING ASSAY METHODS FOR ESTIMATION 

OF ANTI DIABETIC DRUGS

A Thesis submitted to Gujarat Technological University 

for the Award of 

Doctor of Philosophy 

 in 

Pharmacy

by 

Surati  Jasmina  Shivlal
129990990014 

under supervision of 

Dr.  Vandana B. Patel 

Prof.  Srinivas  Nammi 

GUJARAT TECHNOLOGICAL UNIVERSITY 
AHMEDABAD 

      July – 2020



DEVELOPMENT AND VALIDATION OF STABILITY 

INDICATING ASSAY METHODS FOR ESTIMATION 

OF ANTI DIABETIC DRUGS

A Thesis submitted to Gujarat Technological University 

for the Award of 

Doctor of Philosophy 

 in 

Pharmacy

by 

Surati  Jasmina  Shivlal
129990990014 

under supervision of 

Dr.  Vandana B. Patel 

Prof.  Srinivas  Nammi 

GUJARAT TECHNOLOGICAL UNIVERSITY 
AHMEDABAD 

     July – 2020



©  Surati  Jasmina  Shivlal 



ii 
 

DECLARATION  
  

I declare that the thesis entitled Development and validation of stability indicating assay 

methods for estimation of anti-diabetic drugs submitted by me for the degree of Doctor 

of Philosophy is the record of research work carried out by me during the period from 

November 2012 to December 2019 under the supervision of  Dr. Vandana B. Patel  and 

this  has  not  formed the basis for the award of any degree, diploma, associateship, 

fellowship, titles in this or any other University or other institution of higher learning.  

  

I further declare that the material obtained from other sources has been duly acknowledged 

in the thesis. I shall be solely responsible for any plagiarism or other irregularities, if noticed 

in the thesis.  

     

  

Signature of the Research Scholar:    Date: 16/07/2020 

  

Name of Research Scholar: Surati Jasmina Shivlal 

  

Place: Bardoli  

 

 

 

 

 

 

 

 

 

 



iii 
 

CERTIFICATE 

  

I certify that the work incorporated in the thesis Development and validation of stability 

indicating assay methods for estimation of anti-diabetic drugs submitted by Smt. Surati 

Jasmina Shivlal  was  carried  out  by  the  candidate  under  my supervision/guidance.  

To the best of my knowledge: (i) the candidate has not submitted the same research work to 

any other institution for any degree/diploma, Associateship, Fellowship or other similar titles 

(ii) the thesis submitted is a record of original research work done by the Research Scholar 

during the period of study under my supervision, and (iii) the thesis represents independent 

research work on the part of the Research Scholar.  

   

  

Signature of Supervisor:   Date: 16/07/2020 

  

Name of Supervisor: Dr. Vandana B. Patel 

  

Place: Vadodara 

 

 

 

 

 

 

 

 

 



iv 
 

Course-work Completion Certificate  
  

  
This is to certify that Mrs.  Surati Jasmina Shivlal enrolment no. 129990990014 is a PhD 

scholar enrolled for PhD program in the branch Pharmacy of Gujarat Technological 

University, Ahmedabad.  

  

(Please tick the relevant option(s))  

  

        He/She has been exempted from the course-work (successfully completed during 

M.Phil Course)  

  

        He/She has been exempted from Research Methodology Course only (successfully 

completed during M.Phil Course)  

  

  √    He/She has successfully completed the PhD course work for the partial requirement 

for the award of PhD Degree. His/ Her performance in the course work is as follows-  

  

Grade Obtained in Research 

Methodology 

(PH001) 

Grade Obtained in Self Study Course  

(Core Subject) 

(PH002) 

CC AB 

  

  

  

Supervisor’s Sign  

  

(Dr. Vandana B. Patel)  

 

 



v 
 

Originality Report Certificate   
   

   

It is certified that PhD Thesis titled Development and validation of stability indicating 

assay methods for estimation of anti-diabetic drugs by Surati Jasmina Shivlal has 

been examined by us. We undertake the following:   

a. Thesis has significant new work / knowledge as compared already published 

or are under consideration to be published elsewhere. No sentence, equation, 

diagram, table, paragraph or section has been copied verbatim from previous 

work unless it is placed under quotation marks and duly referenced.   

b. The work presented is original and own work of the author (i.e. there is no 

plagiarism). No ideas, processes, results or words of others have been 

presented as Author own work.   

c. There is no fabrication of data or results which have been compiled / analysed.   

d. There is no falsification by manipulating research materials, equipment or 

processes, or changing or omitting data or results such that the research is not 

accurately represented in the research record.   

e. The thesis has been checked using Urkund (copy of originality report 

attached) and found within limits as per GTU Plagiarism Policy and 

instructions issued from time to time (i.e. permitted similarity index <10%).    

Signature of the Research Scholar:          Date: 16/07/2020 

Name of Research Scholar: Surati Jasmina Shivlal  

Place: Bardoli    

Signature of Supervisor:      Date: 16/07/2020 

Name of Supervisor: Dr. Vandana B. Patel  

Place: Vadodara 

 



vi 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JS
Stamp



vii 
 

PhD THESIS Non-Exclusive License to  

GUJARAT TECHNOLOGICAL UNIVERSITY  

   

In consideration of  being  a  PhD  Research  Scholar at  GTU  and in  the  interests  of  the 

facilitation  of  research  at  GTU  and elsewhere,  I, Surati Jasmina Shivlal having 

(Enrollment No.) 129990990014 hereby grant a non-exclusive, royalty free and perpetual 

license to GTU on the following terms:   

a) GTU is permitted to archive, reproduce and distribute my thesis, in whole or in 

part, and/or my abstract, in whole or in part ( referred to collectively as the “Work”) 

anywhere in the world, for non-commercial purposes, in all forms of media;   

b) GTU is permitted to authorize, sub-lease, sub-contract or procure any of the acts 

mentioned in paragraph (a);   

c) GTU is authorized to submit the Work at any National / International Library, under 

the authority of their “Thesis Non-Exclusive License”;    

d) The Universal Copyright Notice (©) shall appear on all copies made under the 

authority of this license;   

e) I undertake to submit my thesis, through my University, to any Library and 

Archives. Any abstract submitted with the thesis will be considered to form part of 

the thesis.   

f) I represent that my thesis is my original work, does not infringe any rights of others, 

including privacy rights, and that I have the right to make the grant conferred by 

this non-exclusive license.   

g) If third party copyrighted material was included in my thesis for which, under the 

terms of the Copyright Act, written permission from the copyright owners is 

required, I have obtained such permission from the copyright owners to do the acts 

mentioned in paragraph (a) above for the full term of copyright protection.    

h) I retain copyright ownership and moral rights in my thesis, and may deal with the 

copyright in my thesis, in any way consistent with rights granted by me to my 

University in this non-exclusive license.   



viii 
 

i) I further promise to inform any person to whom I may hereafter assign or license 

my copyright in my thesis of the rights granted by me to my University in this non-

exclusive license.   

j) I am aware of and agree to accept the conditions and regulations of PhD including 

all policy matters related to authorship and plagiarism.   

Signature of the Research Scholar:   

Name of Research Scholar: Surati Jasmina Shivlal 

  Date:  16/07/2020                Place: Bardoli 

    

 Signature of Supervisor:  

 Name of Supervisor:  Dr. Vandana B. Patel 

 Date:   16/07/2020                    Place: Vadodara 

 Seal:   

 

 

 

 

 

 

 

 

 

 

  

 

 



ix 
 

Thesis Approval Form  

The viva-voce of  the PhD Thesis submitted by Smt. Surati Jasmina Shivlal (Enrollment 

No.12999099014) entitled Development and validation of stability indicating assay 

methods for estimation of anti-diabetic drugs was conducted on Thursday, 16th July 

2020 at Online Platform hosted by Gujarat Technological University.  

 (Please tick any one of the following option)  

 √     The performance of the candidate was satisfactory. We recommend that he/she be 

awarded the PhD degree.  

           Any further modifications in research work recommended by the panel after 3 

months from the date of first viva-voce upon request of the Supervisor or request 

of Independent Research Scholar after which viva-voce can be re-conducted by the 

same panel again.  

 

 

 

       The performance of the candidate was unsatisfactory. We recommend that he/she 

should not be awarded the PhD degree.  

(The panel must give justifications for rejecting the research work)  

 

                                                                      

Dr. Vandana B. Patel Prof. S.J.Rajput 

Name and Signature of Supervisor with Seal 1) (External Examiner 1) Name and Signature 

 

 

Dr. S. Gananadhamu -------------------------------------------------- 

2) (External Examiner 2) Name and Signature 3) (External Examiner 3) Name and Signature 

(briefly specify the modifications suggested by the panel)  



x 
 

ABSTRACT 

Stability testing of drugs is mandated by regulatory bodies and health agencies of various 

countries across the globe. According to various regulatory requirements, validated stability-

indicating analytical methods should be applied for stability testing. Stability-indicating 

analytical methods are needed for assurance of quality, safety and efficacy of drugs and 

pharmaceuticals. This is the basis for the present research work.  

Now a days, number of people having diabetes is dramatically increasing, therefore number 

of antidiabetic drugs are available in market. So, antidiabetic drugs viz., Alogliptin Benzoate, 

Teneligliptin Hydrobromide Hydrate, Dapagliflozin Propanediol Monohydrate and 

Metformin Hydrochloride are selected for method development. 

 

In present work, stability indicating HPTLC method, alkaline degradation kinetic study and 

stability indicating HPLC method for Alogliptin Benzoate were developed and validated. 

An acid degradation product for Alogliptin Benzoate was isolated and characterized. 

Stability indicating HPTLC method was developed, validated and oxidative degradation 

kinetic study was performed for Teneligliptin Hydrobromide. Stability indicating HPTLC 

method was developed and validated for simultaneous estimation of Dapagliflozin 

Propanediol Monohydrate and Metformin Hydrochloride. Dual wavelength and first order 

derivative method for estimation of Teneligliptin Hydrobromide Hydrate and Metformin 

Hydrochloride in their combined dosage form were developed and validated. 

 

A comprehensive study of the stress degradation behaviour of Alogliptin Benzoate was 

carried out in accordance with ICH guidelines. The degradation products of Alogliptin 

Benzoate were successfully separated by a developed simple, selective, and precise stability-

indicating HPTLC method. It was validated and applied for determination of Alogliptin 

Benzoate in synthetic mixture. The validated proposed HPTLC method for Alogliptin 

Benzoate was extended for degradation kinetic study in alkaline medium. Alkaline 

degradation kinetic study of Alogliptin Benzoate in 0.1 N, 0.5 N and 1.0 N NaOH at 40°C, 

50°C and 60°C by HPTLC reveals that it follows first order reaction. Degradation at 45°C 

and 55°C was predicted using Response surface methodology. 

A simple, selective, precise and cost effective stability indicating RP-HPLC method for 

estimation of Alogliptin Benzoate was developed and validated. A comprehensive study of 
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the stress degradation behaviour of Alogliptin Benzoate was carried out in accordance with 

ICH guidelines. The degradation products of Alogliptin Benzoate were successfully 

separated by a developed method. 

Degradation product in acid hydrolytic condition was isolated and identified by NMR, mass 

and IR analysis. The chemical formula of degradation product is C13H11N3O3 and chemical 

name is 2-((3-methyl-2, 4, 6-trioxotetrahydropyrimidin-1-(2H)yl}methyl)benzonitrile. 

A comprehensive study of the stress degradation behaviour of Teneligliptin Hydrobromide 

Hydrate was carried out in accordance with ICH guidelines. The degradation products of 

Teneligliptin Hydrobromide Hydrate were successfully separated by a developed simple, 

selective and precise stability-indicating HPTLC method. It was validated and applied for 

determination of Teneligliptin Hydrobromide Hydrate in marketed formulations. 

Oxidative degradation kinetic study of Teneligliptin Hydrobromide Hydrate in 1%, 2% and 

3% H2O2 at 40°C, 50°C and 60°C by HPTLC reveals that it follows first order reaction. 

 

A stability indicating HPTLC method for simultaneous estimation of Dapagliflozin 

Propanediol Monohydrate and Metformin Hydrochloride in their combined dosage form. A 

comprehensive study of the stress degradation behaviour of Dapagliflozin Propanediol 

Monohydrate and Metformin Hydrochloride was carried out in accordance with ICH 

guidelines. The degradation products of Dapagliflozin Propanediol Monohydrate and 

Metformin Hydrochloride were successfully separated by a developed simple, selective and 

precise stability-indicating HPTLC method. It was validated and applied for determination 

of Dapagliflozin Propanediol Monohydrate and Metformin Hydrochloride in their combined 

marketed formulation. 

 

Two simple and precise spectrophotometric methods (dual wavelength and first order 

derivative method) for estimation of Teneligliptin Hydrobromide Hydrate and Metformin 

Hydrochloride in their combined dosage form were developed and validated as per ICH 

guidelines. It was applied for determination of Teneligliptin Hydrobromide Hydrate and 

Metformin Hydrochloride in their combined dosage form. 
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CHAPTER 1 

INTRODUCTION 

1.1    INTRODUCTION TO DIABETES (1-5) 

Diabetes, is a group of metabolic disorders in which, blood sugar levels are high over a 

prolonged period.  

As per the latest 2016 data from the World Health Organization (WHO), globally, an 

estimated 422 million adults are suffering with diabetes mellitus. Until recently, India had 

more number of diabetics compared to any other country in the world, according to the 

International Diabetes Foundation. But now China has surpassed in the top spot. Diabetes 

presently affects more than 62 million Indians, which is more than 7.1% of the total adult 

population. The average age of onset is 42.5 years. Every year, nearly 1 million Indians die 

due to diabetes. 

The WHO estimates that diabetes resulted in 1.5 million deaths in 2012, making it the 8th 

leading cause of death. However, another 2.2 million deaths worldwide were attributable 

to high blood glucose and the increased risks of associated complications (e.g. heart 

disease, stroke, kidney failure), which often result in premature death and are often listed 

as the underlying cause of death certificates rather than diabetes. So, focusing on diabetes 

is very important. 

Diabetes is an endocrine disorders characterized by 

 Deranged secretion of insulin and/or glucagon with extensive disturbance of 

carbohydrate, protein and lipid metabolism 

 Thickening of capillary basement membranes throughout the body and 

 Long term complications involving kidney (renal failure), eye (cataract), circulation 

(cardiomyopathy) and peripheral nervous system (neuropathy) 
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1.1.1 Types of diabetes 

There are mainly two types of diabetes: Diabetes mellitus and Diabetes insipidus. 

A.   Diabetes Mellitus 

Diabetes mellitus can be diagnosed clinically by symptoms such as polyurea, polydipsia, 

polyphagia, weakness etc. Presence of sugar in urine above 10%, fasting blood sugar level 

above 140 mg/dl or post prandial (after meals) blood glucose above 180 mg/dl are 

suggestive of diabetes mellitus. Diabetes mellitus is of two sub types. 

a. Juvenile-onset or type-I diabetes or insulin-dependent diabetes mellitus (IDDM) 

It occurs in young age. It is characterized by rapid onset and speedy progression to 

ketoacidosis and coma. Insulin levels are decreased and finally may even stop. Patient then 

depends on exogenous insulin. About 5-10% of diabetic patients suffer from this type of 

diabetes mellitus. 

b. Maturity-onset or type-II diabetes or non-insulin-dependent diabetes mellitus 

(NIDDM) 

It is more common than Type-I diabetes. It is usually mild; ketoacidosis is rare and is 

associated with obesity in over two-third of the cases. The β-cells respond normally and 

plasma insulin levels are normal or raised. Majority of diabetic population (80-90%) suffer 

from this type of diabetes mellitus. 

B.   Diabetes Insipidus 

Diabetes insipidus (DI) is a rare disease that causes frequent urination. A person with DI 

may feel the need to drink large amount of water and is likely to urinate frequently, even at 

night, which can disrupt sleep and on occasion, cause bedwetting. Because of the excretion 

of abnormally large volume of dilute urine, people with DI may quickly become 

dehydrated if they do not drink enough water. Milder forms of DI can be managed by 

drinking enough water, usually between 2-2.5 liters a day.  

1.1.2 Treatment of Diabetes 

Diabetes mellitus is treated by oral hypoglycaemic agents and diabetes insipidus is treated 

by Insulin preparation. 
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A. Oral hypoglycaemic Agents 

a. Sulfonylureas 

i. First generation Sulfonylureas 

e.g. Tolbutamide, Chlorpropamide, Tolazamide, Acetohexamine 

ii. Second generation Sulfonylureas 

e.g. Gliclazide, Glipizide, Glimepiride, Glyburide 

b. Biguanides 

e.g. Phenformin, Metformin 

c. Metglitinide or Phenyl alanine analogues 

e.g. Repaglinide, Nateglinide 

d. Thiazolidinediones 

e.g. Rosiglitazone, Troglitazone, Ciglitazone, Pioglitazone, Euglitazone  

e. α- glucosidase inhibitors 

e.g.  Acarbose 

f. DDP-4 inhibitors  

e.g. Alogliptin, Teneligliptin, Sitagliptin, Vildagliptin, Linagliptin, 

Saxagliptin   

g. SGLT-2 inhibitors 

e.g. Dapagliflozin, Canagliflozin, Empagliflozin 

B. Insulin Preparations 

a. Long acting Insulin preparation 

e.g. Ultralente insulin, Protamine zinc insulin, Zinc insulin  

b. Intermediate acting Insulin preparation 

e.g. Isophane insulin suspension, Insulin zinc suspension, Semilente insulin 

c. Rapid acting Insulin preparation 

e.g. Lispro insulin, Aspart insulin, Glulisine insulin 

d. Short acting Insulin preparation 

e.g. Regular (Soluble) insulin 
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1.2 HIGH PERFORMANCE THIN-LAYER CHROMATOGRAPHY         

(HPTLC) [6-14] 

1.2.1 Introduction: 

High Performance Thin Layer Chromatography (HPTLC) is a very well-known separation 

method.  It shows many advantages in comparison to other separation techniques. The 

basic method of thin layer chromatography is enhanced in number of ways to automate the 

different steps, for better resolution and for more accurate quantitative measurements. 

HPTLC is one of the most simple separation techniques available today. It can be 

considered as a time saving machine that can speed work and allows to do many things at a 

time which is not possible with other analytical techniques. HPTLC layer is homogeneous 

and thin, resulting in shorter analysis time, improved resolution and is compatible for in 

situ quantitation. 

In HPTLC method, the stationary phase (fixed phase) is finely divided solid that has been 

coated with thin layer of inert supporting material. Silica gel is the most commonly used 

stationary phase used for adsorption TLC and modified silica such as octadecylsilyl (ODS) 

for reversed phase chromatography. The selection of mobile phase depends on nature of 

the solute and stationary phase. Optimum mixture of solvents is used as a mobile phase. 

HPLC has better separation efficiency compared to HPTLC. However, HPTLC is capable 

of producing fast qualitative results and high-resolution separation with precision and 

accuracy revealing those of HPLC and GC. Today HPTLC is one of various analytical 

techniques considered as a reliable method for quantitative analysis of micro, nano and 

even pictogram level, in complex formulations as well. 

HPTLC is off-line process in which various stages are carried out independently. The 

advantage of this arrangement using an open, disposable layer compared with an on-line 

column process such as HPLC has much higher throughput (analysis time) and lower cost 

per analysis than HPLC. The ability to process standard and samples simultaneously on a 

single plate under the similar conditions makes HPTLC a good choice for analyst. It has 

led to statistical improvement in data handling with better analytical accuracy and 

precision.  
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Multi-sample analysis on the single plate allows a real in-system calibration, in comparison 

to the other chromatographic procedure. It leads to accurate and precise results with less 

uncertainty and makes the HPTLC a versatile, powerful but a simple separation and 

quantitation technique. 

Application of HPTLC has been extended to stability studies, BA/BE studies and 

dissolution studies. The data obtained during the BA/BE studies of the newer drug 

molecule is now accepted by federal authorities. This method is also suitable for 

compendial content uniformity test and to study impurity profile of drug substance. 

HPTLC method has not only satisfied the basic requirements for qualitative and 

quantitative analysis but also is capable of being used under reasonable laboratory facilities 

and by personnel with minimum of technical training. 

1.2.2 Advantages of HPTLC: 

 Several analysts can work simultaneously 

 Simultaneous processing of standard and sample - better analytical accuracy and 

precision, less need for Internal Standard 

 Low maintenance cost 

 Lower analysis time and less cost per analysis 

 Prior treatment like filtration or degassing for solvents is not needed 

 Simple sample preparation – can handle samples of different nature 

 Low mobile phase consumption per sample 

 Open system- Visual detection possible  

 Fresh stationary and mobile phases for each analysis - no contamination, so no 

interference from previous analysis - 

Table 1.1 describes various features of HPTLC. 

 

TABLE 1.1 Features of HPTLC 

Layer of Stationary 

phase 

100 μm 

Efficiency Very high due to smaller particle size generated 

Separations 3 – 5 cm 

Analysis Time Shorter migration distance and the analysis time is reduced 

greatly 

Solid support stationary phases of wide choice like silica gel for normal phase 
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and C8, C18 for reversed phase modes 

Development 

chamber 

Require low amount of mobile phase 

Sample spotting Auto sampler 

Scanning UV/Visible/Fluorescence scanner scans the entire chromatogram 

qualitatively and quantitatively and the scanner is an advanced 

type of densitometer 

 

1.2.3 Basic Principle: 

Adsorption is the basic principle of separation. One or more compounds are applied on a 

thin layer of adsorbent coated on a chromatographic plate. Due to capillary action (against 

gravitational force) the mobile phase solvent flows through. The components moves as per 

their affinities towards the adsorbent. If the component has more affinity towards the 

stationary phase it travels slower and if the component has lesser affinity towards the 

stationary phase it travel faster. So the components are separated on the basis of their 

affinity towards the stationary phase. 

Resolution is the efficacy of separation of two components in a mixture. It is influenced by 

the selectivity of the components between the mobile phase and the stationary phase.  Flow 

rate of mobile phase is affected by particle size and solvent strength that influence capacity 

factors.  

Fig. 1.1 describes separation of bands of Thin Layer chromatographic plates. 
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FIGURE 1.1 Separation of bands of Thin Layer Chromatographic plate 

 

1.2.4 Steps for Method Development: 

 Chromatographic layer Selection 

 Preparation of standard and Sample  

 Percolated plates activation 

 Application of standard and sample 

 Mobile phase optimization 

 Chamber saturation (Preconditioning) 

 Chromatographic development and drying 

 Detection and visualization 

 Quantitative evaluation 

Schematic procedure for steps in HPTLC is shown in Fig. 1.2. 
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FIGURE 1.2 Schematic procedure for steps in HPTLC 

 

1.2.5 HPTLC Method Development 

Decide the analytical objective first before starting HPTLC. It may be qualitative 

identification, quantitative measurement, separation of two components/multicomponent 

mixtures or optimization of time of analysis.  HPTLC Method for analysing drugs in 

multicomponent dosage forms, requires primary knowledge about the nature of the sample. 

Viz., structure, volatility, polarity, the solubility parameter and stability. HPTLC Method 

development involves considerable trial and error procedures similar to HPLC. So an exact 

procedure for HPTLC Method development cannot be provided. The most important step 

usually is where to start and which mobile phase need to be use. 
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Selection of stationary phase is comparatively easy. Starting is generally done with silica 

gel which is reasonable and suitable for most of the drugs. Three level techniques is used 

for optimization of mobile phase. In first level, single solvent is used and then some 

solvents which can have average separation power for the desired drugs is found out. In 

second level, solvent strength is increased or decreased using water or hexane for 

respective purposes. While in third level, mixtures of solvents are used instead of single 

solvent from the selected solvents of first and second level which can further be optimized 

by the use of modifier like acids or bases. 

Detection of analytes are carried out using absorbance mode or fluorescence mode. 

Stationary phase or mobile phase need to be changed or the help of pre or post 

chromatographic derivatization is taken, if the analytes are not detected properly.  

After obtaining a reasonable chromatogram, optimization is started, which can be done by 

slight change in mobile phase composition. The optimized chromatogram will then have 

desired peaks in symmetry which are well separated. 

Parameters that can be affected by the changes in chromatographic conditions are: 

 Peak purity 

 Retention factor (Rf) 

 Peak purity- During the peak purity test, the spectrum taken at the first peak slope is 

compared with the spectrum of peak maximum [r(s,m)] and the correlation of the 

spectra taken at the peak maximum with the one from the down slope or peak end 

[r(m,e)] is used as a reference spectra for statistical calculation. An error probability of 

1% only be rejected if the test value is greater than or equal to 2.576. 

 Retention factor (Rf)- Retention factor (Rf) is the measure of separation due to the 

migration of solvent through the sorbent layer as shown in the formula. It depends on 

time required for development and solvent front velocity or velocity coefficient. 

𝑅𝑓 =  
𝑀𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑖𝑠𝑡𝑎𝑓𝑛𝑐𝑒 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒

𝑀𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑓𝑟𝑜𝑛𝑡 𝑓𝑟𝑜𝑚 𝑜𝑟𝑖𝑔𝑖𝑛
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1.3 INTRODUCTION TO HPLC [15-17] 

In the modern pharmaceutical industry, high-performance liquid chromatography (HPLC) 

is a major and integral analytical tool applied in all stages of drug discovery, development, 

and production. It is best suited for the analysis of number of drugs in dosage forms, as 

well as biological fluids due to its simplicity, high specificity and wide range of sensitivity. 

1.3.1 TYPES OF HPLC  

The principal characteristic defining the identity of each technique is the dominant type of 

molecular interactions employed. There are three basic types of molecular forces: ionic 

forces, polar forces, and dispersive forces. Each specific type of HPLC technique 

capitalizes on each of these specific forces. 

There are four main types of HPLC techniques: 

I. Normal phase HPLC: Polar forces are the dominant type of molecular interactions 

employed in normal-phase HPLC 

II. Reverse phase HPLC: Dispersive forces are employed in reversed-phase HPLC 

III. Ion exchange chromatography: Ionic forces are employed in ion-exchange HPLC 

IV. Size exclusion chromatography: It is based on the absence of any specific analyte 

interactions with the stationary phase. 

 

Also, the types of HPLC classified by separation mechanism or by the type of stationary 

phase includes: 

 1) Partition or liquid-liquid chromatography 

 2) Adsorption or liquid-solid chromatography 

 3) Ion - exchange or ion chromatography 

 4) Size - exclusion chromatography 

 5) Affinity chromatography 

 6) Chiral chromatography  
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1.3.2 BASIC ELEMENTS OF HPLC SYSTEM  

Typical HPLC system, as shown in Fig. 1.3 consists of the following main components: 

 

 

 

  FIGURE 1.3 Schematic diagram of HPLC instrument 

a) Solvent Reservoirs 

It is used for storage of adequate amount of solvents for continuous operation of the 

HPLC system.  Special filters and an online degassing system can be equipped to 

lessen the influence of the environment on solvents. 

b) Pump 

The purpose of pump is to allow the constant and continuous flow of the mobile phase 

through the system. Most modern pumps have feature of controlled mixing of different 

solvents from different reservoirs. 

c) Injector 

 The analyte mixture is introduced into the stream of the mobile phase through injector 

before it enters the column. Most modern injectors are auto samplers. Which allow 

programmed injections of different volumes of samples that are withdrawn from the 

vials in the auto sampler tray. Schematic diagram of Loop injector is shown in Fig. 1.4. 



INTRODUCTION 
 

12 
 

 

 

 

 

FIGURE 1.4 Schematic diagram of Loop injector 

d) Column 

  Heart of HPLC system is column, which actually produces separation of analytes from 

mixture. A column is the place where the mobile phase is in contact with the stationary 

phase, forming an interface with enormous surface. Most of the chromatographic 

developments in recent years went toward the design of many different ways to enhance 

this interfacial contact. Different columns are shown in Fig. 1.5. 

    

 

 

 

 

 

 

 

FIGURE 1.5 Schematic diagram of Columns for HPLC 

e) Detector 

 Specific physical (sometimes chemical) properties of the column effluent is registered 

continuously on detector. UV (ultraviolet) detector is most widely used detector in 

pharmaceutical analysis, which allows continuous monitoring and registration of the UV 

absorbance at an selected wavelength or over a span of different wavelengths (diode array 

detection). Arrival of the analyte in the detector flow-cell causes the change of the 
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absorbance. A positive signal is obtained if the analyte absorbs more than the background 

(mobile phase).  

f) Data acquisition and control system 

All parameters of HPLC instrument [eluent composition (mixing of different solvents); 

temperature, injection sequence, etc.] is controlled by Computer-based system. It acquires 

data from the detector and monitors the system performance (continuous monitoring of the 

mobile-phase composition, backpressure, temperature etc.). Selection of a detector based 

on molecular properties in HPLC is depicted in Table 1.2. 

TABLE: 1.2 Selection of detector based on molecular properties in HPLC 

Detector Analytes Comments 

U.V Visible Any compound with 

chromophore 

Has a degree of selectivity and is 

useful for many HPLC 

applications 

Fluorescence Compounds with 

Fluorescence 

Highly sensitive and selective. 

Often used for analysis of 

derivatized  compounds 

Refractive Index 

(RI) 

Compounds with varied 

RI then mobile phase 

Universal detector with limited 

sensitivity 

Conductivity Charged or polar 

compounds 

Better choice for Ion exchange 

methods 

Electrochemical Readily oxidized or 

reduced compounds, 

especially biological 

compounds 

Very sensitive and selective 

Evaporative Light 

Scattering(ELSD) 

Generally all compounds Universal detector but less 

sensitive 

Mass 

Spectrometer(MS) 

Wide range of 

compounds 

Highly sensitive and is a powerful 

2nd dimensional analytical tool 

 

1.3.3 System suitability test 

It is an integral part of chromatographic method. These tests are carried out to confirm that 

the reproducibility and resolution of the system are adequate for the analysis to be 

performed. The equipment, electronics, analytical operations and samples constitute an 

integral system that can be evaluated as a whole, is the concept behind System suitability 

tests. System suitability testing provides assurance that the method will provide accurate 

and precise data for its intended use. 
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a. Resolution (R) 

The resolution or resolution factor R is specified to confirm that closely eluting compounds 

are properly resolved from each other, to establish the resolving power of the system, and 

to ensure that internal standards are resolved from the drug. Resolution between peaks of 

similar heights of two compounds may be defined by the expression: 

𝐑 =
𝟐 (𝐕𝐑𝐛 − 𝐕𝐑𝐚)

𝐖𝟐 +  𝐖𝟏
 

Where,  

VRb and VRa = Retention times or distance along the baseline between the point of 

injection and perpendicular dropped from the maxima of two adjacent peaks. 

W2 and W1 = Corresponding widths at the bases of the peaks obtained by extrapolating the 

relatively straight sides of the peaks to the baseline. 

Where electronic integrators are used, it may be convenient to determine the resolution R, 

by the equation. 

𝐑 =
𝟏. 𝟏𝟖 (𝐕𝐑𝐛 − 𝐕𝐑𝐚)

𝐖𝐡𝐚 +  𝐖𝐡𝐛
 

Where  

VRb and VRa = Retention times or distance along the baseline between the point of 

injection and perpendicular dropped from the maxima of two adjacent peaks. 

Wha and Whb = The respective peaks widths measured at half peak heights. 

The values of Wha, Whb, VRb and VRa must be expressed in the same unit of measurement. 

b. Column efficiency (N) 

Column efficiency is a measure of the dispersion of a peak. It is also known as plate count. 

Narrow peaks take up less space in the chromatogram and ultimately allow more peaks to 

be separated. They give better resolution and less overlapping, so easier to integrate. 

Efficiency is generally explained using the concept of theoretical plates. This model 

supposes that the column contains a large number of separate layers. Separate 

equilibrations of the sample between the stationary and mobile phase occur in these plates. 

The analyte moves down the column by transfer of equilibrated mobile phase from one 

plate to the next. They also give a measure of column efficiency by stating the number of 

theoretical plates in a column, N. A high value for efficiency indicates that more peaks can 

be separated. The number of plates will increase with the length of the column. The 

calculation for efficiency is related to the peak width and is as follows: 
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where t is the retention time of the peak of interest and W is the peak width at the base 

 

c. Symmetry factor (S) 

Symmetry factor or tailing factor, S, of a peak is a measure of peak symmetry. It is unity 

for perfectly symmetrical peaks and its values increases as tailing become more 

pronounced. It is calculated from the expression. 

𝐒 =
𝐖𝐱

𝟐𝐀
 

Where, 

Wx = the width of the peak at 5.0 % of the peak height. 

A = the distance between the leading edge of the peak at 5.0 % of the peak height and 

perpendicular dropped from the peak maxima. 

 

1.4 UV-VISIBLE SPECTROPHOTOMETRY [18-21] 

1.4.1 Theory: 

UV-visible spectrophotometry is one of the most commonly used techniques in 

pharmaceutical analysis. It is based on measurement of amount of ultraviolet (190-380 nm) 

or visible (380-800 nm) radiation absorbed by an analyte in solution. Absorption of light in 

both ultraviolet and visible regions of the electromagnetic spectrum occurs when the 

energy of the light matches that required to induce in a molecule, an electronic transition 

and its associated vibrational and rotational transitions. 

Number of molecules have good absorption in UV/Visible region as they have conjugated 

double bonds. It can also make colour complexes with various reagents and then can 

measure the absorbance in visible region if any compound is not absorbing in UV region. 

These are the reasons for wide application of UV-visible spectrophotometry. The 

wavelength of absorbance depends on the number of conjugated double bonds. As the 

number of conjugated double bonds increases, the wavelength for absorbance shifts 

towards the visible region. Easy availability of the instrument and ease of operation is one 
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other reason for its wider application. The instruments used for measurement of the ratio or 

a function of ratio, or the intensity of two light beams in the ultraviolet or visible region, 

are called ultraviolet visible spectrophotometers. 

A typical UV-visible spectrophotometer consists of the following: 

1. Energy Sources 

 Hydrogen discharge lamp 

 Deuterium lamp 

 Xenon discharge lamp 

 Tungsten filament lamp (Visible region) 

2. Monochromators 

 Prisms 

 Gratings 

 Filters (Colorimeter) 

3. Cells and Cell holders 

 Quartz or Fused silica 

 Glass (Colorimeter/Visible range) 

4. Detectors 

 Barrier layer cell (Photovoltaic cell) 

 Photocell (Phototubes) 

 Photo multiplier tube 

 

A Schematic diagram for double beam Ultraviolet-visible spectrophotometer is shown in 

Fig. 1.6. 
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FIGURE 1.6 Schematic diagram of Double beam UV-Visible Spectrophotometer 

 

1.4.2 Spectrophotometric Methods 

Many newer drugs are introduced into the market every year. These drugs may be 

either partial structural modification of the existing molecules or new molecular entities. 

Very often there is a time lag from the date of introduction of a drug into the market to the 

date of its inclusion in pharmacopoeias. The reason behind this is the possible uncertainties 

in the continuous and wider usage of these drugs, development of patient resistance, 

reports of new toxicities (resulting in their withdrawal from the market) and introduction of 

better drugs by competitors. In such situations, analytical procedures as well as standards 

for these drugs may not be present in the pharmacopoeias. Ultimately there is a need to 

develop newer analytical methods for such drugs. 

Spectrophotometric Methods of Analysis for Drugs in Combination  

The UV Spectrophotometric assay of drug substances generally do not involve analysis of 

samples containing only one absorbing component. The pharmaceutical analyst generally 

analyse samples, where the concentration of one or more substances is required to be 

measured. Samples are known to contain other absorbing substances, which potentially 

interfere in the assay. The proportion of interference in the assay may be determined, if the 
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molecular formula of the samples, the concentration and identity of the interferents are 

known. Spectrophotometric analysis satisfies such requirement, where the simultaneous 

estimation of the drugs in combination is possible with equal effectiveness as that of 

chromatographic methods. Modified spectrophotometric procedures are also available to 

the analyst. That may decrease certain sources of interference and allow the accurate 

measurement of all of the absorbing components. If certain criteria are fulfilled, each and 

every modification of the basic procedure can be applied. 

The general criteria for all the spectrophotometric techniques for multi component samples 

is:  

 At all wavelengths, the absorbance of a solution is the sum of absorbance of the 

individual components or  

 The measured absorbance is the difference between the total absorbance of the solution 

in the sample cell and that of the solution in the reference cell.  

There are various spectrophotometric methods available, which can be used for the 

simultaneous measurement of multicomponent samples: 

a) simultaneous equation method  

b) Absorbance ratio method  

c) Dual wavelength method  

d) Orthogonal polynomial method  

e) Geometric correction method  

f) Derivative zero crossing spectrophotometry  

g) Derivative ratio spectra spectrophotometry 

h) Difference spectrophotometry  

Dual Wavelength Method: 

This method is applicable to calculate the concentration of component of interest found in 

a mixture containing it along with some unwanted interfering component. The absorbance 

difference between two points of the mixture spectra is directly proportional to the 

concentration of the analyte irrespective of the interferent. 

In this method two wavelengths are selected (λ1, λ2) where the drug A showing equal 

absorbance (or difference between absorbance is zero) and drug B showing some response. 

Then different concentrations of drug A and drug B are prepared to confirm that at all 
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different concentrations of drug A, the difference between absorbance at two selected 

wavelengths (λ1, λ2) remain zero, and at all different concentrations of drug B difference 

between absorbance at two selected wavelength (λ1, λ2 ) showing linear response. So the 

calibration curve is prepared for absorbance difference verses conc. of drug B (Absorbance 

difference is zero for drug A). 

Similarly for estimation of drug A, two wavelengths are selected where drug B shows 

same absorbance (difference between absorbance is zero) and drug A shows linear 

response. 

This type of dual wavelength method can be applied in zero order spectra and also to the 

derivative spectra. 

Derivative Spectrophotometry: 

First or higher derivatives of absorbance with respect to wavelength is used in Derivative 

spectroscopy for qualitative as well as quantitative analysis. In the 1950s the concept of 

derivatizing spectral data was first introduced. It was shown to have many advantages over 

other method. 

This technique had received less attention due to complexity of generating derivative 

spectra using early UV-Visible spectrophotometers. The arrival of microcomputers in the 

late 1970s made it practicable to use mathematical methods to generate derivative spectra 

easily, quickly and reproducibly, which significantly increased the use of the derivative 

technique. 

Derivative spectroscopy is a method of manipulating the spectral data, for purpose of 

spectral analysis, to relate chemical structure to electronic transitions and for analytical 

situations in which mixture contribute interfering absorption.  

Direct spectrophotometric determination of multicomponent formulation is often 

complicated by interference from formulation matrix and spectral overlapping; such 

interferences can be treated in many ways like solving two simultaneous equations, using 

absorbance ratios at certain wavelengths, but still may give erroneous results. Other 

approaches include pH induced differential least squares and orthogonal function methods. 

Also the compensation technique can be used to detect and eliminate unwanted or 

irrelevant absorption. Derivative spectrophotometry is a useful means of resolving two 
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overlapping spectra and eliminating matrix interferences or interferences due to an 

indistinct shoulder on side of an absorption band. 

a) Introduction 

If a spectrum is expressed as absorbance, A, as a function of wavelength, λ, the derivative 

spectra are: 

Zero order:  A= f (λ), First order: 
𝑑𝐴

𝑑λ
 = f '(λ), Second order:  𝑑

2𝐴

𝑑λ2
 = f "(λ) 

In Derivative spectrophotometry, a normal spectrum is converted to its first, second or 

higher derivative spectrum. (As shown in Fig. 1.7). In derivative spectrophotometry, the 

normal absorption spectrum is called as the zero order, fundamental or D0 spectrum. 

The first-order derivative spectra is the rate of change of absorbance with respect to 

wavelength. A first order derivative spectra starts and ends at zero. It passes through zero 

at the same wavelength as λmax of the absorbance band in zero order spectra. Either side 

of this point is negative and positive bands with minimum and maximum at the same 

wavelengths as the inflection points in the absorbance band. All odd-order derivatives has 

this bipolar function characteristic.  

A second-order derivative has a negative band with minimum at the same wavelength as 

the maximum on the zero-order band. It shows two additional positive satellite bands on 

either side of the main band. In fourth-order derivative there is a positive band and a strong 

negative or positive band with minimum or maximum at the same wavelength as λmax of 

the absorbance band. It is characteristic of the even-order derivatives. Consider that the 

number of bands observed is equal to the derivative order plus one. 
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FIGURE 1.7: (a) Gaussian peak, (b) First, (c) Second, (d) Third and (e) Fourth 

derivative Spectrum of Gaussian peak  

b)  Obtaining derivative spectra 

Electronic, optical, or mathematical methods are used to obtain Derivative spectra. Early 

UV-Visible spectrophotometers used electronic and optical techniques but have largely 

been superseded by mathematical techniques. By mathematical techniques, derivative 

spectra can be easily calculated and recalculated with different parameters. Smoothing 

techniques may be used to improve the signal-to-noise ratio. 

c) Features 

Derivative Spectra produce a characteristic profile. In which subtle changes of curvature 

and gradient in the normal (zero order) spectrum are observed as distinctive bipolar 

functions. The first derivative spectra of a normal absorption spectrum represent the 

gradient at all points of the spectrum. Since dA/d λ = 0 at peak maxima, it can be used to 

locate hidden peaks. Although, second order and even higher order derivative spectra are 

more useful for analytical purpose. 

The even order derivative are bipolar functions of altering sign at the centroid ( i.e. 

negative for 2nd , positive for 4th , etc). Its position coincides with that of the original peak 

maximum. While, even derivative spectra has a similarity to the original spectrum, but the 
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presence of satellite peaks flanking the centroid adds some complexity to the derivative 

profile. 

The derivative centroid peak width of a Gaussian peak reduces to 53 %, 41% and 34% of 

the original peak width in the 2nd, 4th and 6th order derivative respectively, is a key feature 

of the derivative spectroscopy. Thus, the resolution of overlapping peaks can increase. 

Shifting of baseline is a very common, unwanted effect in the spectroscopy, which may be 

because of change in instrument or sample handling procedures. The first derivative 

spectra eliminates such baseline shifts and improves the accuracy of quantification, 

because the first derivative of a constant absorbance offset is zero. 

An important property of derivative process is that broad bands are suppressed relative to 

sharp bands. This effect increases with increasing order of derivative since amplitude (Dn) 

of a Gaussian peak in the nth derivative is inversely related to the original peak width (W) 

raised to the nth degree. 

D n α (W)-n 

Thus for two coincident peaks of equal intensity, the nth derivative amplitude of the sharper 

peak (X) is greater than that of the broader peak (Y) by a factor which increases with 

derivative order. 

Dn,X / Dn,Y = (WY/ W X)n 

The accuracy of quantification of narrow band component in the presence of a broad band 

component is improved by this property. It also reduces error caused by scattering. 

The signal to noise ratio decreases as higher orders of derivatives are used. This is an 

unwanted effect of the derivatization process. This follows from discrimination effect and 

the fact that noise always contains the sharpest features in the spectrum. Smoothing 

properties of Savitzky Golay polynomial smoothening technique can be used to reduce it. 

A reference wavelength or full spectrum multicomponent analysis with scattering spectrum 

as standard, may also be used to achieve the same analytical goals but without reduced 

signal to noise ratio. 
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1.5 INTRODUCTION TO STABILITY STUDY [22-25] 

Degradation studies of the drug substance include both appropriate solution and solid-state 

stress conditions (e.g., acid/base hydrolysis, oxidation, heat, humidity, and light exposure 

in accordance with ICH guidelines). 

Applied stress conditions should result in approximately 10–20 % degradation of the drug 

substance or represent a reasonable maximum condition achievable for the drug substance. 

In case, if no degradation is observed under the specified stress conditions, it is 

recommended to stop stress testing. 

A better knowledge of therapeutics and physicochemical and toxicological behaviour of 

drug and its pharmaceutical formulation can be gained from degradation study. This study 

allows a formulator in formulating more stable drug preparation by using a suitable solvent 

or vehicle or ingredients, which will prevent or retard the degradation. Further, it helps in 

deciding the storage conditions and routes of administration of various pharmaceutical 

dosage forms.  

1.5.1 Acid/base stress testing 

In Acid/base stress testing, a degradation of drug substance is forced to its primary 

degradation products by exposure to acidic and basic conditions over time. For acid/base 

hydrolysis studies, a stock solution of the drug substance is prepared at the appropriate 

concentration using water and co-solvent (if needed). This solution is used to prepare the 

acid and base solutions as well as the drug substance “as is” control. Different co-solvents 

can be used in the acid and base degradation studies. If the co-solvent is not the same, drug 

substance “as is” and acid/base control (no drug substance) samples will need to be 

prepared in each of the solvent systems. Summary of suggested samples is given in Table 

1.3. 

Acid/base reactions should be first started at room temperature in the absence of light. 

Where possible, heat should be avoided because this introduces a second variable. In case 

no degradation is observed at room temperature, the temperature can be increased. 
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TABLE 1.3 Guidance on acid/ base experimental setup 

Samples 

Drug substance + acid (1 N HCl) 

Drug substance + base (1 N NaOH) 

Drug substance “as is” 

Acid control (1 N HCl) 

Base contol (1N NaOH) 

Kinetic points 0-1 Week 

 

1.5.2 Thermal and thermal/humidity stress testing 

The main purpose of thermal and thermal/humidity studies is to force the degradation of 

drug substances over time to analyse the primary thermal and/or humidity degradation 

products. To evaluate stability, utilizing elevated temperatures (above that specified in ICH 

guidelines for accelerated thermal humidity challenges), stress conditions are selected 

based on a conservative estimate of the Arrhenius expression a quantitative relationship of 

reaction rate and temperature (Equation 1.1) using average activation energy. On the bases 

of this estimate, 100°C increase in temperature ultimately results in a decrease in the 

reaction time by a factor of 2 and a doubling of the reaction rate. 

Using this rule of thumb, 1 year at 300°C is equivalent to 3 weeks at 700°C. As a result, 

the recommended study length for samples to predict a 2-year room temperature shelf life 

is 6 weeks at 700°C (Table 1.4). This estimate is more likely to be true at or near room 

temperature. 

Equation 1.1: Arrhenius expression 

 

Where kobs is a specific rate constant, A is the pre-exponential factor, Ea is activation 

energy, R is the gas constant (1.987 cal K-1 mol-1) and T is temperature in degree Kelvin. 

In Table 1.4 Temperature and length of storage in thermal stress testing is shown. 
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TABLE 1.4 Temperature and length of storage in thermal stress testing 

Temperature Time duration 

30°C 1 year 

40°C 6 months 

50°C 12 weeks 

60°C 6 weeks 

70°C 3 weeks 

80°C 11 days 

 

For thermally unstable compounds, the early kinetic points allows the analyst to observe 

the primary degradation products that may have further converted by the end of the 6-week 

study. Humidity stress is also factored into this model. The starting stress conditions with 

humidity levels are 700°C/30% RH (ambient humidity) and 700°C/75 % RH (Table 1.5). 

These starting conditions are modified if a compound undergoes a change in physical form 

at or below this elevated temperature. In these cases, significant non-Arrhenius behaviour 

can be observed. Additionally, the stress testing temperatures are significantly reduced if 

the pharmaceutical candidate has a low temperature storage recommendation (for example, 

50°C). In this scenario, a more reasonable stress level would be 400°C. 

TABLE 1.5 Guidance for thermal / humidity experimental setup 

Sample 
70°C/30% RH (ambient humidity) 

70°C/75%RH 

Time point 0-6 weeks 

 

1.5.3 Oxidation 

Oxidative studies are carried out to force the degradation of drug substances to analyse the 

primary oxidative degradation products. Degradation in oxidative condition is a very 

serious stability issue and can be a reason of a major halt in pharmaceutical development. 

The 1987 Stability Guidelines state that high oxygen atmosphere should be evaluated in 

stability studies on solutions or suspensions of the bulk drug substance. 

Molecular functional groups that are more susceptible to oxidation reactions include 

benzylic sites, heteroatoms (sulphur: sulfoxide and sulfones and nitrogen: n-oxides) and 

ketones, aldehydes. 
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Oxidative degradation for pharmaceutical drug candidates results mainly because of the 

reaction of the drug substance and/or drug product with molecular oxygen, which is a 

complex reaction. This is a more realistic model than oxidative degradation by hydrogen 

peroxide, which is often used in the pharmaceutical industry. Before initiating the 

oxidative degradation study, a preliminary solubility study of the drug substance should be 

carried out. The reaction solvent can mimic the proposed formulation. For example, if the 

formulation has a protic environment, a protic solvent can be selected whereas an aprotic 

solvent can be selected for an aprotic formulation environment. Acetonitrile is the 

preferred solvent over methanol because alcohols slow the reaction by competing with the 

drug for initiator radicals. Guidance for oxidative degradation experimental setup is given 

in Table 1.6. 

TABLE 1.6 Guidance for oxidative degradation experimental setup 

Sample Oxygen with initiator 

Oxygen without initiator 

Thermal control 

Argon with initiator 

Initiator and antioxidant without drug substance 

Time points 0-10 days 

 

1.5.4 Photostability 

Photostability studies are carried out to determine the primary degradation products of drug 

substances under UV and visible light conditions over time. UV and visible light are one of 

the most energetic electromagnetic radiation sources. Pharmaceutical drug substances and 

drug products are typically exposed to UV and visible light. Photo-oxidation can also 

induce under light stress conditions by free radical mechanisms. The photo-excited 

molecule dissociates and the free radical formed is scavenged by molecular oxygen. Two 

types of stress studies are used in pharmaceutical photo stability testing: stress testing 

(purposeful degradation) and confirmatory testing. 

Purposeful degradation is performed to analyse the overall photosensitivity of the 

pharmaceutical components (unprotected drug substance and drug product). Which is 

performed for method development purposes and/or degradation pathway elucidation. 

Confirmatory testing is done to evaluate if there is a need to protect the final product from 
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light. ICH Guideline on Stability Testing of New Drug Substances and Products states that 

photo stability should be an integral part of stress testing. 

Ultraviolet exposure 

ICH guidelines specify that an exposure of 200 watt h/m2 for ultraviolet light confirmatory 

testing (1× ICH). Recommended stress conditions and time points to be tested are 5× and 

10× ICH for solid drug substances (Table 1.7). 

All stressed samples should be withdrawn at the appropriate kinetic time points and should 

be protected from any further light exposure. Light measurements should be taken in 

watts/m2 to be consistent with the ICH guidelines. 

TABLE 1.7 Guidance for ultraviolet degradation experimental setup 

Samples Ultraviolet light exposure 

Thermal foil-wrapped control substances 

Time points 5× and 10× ICH* 

*Note: ICH ultraviolet conditions = 200 watt h/m2. 

Visible light exposure 

ICH guidelines specify an exposure of 1.2×106 lux hours for visible light (1× 

ICH).Recommended stress conditions and time points to be tested are 5× and 10× ICH for 

solid drug substances (Table 1.8). 

TABLE 1.8 Guidance for visible light degradation experimental setup 

Samples Visible light exposure 

Thermal foil-wrapped control substance 

Time points 5× and 10× ICH* 

*Note: ICH visible light conditions = 1.2 × 106 lux hours 
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1.6 INTRODUCTION TO DEGRADATION KINETICS STUDY [22-27] 

Principles of Kinetic are virtually important in stability study of drug substances and 

dosage form. For development of stable formulation, study of drug degradation kinetics is 

of greater importance. Establishment of expiration date for commercially available drug 

products requires knowledge of degradation kinetics. 

Although the importance of degradation kinetics for development of stable dosage form is 

very high, there have been very few attempts are done to evaluate the detail kinetic of their 

decomposition. The degradation kinetic studies provides the information regarding the rate 

of process that generally leads to the inactivation of drug through either decomposition or 

loss of drug by conversion to a less favourable physical or chemical form. The kinetic 

studies and stability studies are not identical but they are different in following ways, 

chemical kinetics is studies through half-lives, while Stability studies down up to 85% of 

the initial strength. Stability study system contains relatively many components, while 

Chemical kinetics is carried out in pure system. The main purpose of stability study is to 

establish expiration date, where as that of chemical kinetics is to elucidate reaction 

mechanism. 

1.6.1 Factors affecting degradation of drug 

 Temperature 

 pH 

 Ionic strength 

 Solvent 

 Presence of oxygen and surfactant 

 

1.6.2 Degradation pathways 

Degradation of drug substance in pharmaceutical dosage forms can occur through several 

pathways i.e., oxidation, reduction, hydrolysis, decarboxylation, racemization and 

photolysis. 

1.6.3 Rate of reaction 

The rate of reaction gives an idea about the speed or velocity at which it occurs. The rate of 

a reaction is denoted by dc/dt for infinitesimal change in time and concentration 

parameters. For example, 
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The rate of above reaction is given by, 

 

The term dc is a negative quantity since the concentration of reactant decreases as time 

proceeds. So, 

 

1.6.4 Order of reaction 

Rate of breakdown of the drug can be monitored either by its reduction in concentration 

with time or alternatively from the rate of appearance of one of breakdown product. 

Following Table 1.9 show rate expression for zero, first, second and third order reaction. 

TABLE 1.9 Rate expression for zero, first, second and third order reaction 

Order of reaction Integrated rate equation Half-life 

equation 

Unit of k 

Zero x = kt t1/2 = a/2k moles/liter.sec 

First log [a/(a-x)] = kt/2.303 t1/2 = 0.693/k hr-1 or min-1 

Second x/[a(a-x)] = kt t1/2 = 1/ak liter/moles.sec 

Third [2ax-x2] / [a2(a-x)2] = 2kt t1/2 = 3/2a2k moles2liter2/time 

 

Where, 

a = initial concentration of reactant 

a-x= concentration remaining after time t 

k= degradation rate constant 

1.6.5 Determination of order of reaction 

The order of reaction can be evaluated by many methods, which includes following: 

Substitution method 

The data collected in a kinetic study may be substituted in the integrated form of equation 

that describes the various orders. When equation is found in which the calculated K value 
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remains constant within the limit of experimental variation, the reaction is considered to be 

of that order. 

Graphical method 

When concentration is plotted against t and straight line results, the reaction is found to be 

zero order. If log (a-x) versus t gives a straight line, the reaction is first order. 

Half-life (t 1/2) method 

Half-life is time required to reach one half or 50% of the initial concentration of reactant. 

The half-life is proportional to the initial concentration a in a zero order reaction, while t 1/2 

of the first order reaction is independent of a. For a second order reaction, the t 1/2 

decreases with higher initial concentration. 

Arrhenius equation and Activation energy 

k = Ae-Ea/RT 

ln k = ln A – Ea/RT 

Where, Ea = Activation energy (cal/mol) 

T = Absolute temperature 

k = Rate constant 

R = Ideal gas constant (1.987 cal/mol.deg) 

A = Arrhenius factor (intercept on y-axis) 

If Ea is independent of temperature, A plot of ln k as a function of 1/T is Arrhenius plot, 

which may be linear. The slope of line obtained from plot of ln k versus 1/T is equal to –

Ea/R. 

-Ea/R = slope 

Using above equation we can find energy of activation. Energy of activation (Ea) is the 

minimum energy that a molecule should possess so as to produce the product. 

Energy of activation can also be estimated by following equation, 

log k = log A – Ea/2.303RT 

ln k1/k2 = Ea ( T1-T2)/ T1*T2*R 

Where, Ea = Activation energy (Kcal/mole) 
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T1 and T2 = Two different temperature condition (absolute temperature) 

k1 and k2 = Two different rate constants of T1 and T2 respectively 

So it is possible to perform kinetic experiments at elevated temperature as Ea is 

independent of temperature and obtain rate constant at lower temperature by extrapolation 

of the Arrhenius plot i.e. to estimate rate constant at room temperature and body 

temperature etc. This finally aids in estimation of shelf life, stability and half-life of the 

product under investigation. 

This experiment commonly known as accelerated stability study. It is extremely useful 

when the reaction at ambient temperature is very slow to monitor conveniently and when 

Ea is very high. Hydrolysis reactions typically have a higher energies of activation, 

whereas oxidation and photolysis reactions have smaller Ea. 

 

1.7 ANALYTICAL METHOD VALIDATION [28-30] 

1.7.1 Method Validation: 

Analytical method validation is carried out to demonstrate that it is suitable for its intended 

purpose. Validation is documented evidence, which provide a high degree of assurance for 

specific method. Variables like different elapsed assay times, different instruments, days, 

reagents lots, equipment, environmental conditions like temperature, humidity etc. may 

influence any developed method. So it is recommended that once the method has been 

developed and before it is communicated or transferred from one lab to the other, it is 

properly validated and the result of validity tests should be reported. 

When Method validation required: 

 A new method is being developed 

 When established methods are used by different analysts and in different 

laboratories etc  

 Comparison of methods 

 Revision of established method 

 When quality control indicates method changes 
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The different parameters of analytical method development are shown in Fig. 1.8 and are 

discussed below as per ICH guideline: 

 

FIGURE 1.8 Parameters of analytical method validation 

 USP and ICH both recognize that it is not always necessary to evaluate every analytical 

performance parameter. Parameters needed to be investigated is based on the type of 

method and its intended use, as illustrated in Table 1.10. 

TABLE 1.10 ICH Validation Guideline 

- Signifies that this characteristic is not normally evaluated 

+ Signifies that this characteristic is normally evaluated 

(1) in cases where reproducibility has been performed, intermediate precision is not 

required 

Type of analytical 

procedure 

characteristics 

Identification Testing for 

Impurities 

Assay – dissolution 

(measurement 

only)content/potency Quantitation Limit 

Accuracy - + - + 

Precision     

Repeatability - + - + 

Interm. Precision - +(1) - +(1) 

Reproducibility - -(2) - -(2) 

Specificity (3) + + + +  

Detection Limit - -(4) + - 

Quantitation Limit - + - - 

Linearity - + - + 

Range - + - + 
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(2) may be needed in some cases 

(3) lack of specificity of one analytical procedure could be compensated by other 

supporting analytical procedure(s) 

(4) may be needed in some cases 

1.7.2 Parameters of Analytical Method validation 

Specificity: Specificity can be defined as it is the ability of method to analyse 

unequivocally the analyte in the presence of components which may be expected to be 

present. Typically these might include impurities, degradation products, matrix, etc. 

Linearity: The linearity of an analytical procedure can be defined as is its ability (within 

given range) to obtain results, which are directly proportional to the concentration 

(amount) of analyte present in the sample. 

Range: The range of analytical procedure can be defined as it is the interval between the 

upper concentration and lower concentration (amounts) of analyte in the sample (including 

these concentrations) for which it has been demonstrated that the analytical procedure has 

a suitable level of accuracy, precision and linearity. 

Accuracy: The accuracy of analytical procedure demonstrates the closeness of agreement 

between the value which is accepted either as an accepted reference value or a 

conventional true value and the value found. This is sometimes termed as trueness. 

Precision: The precision of an analytical procedure demonstrates the closeness of 

agreement (degree of scatter) between the series of measurements obtained from multiple 

sampling of the same homogeneous sample under the described conditions. 

Limit of Detection: The detection limit of an analytical procedure can be defined as it is 

the lowest amount of analyte in a sample, which can be detected but not necessarily 

quantitated under stated experimental conditions. 

 Based on standard deviation: Detection limit may be expressed as 

DL = 3.3 σ / S 

Where, S = the slope of the calibration curve  

σ = the standard deviation of the response 

 The slope S may be estimated from the calibration curve of the analyte σ can be 

determined by: 
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 Based on the SD of the blank 

 Based on calibration curve 

Limit of Quantitation: The quantitation limit of an individual analytical procedure is 

defined as the lowest amount of analyte in a sample, which can be quantitatively 

determined with suitable precision and accuracy. 

 Based on standard deviation: Quantitation limit may be expressed as 

DL = 10 σ / S 

Where σ = Standard deviation of the response 

S= Slope of calibration curve 

σ can be determined by 

 Based on calibration curve 

 Based on the SD of the blank 

Robustness: The robustness of an analytical procedure is defined as a measure of its 

capacity to remain unaffected by small, but deliberate variations in method parameters and 

provides an indication of its reliability during normal usage. 

Ruggedness: The ruggedness of an analytical method is the degree of reproducibility of 

test results obtained by analysis of the same samples under different experimental 

conditions. Characteristics to be validated and acceptance criteria are given in Table 1.11. 

TABLE 1.11 Characteristics to be validated  

Characteristics Acceptance Criteria 

Accuracy / Trueness Recovery 98 – 102% (individually) 

Precision RSD < 2% 

Repeatability RSD < 2% 

Intermediate Precision RSD < 2% 

Specificity / Selectivity No interference 

Detection Limit S/N > 2 or 3 

Quantitation Limit S/N > 10 

Linearity Correlation coefficient r2 > 0.999 

Range 80 – 120% 

Stability > 24 h or > 12 h 
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CHAPTER 2 

DRUG PROFILE 

In present work, attempt was made to work on analytical method development and 

validation for some anti-diabetic drugs viz., Alogliptin, Teneligliptin, Metformin, and 

Dapagliflozin. Following is the drug profile for these drugs: 

2.1 ALOGLIPTIN BENZOATE [31, 32, 33] 

Alogliptin (ALO) is an oral anti-diabetic drug in the DPP-4 inhibitor (gliptin) class. ALO 

does not decrease the risk of heart attack and stroke. Like other members of the gliptin 

class, it causes little or no weight gain, exhibits relatively little risk of hypoglycaemia, and 

has relatively modest glucose-lowering activity.  

Drug profile of ALO is presented in Table 2.1. 

TABLE 2.1: Drug profile of ALO 

              Physicochemical properties 

Chemical structure 

 

Category Antidiabetic  Agents, DPP-4 inhibitors 

Chemical Formula C
18

H
21

N
5
O

2
  

 
C

7
H

6
O

2
 

Molecular Weight 461.51 gm/mole 

IUPAC Name  2-((6-((3R)-3-amino-1-piperidinyl)-3,4-dihydro-3-methyl-2,4-
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dioxo-1(2H)- pyrimidinyl) methyl) benzonitrile; 6-((3R)-3-

aminopiperidin-1-yl)-1-(2-cyanobenzyl)-3-methylpyrimidin- 

2,4(1H,3H)-dione 

Salt Alogliptin Benzoate 

Physical State and 

Appearance 
White to off-white crystalline powder 

Melting point  127-129°C 

Boiling Point 519 - 520°C 

Solubility Very slightly soluble in octanol and isopropyl acetate 

Slightly soluble in ethanol 

Sparingly soluble in water and methanol 

Soluble in dimethyl sulfoxide 

Log P 0.66 

pKa  9.47 

                Pharmacological Profile 

Mechanism of 

action 

 

ALO is a dipeptidyl peptidase 4 (DPP-4) inhibitor. 

Incretins, glucose-dependent insulinotropic polypeptide (GIP) 

and glucagon like peptide (GLP-1) is degraded by DPP-4. The 

amount of active plasma incretins is increased by inhibition of 

DPP-4. Incretins help in glcemic control. GIP and glucose 

dependent secretion of insulin in pancreatic beta cells is 

stimulated by GLP-1. Additionally, GLP-1 suppress glucose 

dependent glucagon secretion, reduces food intake, induces 

satiety and reduces gastric emptying. 

Absorption Single oral doses of 800 mg is given in healthy subjects and 

type 2 diabetes patients. The peak plasma ALO concentration 

(median Tmax) reaches within 1 to 2 hrs after dosing. 

Accumulation of ALO in body is minimal and the absolute 

bioavailability of ALO is nearly 100%. Also, the absorption of 

ALO is not affected by food. 

Volume of 

distribution 

In healthy subjects, after receiving single dose 12.5 mg 

intravenous infusion of ALO, volume of distribution during the 

terminal phase was 417 L. that indicates well distribution of 
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ALO into tissues. 

Metabolism ALO does not undergo extensive metabolism. Two minor 

metabolites that were detected are N-demethylated ALO (<1% 

of parent compound) and N-acetylated ALO (<6% of 

parentcompound). The N-demethylated metabolite is active and 

an inhibitor of DPP-4, while the N-acetylated metabolite is 

inactive. CYP2D6 and CYP3A4 are the cytochrome enzymes 

that are involved with the metabolism of ALO. Although this 

enzymes occur with minimal extent. Almost 10-20% of the 

dose is hepatically metabolized by cytochrome enzymes. 

Route of 

Elimination 

Renal excretion is 76% and excretion in feces is 13%. 60 to 

65% of the total dose is excreted in urine as unchanged drug. 

Indication ALO is given as an adjunct to exercise and diet for improving 

glycemic control in patients with type 2 diabetes mellitus. 

Pharmacodynamics After giving a single dose of ALO to healthy subjects within 2- 

3 hrs peak inhibition of DPP-4 occurs. The peak inhibition of 

DPP-4 exceeded 93% across doses of 12.5 mg to 800 mg. For 

doses greater than or equal to 25 mg, inhibition of DPP-4 

remained above 80% at 24 hrs. Compared to placebo over an 8 

hrs period following a standardized meal, postprandial 

glucagon level is decreased and postprandial active GLP-1 

level is increased by ALO. The QTC interval is not affected by 

ALO. 

Protein Binding  ALO is 20% bound to plasma proteins. 

Half Life  21 hrs  

Clearance Renal clearance = 9.6 L/hr (this value indicates some active 

renal tubular secretion); 

Systemic clearance = 14.0 L/hr. 

Storage conditions - 20 to 25°C  

 

 

 



   DRUG PROFILE 

 

41 
  

2.2 TENELIGLIPTIN HYDROBROMIDE HYDRATE [31, 32, 34, 35, 36] 

Teneligliptin (TEN) is used for the treatment of type 2 diabetes mellitus. It belongs to a 

group of medicines called dipeptidyl peptidase-4 inhibitors. It works by increasing the 

amount of insulin released by the pancreas, which helps in lowering the blood glucose 

levels in the body. 

Drug profile of TEN is presented in Table 2.2. 

TABLE 2.2: Drug profile of TEN 

              Physicochemical properties 

Chemical structure 

 

Category Antidiabetic  Agents, DPP-4 inhibitors 

Chemical Formula C22H30N6OS 

Molecular Weight 426.5782 gm/mole 

IUPAC Name 

 3-[[(2S,4S)-4-[4-(3-Methyl-1-phenyl-1H-pyrazol-5-yl)-1-

piperazinyl]-2-pyrrolidinyl]carbonyl] thiazolidine; Methanone, 

[(2S,4S)-4-[4-(3-Methyl-1-phenyl-1H-pyrazol-5-yl)-1-

piperazinyl] -2-pyrrolidinyl]-3-thiazolidinyl-;Teneligptin WS 

Salt Teneligliptin Hydrobromide Hydrate 

Physical State and 

Appearance 
Off-white crystalline powder 

Melting point  211-212°C 

Solubility Freely soluble in Dimethyl Sulfoxide and Water, 

sparingly soluble in methanol 

LogP 2.54 

pKa  8.61 

                Pharmacological Profile 

Mechanism of TEN is a dipeptidyl peptidase 4 (DPP-4) inhibitor. Incretins 
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action 

 

glucose-dependent insulinotropic polypeptide (GIP) and 

glucagon like peptide (GLP-1) is degraded by DPP-4. The 

amount of active plasma incretins is increased by inhibition of 

DPP-4. Incretins help in glcemic control. GIP and glucose 

dependent secretion of insulin in pancreatic beta cells is 

stimulated by GLP-1. Additionally, GLP-1 suppress glucose 

dependent glucagon secretion, reduces food intake, induces 

satiety and reduces gastric emptying. 

Absorption Single oral doses of 600 mg is given in healthy subjects and 

type 2 diabetes patients. The peak plasma TEN concentration 

(median Tmax) reaches within 1.33 hrs after dosing. 

Accumulation of TEN in body is minimal and the absolute 

bioavailability of TEN is nearly 100%. Also, the absorption of 

TEN is not affected by food. 

Volume of 

distribution 

In healthy subjects, after receiving single dose 12.5 mg 

intravenous infusion of TEN, volume of distribution during the 

terminal phase was 417 L. It indicates well distribution of TEN 

into tissues. 

Metabolism Favin-containing monooxygenases (FMO1 and FMO3) and 

CYP3A4, a cytochrome P450 isozyme are mainly involve in 

the metabolism of TEN. In vitro, CYP2D6, CYP3A4, and 

FMO are weakly inhibited by TEN. While, CYP1A2, 

CYP2A6, CYP2B6, CYP2C8, CYP2C8/9, CYP2C19, and 

CYP2E1 are not inhibited by TEN at all. In addition, 

expression of CYP1A2 or CYP3A4 is not induce by TEN. 

Route of 

Elimination 

34.4% of TEN is excreted via kidney (unchanged) 65.6% TEN 

is metabolized and eliminated by hepatic and renal excretion; 

When 20 mg of 14 C-labelled TEN is administered, after 216 

hrs the cumulative excretion percentages of radioactive TEN in 

faeces and urine were 46.5% and 45.4%, respectively. 

Indication It is used for the treatment of type 2 diabetes mellitus. When 

patients do not show sufficient improvement after diet control 

and exercise or even after a combination of diet control, 
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exercise, and sulfonylurea or thiazolidine class drugs. 

Pharmacodynamics After the administration of TEN at dosages of 10 or 20 mg 

once daily for 4 weeks, the plasma concentrations of TEN 

revealed a median time to maximum concentration (Cmax) of 1 

hr in both 10 and 20 mg TEN groups. The mean t1/2 of 20.8 and 

18.9 hrs was found for 10 and 20 mg TEN groups, respectively. 

Within 2 hrs after administration of TEN the maximum 

percentage of the inhibition in plasma DPP-4 activity was 

achieved. It was 81.3% and 89.7% in the 10 and 20 mg TEN 

groups, respectively. 

Half Life  20.8 hrs  

Storage conditions - 20 to 25°C  

 

2.3 METFORMIN HYDROCHLORIDE [31, 32, 37, 38] 

Metformin hydrochloride (MET) is a biguanide hypoglycemic agent used in the treatment 

of non-insulin-dependent diabetes mellitus not responding to dietary modification. MET 

improves glycemic control by improving insulin sensitivity and decreasing intestinal 

absorption of glucose. 

Drug profile of MET is presented in Table 2.3. 

TABLE 2.3: Drug profile of MET 

              Physicochemical properties 

Chemical structure 

 

Category Biguanide, antihyperglycemic agent 

Chemical Formula C4H11N5.HCl 

Molecular Weight 165.63 g/mole 

IUPAC Name N, N-Dimethylimidodicarbonimidic diamide hydrochloride 
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Salt Metformin hydrochloride 

Physical State and 

Appearance 
White crystalline powder that is almost odorless 

Melting point  222-226°C 

Solubility Freely soluble in water, methanol, and methylene chloride 

LogP 2.6 

pKa  12.4 

Mechanism of 

action 

MET is a biguanide antihyperglycemic agent used for treating 

non-insulin-dependent diabetes mellitus (NIDDM). It improves 

glycemic control by decreasing hepatic glucose production, as 

well as decreasing glucose absorption and increasing insulin-

mediated glucose uptake. 

Absorption An oral bioavailability of 50–60% under fasting conditions, 

and is absorbed slowly Peak plasma concentrations (Cmax) are 

reached within 1 to 3 hrs of taking immediate-release MET and 

4 to 8 hrs with extended-release formulations.  

Volume of 

distribution 

The plasma protein binding of MET is negligible, as reflected 

by its very high apparent volume of distribution (300–1000 

after a single dose). Steady state is usually reached in one or 

two days 

Metabolism MET is not metabolized. It is cleared from the body by tubular 

secretion and excreted unchanged in the urine 

Route of 

Elimination 

in the urine 

Half Life  17.6 hrs 

Storage conditions Keep container tightly closed in a dry and well-ventilated 

place.  

Recommended storage temperature is 2 - 8°C. 
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2.4 DAPAGLIFLOZIN PROPANEDIOL MONOHYDRATE [31, 32, 39] 

 

Dapagliflozin (DAPA) a sodium-glucose co transporter 2 inhibitor indicated for managing 

diabetes mellitus type 2. When combined with diet and exercise in adults, DAPA helps to 

improve glycemic control by inhibiting glucose resorption in the proximal tubule of the 

nephron and causing glycosuria. DAPA was approved by the FDA on Jan 08, 2014. 

Drug profile of DAPA is presented in Table 2.4. 

TABLE 2.4: Drug profile of DAPA 

              Physicochemical properties 

Chemical structure 

 

Category Antidiabetic  Agents, SGLT2 inhibitor 

Chemical Formula C21H25ClO6 

Molecular Weight 408.9 gm/mole 

IUPAC Name 
 (2S,3R,4R,5S,6R)-2-[4-chloro-3-[(4-ethoxyphenyl) methyl] 

phenyl] -6-(hydroxymethyl)oxane-3,4,5-triol 

Salt Dapagliflozin Propanediol Monohydrate 

Physical State and 

Appearance 
White to Pale Yellow Solid 

Melting point  74-78°C 

Boiling Point 609°C 

Solubility Slightly soluble in ethanol  

freely soluble in water and methanol 

Log P 2.11 

pKa  12.57 

                Pharmacological Profile 

Mechanism of 

action 

DAPA Inhibits proximal renal tubular sodium-glucose co-

transporter 2 (SGLT2) which determines reabsorption of 
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 glucose from the tubular lumen. Inhibits reabsorption of 

glucose, lowers renal threshold for glucose and increases 

excretion of glucose in urine. 

Absorption Oral DAPA reaches a maximum concentration within 1 hr of 

administration when patients have been fasting. When patients 

have consumed a high fat meal, the time to maximum 

concentration increases to 2 hrs and the maximum 

concentration decreases by half though a dose adjustment is not 

necessary. Oral DAPA is 78% bioavailable. 

Volume of 

distribution 

118 L 

Metabolism DAPA is primarily glucuronidated to become the inactive 3-O-

glucuronide metabolite (60.7%). DAPA also produces another 

minor glucuronidated metabolite (5.4%), a de-ethylated 

metabolite (<5%), and a hydroxylated metabolite (<5%). 

Metabolism of DAPA is mediated by cytochrome p-450(CYP) 

1A1, CYP1A2, CYP2A6, CYP2C9, CYP2D6, CYP3A4, 

uridine diphosphate glucuronyltransferase (UGT)1A9, 

UGT2B4, and UGT2B72. Glucuronidation to the major 

metabolite is mediated by UGT1A9. 

Route of 

Elimination 

75.2% of DAPA is recovered in the urine with 1.6% of the 

dose unchanged by metabolism. 21% of the dose is excreted in 

the feces with 15% of the dose unchanged by metabolism. 

Indication Indicated for managing diabetes mellitus type 2. When 

combined with diet and exercise in adults, DAPA helps to 

improve glycemic control by inhibiting glucose resorption in 

the proximal tubule of the nephron and causing glycosuria. 

Pharmacodynamics DAPA inhibits the sodium-glucose contransporter 2(SGLT2) 

which is primarily located in the proximal tubule of the 

nephron. SGLT2 facilitates 90% of glucose resorption in the 

kidneys and so its inhibition allows for glucose to be excreted 

in the urine. This excretion allows for better glycemic control 

and potentially weight loss in patients with type 2 diabetes 
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mellitus. 

Protein Binding  91% 

Half Life  13.8 hrs  

Clearance Oral plasma clearance was 4.9 ml/min/kg, and renal clearance 

was 5.6 ml/min 

Storage conditions - 20°C  
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CHAPTER 3 

LITERATURE REVIEW 

In present work, attempt was made to work on analytical method development and 

validation for some anti-diabetic drugs. Following is the literature review of selected 

antidiabetic drugs. 

3.1 METHODS FOR ANALYSIS OF ALOGLIPTIN IN PURE FORM 

AND IN PHARMACEUTICAL FORMULATIONS  

 

Literature review of ALO was carried out using different sources. No official method for 

ALO was found in any of the Pharmacopoeias. Literature describes different UV, HPLC 

methods and a HPTLC method for determination of ALO in pure form and in 

pharmaceutical formulations. The detailed literature is described in Table 3.1. 

TABLE 3.1 Reported methods for ALO 

 

Sr. 

No 
Method Specification 

Ref. 

No 

1. Degradation kinetics study 

of ALO in alkaline 

medium by validated 

stability-indicating 

HPTLC method 

 

Stationary phase: silica gel 60F254-TLC 

plates 

Mobile phase: Chloroform-methanol-ethyl 

acetate-triethyl amine, 9:1:1:0.5, v/v/v/v) 

Detection: 278 nm 

Concentration range: 100-500 ng/spot  

40 

2. Liquid Chromatographic 

determination of ALO in 

Stationary phase: Symmetry® cyanide column 

(150 × 4.6 mm, 5 μm) 
41 
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bulk and in its 

pharmaceutical 

preparation. 

Mobile phase: Potassium dihydrogen 

phosphate buffer (pH 4.6) : acetonitrile (20:80 

v/v)  

Flow rate: 1 ml/min 

Detection: UV detection at 215 nm 

Concentration range: 5-160 μg/ml 

3 Stability indicating RP-

HPLC method for 

simultaneous estimation of 

MET and ALO in bulk 

and in pharmaceutical 

formulation by using PDA 

detector. 

Stationary phase: XTerra column (250 × 4.6 

mm, 5 μm) 

Mobile phase: Potassium dihydrogen 

phosphate buffer (pH 4.0) : acetonitrile 

(70:30, v/v)  

Flow rate: 1  ml/min 

Detection: UV detection at 235 nm 

Concentration range: 300-700 μg/ml for MET 

and 7.5-17.5 µg/ml for ALO 

42 

4 HPLC method for the 

determination of ALO and 

its potential impurities in 

bulk drug and tablets. 

Stationary phase: Angilent Zobax SB-CN 

column (250 × 4.6 mm, 5 μm). 

Mobile phase: Water: acetonitrile: 

trifluoroacetic acid (1900:100:1 v/v/v) (solution 

A) and acetonitrile: water: trifluoroacetic acid 

(1900:100:1 v/v/v) (solution B) 

Flow rate: 1.0 ml/min  

Detection: UV detection at  278 nm 

Concentration range:  50-1000 ng/ml 

43 

5 RP-HPLC method  

development and 

validation for ALO and 

MET in tablet dosage 

form 

Stationary phase:  Agilent C18 column (250 × 

4.6 mm, 5 μm). 

Mobile phase:   Buffer (0.2% TEA pH adjusted 

to 6.0 with OPA): methanol (30:70 v/v) 

Flow rate: 1.0 ml/min 

Detection:  UV detection at 254 nm 

Concentration range: 25-150 μg/ml for both 

ALO and MET. 

 

44 
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6 Simultaneous Estimation 

of MET and ALO by 

using RP-HPLC method 

Stationary phase:  X Bridge C18 column (150 

× 4.6 mm, 5μm)  

Mobile phase:  Phosphate buffer (pH adjusted 

to 3.0 with OPA): methanol: acetonitrile 

(20:60:20  v/v/v) 

Flow rate:  1.0 ml/min 

Detection: UV detection at  290 nm 

Concentration range: 50-250 μg/ml for MET 

and 5-25 µg/ml for ALO 

45 

7 UV-spectrophotometric 

methods for simultaneous 

estimation of ALO and 

PIO in bulk and combined 

tablet dosage form  

Detection: 

A) Second order derivative method 

276 nm (λmax of ALO) and 226 nm (λmax of 

PIO). 

B) Area under curve method  

Wavelength range 271-281 nm and 221-231 nm 

for ALO and PIO, respectively 

Concentration range: 2.5-15 μg/ml for ALO 

and 3-18 μg/ml for PIO 

46 

8 colorimetric method for 

the estimation of ALO and 

LOT 

Methods were based on reaction involving the 

formation of orange and blue colored complex 

with NQS (1, 2 napthoquinone-4-sulfonic acid 

sodium) in the presence of alkaline medium for 

ALO and ammonium molybdate in presence of 

acidic medium for LOT. 

Detection: 468 nm for ALO and 745 nm for 

LOT. 

Concentration range: 200-600 μg/ml for ALO 

and 10-50μg/ml for LOT. 

47 

9 UV spectrophotometric 

method for ALO in bulk 

drug and tablet 

formulation. 

First order derivative method 

Detection: 278 nm 

concentration range: 2-16 μg/ml 

 

 

48 
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10 HPLC method for the 

simultaneous estimation of 

PIO and ALO in bulk and 

dosage form 

 

 

Stationary phase: Hypersil C18 column (250 × 

4.6 mm, 5μm) 

Mobile phase: Buffer pH 3.5: methanol  

(70:30 v/v) 

Flow rate: 1.0 ml/min 

Detection: UV detection at 271 nm 

Concentration range: 3.75-18.75 μg/ml for 

PIO and 6.25-31.25 μg/ml for ALO 

49 

11 First order derivative and 

dual wavelength 

spectrophotometry 

methods for simultaneous 

estimation of ALO and 

PIO in bulk and dosage 

form 

Detection: 

First order derivative  method 

For ALO: 268.20 nm (ZCP of PIO) 

For PIO: 275.60 nm (ZCP of ALO)   

Dual wavelength method 

For ALO: 270.20 nm and 265 nm were selected 

as λ1 and λ2 

For PIO: 280 nm and 271 nm were selected as 

λ3 and λ4 

Concentration range: 5-30 μg/ml for both 

ALO and PIO 

50 

12 Determination of ALO 

and MET in tablet dosage 

form by simultaneous 

equation and absorption 

ratio method 

Detection: 

Simultaneous equation method 

Measurement at 224 nm and 237 nm for ALO 

and MET, respectively.  

Absorption ratio method 

Measurement at 251 nm (iso-absorptive point of 

ALO and MET) and 224 nm (λmax of ALO) 

Concentration range: 0.5-18 µg/ml for both  

ALO and MET 

51 

13 RP-HPLC method for 

simultaneous estimation of 

ALO and PIO in 

combined tablet dosage 

form 

Stationary phase: Enable C18 Column (250 × 

4.6 mm, 5μm) 

Mobile phase: Phosphate buffer (pH-3.6) : 

acetonitrile (35:65 v/v) 

Flow rate: 1.0 ml/min 

52 
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Detection: UV detection at 268 nm 

Concentration range: 2.5-15 μg/ml for ALO 

and 3-18 μg/ml for PIO 

14 UV spectrophotometric 

method for simultaneous 

estimation of MET and 

ALO in bulk drugs and 

combined dosage form 

Detection: 

Simultaneous equation method 

Measurement at 277 nm and 232 nm for ALO 

and MET, respectively.  

Absorption ratio method 

Measurement at 250 nm (iso-absorptive point of 

ALO and MET) and 277 nm (λmax of ALO) 

Concentration range: 5-25 μg/ml for ALO and 

1-10 μg/ml for MET  

53 

15 HPTLC method for 

simultaneous estimation of 

MET and ALO in bulk 

drugs and combined 

dosage forms 

Stationary phase: Merck HPTLC aluminium 

sheets of silica gel 60F254 

Mobile phase: Acetonitrile: 1% ammonium 

acetate in methanol (4.5:5.5 v/v) 

Detection: UV detection at 253 nm 

Concentration range: 100-2500 ng/spot for 

both MET and ALO 

54 

16 Stability Indicating RP-

HPLC Method for 

simultaneous estimation of 

MET and ALO in human 

plasma 

Stationary phase: XTerra column (250 × 4.6 

mm, 5 μm) 

Mobile phase: sodium dihydrogen ortho 

phosphate buffer (pH 4.0) and acetonitrile 

(70:30 v/v)  

Flow rate: 1 ml/min 

Detection: UV detection at 235 nm 

Concentration range: 300-700 μg/ml for MET 

and 7.5-17.5 µg/ml for ALO 

55 
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3.2 METHODS FOR ANALYSIS OF TENELIPTIN IN PURE FORM 

AND IN PHARMACEUTICAL FORMULATIONS 

 

Literature review of TEN was carried out using different sources. No official method for 

TEN was found in any of the Pharmacopoeias. Literature describes different UV, HPLC, 

HPTLC, LC-MS and LC-MS/MS methods for determination of TEN in pure form and in 

pharmaceutical formulations. The detailed literature is described in Table 3.2. 

TABLE 3.2 Reported methods for TEN 

 

Sr. 

No 
Method Specification 

Ref 

no 

1. Development and validation of 

UV spectrophotometric method 

and HPTLC method for 

estimation of TEN in 

pharmaceutical preparation 

A) UV spectrophotometric method 

Detection: UV detector at 243.5 nm 

concentration range: 10-90 μg/ml 

B) HPTLC method 

Stationary phase: silica gel 60F254-TLC 

plates 

Mobile phase: toluene: chloroform: 

ethanol: diethyl amine (4:4:1:1, v/v/v/v)  

Detection: 254 nm 

Concentration range: 100-600 ng/spot 

56 

2. Liquid chromatography Mass 

spectrometry method for 

simultaneous estimation of anti-

diabetic drugs inhibiting DPP-4 

enzyme in human plasma: 

overcoming challenges 

associated with low recovery 

and sensitivity. 

Stationary phase: Zorbax Eclipse Plus C-

18 (50 × 2.1 mm, 1.8 μm) column 

Mobile phase: 20 mM ammonium 

formate and acetonitrile in gradient mode 

Flow rate: 0.5 ml/min 

Detection: positive ion electrospray 

ionization mass spectrometry using target 

ions in selective ion mode 

57 
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3. Stability studies of TEN by RP-

HPLC and identification of 

degradation products by UPLC 

tandem mass spectroscopy. 

Stationary phase: Kromasil 100- 5C18 

(250 × 4.6mm, 5μm) column 

Mobile phase: phosphate buffer (pH 6.0) : 

acetonitrile (60:40 v/v) 

Flow rate: 1 ml/ min 

Detection: UV detection at 246 nm 

concentration range: 100-500 μg/ml 

58 

4. UV- spectrophotometric method 

for determination of TEN in 

tablet dosage form 

Detection:  243.6 nm 

Concentration range:  10- 50 μg/ml 
59 

 

5. Estimation of anti-diabetic TEN 

by RP-HPLC and derivative 

spectroscopic method 

A) RP-HPLC method 

Stationary phase: Kromasil 100-5-C8 

(250 × 4.6 mm, 5μm) column  

Mobile phase: Methanol: 0.025M 

phosphate buffer pH adjusted to 3 with 

o-phosphoric acid (60:40 v/v)  

Flow rate: 1 ml/ min 

Detection: UV detection at 254 nm 

concentration range:  10-100 μg/ml 

B) First order derivative UV 

spectrophotometric method  

Detection:  243.6 nm. 

Concentration range:  10- 50 μg/ml. 
 

60 

6. LC-MS/MS method for 

quantification of TEN in human 

plasma and its application to a 

pharmacokinetic study 

Stationary phase:  Hypersil Gold C18 (50 

mm×3.0 mm, 1.9 μm) column 

Mobile phase:  0.1% formic acid in Milli-

Q water: 0.1% formic acid in acetonitrile 

in gradient elution mode 

Flow rate: 0.5 ml/min 

Detection: quantification of TEN was 

performed in a positive electro spray 

ionization mode and multiple reaction 

monitoring (MRM). 

61 
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concentration range:  0.1 - 4000 ng/ml 

7. RP-HPLC method for 

simultaneous estimation of TEN 

and its degradation product  

Stationary phase: Shisedo C18 (250 × 4.6 

mm, 5μm) column 

Mobile phase: Acetonitrile: methanol: 

water (30: 40: 30 v/v/v) 

Flow rate: 1 ml/min 

Detection: UV detection at 246 nm 

concentration range: 50-300μg/ml 

62 

8 RP-HPLC method for 

determination of TEN in 

pharmaceutical dosage form. 

Stationary phase: Zodiac C18 column 

(250×4.6 mm, 5μm) 

Mobile phase: Methanol: acetonitrile 

(90:10 v/v) , (pH 5.2, adjusted with 0.10% 

ortho phosphoric acid) 

Flow rate: 1 ml/min 

Detection: UV detection at 235 nm 

concentration range: 25 - 150μg/ml 

63 

 

 

3.3 METHODS FOR ANALYSIS OF METFORMIN IN PURE FORM 

AND IN PHARMACEUTICAL FORMULATIONS 

 

Literature review of MET was carried out using different sources. Official methods were 

found in IP, BP and USP for determination of MET in pure form and in tablet dosage form. 

Official methods of MET are described in Table 3.3. Reported methods of MET includes 

different UV and HPLC methods for determination of MET alone and in combination with 

other drugs. The detailed literature is described in Table 3.4. 
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TABLE 3.3 Official methods for MET 

 

Sr. 

No 
Method Specification 

Ref 

no 

1. Potentiometric method 

(IP’2010) 

Weigh accurately about 60 mg of MET, 

dissolve in 4 ml of anhydrous formic 

acid, and add 50 ml of acetic anhydride. 

Titrate with 0.1 M perchloric acid, 

determining the end-point 

potentiometrically. Carry out a blank 

titration.  

1 ml of 0.1 M perchloric acid is 

equivalent to 0.008281 g of C4H11N5.HCl 

64 

2. Potentiometric method 

(BP’2010) 

Dissolve 0.1 gm of MET in 4 ml of 

anhydrous formic acid. Add 80 ml of 

acetonitrile. Carry out the titration 

immediately. Titrate with 0.1 M 

perchloric acid, determining the end-

point potentiometrically. 

 1 ml of 0.1 M perchloric acid is 

equivalent to 16.56 mg of C4H11N5.HCl 

65 

3. Potentiometric method 

(USP’2009) 

Dissolve about 60 mg of MET, 

accurately weighed, in 4 ml of anhydrous 

formic acid. Add 50 ml of acetic 

anhydride. Titrate with 0.1 N perchloric 

acid VS, determining the endpoint 

potentiometrically. Perform a blank 

determination and make any necessary 

correction. 1 ml of 0.1N perchloric acid 

is equivalent to 8.28 mg of C4H11N5.HCl 

66 

4. UV method 

(IP’2010) 

MET tablets 

Weigh and powder 20 tablets. Weigh 

accurately a quantity 0.1 g of MET, 

shake with 70 ml of water for 15 

64 
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minutes, dilute to 100 ml with water and 

filter. Dilute 10 ml of the filtrate to 100 

ml with water. Further dilute 10 ml to 

100 ml with water. Measurement at the 

maximum at 232 nm.  

specific absorbance: 798 

5. UV method 

(BP’2010) 

MET tablets 

Weigh and powder 20 tablets. Shake a 

quantity of the powder containing 0.1 g 

of MET with 70 ml of water for 15 

minutes, dilute to 100 ml with water and 

filter, discarding first 20 ml of filtrate. 

Dilute 10 ml of the filtrate to 100 ml with 

water and dilute 10 ml of the resulting 

solution to 100 ml with water. 

Measurement at the maximum at 232 nm. 

A (1%, 1cm): 798 

65 

6. UV method 

(USP’2009) 

MET tablets 

Standard preparation: 10 μg/ml MET in 

water  

Assay preparation: Weight and finely 

powder 20 Tablets. Transfer powder 

equivalent to about 100 mg of MET to a 

100 ml volumetric flask. Add 70 ml 

water, shake by mechanical means for 15 

minutes, dilute with water to volume, and 

filter, discarding the first 20 ml of 

filtrate. Dilute 10 ml of the filtrate with 

water to 100 ml and dilute 10 ml of the 

resulting solution with water to 100 ml. 

Measure absorbance at 232 nm. 

Calculate the quantity, in mg, of MET in 

the portion of tablets. 

66 
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TABLE 3.4 Reported methods for MET 

 

Sr. 

No 
Method Specification 

Ref 

no 

1. Stability indicating RP - HPLC 

method for simultaneous 

estimation of MET and TEN in 

bulk and pharmaceutical dosage 

form 

Stationary phase: octa-decyl C18 

column (25 cm × 4.6 mm, 5 μm)  

Mobile phase: Methanol: water (pH 3.0) 

(70:30 v/v) 

Flow rate: 1.0 ml/min 

Detection: UV detection at 235 nm 

concentration range: 25 - 150 μg/ml for 

MET and 5 - 30 μg/ml for TEN 

67 

2. RP-HPLC method for 

determination of TEN and MET 

in pharmaceutical dosage forms 

Stationary phase:  Cosmosil (C18, 250 

× 4.6mm, 5μm)  

Mobile phase: Methanol: water (pH 3.5) 

(50:50 v/v) 

Flow rate: 0.7 ml/min 

Detection: UV detection at 242 nm 

concentration range: 50 - 250 μg/ml for 

MET and 2 - 10 μg/ml for TEN 

68 

3. RP HPLC method for 

simultaneous estimation of TEN 

and MET. 

Stationary phase:  X-Terra C18 (150 × 

4.6 mm, 5μm) 

Mobile phase: Methanol: TEA Buffer 

(pH 4.5): acetonitrile (65:15:20 v/v/v) 

Flow rate: 1.0 ml/ min 

Detection: UV detection at 243 nm 

concentration range: 45 - 225 μg/ml for 

MET and 5 - 25 μg/ml for TEN 

69 
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4. Stability indicating RP-HPLC 

method for simultaneous 

estimation of MET and TEN. 

Stationary phase:  YMC C18 (150 × 

4.6 mm, 5μm) 

Mobile phase:  Phosphate buffer (pH 3) 

and acetonitrile (80:20v/v)  

Flow rate: 0.8 ml/ min 

Detection: UV detection at 220 nm 

concentration range: 9.98 - 600 μg/ml 

for MET and 0.5 - 24 μg/ml for TEN 

70 

5. RP-HPLC method for the 

simultaneous estimation of 

MET and TEN in bulk and tablet 

dosage forms. 

Stationary phase:  C8 (Agilent) (250 × 

4.6 mm, 5μm) 

Mobile phase:  Methanol : water 0.05 % 

OPA (50:50 v/v) 

Flow rate: 0.7 ml/ min 

Detection: UV detection at 235 nm 

concentration range: 20 - 100 μg/ml for 

MET and 10 - 50 μg/ml for TEN 

71 

6.  Three different UV 

spectrophotometric methods for 

simultaneous estimation of TEN 

and MET from its 

pharmaceutical dosage form. 

Detection: 

A) Simultaneous equation method 

237 and 246 nm for both the drugs 

B)  Absorbance ratio method  

TEN 237 nm and MET 247.5 nm 

C) First derivative method 

TEN 237 nm and MET 246 nm 

Concentration range: 1-20 μg/ml for 

both TEN and MET 

72 
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3.4 METHODS FOR ANALYSIS OF DAPAGLIFLOZIN IN PURE 

FORM AND IN PHARMACEUTICAL FORMULATION  

 

Literature review of DAPA and MET was carried out using different sources. No official 

method for DAPA and MET combination was found in any of the Pharmacopoeias. 

Literature describes different UV, HPLC and a HPTLC methods for determination of 

DAPA and MET combination in pure form and in pharmaceutical formulations. No reports 

were found describing the stability indicating HPTLC method for determination of DAPA 

and MET combination. The detailed literature is described in Table 3.5. 

TABLE 3.5 Reported methods for DAPA  

 

Sr. 

No 
Method Specification 

Ref. 

No 

1 

Comparative High-

Performance Liquid 

Chromatographic and 

High-Performance Thin-

Layer Chromatographic 

study for the simultaneous 

determination of DAPA 

and MET in bulk and 

pharmaceutical 

formulation 

RP-HPLC method: 

Stationary phase: Water-pak C18 column  

Mobile phase: Isocratic mobile phase 

composed of 10 mM NaH2PO4 (pH 3.5 adjusted 

using ortho-phosphoric acid) : acetonitrile 

(65:35, v/v) containing 0.1% trimethylamine 

Flow rate: 1.2 ml/min 

Detection: UV detection at 225 nm 

Concentration range: 2-20 μg/ml for DAPA 

and 20-400 μg/ml for MET 

HPTLC method: 

Stationary phase: pre-coated silica gel 60 

F254 aluminium plates 

Mobile phase: acetonitrile: ammonium acetate 

10%: acetic acid (9:0.9:0.1, v/v/v) 

Detection: UV detection at 225 nm 

Concentration range: 1–10 μg/spot for DAPA 

and 10–100 μg/spot for MET 

 

73 
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2 

HPTLC Method for the 

Determination of MET, 

SAXA and DAPA in 

Pharmaceuticals 

 

HPTLC method: 

Stationary phase: pre-coated silica gel 60 

F254 aluminium plates 

Mobile phase: acetonitrile: 1% w/v ammonium 

acetate in methanol (9: 1, v/v) 

Detection: UV detection at 210 nm 

Concentration range: 0.25-10 μg/band for 

SAXA and DAPA and 0.25-25 μg/band for 

MET 

74 

3 

Stability-indicating 

capillary electrophoresis 

method for the 

simultaneous 

determination of MET, 

SAXA and DAPA in 

pharmaceutical tablets 

 

Capillary Electrophoretic Method : 

Stationary phase: Fused silica capillary 

Mobile phase: Background electrolyte 

consisting of 30 mM phosphate buffer (pH 6.0) 

Voltage and pressure: high voltage of 30 kV, a 

pressure of 20 mbar 

Injection time: 40 s 

Detection: 203 nm for SAXA/DAPA and 

250 nm for MET 

Concentration range: 10–200 µg/ml for 

SAXA, 1.25–50 µg/ml for DAPA and 7.5–

1000 µg/ml for MET 

75 

4. 

Kinetic Degradation Study 

of DAPA Coupled with 

UHPLC Separation in the 

Presence of Major 

Degradation Product and 

MET 

Ultra - Performance Liquid 

Chromatographic Method: 

Stationary phase: Symmetry® Acclaim™ 

RSLC 120 C18 column (100 × 2.1 mm, 

2.2 µm) 

Column temperature:  maintained at 60°C 

Mobile phase mixture of potassium di 

hydrogen phosphate buffer, pH (3.5) : 

acetonitrile (50:50, v/v)  

Flow rate: 0.4 ml/min 

Concentration range: 1–50 µg/ml for DAPA 

and 0.5–100 µg/ml for MET 

76 
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5 Development and 

validation of UV 

spectrophotometric 

method and RP – HPLC 

method for simultaneous 

estimation of DAPA and 

GLI in synthetic mixture 

RP-HPLC method: 

Stationary phase: C-18 column (150 × 4.6 

mm, 5 μm)  

Mobile phase: Acetonitrile : 10% Ortho-

phosphoric acid in water pH 6.0 (70 : 30 v/v)  

Flow rate: 1 ml/ min 

Detection: UV detection at 228 nm 

Concentration range: 1-5 μg/ml for both 

DAPA and GLI 

UV method: derivative spectroscopic method 

Measurement at 288 nm and 224 nm for DAPA 

and GLI, respectively 

Concentration range: 5 - 30 μg/ml for both 

DAPA and GLI 

77 

6. Development and 

validation of stability 

indicating HPLC method 

for estimation of DAPA in 

marketed formulation. 

Stationary phase: XTerra column (250 × 4.6 

mm,5 μm) 

Mobile phase: Methanol: water (80:20, v/v)  

Flow rate: 0.8 ml/ min 

Detection: UV detection at 225 nm 

Concentration range: 10-50 μg/ml  

78 

7. A validated stability 

indicating High-

Performance Liquid 

chromatographic method 

for simultaneous 

determination of DAPA 

and MET in in bulk drug 

and tablet dosage form. 

Stationary phase: Hypersil BDS C18 (250 x 

4.6 mm, 5 μm) 

Mobile phase: Buffer (0.1% ortho phosphoric 

acid) adjusted to pH 6.8 with triethyl amine : 

acetonitrile (50:50, v/v)  

Flow rate: 1.0 ml/min  

Detection: UV detection at  240 nm 

Concentration range:   

 85-510 μg/ml for MET and 0.5-3.0 μg/ml for 

DAPA 
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8. Stability indicating RP-

HPLC method for 

estimation of DAPA and 

Stationary phase:  Inertsil ODS C18 column 

(250 × 4.6 mm, 5 μm) 

Mobile phase: 0.05M potassium dihydrogen 
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MET  ortho phosphate buffer (pH- 3.5, adjusted with 

0.1% Orthophosphoric acid) : acetonitrile  

 (50:50 v/v) 

Flow rate: 1.0 ml/min  

Detection: UV detection at  227 nm 

Concentration range:  5-50 μg/ml for DAPA 

and 25-75 μg/ml for MET 

9.  Stability indicating HPLC 

method for DAPA in API 

and pharmaceutical dosage 

form 

Stationary phase: Agilent C18 (150 × 4.6 mm, 

5 μm) 

Mobile phase: acetonitrile: di-potassium 

hydrogen phosphate with pH-6.5 adjusted with 

OPA (40:60 v/v) 

Flow rate: 1.0 ml/min  

Detection: UV detection at  222 nm 

Concentration range:  50-150 μg/ml  
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10. Stability indicating HPLC 

method for the 

simultaneous 

determination of DAPA 

and SAXA in bulk and 

tablet dosage form 

Stationary phase: Xterra RP18 (150 × 4.6 mm, 

5 μm) 

Mobile phase: Acetonitrile: water (60:40 v/v) 

Flow rate: 1.0 ml/min  

Detection: UV detection at  248 nm 

Concentration range:  100-500 μg/ml for 

DAPA and 50-250 μg/ml for SAXA 
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11. Stability indicating RP-

HPLC method for 

simultaneous estimation of 

SAXA and DAPA  

Stationary phase: Xterra RP18 (150 × 4.6 mm, 

5 μm) 

Mobile phase:  phosphate buffer (pH 4): 

acetonitrile (50:50  v/v)  

Flow rate: 1.0 ml/min  

Detection: UV detection at  225 nm 

Concentration range: 20-60 μg/ml for SAXA 

and 40-120 μg/ml for DAPA  
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12. RP-HPLC method for 

simultaneous estimation of 

DAPA and MET in bulk 

Stationary phase: Phenomenex Luna C18 (250 

× 4.6 mm, 5 μm) 

Mobile phase:  Acetonitrile: water (75:25 v/v) 
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and in synthetic mixture Flow rate: 1.0 ml/min  

Detection: UV detection at  285 nm 

Concentration range: 20-100 μg/ml for MET 

and 10-50 μg/ml for DAPA 

13. RP-HPLC method for 

DAPA in bulk and tablet 

dosage form 

Stationary phase: Waters C18 (250 × 4.6 mm, 

5 μm) 

Mobile phase:  phosphate buffer: acetonitrile 

(60:40 v/v) 

Flow rate: 1.0 ml/min  

Detection: UV detection at  237 nm 

Concentration range: 10-60 μg/ml for DAPA 
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14. UV-spectroscopic first 

derivative and High 

Performance Thin Layer 

Chromatography 

analytical methods for 

simultaneous estimation of 

DAPA and SAXA in 

synthetic mixture 

UV method: first derivative method 

Detection:  For DAPA: 217 nm (ZCP of 

SAXA) 

For SAXA: 225 nm (ZCP of DAPA)   

Concentration range: 20-100 μg/ml for DAPA 

and 10-50 μg/ml for SAXA 

High Performance Thin Layer 

Chromatographic method:  

 Stationary phase: silica gel aluminium plate 

60F254 

Mobile phase:  Chloroform: Ethyl acetate: 

methanol: ammonia (6:2:2:2 v/v/v/v) 

Detection: UV detection at  210 nm 

Concentration range: 500– 4000 ng/spot for 

DAPA and 250 –2000 ng/spot for SAXA  
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15. Stability-Indicating RP-

HPLC method for 

simultaneous 

determination and 

estimation of DAPA in 

raw and tablet formulation 

Stationary phase: Agilent C18 (150 × 4.6 mm, 

5 μm) 

Mobile phase:  Methanol: Water (75:25 v/v). 

Flow rate: 1.0 ml/min  

Detection: UV detection at  230 nm 

Concentration range: 5-25 μg/ml for DAPA 
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16. UV spectroscopic method 

for 

simultaneous estimation of 

DAPA and MET in 

synthetic mixture 

UV method: first derivative method 

Detection:  For DAPA: 272 nm (ZCP of MET) 

For MET: 235 nm (ZCP of DAPA)   

Concentration range: 0.5-2.5 μg/ml for DAPA 

and 25-125 μg/ml for MET 
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CHAPTER 4 

ALOGLIPTIN BENZOATE 

4.1 AIM AND OBJECTIVES 

Aim: 

Stability is an essential factor for quality, safety and efficacy of a drug product. The 

purpose of stability study is to provide evidence on how the quality of drug substance or 

drug product varies with time under the influence of variety of environmental factors. 

Literature describes two HPLC methods, a stability indicating HPLC method and a 

stability indicating HPTLC method for Alogliptin Benzoate (ALO), various UV and HPLC 

methods for ALO alone and its combination with other drugs.  

It was thought of interest to develop a simple, accurate, precise and specific stability 

indicating HPTLC method for determination of ALO and perform alkaline degradation 

kinetic study of ALO. Also, the different HPLC methods reported for ALO includes costly 

organic solvents in mobile phase composition. So, it was thought to develop a simple and 

cost effective stability indicating HPLC method for ALO. 

Objectives: 

1. To develop and validate stability indicating HPTLC method for determination of

ALO.

2. To apply HPTLC method for determination of ALO in synthetic mixture.

3. To study alkaline degradation kinetic of ALO by stability indicating HPTLC method.

4. To develop and validate stability indicating HPLC method for determination of ALO.

5. To apply HPLC method for determination of ALO in synthetic mixture.
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4.2 STABILITY STUDY BY HPTLC METHOD 

The purpose of stability study is to provide evidence of how the quality of an active 

pharmaceutical ingredients (APIs) and finished pharmaceutical products (FPPs) varies with 

time under the influence of a variety of environmental factors such as temperature, 

humidity and light.  

As a result of stability study, a retest period for the API or a shelf life for the FPP can be 

established and storage conditions can be recommended. An API can be considered 

unstable (under the conditions studied) when a significant change is observed [89]. 

4.2.1   EXPERIMENTAL 

4.2.1.1 APPARATUS AND INSTRUMENTATION 

 HPTLC: Camag (Switzerland) 

• Linomat V semiautomatic sample applicator

• Hamilton Syringe (100 μl)

• Camag (Muttenz, Switzerland) twin-trough developing chamber (10 × 10 cm)

• Camag TLC scanner IV

• UV Cabinet with dual wavelength UV lamp

• Camag win-CATS software (version 1.4.6.2002)

 Digital pH-meter: Elico-L1610 

 Electronic analytical balance (Shimadzu AUW-220D) 

 Sonicator (Trans-O-Sonic, D-compaq) 

 Hot air oven (Micro Scientific works) 

 Controlled temperature water bath (Durga Scientific Equipment) 

 Volumetric flasks and pipettes (Borosil) 

 All instruments and glasswares were calibrated. 

4.2.1.2 REAGENTS AND MATERIALS 

 N-butanol (LR grade) – S D Fine – Chem. Ltd, Mumbai, India. 

 Acetic Acid (LR Grade) - S D Fine – Chem. Ltd, Mumbai, India. 

 Hydrochloric acid - S D Fine – Chem. Ltd, Mumbai, India. 

 Sodium hydroxide - S D Fine – Chem. Ltd, Mumbai, India. 
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 ALO was procured from Swapnroop Chemicals, Maharashtra, India. 

 Pre coated silica gel 60GF254 aluminium plates, (10 × 10 cm with 100 μm thickness; 

E.Merk) were used after washing with methanol. 

4.2.1.3 PRELIMINARY STUDY OF ALO [64] 

Characterisation of drug substance was done by determining melting point, UV spectrum 

and comparing IR spectrum with reference spectrum. The results are shown in section 

4.2.2.1 of result and discussion. 

1.  Determination of melting point 

Melting point of ALO was determined by capillary method using Thiele’s tube apparatus 

and compared with reference melting point. 

2.  Solubility analysis 

Solubility analysis of ALO was carried out at 25°C temperature in water, methanol and 

ethanol. 

3. Determination of UV spectra 

UV spectra of ALO (10 μg/ml) in methanol was recorded against methanol as a blank. 

4. Determination of IR spectra 

Infrared spectra of ALO was taken using FTIR-ATR spectrometer. 

4.2.1.4 PREPARATION OF STANDARD SOLUTIONS 

1. Stock solution of standard ALO in methanol 

Accurately weighed 10 mg ALO was transferred in to a 10 ml volumetric flask, dissolved 

in 5 ml of methanol and diluted up to the mark with same to get stock solution having 

strength of 1000 μg/ml. 

2. Working standard solution of ALO in methanol 

Working standard solution was prepared by serial dilution of standard stock solution of 

ALO with methanol in order to get 20 μg/ml of solution. 

3. Preparation of 1 N hydrochloric Acid 

Concentrated Hydrochloric acid (8.5 ml) was transferred in to a 100 ml of volumetric flask 

and diluted up to the mark with double distilled water. 
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4. Preparation of 1 N sodium hydroxide 

Accurately weighed 4 gm of sodium hydroxide was transferred in to a 100 ml volumetric 

flask, dissolved in 50 ml of double distilled water and diluted up to the mark with double 

distilled water. 

5. Preparation of 3% H2O2 

Hydrogen peroxide (6%, 5 ml) was transferred in to a 10 ml of volumetric flask and diluted 

up to the mark with methanol. 

 

4.2.1.5 FORCED DEGRADATION STUDY 

Forced degradation of ALO was carried out under acidic and alkaline hydrolytic, oxidative, 

photolytic and dry heat stress conditions. The results of forced degradation study of ALO 

are shown in section 4.2.2.3 of result and discussion. 

Preparation of sample solutions for forced degradation study of ALO 

ALO was exposed to acidic (1 N HCl), alkaline (1 N NaOH), oxidative (3% H2O2), 

photolytic (direct sun light for 24 hrs) and dry heat (80°C) degradation conditions for 

forced degradation study. 

I. Acid hydrolysis 

To perform acid degradation study, 1 ml aliquots of stock solution (1000 µg/ml) of 

ALO was transferred in a 10 ml volumetric flask and 5 ml of 1 N HCl was added. This 

solution was kept in a water bath at 60°C for 2 hrs and allowed to cool to room 

temperature. The solution was diluted up to the mark with methanol (100 µg/ml). 

Further, aliquot of 2 ml was transferred into 10 ml volumetric flask, neutralized with 1 

N NaOH and diluted up to mark with methanol to get 20 µg/ml solution. 

II. Alkaline hydrolysis 

To perform alkaline degradation study, 1 ml aliquots of stock solution (1000 µg/ml) of 

ALO was transferred in 10 ml volumetric flask and 5 ml of 1 N NaOH was added. This 

solution was kept in a water bath at 60°C for 2 hrs and allowed to cool to room 

temperature. The solution was diluted up to the mark with methanol (100 µg/ml). 

Further, aliquot of 2 ml was transferred into 10 ml volumetric flask, neutralized with 1N 

HCl and diluted up to mark with methanol to get 20 µg/ml solution. 
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III. Oxidative stress degradation 

To perform oxidative stress degradation, 1 ml aliquots of stock solution (1000 µg/ml) of 

ALO was transferred in 10 ml volumetric flask and 5 ml of 3% H2O2 was added. This 

solution was kept in a water bath at 70°C for 1 hr and allowed to cool to room 

temperature. Then it was diluted up to the mark with methanol to get 100 µg/ml. 

Further, aliquot of 2 ml was transferred into 10 ml volumetric flask and diluted up to 

mark with methanol to get 20 µg/ml solution. 

IV. Photo degradation 

Analytically pure sample of ALO was exposed to sunlight for 24 hrs. Then 10 mg of 

ALO was weighed, transferred to 10 ml volumetric flask and dissolved in 5 ml of 

methanol. Then volume was made up to the mark with methanol. Aliquot of 1ml from 

this solution of ALO was appropriately diluted with methanol to obtain 100 µg/ml. 

Further, aliquot of 2 ml was then transferred into 10 ml volumetric flask and diluted up 

to mark with methanol to get 20 µg/ml solution. 

V. Dry heat degradation 

For dry heat degradation study, 25 mg of ALO was exposed in oven at 80°C for 6 hrs. 

The solid was allowed to cool and 10 mg of ALO was weighed, transferred to 10 ml 

volumetric flask and dissolved in 5 ml of methanol. Volume was made up to the mark 

with methanol. Aliquot of 1 ml was appropriately diluted with methanol to obtain 100 

µg/ml. Further, aliquot of 2 ml was then transferred into 10 ml volumetric flask and 

diluted up to mark with methanol to get 20 µg/ml solution. 

Degradation conditions for forced degradation study of ALO are summarized in Table 4.1. 

TABLE 4.1 Degradation conditions for ALO 

Sr 

No. 

Stress type Stress condition 

Strength Heating time Temperature 

1 Acid hydrolysis 1 N HCl 2 hrs 60°C 

2 Alkaline hydrolysis 1 N NaOH 2 hrs 60°C 

3 Oxidative 3% H2O2 1 hr 70°C 

4 Photolytic Sunlight Exposure time 24 hrs - 

5 Dry heat In oven 6 hrs 80°C 
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4.2.1.6 DEVELOPMENT OF STABILITY INDICATING HPTLC METHOD 

Stability indicating HPTLC method for determination of ALO was developed by proper 

selection of mobile phase and wavelength for detection. All the results are mentioned in 

section 4.2.2.2 of result and discussion. 

1. Optimization of mobile phase 

Pre coated silica gel aluminium plate 60F254 was prewashed with methanol and activated in 

oven at 50°C for 10 min. The standard stock solution of ALO and degraded drug solution 

(section 4.2.1.5) were spotted separately on pre coated silica gel aluminium plate by using 

glass capillary tube and allowed it to dry for few minutes. Different mobile phases (Table 

4.7) (10 ml) were taken in developing chamber and allowed it to saturate for 15 min. After 

saturation, the spotted plate was developed in mobile phase about ¾ height of the plate. 

The plate was removed and allowed it to dry. Spots were observed in UV cabinet lamp for 

tailing, shape, separation etc. 

2.  Selection of Wavelength of Detection 

From working standard solution of ALO, 20μl was spotted on TLC plate. The plate was 

developed using acetic acid : water : n-butanol (1:2:7 v/v/v) as mobile phase in twin trough 

developing chamber which was previously saturated with same mobile phase for 15 min. 

Developed TLC plate was dried and spot was scanned between 200 nm to 700 nm to obtain 

UV spectrum. Spectrum was used for selection of wavelength for determination of ALO. 

3.  Optimized Chromatographic Conditions 

Separation was performed on 10 × 10 cm aluminium backed plates precoated with 250 µm 

layer of silica gel 60F254 (E. Merk, Darmstsdt, Germany). Before using, the TLC plates 

were per-washed with methanol and dried in oven at 50°C for 10 min. Samples were 

spotted on TLC plate, 15 mm from the bottom edge using Linomat V semi-automatic 

spotter and analysed using parameters described in Table 4.2.
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TABLE 4.2 Optimized chromatographic conditions used for HPTLC Method 

Parameter Chromatographic conditions 

Stationary phase Pre-coated silica gel G60 – F
254

 aluminium sheet (E. Merck, 

Germany) (100×100 mm, thickness layer 0.2 mm) 

Mobile phase Acetic acid : water : n-butanol (1:2:7 v/v/v) 

Chamber saturation time 15 min at room temperature (25 ± 2°C) 

Distance run 8.0 cm 

Detection 233 nm 

Measurement mode Absorbance 

Source lamp Deuterium 

Slit dimension 6 mm × 0.45 mm 

Syringe capacity 100 μL 

Band width 6 mm 

Distance from the plate 

edge 

15 mm 

Distance from the bottom 

of the plate 

15 mm 

  

4.  Solution stability 

Freshly prepared working standard solution of ALO (20 μg/ml) was stored at 27 ± 2°C. 

This solution was analysed immediately and after 24 hrs duration using optimized 

chromatographic conditions. The peak area of the ALO obtained at 0 hr and 24 hrs were 

measured and % RSD was calculated. 

5.  Preparation of calibration curve 

Aliquots of 10, 15, 20, 25 and 30 µl of working standard solution of ALO (20 μg/ml) were 

spotted on a TLC plate and analysed as per optimized chromatographic conditions. 

Calibration curve was constructed by plotting peak area of ALO against corresponding 

ALO concentration (200-600 ng/spot). 

6. Analysis of forced degraded samples 

From each forced degradation conditions mentioned in Table 4.1, 20 µl of degraded 

sample solutions (20 µg/ml) were spotted on TLC plate to get 400 ng/spot. The plate was 

developed in twin trough chamber, dried and analysed according to optimized 

chromatographic conditions. 

The area of bands of ALO was measured, compared with that of the standard and 

percentage degradation of the drug was calculated from the calibration curve. 
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4.2.1.7 VALIDATION OF STABILITY INDICATING HPTLC METHOD [29] 

The developed method was validated as per the International Conference on 

Harmonization (ICH) guidelines with respect to linearity, precision, limit of detection, 

limit of quantification and recovery study. The results are shown in section 4.2.2.4 of result 

and discussion. 

1.  Linearity and Range 

Linearity is expressed in terms of correlation co-efficient of linear regression analysis. The 

linearity of response for ALO was assessed by analysis of five levels of calibration curve 

in the range of 200 - 600 ng/spot (n = 3). From the working standard solution (20 μg/ml), 

aliquots of 10, 15, 20, 25 and 30 μl were spotted on the TLC plate, developed and analysed 

as per the optimized chromatographic conditions (Table 4.2). The calibration curve of peak 

area vs. concentration was plotted and correlation co-efficient and regression line equations 

for ALO was determined. 

2. specificity 

The spots of ALO from dosage form were confirmed by comparing its Rf and absorbance-

reflectance spectrum with that of standard ALO. Spectra was scanned at peak start (s), 

peak apex (m) and peak end (e) position of individual spots of ALO and was compared. 

3. Precision 

I. Repeatability 

Repeatability/replication is a precision under the same condition (same analyte, same 

apparatus, and same identical reagent). It includes following two parameters. 

A) Repeatability of measurement 

Repeatability of measurement was performed by application of 10 μl of working standard 

solution (20 μg/ml) on the TLC plate. The plate was developed, dried and analysed as per 

the optimized chromatographic conditions (Table 4.2). The area of spot was measured 

seven times without changing the position of plate and % RSD of obtained data was 

calculated. 

B)  Repeatability of sample application 

Repeatability of sample application was performed by application of 10 μl of working 

standard solution (20 μg/ml) for seven times at different positions on the same TLC plate. 
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The plate was developed, dried and analysed as per the optimized chromatographic 

conditions (Table 4.2). The area of seven spots were measured and % RSD was calculated. 

II. Intermediate precision (reproducibility) 

Variations of results within the same day and amongst consecutive days are called as 

reproducibility. 

A) Intraday precision 

The variation of results within the same day is called intraday variation. It was determined 

by repeating calibration curve (300 - 500 ng/spot) 3 times on the same day. The plate was 

developed, dried and analysed as per the optimized chromatographic condition (Table 4.2). 

The area of the spots were measured and % RSD was calculated. 

B) Interday precision 

The variation of results amongst consecutive days is called interday variation. It was 

determined by repeating calibration curve (300 - 500 ng/spot) on 3 consecutive days. The 

plate was developed, dried and analysed as per the optimized chromatographic conditions 

(Table 4.2). The area of the spots were measured and % RSD was calculated. 

3.  Accuracy 

The accuracy of the method was determined by calculating recovery of ALO using the 

standard addition method. Known amounts of standard ALO were added at three levels to 

synthetic mixture of ALO.  

The quantity of synthetic mixture equivalent to 10 mg of ALO was transferred to four 

individual 50 ml volumetric flasks. Standard ALO 8 mg, 10 mg and 12 mg were spiked in 

first, second and third volumetric flasks, respectively. All four flasks were filled to about 

60% with methanol, sonicated for 30 minutes and diluted up to the mark with methanol. 

These solutions were filtered through watman filter paper No. 41 individually. From 

filtrate, 1 ml of each solution was diluted up to 10 ml with methanol, individually. Each 

solution (10 µl) was individually spotted on TLC plate. Plate was developed and analysed 

as per the optimized chromatographic conditions (Table 4.2). From calibration curve, the 

amount of ALO recovered was calculated and % recovery was determined. The accuracy 

procedure is described in Table 4.3. 
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TABLE 4.3 Accuracy procedure for ALO 

 

Track 

ALO from 

synthetic 

mixture 

(mg) 

Spiked 

amount of 

standard 

ALO (mg) 

 

Concentration 

of ALO in 

final solution 

(μg/ml) 

Application 

volume (μl) 

Total amount 

of ALO in the 

spot (ng/spot) 

1 10 - 20 10 200 

2 10 08 36 10 360 

3 10 10 40 10 400 

4 10 12 44 10 440 

 

4.  Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The limit of detection and quantification of the developed method was calculated from the 

standard deviation of the intercepts and mean slope of the calibration curve of ALO using 

formula given below. 

Limit of Detection = 3 σ / S 

Limit of Quantification = 10 σ / S 

Where, σ is the standard deviation of the intercepts of five calibration curves and S 

is the mean slope of five calibration curves. 

 

4.2.1.8 DETERMINATION OF ALO IN SYNTHETIC MIXTURE 

The developed HPTLC method was applied for determination of ALO in synthetic 

mixture. The results are shown in section 4.2.2.5 of result and discussion. 

1. Procedure for preparation of synthetic mixture: Synthetic mixture containing 

ALO was prepared by mixing 0.350 gm of ALO, 1.75 gm of mannitol (diluent), 0.05 gm of 

magnesium stearate (glidant) and 0.10 gm of sodium starch glycolate (disintegrant). 

Total weight 2.25 gm. 

Mannitol (diluent) 77.75% (allowed limit 10-90%) 

Magnesium stearate (lubricant) 2.22% (allowed limit 0.25-5%) 

Sodium starch glycolate (disintegrant) 4.44% (allowed limit 0.25-5%) [90] 

2. Procedure for determination of ALO 

The quantity of synthetic mixture, equivalent to 10 mg ALO was accurately weighed and 

transferred to 10 ml volumetric flask. Five ml of methanol was added, the solution was 
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sonicated for 10 min and the volume was made up to the mark with methanol (1000 

µg/ml). 

This solution was filtered through watman filter paper No. 41. Aliquot of 1 ml of filtrate 

was diluted to 10 ml with methanol (100 µg/ml). From this 2 ml aliquot was diluted upto 

10 ml with methanol to give 20 μg/ml of ALO. The procedure was repeated three times. 

From all three resulting solutions, 20 µl solution was applied on same TLC plate at three 

different positions. Plate was developed and analysed as per the optimized 

chromatographic conditions (Table 4.2). The concentration was calculated using equation 

of straight line. 

3.  Procedure for forced degradation study of ALO in synthetic mixture 

The ALO in synthetic mixture was exposed to forced degradation conditions as described 

in section 4.2.1.5. The final solution of forced degradation samples were having 20 μg/ml 

of ALO. From all degradation conditions, 20 µl solution was applied on TLC plate to get 

400 ng/spot of ALO. Plate was developed and analysed as per the optimized 

chromatographic conditions (Table 4.2). The concentration was calculated using equation 

of straight line and percentage degradation was calculated. 
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4.2.2 RESULTS AND DISCUSSION 

4.2.2.1 PRELIMINARY STUDY OF ALO [31, 32] 

Characterisation of ALO was done by determining melting point, UV spectrum and 

comparing IR spectrum with reference spectrum. 

1. Solubility analysis  

Solubility analysis of ALO was carried out at 25°C in different solvents. It was found to be 

sparingly soluble in water and methanol, while slightly soluble in ethanol. The results 

shown in Table 4.4 reveals that ALO complies in solubility analysis. 

TABLE. 4.4 Solubility analysis of ALO 

Solvent used Solubility testing Solubility analysis Inference 

Water 1 part in 30 ml Sparingly soluble Complies 

Methanol 1 part in 30 ml Sparingly soluble Complies 

Ethanol 1 part in 100 ml Slightly soluble Complies 

1 part = 1 gm solute 

2. Melting point 

Melting point of ALO was found to be 125-130°C as shown in Table 4.5. Observed values 

were in good agreement with the reported values. 

TABLE 4.5 Melting point determination of ALO 

Drug Standard M.P. Observed M.P. 

ALO 127-129°C 125-130°C 

 

3. UV determination 

UV spectrum of ALO (10 μg/ml) in methanol is shown in Fig. 4.1. λ max of the drug was 

found to be 277 nm which is very close to the reported λ max, 272 nm. 
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FIGURE 4.1 UV Spectrum of ALO (10 μg/ml) in methanol 

 

4. IR determination 

Reference IR spectrum (from literature) of ALO and sample IR spectrum of ALO are 

shown in Fig. 4.2 and Fig. 4.3 respectively. The finger print region of the recorded FT-IR 

spectrum of the drug sample was compared with that of reference spectrum of ALO. 

Finger print region of both the spectra was found to be overlapping which confirmed the 

identity of the obtained sample of drug. The detailed analysis of IR spectrum of ALO is 

described in Table 4.6. 

 

FIGURE 4.2 Reference IR spectrum of ALO [91] 
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FIGURE 4.3 Observed IR spectrum of ALO 

 

 

TABLE 4.6 Analysis of IR spectrum of ALO 

Sr No 

Wave number 

(cm -1 ) 

Reference 

spectrum 

Wave number 

(cm -1 ) 

Sample spectrum 

Interpretation 

1 2224 2200 near but not 

labelled 

C ≡ N stretching 

2 1700 near, 1705 1700 near, 1714 C=O stretching and may be a part 

of cyclic ring 

3 2700 to 3000 2700 to 3000 C-H stretching 

4 1655 1650 C=C stretching 

5 3000 above, 3051 3081 N-H stretching 

6 1557 1540 N-H bending 

7 Around 1300 Around 1300 C-N stretching 

8 650 to 850, 

1440, 1500 near 

650 to 850, 

1400, 1500 near 

Indicate presence of Benzene ring  

 

 

 



ALOGLIPTIN BENZOATE 
 

86 
 

4.2.2.2 DEVELOPMENT AND VALIDATION OF STABILITY INDICATING 

HPTLC METHOD 

1. Mobile Phase Optimization 

Drug solution and degraded solutions from different stress conditions were spotted on the 

TLC plates separately and were run in different solvent systems (Table 4.7). The mobile 

phase Acetic acid: water: n-butanol (1:2:7, v/v/v) gave good resolution and compact spot 

with Rf value of 0.53 for ALO and it can separate all the degradation products of ALO in 

different stress conditions. 

TABLE 4.7 Optimization of mobile phase 

Sr 

no. 

Trial Observation 

1 Hexane Spots were not run 

2 Xylene  Spots were not run 

3 Toluene  Spots were not run 

4 Acetic acid Sports run completely with mobile phase 

5 Ethyl acetate  Spot seen with tailing; Degradation products 

were not separated 

6 Acetic acid: n-butanol(3:8) Spot seen; Some degradation products were 

separated  

7 Acetic acid : water : n-butanol 

(1:3:6) 

Spot seen with slight tailing; Degradation 

products were separated  

8 Acetic acid : water : n-

butanol (1:2:7 , v/v/v) 

Sharp spot seen for  ALO; All the 

degradation products were well separated 

with good resolution 

 

2. Selection of Wavelength of Detection 

UV spectrum obtained by scanning spot of ALO between 200 nm to 700 nm showed 

absorbance of respective spot at 233 nm hence 233 nm was selected as wavelength for 

determination of ALO. 

3. Solution stability 

The initial area of ALO (200 ng/spot) band from the freshly prepared working standard 

solution was found to be 1082.66 ± 17.61 and the area of ALO (200 ng/spot) in same 

solution analysed after 24 hrs was found to be 1065.33 ± 21.12 (n = 3). The difference 

between initial area and area after 24 hrs was found to be negligible. Hence the working 

standard solution of ALO was found to be stable for 24 hrs at room temperature (27 ± 

2°C). 
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4. Calibration curve 

Calibration curve of ALO was prepared in the range of 200 - 600 ng/spot (n = 5). They 

were found to be linear in the above concentration range. Chromatogram and Calibration 

curve of ALO are shown in Fig. 4.4 and Fig. 4.5 respectively. The optimized 

chromatographic conditions are shown in Table 4.8. 

 

 

FIGURE 4.4 3D Chromatogram of different concentrations of ALO (200-600 ng/spot) 
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FIGURE 4.5 Calibration curve of ALO (200-600 ng/spot) 

 

TABLE 4.8 Optimized chromatographic conditions 

Parameter Chromatographic conditions 

Stationary phase Pre-coated silica gel G60 – F
254

 aluminium sheet (E. 

Merck, Germany) (100×100 mm, thickness layer 0.2 

mm) 

Mobile phase Acetic acid : water : n-butanol (1:2:7 v/v/v) 

Chamber saturation time 15 min at room temperature (25 ± 2°C) 

Distance run 8.0 cm 

Detection 233 nm 

Measurement mode Absorbance 

Source lamp Deuterium 

Slit dimension 6 mm × 0.45 mm 

Syringe capacity 100 μL 

Band width 6 mm 

Distance from the plate edge 15 mm 

Distance from the bottom of 

the plate 

15 mm 

 

4.2.2.3 FORCED DEGRADATION STUDY 

1. Acidic hydrolysis 

Densitogram of acid (1.0 N HCl) treated ALO is shown in Fig. 4.6 and Data of alkaline 

degradation of ALO is shown in Table 4.9. It is seen that after heating drug solution with 

1.0 N hydrochloric acid at 60°C for 2 hrs, significant degradation was observed. Three 
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additional peaks at Rf values 0.05, 0.09 and 0.11 were observed in the chromatogram of 

acid treated ALO as compared to chromatogram of standard ALO and the percentage 

degradation was found to be 26.21%. It proves that ALO is degraded in acidic degradation 

condition. The method was able to separate the drug from its acidic degradation product.  

 

FIGURE 4.6 Densitogram of acid induced degradation of ALO; Condition: 1.0 N HCl 

at 60°C for 2 hrs 

TABLE 4.9 Data of acid degradation of ALO in 1.0 N HCl 

Peak Rf Description 

1 0.05 Degradation Product-1 

2 0.09 Degradation Product-2 

3 0.11 Degradation Product-3 

4 0.53 ALO 

 

2. Alkaline hydrolysis 

Densitogram of alkaline (1.0 N NaOH) treated ALO is shown in Fig. 4.7 and Data of 

alkaline degradation of ALO is shown in Table 4.10. It is seen that after heating drug 

solution with 1.0 N sodium hydroxide at 60°C for 2 hrs, significant degradation was 

observed. Two additional peaks at Rf 0.31 and 0.39 were observed in the chromatogram of 

alkali treated ALO as compared to chromatogram of standard ALO and the percentage 

degradation was found to be 19.05%. It proves that ALO is degraded in alkaline 

degradation condition. The method was able to separate the drug from its alkaline 

degradation product.  
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FIGURE 4.7 Densitogram of alkali induced degradation of ALO; Condition: 1.0 N 

NaOH at 60°C for 2 hrs 

 

TABLE   4.10 Data of alkali degradation of ALO in 1.0 N NaOH 

Peak Rf Description 

1 0.31 Degradation Product-4 

2 0.39 Degradation Product-5 

3 0.53 ALO 

 

3. Oxidative degradation 

Densitogram of H2O2 (3%) treated ALO is shown in Fig. 4.8 and Data of oxidative 

degradation of ALO is shown in Table 4.11. It is seen that after heating drug solution with 

3% H2O2 at 70°C for 1 hr, no degradation was observed. No additional peak was observed 

in the chromatogram of H2O2 treated ALO as compared to chromatogram of standard 

ALO. It proves that ALO is stable in oxidative degradation condition.  
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FIGURE 4.8 Densitogram of oxidative degradation of ALO; Condition: 3% H2O2 at 

70°C for 1 hr 

 

TABLE 4.11 Data of oxidative degradation of ALO in 3% H2O2 

Peak Rf Description 

1 0.53 ALO 

 

4. Photolytic degradation 

Densitogram of light treated ALO is shown in Fig. 4.9 and Data of photolytic degradation 

of ALO is shown in Table 4.12. It is seen that after exposing drug to direct sunlight for 24 

hrs, no degradation was observed. No additional peak was observed in the chromatogram 

of photolytic degraded sample of ALO as compared to chromatogram of standard ALO. It 

proves that ALO is stable in photolytic degradation condition.  
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FIGURE 4.9 Densitogram of photolytic degradation of ALO; Condition: Drug 

powder is directly exposed to sunlight for 24 hrs 

 

TABLE 4.12 Data of photolytic degradation of ALO in sunlight  

Peak Rf Description 

1 0.53 ALO 

 

5. Dry heat degradation 

Densitogram of dry heat treated ALO is shown in Fig. 4.10 and Data of dry heat 

degradation of ALO is shown in Table 4.13. It is seen that after exposing drug powder in 

oven at 80°C for 6  hrs, no degradation was observed. No additional peak was observed in 

the chromatogram of dry heat degraded sample of ALO as compared to chromatogram of 

standard ALO. It proves that ALO is stable in dry heat degradation condition.  
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FIGURE 4.10 Densitogram of dry heat degradation of ALO; Condition: In oven at 

80°C for 6 hrs 

 

TABLE 4.13 Data of dry heat degradation of ALO in oven at 80°C  

Peak Rf Description 

1 0.53 ALO 

 

Summary of Forced Degradation Study 

The summary of degradation products of ALO in various degradation conditions is 

described in Table 4.14. The percentage degradation in acidic hydrolysis, alkaline 

hydrolysis, oxidative, photolytic, thermal degradation condition were found to be 26.21%, 

19.05%, 3.57%, 2.42% and 3.33%, respectively. Hence, it can be concluded that ALO is 

stable in oxidative, photolytic, thermal degradation conditions. 

TABLE 4.14 Summary of degradation products of ALO in various stress conditions 

Force 

degradation 

condition 

Stress 

Condition 

Rf  value of 

degradants 

ALO remaining 

undergraded 

(%) 

Degradation 

(%) 

Acidic 

Degradation 

(1 N HCl / 

60°C/2hrs) 

0.05 

0.09 

0.11 

73.79 26.21 

Alkaline 

Degradation 

(1 N NaOH/  

60°C/2hrs) 

0.31 

0.39 
80.95 19.05 
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Oxidative 

Degradation 

(3% v/v 

H2O2/ 70°C/1 

hr) 

- 96.43 3.57 

Photo 

Degradation 

24 hrs in 

sunlight 
- 97.59 2.41 

Thermal 

Degradation 
(80°C / 6 hrs) - 96.67 3.33 

 

4.2.2.4 Validation of Developed Method 

1. Linearity and Range 

Representative calibration curve of ALO was obtained by plotting the mean peak area of 

ALO against concentration over the range of 200 – 600 ng/spot (n=3) (Fig. 4.5). Responses 

were found to be linear in the above concentration range with correlation coefficients of 

0.9941.  The results of linearity are shown in Table 4.15. The %RSD for ALO was found 

to be in the range of 0.95 - 1.72%. The average linear regressed equation for the curve was 

y = 6.283x – 219.42. The areas obtained are directly proportional to the concentration of 

analyte based on the linearity results. %RSD value less than 2% clearly indicate that the 

developed method is linear in range of 200 – 600 ng/spot.  

TABLE 4.15 Linearity data for ALO 

Concentration 

(ng/spot) 

Peak area (mean ± S.D.) 

(n=3) 

%RSD 

200 1082 ± 17.61 1.62 

300 1669± 28.72 1.72 

400 2237± 31.23 1.39 

500 2865± 35.10 1.22 

600 3615± 34.69 0.95 

 

2. Specificity 

The spots of ALO from synthetic mixture were confirmed by comparison its Rf and 

absorbance-reflectance spectrum with that of standard ALO. Spectra scanned at peak start 

(s), peak apex (m) and peak end (e) position of individual spots of ALO was compared and 

it is showing a high degree of correlation, which confirmed the purity of the corresponding 

spots. Absorbance-reflectance spectra of standard ALO, sample ALO, overlain spectra of 

standard and sample ALO are shown in Fig. 4.11. Data of peak purity for ALO is shown in 

Table 4.16. From the overlain spectrum of ALO standard and ALO sample, identity of the 

drug was confirmed. The results indicate that the developed method is specific for ALO. 
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 (a)  

 

 

(b)  

 

 

(c) 

FIGURE 4.11 Absorbance-reflectance spectra of (a) Standard ALO, (b) Sample ALO, 

(c) Overlain spectra of standard and sample ALO 
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TABLE 4.16 Data of Peak Purity for ALO 

Drug r (s,m) r (m,e) 

ALO 0.9987 0.9990 

 

3. Precision 

Repeatability of measurement and Repeatability of sample application 

Precision of the instrument was checked by repeated scan of the same spot (working 

standard solution, 10 µl of 20 µg/ml) seven times without changing the plate position. The 

data is depicted in Table 4.17. The %RSD for measurement of peak area was found to be 

0.97%. Low value of %RSD clearly ensures precision of the measuring device.  

The repeatability of sample application was checked by application of working standard 

solution, 10 µl of 20 µg/ml seven times on the same plate. The data is depicted in Table 

4.17. The %RSD for measurement of peak area of ALO was found to be 1.16%, which 

ensures precision of the spotter device.  

TABLE 4.17 Repeatability data of ALO 

Concentration  

(ng/spot) 

Repeatability of Peak 

area measurement 

 

Repeatability of 

sample application 

Peak area 

200 1077 1067 

200 1068 1088 

200 1073 1076 

200 1078 1088 

200 1088 1052 

200 1073 1075 

200 1054 1072 

Mean 1073 1074 

SD 10.42 12.47 

% RSD 0.97 1.16 

 

Intermediate precision 

Three concentrations viz., 300, 400 and 500 ng/ spot were analysed on same day at three 

time intervals for intraday precision and on three consecutive days for interday precision. 

The data for intraday precision and interday precision for ALO is presented in Table 4.18. 

%RSD was found to be 0.71 - 1.22% for intraday precision and 0.88 - 1.52% for interday 

precision. %RSD value less than 2% clearly indicate that the developed method is precise. 
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TABLE 4.18 Intermediate precision data for ALO 

Concentration 

(ng/spot) 
 

Intraday precision Interday precision 

Area 

(Mean ± SD) 

(n=3) 

% RSD 

Area 

(Mean ± SD) 

(n=3) 

% RSD 

300 1655.67 ± 15.63 0.94 1680.67 ± 14.84 0.88 

400 2237.30 ± 15.99 0.71 2256.63 ± 28.79 1.28 

500 2885.00 ± 35.34 1.22 2859.00 ± 43.71 1.52 

 

4. Accuracy 

Accuracy of the method was confirmed by recovery study from synthetic mixture at three 

levels of standard addition.The data shown in Table 4.19 indicate that the developed 

method is accurate. The % recovery of ALO was found to be in range of 99.04 – 101.64%. 

TABLE 4.19 Accuracy data for ALO 

Track 

ALO from 

synthetic 

mixture 

(ng/spot) 

Spiked 

amount of 

standard 

ALO 

(ng/spot) 

Total 

amount of 

ALO 

(ng/spot) 

Amount 

recovered 

(Mean ± SD) 

(n=3) 

Mean % 

recovery 

1 200 - 200 - - 

2 200 160 360 159.60 ± 1.73 99.75 

3 200 200 400 203.28 ± 2.40 101.64 

4 200 240 440 237.70 ± 2.40 99.04 

 

5. Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The LOD and LOQ for ALO were calculated from value of Y- intercept and slope of five 

different calibration curves. The data for LOD and LOQ of ALO are depicted in Table 

4.20. The LOD and LOQ for ALO were found to be 25.34 ng/spot and 76.78 ng/spot 

respectively. Such a low value of LOD and LOQ confirms sensitivity of method. 

TABLE 4.20 Data of LOD and LOQ for ALO 

Parameters Result 

Mean Y- intercept ± SD (n=5) 232.10 ± 48.01 

Mean slope  ± SD (n=5) 6.25 ± 0.03 

LOD = 3.3 × (SD/Slope) (ng/spot) 25.34 

LOQ = 10 × (SD/Slope) (ng/spot) 76.78 
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The validation of the developed stability indicating HPTLC method for determination of 

ALO indicates that the method is specific, linear, precise and accurate. The summary of 

different validation parameters is presented in Table 4.21. 

TABLE 4.21 Summary of validation parameters for HPTLC method for 

determination of ALO 

Parameters Results 

Linearity range 200-600 ng/spot 

Regression line equation y = 6.283x - 219.42 

Correlation co-efficient(R2) 0.9941 

Precision (%RSD) 

Repeatability of measurement (n=7) 0.97 

Repeatability of sample application (n=7) 1.16 

Intra-day precision (n=3) 0.71-1.22 

Inter-day precision (n=3) 0.88-1.52 

% Recovery (n=3) 99.04-101.64 

Limit of Detection (LOD)(ng/spot) 25.34 

Limit of Quantitation (LOQ) (ng/spot) 76.78 

 

4.2.2.5 DETERMINATION OF ALO IN SYNTHETIC MIXTURE 

The developed and validated HPTLC method was applied for the determination of ALO 

from synthetic mixture. The sample was analysed three times. The Densitogram of ALO in 

synthetic mixture is shown in Fig. 4.12 and the data of Assay of ALO in synthetic mixture 

is shown in Table 4.22. The percentage assay was found to be 100.02 ±1.39% with %RSD 

value of 1.39%. Higher value of % assay with less %RSD ensures applicability of method 

for determination of ALO in synthetic mixture. 

 

FIGURE 4.12 Densitogram of ALO (400 ng/spot) in synthetic mixture 
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TABLE 4.22 Data of Assay of ALO in synthetic mixture 

Synthetic 

mixture 

Content (ng/spot) Amount found 

(ng/spot) 

Assay (%) 

1 400 397.66 99.42 

2 400 396.07 99.02 

3 400 406.43 101.61 

Mean 100.02 

SD 1.39 

% RSD 1.39 

 

Forced degradation study of ALO in synthetic mixture 

The ALO in synthetic mixture was exposed to various stress degradation conditions as 

described in section 4.1.2.5. The data for degradation is shown in Table 4.23. 

TABLE 4.23 Stress degradation of ALO in synthetic mixture 

Force 

degradation 

condition 

Stress 

Condition 

ALO remaining 

undergraded (%) 

Degradation 

(%) 

Acidic 

Degradation 

(1 N HCl / 

60°C/2hrs) 
77.06 22.94 

Alkaline 

Degradation 

(1 N NaOH/  

60°C/2hrs) 
83.50 16.50 

Oxidative 

Degradation 

(3% v/v 

H2O2/ 70°C/1 hr) 
98.07 1.93 

Photo 

Degradation 
24 hrs in sunlight 99.78 0.22 

Thermal 

Degradation 
(80°C / 6 hrs) 98.50 1.50 

 

4.2.2.6   DISCUSSION 

The stability indicating method is one of the analytical tool that help to evaluate stability of 

drug substances under influence of various degradation conditions. It also can be used to 

evaluate possible degradation product in final dosage form. ALO is not official in any of 

the pharmacopoeias, so no official method is available for analysis of ALO and its 

degradation products. Present study aimed at evaluating degradation behaviour of ALO in 

different stress conditions. Stability indicating HPTLC method was developed and 

validated as per ICH guidelines. The method was found to be specific, linear, precise and 

accurate. The method can be used for routine assessment of ALO in its synthetic mixture. 
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From stress testing, ALO was found to be significantly degrading in acidic and alkaline 

degradation conditions, while stable in oxidative, photolytic and thermal degradation 

conditions. Stress testing of ALO in synthetic mixture also supports the same and the 

method is able to separate degradation products from ALO in synthetic mixture as well. 
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4.3 DEGRADATION KINETIC STUDY  

Kinetics is the study of rates of chemical processes. Chemical kinetics includes 

investigations of how different experimental conditions can influence the speed of 

a chemical reaction and yield information about the reaction's mechanism, as well as the 

construction of mathematical models that can describe the characteristics of a chemical 

reaction. [22] 

From stress testing of Alogliptin Benzoate (ALO), acid degradation was showing higher 

degradation. But with the developed method, degradation product of alkaline degradation 

was separated quite better than acid degradation product. So, in present work alkaline 

degradation kinetic study of ALO was carried out to find out rate of reaction. 

4.3.1 EXPERIMENTAL  

ALKALINE DEGRADATION KINETIC STUDY OF ALOGLIPTIN BENZOATE 

Alkaline degradation kinetic study of ALO was performed in three different strengths of 

sodium hydroxide (for alkaline hydrolysis) each at 40°C, 50°C and 60°C. 

 In 0.1 N, 0.5 N and 1.0 N NaOH at 40 ± 2°C for 150 mins  

 In 0.1 N, 0.5 N and 1.0 N NaOH at 50 ± 2°C for 150 mins 

 In 0.1 N, 0.5 N and 1.0 N NaOH at 60 ± 2°C for 150 mins 

The results are presented in section 4.3.2 of result and discussion. 

 

Procedure for alkaline degradation kinetic study of ALO 

Accurately weighed 25 mg of the ALO powder was transferred to three individual, 25 ml 

volumetric flasks and dissolved in 10 ml solutions of 0.1 N, 0.5 N and 1.0 N NaOH, 

respectively. The volume was made up to the mark with 0.1 N, 0.5 N and 1.0 N NaOH 

respectively to get stock solutions having strength of 1000 µg/ml. The volumetric flasks 

were placed in controlled temperature water bath at 40±2°C. 

Samples (0.5 ml) were withdrawn from each flask at zero min and after that every 15 min. 

interval up to 150 min., cooled, neutralized with 0.1 N, 0.5 N and 1.0 N HCl respectively 

and diluted up to 10 ml with methanol to get solutions having strength of 50 µg/ml. 
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From each sample solution, 10 µl was spotted on the TLC plate. The spotted TLC plate was 

developed, dried and analysed at 233 nm as described in developed HPTLC method 

presented in section 4.2. 

Degradation kinetic study of ALO in alkaline medium at 50°C and 60°C was performed 

using same procedure. From the data of degradation kinetic study, degradation rate constant, 

half-life and shelf life for ALO were calculated. 

The results of alkaline degradation kinetic study of ALO are presented in section 4.3.2. 
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4.3.2 RESULTS AND DISCUSSION  

ALKALINE DEGRADATION KINETIC STUDY OF ALOGLIPTIN BENZOATE 

4.3.2.1 Degradation kinetic study of ALO at 40°C 

a. Degradation kinetic study of ALO in 0.1 N NaOH at 40°C:  

The degradation of ALO was performed in 0.1 N NaOH in controlled temperature water bath 

at 40±2°C. Data shown in Fig. 4.13 and Table 4.24 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 5.39%, 

as shown in Table 4.33. 

 

 

 

FIGURE 4.13: 3D chromatogram of degradation of ALO in 0.1 N NaOH at 40°C 

from 0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.24 and Fig. 4.14). 
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TABLE 4.24: Data of degradation kinetic study in 0.1 N NaOH at 40°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K×10-4 (min-1) 

0 2928.9 501.12 2.700 - 

15 2898.2 496.22 2.696 6.55 

30 2870.7 491.85 2.692 6.23 

45 2854.7 489.30 2.690 5.31 

60 2833.0 485.85 2.687 5.16 

75 2820.7 483.89 2.685 4.67 

90 2807.0 481.72 2.683 4.39 

105 2796.7 480.08 2.681 4.09 

120 2777.0 476.94 2.678 4.12 

135 2768.8 475.64 2.677 3.87 

150 2759.3 474.12 2.676 3.69 

Average degradation rate constant (K) (min-1) 4.81 

Half-life = 0.693/K (min) 1442 

 

 

 

FIGURE 4.14 Plot of Log C v/s Time for ALO in 0.1 N NaOH at 40°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

y = -0.000x + 2.697

R² = 0.972
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The plot of log C vs. time showed that the slope was -0.0002 and intercept was 2.697. 

Straight line equation: y = -0.0002x + 2.697, R2 = 0.972, K = 4.81 × 10-4 min-1, Half-life = 

0.693/ K = 1442 mins. It was observed that the degradation carried out in 0.1 N NaOH at 

40°C was found to follow first order kinetic. 

b. Degradation kinetic study of ALO in 0.5 N NaOH at 40°C:  

The degradation of ALO was performed in 0.5 N NaOH in controlled temperature water bath 

at 40±2°C. Data shown in Fig. 4.15 and Table 4.25 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also, it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 5.84%, 

as shown in Table 4.33. 

 

 

FIGURE 4.15: 3D chromatogram of degradation of ALO in 0.5 N NaOH at 40°C 

from 0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.25 and Fig. 4.16) 
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TABLE 4.25 Data of degradation kinetic study in 0.5 N NaOH at 40°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K×10-4(min-1) 

0 2927.5 500.88 2.700 - 

15 2897.7 496.14 2.696 6.34 

30 2867.5 491.35 2.691 6.41 

45 2853.6 489.13 2.689 5.28 

60 2844.2 487.63 2.688 4.47 

75 2815.5 483.06 2.684 4.83 

90 2791.2 479.20 2.681 4.92 

105 2781.1 477.59 2.679 4.54 

120 2758.7 474.03 2.676 4.59 

135 2752.6 473.06 2.675 4.23 

150 2743.8 471.65 2.674 4.01 

Average degradation rate constant (K) (min-1) 4.96 

Half-life = 0.693/K (min) 1396 

 

 

FIGURE 4.16 Plot of Log C v/s Time for ALO in 0.5 N NaOH at 40°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0002 and intercept was 2.6978. 

Straight line equation: y = -0.0002x + 2.698, R2 = 0.981, K = 4.96 × 10-4 min-1, Half-life = 

y = -0.0002x + 2.6978

R² = 0.9807
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0.693/ K = 1396 mins. It was observed that in 0.5 N NaOH at 40°C the degradation was 

found to follow first order kinetic. 

c. Degradation kinetic study of ALO in 1.0 N NaOH at 40°C:  

The degradation of ALO was performed in 1.0 N NaOH in controlled temperature water bath 

at 40±2°C. Data shown in Fig. 4.17 and Table 4.26 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 6.48%, 

as shown in Table 4.33. 

 

 

 

FIGURE 4.17 3D chromatogram of degradation of ALO in 1.0 N NaOH at 40°C from 

0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.26 and Fig. 4.18). 
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TABLE 4.26 Data of degradation kinetic study in 1.0 N NaOH at 40°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K×10-4 

(min-1) 

0 2927.7 500.92 2.700 - 

15 2881.5 493.57 2.693 9.86 

30 2867.3 491.31 2.691 6.46 

45 2851.2 488.75 2.689 5.47 

60 2837.5 486.57 2.687 4.85 

75 2814.9 482.97 2.684 4.87 

90 2792.0 479.33 2.681 4.90 

105 2777.6 477.03 2.679 4.65 

120 2762.4 474.61 2.676 4.50 

135 2739.1 470.91 2.673 4.58 

150 2723.8 468.47 2.671 4.47 

Average degradation rate constant (K) (min-1) 5.46 

Half-life = 0.693/K (min) 1269 

 

 

 

FIGURE 4.18 Plot of Log C v/s Time for ALO in 1.0 N NaOH at 40°C 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

y = -0.0002x + 2.6976

R² = 0.9894

2.665

2.670

2.675

2.680

2.685

2.690

2.695

2.700

2.705

0 50 100 150 200

L
o
g
 C

Time (min)



ALKALINE DEGRADATION KINETIC STUDY 
 

109 
 

The plot of log C vs. time showed that the slope was -0.0002 and intercept was 2.698. 

Straight line equation: y = -0.0002x + 2.698, R2 = 0.989, K = 5.46 × 10-4 min-1, Half-life = 

0.693/ K = 1269 mins. It was observed that in 1.0 N NaOH at 40°C the degradation was 

found to follow first order kinetic. 

As the concentration of NaOH increases, rate of alkaline degradation of ALO increases as 

shown in Fig. 4.19 and Fig. 4.20. 

 

FIGURE 4.19 Comparison of degradation of ALO in  0.1 N, 0.5 N and 1.0 N 

NaOH at 40°C 

 

 

FIGURE 4.20 Plot of % Drug remained v/s Time in 0.1 N, 0.5 N and 1.0 N 

NaOH at 40°C 
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4.3.2.2 Degradation kinetic study of ALO at 50°C  

a. Degradation kinetic study of ALO in 0.1 N NaOH at 50°C:  

The degradation of ALO was performed in 0.1 N NaOH in controlled temperature water bath 

at 50±2°C. Data shown in Fig. 4.21 and Table 4.27 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 10.31%, 

as shown in Table 4.33. 

 

 

FIGURE 4.21 3D chromatogram of degradation of ALO in 0.1 N NaOH at 50°C from 

0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.27 and Fig. 4.22). 
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TABLE 4.27 Data of degradation kinetic study in 0.1 N NaOH at 50°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K×10-4 

(min-1) 

0 2916.2 499.09 2.698 - 

15 2870.9 491.88 2.692 9.70 

30 2830.7 485.49 2.686 9.21 

45 2792.0 479.33 2.681 8.98 

60 2760.4 474.30 2.676 8.50 

75 2698.5 464.44 2.667 9.60 

90 2680.2 461.53 2.664 8.70 

105 2651.6 456.98 2.660 8.40 

120 2607.1 449.90 2.653 8.65 

135 2597.1 448.30 2.652 7.95 

150 2592.9 447.64 2.651 7.26 

Average degradation rate constant (K) (min-1) 8.69 

Half-life = 0.693/K (min) 797 

 

 

FIGURE 4.22 Plot of Log C v/s Time for ALO in 0.1 N NaOH at 50°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

y = -0.0003x + 2.6964

R² = 0.9800
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The plot of log C vs. time showed that the slope was -0.0003 and intercept was 2.696. 

Straight line equation: y = -0.0003x + 2.6964, R2 = 0.980, K = 8.69 × 10-4 min-1, Half-life = 

0.693/ K = 797 mins. It was observed that the degradation carried out in 0.1 N NaOH at 

50°C was found to follow first order kinetic. 

 

b. Degradation kinetic study of ALO in 0.5 N NaOH at 50°C:  

The degradation of ALO was performed in 0.5 N NaOH in controlled temperature water bath 

at 50±2°C. Data shown in Fig. 4.23 and Table 4.28 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 11.60%, 

as shown in Table 4.33. 

 

 

FIGURE 4.23 3D chromatogram of degradation of ALO in 0.5 N NaOH at 50°C from 

0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.28 and Fig. 4.24). 
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TABLE 4.28 Data of degradation kinetic study in 0.5 N NaOH at 50°C 

Time 

(min) 

Peak 

Area 

Concentration 

(ng/spot) 

log C Degradation rate 

constant K X 10-4 (min 1) 

     

0 2928.6 501.07 2.700 - 

15 2876.5 492.77 2.693 11.13 

30 2850.3 488.61 2.689 8.39 

45 2812.2 482.54 2.684 8.37 

60 2755.6 473.53 2.675 9.42 

75 2701.9 464.98 2.667 9.97 

90 2699.0 464.53 2.667 8.41 

105 2645.6 456.02 2.659 8.97 

120 2601.3 448.97 2.652 9.15 

135 2588.4 446.92 2.650 8.47 

150 2563.3 442.93 2.646 8.22 

Average degradation rate constant (K) (min-1) 9.05 

Half-life = 0.693/K (min)  766 

 

 

FIGURE 4.24 Plot of Log C v/s Time for ALO in 0.5 N NaOH at 50°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 
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The plot of log C vs. time showed that the slope was -0.0004 and intercept was 2.699. 

Straight line equation: y = -0.0004x + 2.699, R2 = 0.989, K = 9.05 × 10-4 min-1, Half-life = 

0.693/ K = 766 mins. It was observed that the degradation carried out in 0.5 N NaOH at 

50°C was found to follow first order kinetic. 

 

c. Degradation kinetic study of ALO in 1.0 N NaOH at 50°C:  

The degradation of ALO was performed in 1.0 N NaOH in controlled temperature water bath 

at 50±2°C. Data shown in Fig. 4.25 and Table 4.29 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 13.81%, 

as shown in Table 4.33. 

 

 

FIGURE 4.25 3D chromatogram of degradation of ALO in 1.0 N NaOH at 50°C from 

0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.29 and Fig. 4.26). 
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TABLE 4.29 Data of degradation kinetic study in 1.0 N NaOH at 50°C 

Time 

(min) 

Peak 

Area 

Concentration 

(ng/spot) 

log C Degradation rate 

constant K X 10-4 (min -

1) 

     

0 2931.3 501.50 2.700 - 

15 2853.2 489.07 2.689 16.73 

30 2816.6 483.25 2.684 12.36 

45 2798.4 480.34 2.682 9.58 

60 2741.0 471.20 2.673 10.39 

75 2701.5 464.92 2.667 10.10 

90 2633.8 454.14 2.657 11.02 

105 2612.8 450.80 2.654 10.15 

120 2598.9 448.60 2.652 9.29 

135 2558.3 442.14 2.646 9.33 

150 2496.1 432.23 2.636 9.91 

Average degradation rate constant (K) (min-1) 10.89 

Half-life = 0.693/K (min)  637 

 

 

FIGURE 4.26 Plot of Log C v/s Time for ALO in 1.0 N NaOH at 50°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

y = -0.0004x + 2.6976

R² = 0.9874
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The plot of log C vs. time showed that the slope was -0.0004 and intercept was 2.698. 

Straight line equation: y = -0.0004x + 2.698, R2 = 0.987, K = 10.89 × 10-4 min-1, Half-life = 

0.693/ K = 637 mins. It was observed that the degradation carried out in 1.0 N NaOH at 

50°C was found to follow first order kinetic. 

As the concentration of NaOH increases, rate of alkaline degradation of ALO increases as 

shown in Fig. 4.27 and Fig. 4.28. 

 

FIGURE 4.27 Comparison of Degradation of ALO in  0.1 N, 0.5 N and 1.0 N 

NaOH at 50°C 

 

 

FIGURE 4.28 Plot of % Drug remained v/s Time in 0.1 N, 0.5 N and 1.0 N NaOH 
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4.3.2.3 Degradation kinetic study of ALO at 60°C 

a. Degradation kinetic study of ALO in 0.1 N NaOH at 60°C:  

The degradation of ALO was performed in 0.1 N NaOH in controlled temperature water bath 

at 60±2°C. Data shown in Fig. 4.29 and Table 4.30 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 20.45%, 

as shown in Table 4.33. 

 

 

FIGURE 4.29 3D chromatogram of degradation of ALO in 0.1 N NaOH at 60°C from 

0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.30 and Fig. 4.30). 
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TABLE 4.30 Data of degradation kinetic study in 0.1 N NaOH at 60°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K X 10-4 (min -1) 

     

0 2927.7 500.92 2.700 - 

15 2850.1 488.57 2.689 16.65 

30 2773.1 476.31 2.678 16.79 

45 2694.1 463.75 2.666 17.14 

60 2630.2 453.57 2.657 16.55 

75 2557.3 441.97 2.645 16.70 

90 2503.0 433.33 2.637 16.11 

105 2419.5 420.03 2.623 16.78 

120 2360.3 410.61 2.613 16.57 

135 2330.7 405.91 2.608 15.58 

150 2284.0 398.47 2.600 15.26 

Average degradation rate constant (K) (min-1) 16.41 

Half-life = 0.693/K (min)  422 

 

 

FIGURE 4.30 Plot of Log C v/s Time for ALO in 0.1 N NaOH at 60°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

y = -0.0007x + 2.6978

R² = 0.9954
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C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0007 and intercept was 2.698. 

Straight line equation: y = -0.0007x + 2.698, R2 = 0.995, K = 16.41 × 10-4 min-1, Half-life = 

0.693/ K = 422 mins. It was observed that the degradation carried out in 0.1 N NaOH at 

60°C was found to follow first order kinetic. 

 

b. Degradation kinetic study of ALO in 0.5 N NaOH at 60°C:  

The degradation of ALO was performed in 0.5 N NaOH in controlled temperature water bath 

at 60±2°C. Data shown in Fig. 4.31 and Table 4.31 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 21.78%, 

as shown in Table 4.33. 

 

 

FIGURE 4.31 3D chromatogram of degradation of ALO in 0.5 N NaOH at 60°C from 

0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.31 and Fig. 4.32). 
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TABLE 4.31 Data of degradation kinetic study in 0.5 N NaOH at 60°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K X 10-4 (min -1) 

     

0 2920.6 499.79 2.699 - 

15 2840.4 487.03 2.688 17.24 

30 2758.7 474.02 2.676 17.65 

45 2693.3 463.62 2.666 16.70 

60 2618.9 451.78 2.655 16.84 

75 2548.6 440.59 2.644 16.81 

90 2477.8 429.32 2.633 16.89 

105 2413.2 419.04 2.622 16.79 

120 2352.7 409.40 2.612 16.63 

135 2271.5 396.48 2.598 17.16 

150 2236.6 390.93 2.592 16.38 

Average degradation rate constant (K) (min-1) 16.91 

Half-life = 0.693/K (min)  410 

 

 

FIGURE 4.32 Plot of Log C v/s Time for ALO in 0.5 N NaOH at 60°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

y = -0.0007x + 2.6982

R² = 0.999
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The plot of log C vs. time showed that the slope was -0.0007 and intercept was 2.698. 

Straight line equation: y = -0.0007x + 2.698, R2 = 0.999, K = 16.91 × 10-4 min-1, Half-life = 

0.693/ K = 410 mins. It was observed that the degradation carried out in 0.5 N NaOH at 

60°C was found to follow first order kinetic. 

c. Degradation kinetic study of ALO in 1.0 N NaOH at 60°C:  

The degradation of ALO was performed in 1.0 N NaOH in controlled temperature water bath 

at 60±2°C. Data shown in Fig. 4.33 and Table 4.32 shows that an appreciable amount of 

ALO was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of ALO decreases. The % degradation calculated to be 24.45%, 

as shown in Table 4.33. 

 

 

FIGURE 4.33 3D chromatogram of degradation of ALO in 1.0 N NaOH at 60°C from 

0 to 150 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 4.32 and Fig. 4.34). 
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TABLE 4.32 Data of degradation kinetic study in 1.0 N NaOH at 60°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K X 10-4 (min -1) 

0 2927.7 500.92 2.700 - 

15 2840.2 486.99 2.688 18.81 

30 2760.5 474.31 2.676 18.20 

45 2687.8 462.75 2.665 17.62 

60 2605.0 449.57 2.653 18.03 

75 2532.1 437.97 2.641 17.91 

90 2440.2 423.33 2.627 18.70 

105 2372.3 412.53 2.615 18.49 

120 2291.2 399.61 2.602 18.83 

135 2211.3 386.91 2.588 19.13 

150 2158.3 378.47 2.578 18.69 

Average degradation rate constant (K) (min-1) 18.44 

Half-life = 0.693/K (min) 376 

FIGURE 4.34 Plot of Log C v/s Time for ALO in 1.0 N NaOH at 60°C 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

y = -0.0008x + 2.701
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The plot of log C vs. time showed that the slope was -0.0008 and intercept was 2.701. 

Straight line equation: y = -0.0008x + 2.701, R2 = 0.999, K = 18.44 × 10-4 min-1, Half-life = 

0.693/ K = 376 mins. It was observed that the degradation carried out in 1.0 N NaOH at 

60°C was found to follow first order kinetic. 

As the concentration of NaOH increases, rate of alkaline degradation of ALO increases as 

shown in Fig. 4.35 and Fig. 4.36. 

 

FIGURE 4.35 Comparison of degradation of ALO in  0.1 N, 0.5 N and 1.0 N NaOH 

at 60°C 

 

 

FIGURE 4.36 Plot of % Drug remained v/s time in 0.1 N, 0.5 N and 1.0 N NaOH  

at 60°C 
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The summary of degradation kinetic study is presented in Table 4.33. The % degradation 

was found to be increasing with increase in strength of NaOH and temperature. From the 

data, average degradation rate constant, half-life and shelf life of ALO at respective 

temperature and strength of NaOH was calculated and presented in Table 4.34. 

TABLE 4.33 Summary of degradation kinetic study 

Temp

. 

(°C) 

Normality 

of NaOH 

(N) 

Time 

(min) 

Area Concentration 

of ALO 

(ng/spot) 

% 

Potency 

% 

Degradation 

40 ± 2 0.1 0 2928.9 501.12 100 5.39 

  150 2759.3 474.12 94.61 

0.5 0 2927.5 500.88 100 5.84 

  150 2743.8 471.65 94.16 

1.0 0 2927.7 500.92 100 6.48 

  150 2723.8 468.47 93.52 

50 ± 2 0.1 0 2916.2 499.09 100 10.31 

  150 2592.9 447.64 89.69 

0.5 0 2928.6 501.07 100 11.60 

  150 2563.3 442.93 88.40 

1.0 0 2931.3 501.50 100 13.81 

  150 2496.1 432.23 86.19 

60 ± 2 0.1 0 2927.7 500.92 100 20.45 

  150 2284.0 398.47 79.55 

0.5 0 2920.6 499.79 100 21.78 

  150 2236.6 390.93 78.22 

1.0 0 2927.7 500.92 100 24.45 

  150 2158.3 378.47 75.55 

 

TABLE 4.34 Summary of average degradation rate constant, half-life and shelf life of 

ALO at respective temperature and strength of NaOH 

Temp 

(°C) 

Normality 

of NaOH 

(N) 

Average degradation 

rate constant 

K X 10-4 (min-1) 

Half-life 

(min) 

Shelf life 

(min) 

Order of 

reaction 

40±2 0.1 4.81 1442 218 First 

0.5 4.96 1396 212 

1.0 5.46 1269 192 

50±2 0.1 8.69 797 121 First 

0.5 9.05 766 116 

1.0 10.89 637 96 

60±2 0.1 16.41 422 64 First 

0.5 16.91 410 62 

1.0 18.44 376 57 
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Comparison of degradation rate constant, half-life and shelf life In 0.1 N, 0.5 N and 1.0 N 

NaOH at 40°C, 50°C and 60°C is shown in Fig. 4.37, Fig. 4.38 and Fig. 4.39, respectively. 

As the strength of NaOH increases, degradation rate increases. While, half-life and shelf life 

decreases. Also, as temperature increases, degradation rate increases. While, half-life and 

shelf life decreases. 

 

FIGURE 4.37 Comparison of degradation rate constant of ALO in alkaline medium 

 

 

FIGURE 4.38 Comparison of half-life of ALO in alkaline medium 
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FIGURE: 4.39 Comparison of shelf life of ALO in alkaline medium 

4.3.2.4 Energy of activation [92] 

Energy of activation is defined as the least possible amount of energy (minimum) which is 

required to start a reaction or the amount of energy available in a chemical system for a 

reaction to take place. It is denoted as Ea. By calculating energy of activation we can find 

out amount of energy required to start degradation.  

A plot of ln k as a function of 1/T referred to as Arrhenius plot, is linear if Ea is independent 

of temperature. The slope of line obtained from plot of ln k versus 1/T is equal to –Ea/R. 

The activation energy (Ea) of the alkaline degradation process of ALO in  0.1 N, 0.5 N and 

1.0 N NaOH were calculated from Arrhenius plot (Fig. 4.40, 4.41 and 4.42 respectively) and 

found to be 12.59, 12.57 and 12.51 kcal/mole respectively as shown in Table 4. 35, 4.36 and 

4.37, respectively. 

TABLE 4.35 Data for Arrhenius plot of degradation of ALO in  0.1 N NaOH in at 

40°C, 50°C and 60°C 

Temperature 

T (K) 

Degradation 

rate constant 

k (min-1) 

1/T (K-1) ln k (min-1) 
Ea 

(kcal/mole) 

313 0.000481 0.003195 -7.6405 

12.71 323 0.000869 0.003096 -7.0477 

333 0.001641 0.003003 -6.4123 
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FIGURE 4.40 Plot of ln k (degradation rate constant) v/s 1/T (K-1) of ALO 

in  0.1 N NaOH 

TABLE 4.36 Data for Arrhenius plot of degradation of ALO in  0.5 N NaOH at 40°C, 

50°C and 60°C 

Temperature 

T (K) 

Degradation 

rate constant 

k (min-1) 

1/T (K-1) 
ln k (min-1) 

Ea 

(kcal/mole) 

313 0.000496 0.003195 -7.6084 

12.69 323 0.000905 0.003096 -7.0074 

333 0.001691 0.003003 -6.3826 

FIGURE 4.41 Plot of ln k (degradation rate constant) v/s 1/T (K-1) of ALO 

in  0.5 N NaOH 
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TABLE 4.37 Data for Arrhenius plot of degradation of ALO in  1.0 N NaOH at 40°C, 

50°C and 60°C 

Temperature 

T (K) 

Degradation 

rate constant k 

(min-1) 

1/T (K-1) 
ln k 

(min-1) 

Ea 

(kcal/mole) 

313 0.000546 0.003195 -7.5130 
12.62 323 0.001089 0.003096 -6.8229 

333 0.001844 0.003003 -6.2957 

FIGURE 4.42 Plot of ln k (degradation rate constant) v/s 1/T (K-1) of ALO 

in 1.0 N NaOH 

Data of energy of activation is shown in Table 4.38 and comparison of energy of activation 

in  0.1 N, 0.5 N and 1.0 N NaOH is presented in Fig. 4.43. As the strength of NaOH increases 

energy of activation decreases. 

TABLE 4.38 Data for energy of activation 

Strength of NaOH (N) Energy of activation (kcal/mole) 

0.1 12.71 

0.5 12.69 

1.0 12.62 

y = -6350.544x + 12.797

R² = 0.996
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FIGURE 4.43 Comparison of energy of activation (kcal/mole) for different strength of 

NaOH (N) for ALO 

4.3.2.5 Contour Plots [93] 

A contour plot is a graphic representation of the relationships among three numeric variables 

in two dimensions. Two variables are for X and Y axes, and a third variable Z is for contour 

levels. The contour levels are plotted as curves; the area between curves can be colour coded 

to indicate interpolated values.  

Here, with use of contour plots relationship between temperature, NaOH strength and rate 

constant, relationship between temperature, NaOH strength and half-life, and relationship 

between temperature, NaOH strength and Shelf life is shown. 

23 level experimental design (2 factor– 3 level) was constructed for the response 

surface prediction to obtain degradation data at different temperatures and NaOH strengths 

using the Design expert software. The experiment was designed as per Table 4.39. 

Factor A: Temperature 

-1 →40°C       0→50°C         1→60°C 

Factor B: Strength of NaOH (N) 

-10.1N 00.5N   +11.0N 
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TABLE 4.39 Experimental design 

Sr no. Temperature (°C) NaOH strength (N) Rate constant 

1 40.00 0.5 Y1 

2 50.00 0.5 Y2 

3 40.00 0.1 Y3 

4 60.00 0.5 Y4 

5 60.00 0.1 Y5 

6 50.00 1.0 Y6 

7 40.00 1.0 Y7 

8 60.00 1.0 Y8 

9 50.00 0.1 Y9 

Quadratic polynomial equations: 

For Rate constant 

Rate constant = +9.312E-004 +6.102E-004 * A +8.125E-005 * B +3.489E-005 * A * B 

+1.621E-004 * A2 +3.906E-005 * B2. 

The model F value of 416.81 implies the model is significant. There is only a 0.02% chance 

that “Model F value” this large could occur noise. 

For Half Life 

Half life  = +748.98 -481.98 * A -63.17  * B +32.16 * A * B +152.50  * A2 -26.81 * B2 

The model F value of 704.96 implies the model is significant. There is only a 0.01% chance 

that “Model F value” this large could occur noise. 

For shelf life 

Shelf-life = +113.53 -72.99 * A -9.67 * B + 4.83 * A * B + 23.1 * A2 - 4.31 * B2 

The model F value of 575.7137 implies the model is significant. There is only a 0.01% 

chance that “Model F value” this large could occur noise. 
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Prediction of degradation rate constant, half-life and shelf life: 

The degradation rate constants, half-life and shelf life were predicted from contour plots at 

45°C and 55°C in different strength of NaOH. The data of rate constant, half-life and shelf 

life in different strength of NaOH at 45°C and 55°C obtained are shown in Table 4.40 and 

Table 4.41, respectively. Contour plots obtained with respect to rate constant, half-life and 

shelf life are represented in Fig. 4.44, Fig. 4.45 and Fig. 4.46, respectively. 

TABLE 4.40 Rate constant, half-life and shelf life prediction at 45°C from contour plot 

Strength of NaOH 

(N) 

Rate constant K 

(min-1) 
Half-life (min) Shelf life (min) 

0.1 0.0006419 1080 220 

0.2 0.0006406 1073 218 

0.3 0.0006432 1063 216 

0.4 0.0006497 1051 214 

0.5 0.0006600 1036 211 

0.6 0.0006742 1018 208 

0.7 0.0006922 998 204 

0.8 0.0007141 975 200 

0.9 0.0007399 950 196 

1.0 0.0007695 922 191 

 

TABLE 4.41 Rate constant, half-life and shelf life prediction at 55°C from contour plot 

Strength of 

NaOH (N) 

Rate constant K 

(min-1) 

Half-life (min) Shelf life (min) 

0.1 0.0012172 567 119 

0.2 0.0012237 566 118 

0.3 0.0012341 564 118 

0.4 0.0012483 559 116 

0.5 0.0012663 551 115 

0.6 0.0012883 540 112 

0.7 0.0013141 527 110 

0.8 0.0013437 511 107 

0.9 0.0013772 493 103 

1.0 0.0014146 472 100 
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(a) 2D contours 

 

(b) 3D contours 

 

 

(c) Predicted v/s actual 

FIGURE 4.44 Plots with respect to Rate constants (a) 2D contours (b) 3D 

contours (c) predicted v/s actual 
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(a) 2D contours 

 

(b) 3D contours 

 

(c) Predicted v/s actual 

FIGURE 4.45 Plots with respect to Half-life (a) 2D contours (b) 3D contours 

(c) predicted v/s actual 
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(a) 2D contours 

 

(b) 3D contours 

 

(c) Predicted v/s actual 

FIGURE 4.46 Plots with respect to Shelf life (a) 2D contours (b) 3D contours 

(c) predicted v/s actual 
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As summarized in Table 4.34 and comparison of degradation rate constant, half-life and 

shelf life shown in Fig. 4.37, Fig. 4.38 and Fig. 4.39 respectively, the temperature and 

strength of NaOH both have effect on degradation rate constant, half-life and shelf life. It 

was found that as the time, temperature and strength of NaOH is increasing the degradation 

rate constant is increasing, while half-life and shelf life is decreasing. 

The data presented in Table 4.33 suggest increase of percentage degradation with increase 

of temperature and strength of NaOH. 

From contour plots, Fig. 4.44 represent that degradation rate constant increase with increase 

of temperature and strength of NaOH. Fig. 4.45 suggest, half-life decrease with increase of 

temperature and strength of NaOH. While, Fig. 4.46 suggest, self-life decrease with increase 

of temperature and strength of NaOH. 

So, it can be concluded that results of degradation kinetic is in good agreement with results 

of contour plots 

4.3.2.6 DISCUSSION 

The degradation kinetic studies provides the information regarding the rate of process that 

generally leads to the inactivation of drug through either decomposition or loss of drug by 

conversion to a less favourable physical or chemical form. In present study the alkaline 

degradation kinetic study of ALO in 0.1 N, 0.5 N, and 1.0 N NaOH at 40°C, 50°C and 60°C 

by HPTLC method was carried out. Rate constant, half-life and self-life at different 

temperature and strength of NaOH were calculated from the data obtained in kinetic study. 

Kinetic study reveals that it follows first order reaction. The energy of activation was 

found to be 12.71, 12.69 and 12.62 kcal/mole in 0.1 N, 0.5 N, and 1.0 N NaOH. Counter 

plots with respect to degradation rate constant, half-life and self-life were obtained using 

response surface methodology and degradation at 45°C and 55°C was predicted using 

counter plots. Contour plots can be used for further prediction of degradation at different 

temperature conditions. 
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4.4 RP-HPLC METHOD 

High-performance liquid chromatography or high-pressure liquid chromatography (HPLC) 

is a chromatographic method that is used to separate a mixture of compounds in analytical 

chemistry so as to identify, quantify or purify the individual components of the mixture. [16] 

In present work stability indicating RP-HPLC method for Alogliptin Benzoate (ALO) was 

developed and validated.  

4.4.1   EXPERIMENTAL 

4.4.1.1 APPARATUS AND INSTRUMENTATION 

 HPLC: CyberLab 

Liquid Chromatograph: LC-100 

UV-Visible Detector 

Column :- C18, MG-CAPCELL PAK 250mm x 4.6mm, 5 µm 

 Digital pH-meter: Elico-L1610 

 Sonicator (Trans-O-Sonic, D-compaq) 

 50 µl syringe (Hamilton) 

 Injector (Fixed Capacity Loop of 20 µl) (7725i Rheodyne) 

 Volumetric flasks and pipettes (Borosil) 

 All instruments and glass wares were calibrated. 

4.4.1.2 REAGENTS AND MATERIALS 

 Alogliptin Benzoate (Swapnroop Drugs and Pharmaceuticals, Maharashtra, India) 

 Acetonitrile for HPLC (Dexo chem. Laboratories) 

 Methanol for HPLC (S.d. fine-chem. Ltd.) 

 Water for HPLC (S.d. fine-chem. Ltd.) 

 Ortho Phosphoric acid (S.d. fine chem. Ltd.) – Analytical Grade 
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4.4.1.3 PREPARATION OF STANDARD SOLUTIONS 

1. Stock solution of ALO in methanol (1000 µg/ml) 

Accurately weighed 100 mg of ALO was transferred in to a 100 ml volumetric flask, 

dissolved and diluted up to the mark with methanol to get a stock solution having strength 

1000 µg/ml. 

2. Working standard solution of ALO in mixture of water and acetonitrile (80:20 v/v) 

(100 µg/ml) 

Working standard solution of ALO was prepared by taking 5 ml of stock solution of ALO 

(1000 µg/ml) in to a 50 ml volumetric flask and volume made up to the mark with mixture 

of water and acetonitrile (80:20 v/v) to get 100 µg/ ml of ALO. 

3. Preparation of 1 N hydrochloric Acid 

Concentrated Hydrochloric acid (8.5 ml) was transferred in to a 100 ml of volumetric flask 

and diluted up to the mark with double distilled water. 

4. Preparation of 1 N sodium hydroxide 

Accurately weighed 4 gm of sodium hydroxide was transferred in to a 100 ml volumetric 

flask, dissolved in 50 ml of double distilled water and diluted up to the mark with double 

distilled water. 

5. Preparation of 3% H2O2 

Hydrogen peroxide (6%, 5 ml) was transferred into a 10 ml of volumetric flask and diluted 

up to the mark with methanol. 

6. Preparation of mobile phase 

Mobile phase was prepared by combining water and acetonitrile in ratio of 80:20. pH of 

mobile phase was adjusted to 4.5 by adding 2.0 % o-phosphoric acid. 

4.4.1.4 FORCED DEGRADATION STUDY 

Forced degradation of ALO was carried out under acidic and alkaline hydrolytic, oxidative, 

photolytic and dry heat stress conditions. The results of forced degradation study of ALO 

are shown in section 4.4.2.2 of result and discussion. 
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Preparation of sample solutions for forced degradation study of ALO 

ALO was exposed to acidic (1 N HCl), alkaline (1 N NaOH), oxidative (3% H2O2), 

photolytic (direct sun light for 24 hrs) and dry heat (80°C) degradation conditions for 

forced degradation study. 

I. Acid hydrolysis 

To perform acid degradation study, 2 ml aliquots of stock solution (1000 µg/ml) of 

ALO was transferred in to a 10 ml volumetric flask and 5 ml of 1 N HCl was added. 

This solution was kept in a water bath at 60°C for 2 hrs and allowed to cool to room 

temperature. The solution was diluted up to the mark with methanol (200 µg/ml). 

Further, aliquot of 3 ml was transferred into 10 ml volumetric flask, neutralized with 1 

N NaOH and diluted up to mark with mixture of water and acetonitrile (80:20 v/v) to 

get 60 µg/ml solution. 

II. Alkaline hydrolysis 

To perform alkaline degradation study, 2 ml aliquots of stock solution (1000 µg/ml) of 

ALO was transferred in to a 10 ml volumetric flask and 5 ml of 1 N NaOH was added. 

This solution was kept in a water bath at 60°C for 2 hrs and allowed to cool to room 

temperature. The solution was diluted up to the mark with methanol (200 µg/ml). 

Further, aliquot of 3 ml was transferred into 10 ml volumetric flask, neutralized with 1N 

HCl and diluted up to mark with mixture of water and acetonitrile (80:20 v/v) to get 60 

µg/ml solution. 

III. Oxidative stress degradation 

To perform oxidative stress degradation, 2 ml aliquots of stock solution (1000 µg/ml) of 

ALO was transferred in to a 10 ml volumetric flask and 5 ml of 3% H2O2 was added. 

This solution was kept in a water bath at 70°C for 1 hr and allowed to cool to room 

temperature. Then it was diluted up to the mark with methanol to get 200 µg/ml. 

Further, aliquot of 3 ml was transferred into 10 ml volumetric flask and diluted up to 

mark with mixture of water and acetonitrile (80:20 v/v) to get 60 µg/ml solution. 

IV. Photo degradation 

Analytically pure sample of ALO was exposed to sunlight for 24 hrs. Then 10 mg of 

ALO was weighed, transferred to 10 ml volumetric flask and dissolved in 5 ml of 

methanol. Volume was made up to the mark with methanol. Aliquot of 2 ml from this 

solution of ALO was appropriately diluted with methanol to obtain 200 µg/ml. Further, 
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aliquot of 3 ml was then transferred into 10 ml volumetric flask and diluted up to mark 

with mixture of water and acetonitrile (80:20 v/v) to get 60 µg/ml solution. 

V. Dry heat degradation 

For dry heat degradation study, 25 mg of ALO was exposed in oven at 80°C for 6 hrs. 

The solid was allowed to cool and 10 mg of ALO was weighed, transferred to 10 ml 

volumetric flask and dissolved in 5 ml of methanol. Volume was made up to the mark 

with methanol. Aliquot of 2 ml was appropriately diluted with methanol to obtain 200 

µg/ml. Further, aliquot of 3 ml was then transferred into 10 ml volumetric flask and 

diluted up to mark with mixture of water and acetonitrile (80:20 v/v) to get 60 µg/ml 

solution. 

Degradation conditions for forced degradation study of ALO are summarized in Table 

4.42. 

TABLE 4.42 Degradation conditions for ALO 

Sr 

No. 

Stress type Stress condition 

Strength Heating time Temperature 

1 Acid hydrolysis 1 N HCl 2 hrs 60°C 

2 Alkaline hydrolysis 1 N NaOH 2 hrs 60°C 

3 Oxidative 3% H2O2 1 hr 70°C 

4 Photolytic Sunlight Exposure time 24 hrs - 

5 Dry heat In oven 6 hrs 80°C 

 

4.4.1.5 CHROMATOGRAPHIC CONDITIONS 

HPLC method for determination of ALO was developed by proper selection of mobile 

phase and wavelength for detection. All the results are mentioned in section 4.4.2.1 of 

result and discussion. 

1. Optimization of mobile phase 

Various mobile phases, such as water: acetonitrile, in different proportions were tried, 

different pH conditions were tried (Table 4.44).  

2.  Selection of Wavelength of Detection 

From working standard solution of ALO (100 µg/ ml), 1 ml was taken and diluted 10 ml 

with mixture of water and acetonitrile (80:20 v/v) to get 10 µg/ ml of ALO. The solution 
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was scanned in UV region. Spectrum was used for selection of wavelength for 

determination of ALO (Fig. 4.47, 277 nm). 

3.  Chromatographic separation 

Standard and sample solutions were injected in column using a 50 l micro-syringe. The 

chromatogram was run for appropriate time duration with degassed mobile phase, water: 

acetonitrile (80:20 v/v) at pH 4.5 (adjusted by 2.0 % o-phosphoric acid), using detection at 

wavelength of 277.0 nm. The chromatogram was run till separation was achieved 

completely. Data related to peak viz., area, height, retention time, resolution etc. was 

recorded using cyber lab – chrom (v 4.0512.039).  

Stationary phase: C18, MG-CAPCELL PAK (250 mm x 4.6 mm, 5 µm) 

Mobile phase: Water: acetonitrile (80:20 v/v) 

pH: pH of mobile phase was adjusted to 4.5 using 2.0 % o-phosphoric acid. 

Flow rate: 1.0 ml/min  

Temperature: 25 ± 2oC 

4. System suitability test 

ALO solution, having strength of 50 µg/ml, was injected and resolution (Rs), number of 

theoretical plates (N) and tailing factor (Tf) were determined for the ALO peak. 

5.  Calibration curve for ALO 

Aliquots of 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0 ml, from working standard solution of ALO (100 

µg/ml), were separately transferred into a series of 10 ml volumetric flasks and volume 

was made up to the mark with mobile phase to get concentrations 10, 20, 30, 40, 50 and 60 

µg/ml of ALO. Solutions were injected into the system with above stated chromatographic 

conditions. The graph of area of peak obtained versus respective concentration was plotted. 

The mean area and its standard deviation were calculated. 

6. Analysis of forced degraded samples 

From each forced degradation conditions mentioned in Table 4.42, Solutions were injected 

into the system with above stated chromatographic conditions.  

The area peak of ALO was measured, compared with that of the standard and percentage 

degradation of the drug was calculated from the calibration curve. 
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4.4.1.6 VALIDATION OF RP-HPLC METHOD [29] 

The developed method was validated as per the International Conference on 

Harmonization (ICH) guidelines with respect to linearity, precision, limit of detection, 

limit of quantification and recovery study. The results are shown in section 4.4.2.3 of result 

and discussion. 

1. Linearity range 

Linearity is expressed in terms of correlation co-efficient of linear regression analysis. The 

linearity of response for ALO was assessed by analysis of six independent levels of 

calibration curve in range of 10-60 µg/ml as described in section 4.4.1.5. The calibration 

curve of peak area vs. concentration was plotted and correlation co-efficient and regression 

line equations for ALO was determined. 

2. Precision 

I.  Repeatability  

Repeatability/replication is a precision under the same condition (same analyte, same 

apparatus, and same identical reagent). It was determined by analyzing standard solution of 

20 µg/ml seven times as described in section 4.4.1.5. The areas of seven replicate 

injections were measured and %RSD was calculated. 

II. Intraday Precision 

The variation of results within the same day is called intraday variation. It was determined 

by repeating calibration curve 3 times on the same days as described in section 4.4.1.5. The 

area of the solutions were measured and %RSD was calculated. 

III. Interday Precision 

The variation of results amongst consecutive days is called interday variation. It was 

determined by repeating calibration curve on 3 consecutive days as described in section 

4.4.1.5. The area of the solutions were measured and %RSD was calculated. 

3. Accuracy 

The accuracy of the method was determined by calculating recovery of ALO using the 

standard addition method. Known amounts of standard ALO were added at three levels to 

synthetic mixture of ALO. Accuracy study was done by using synthetic mixture of ALO. 

Synthetic mixture equivalent to 10 mg ALO was accurately weighed, transferred to 

individual 10 ml volumetric flask and dissolved in 5 ml of methanol and sonicated for 10 

mins. Resulted solution was diluted up to the mark with methanol (1000 µg/ml) and 
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filtered through whatmann filter No. 41. First few ml of filtrate were discarded and 1 ml of 

filtrate was further diluted to 10 ml with the mobile phase get a solution containing 100 

µg/ml of ALO. To a 2 ml of preanalyzed sample solution in a 10 ml volumetric flask, 

increasing aliquots of working standard solution (1.6, 2.0 and 2.4 ml) were added 

separately and diluted to mark with mobile phase. 

Each solution was analyzed as described in section 4.4.1.5. The amount of ALO was 

determined at each level and % recovery was calculated. The accuracy procedure is 

described in Table 4.43. 

TABLE 4.43 Accuracy study of ALO by RP-HPLC method 

 

4.  Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The limit of detection and quantification of the developed method was calculated from the 

standard deviation of the intercepts and mean slope of the calibration curves of ALO using 

formula given below. 

Limit of Detection = 3 σ / S 

Limit of Quantification = 10 σ / S 

Where, σ is the standard deviation of the intercepts of five calibration curves and S 

is the mean slope of five calibration curves. 

 

4.4.1.7 DETERMINATION OF ALO IN SYNTHETIC MIXTURE 

The developed HPLC method was applied for determination of ALO in synthetic mixture. 

The results are shown in section 4.4.2.4 of result and discussion. 

Procedure for preparation of synthetic mixture: Synthetic mixture containing ALO was 

prepared by mixing 0.350 gm of ALO, 1.75 gm of mannitol (diluent), 0.05 gm of 

magnesium stearate (glidant) and 0.10 gm of sodium starch glycolate (disintegrant). 

 

Volume of  sample 

(synthetic mixture) 

solution  of ALO (100  

µg/ml) taken (ml) 

Volume of working standard 

solution  of API (100  µg/ml) 

Spiked (ml) 

Total 

concentration 

(µg/ml) 

ALO 

2.0 0 20 

2.0 1.6 30 

2.0 2.0 40 

2.0 2.4 50 
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2. Procedure for determination of ALO 

The quantity of synthetic mixture equivalent to 10 mg ALO was accurately weighed and 

transferred to 10 ml volumetric flask. Five ml of methanol was added, the solution was 

sonicated for 10 min and the volume was made up to the mark with methanol (1000 

µg/ml). 

This solution was filtered through watman filter paper No. 41. Aliquot of 1 ml of filtrate 

was diluted to 10 ml with mobile phase (100 µg/ml). Two ml of this solution is again 

diluted to 10 ml with mobile phase (20 µg/ml). The procedure was repeated three times. 

Each solution was analyzed as per chromatographic conditions described in section 4.4.1.5. 

The concentration of drug was calculated using equation of straight line. 

3. Procedure for forced degradation study of ALO in synthetic mixture 

The ALO in synthetic mixture was exposed to forced degradation conditions as described 

in section 4.4.1.5. The final solution of forced degradation samples were having 60 μg/ml 

of ALO. From all degradation conditions, Solutions were injected into the system with 

stated chromatographic conditions. The concentration was calculated using equation of 

straight line and percentage degradation was calculated. 
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4.4.2 RESULTS AND DISCUSSION 

4.4.2.1 DEVELOPMENT AND VALIDATION OF STABILITY INDICATING 

HPLC METHOD 

1. Selection of elution mode 

Reverse phase chromatography was chosen because of its recommended use for ionic and 

non-polar compounds. Reverse phase chromatography is not only simple, convenient but 

also better performing in terms of efficiency, stability and reproducibility. C18 column was 

selected because it is least polar compared to C4 and C8 columns. C18 Column allows 

eluting polar compounds more quickly compared to non-polar compounds. In addition to 

this, UV detector was used, which allows easy detection of the compounds in UV 

transparent organic solvents. A 250 x 4.6 mm column of 5µm particles packing was 

preferred as a starting point for method development. Isocratic mode was chosen due to 

simplicity in application and robustness with respect to longer column stability. This 

configuration provides a large number of theoretical plate values for maximum separation. 

2. Mobile phase selection 

Various mobile phases, such as Water: Acetonitrile, in different proportions were tried, 

different pH conditions were also tried and the results are summarized in Table 4.44. The 

combination of water: acetonitrile (80: 20 v/v) at pH 4.50 adjusted by 2% o-phosphoric 

acid provided optimum polarity for proper migration, separation and resolution of ALO. 

Under these conditions, the eluted peak was well defined, resolved and free from tailing. 

The elution of ALO occur at tR = 3.703 min at a flow rate of 1.0 ml/min. 

 

TABLE 4.44 Mobile phase trials of RP-HPLC method for ALO 

Sr. 

No.  

pH  Mobile Phase  Ratio  Remark  

1. 4.00 Water: Acetonitrile 70:30 Broad peak was observed 

2. 4.50 Water: Acetonitrile 70:30 peak resolution was less 

3. 4.00 Water: Acetonitrile 75:25 peak resolution was less 

4. 4.00 Water: Acetonitrile 80:20  peak shape is proper but peak 

resolution is less 

5. 4.50 Water: Acetonitrile 80:20 Peak shape is proper, peak resolution 

is acceptable and degradation 

products were well separated 
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3. Selection of wavelength 

The detection was carried out in the UV region and wavelength selected for detection was 

277.0 nm.  The wavelength selected was on the basis of maximum wavelength of ALO 

solution prepared in mobile phase. UV spectrum of ALO is shown in Fig. 4.47. 

 

FIGURE 4.47 UV spectrum of ALO (10 µg/ml) in methanol 

4. Chromatographic conditions 

Stationary phase: C18, MG-CAPCELL PAK (250mm x 4.6mm, 5 µm) 

Mobile phase: water: acetonitrile (80:20 v/v) 

pH: pH of mobile phase was adjusted to 4.5 using 2% o-phosphoric acid. 

Flow rate: 1.0 ml/min  

Temperature: 25 ± 2°C 

Wavelength: 277 nm 

Total run time: 8 mins 

5. Results of system suitability test 

1. Resolution (R) 

Resolution observed for ALO was 2.2171, depicted in Table 4.45 

2. Column efficiency (N) 

Number of theoretical plates observed for ALO was 3051, depicted in Table 4.45 
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3. Tailing factor (Tf) [64] 

Tailing factor observed for ALO was 1.794, depicted in Table 4.45. 

TABLE 4.45 System suitability results for RP- HPLC method  

Sr. 

No 

System suitability parameters Observed 

Values 

IP’ 2010 

specification 

1 Resolution (R) 2.2171 > 1.5 

2 Number of theoretical plates (N) 3051 > 2000 

3 Tailing factor (Tf) 1.794 <2.0 

 

4.4.2.2 FORCED DEGRADATION STUDY 

1. Acidic hydrolysis 

Chromatogram of acid (1.0 N HCl) treated ALO is shown in Fig. 4.48 and data of alkaline 

degradation of ALO is shown in Table 4.46. It is seen that after heating drug solution with 

1.0 N hydrochloric acid at 60°C for 2 hrs, significant degradation was observed. Two 

additional peaks at tR = 2.6 and 3.7 min were observed in the chromatogram of acid treated 

ALO as compared to chromatogram of standard ALO and the percentage degradation was 

found to be 24.65%. It proves that ALO is degraded in acidic degradation condition. The 

method was able to separate the drug from its acidic degradation product.  

 

FIGURE 4.48 Chromatogram of acid induced degradation of ALO; Condition: 1.0 N 

HCl at 60°C for 2 hrs 
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TABLE 4.46 Data of acid degradation of ALO in 1.0 N HCl 

Peak tR (min) Description 

1 2.6 Degradation Product-1 

2 3.7 Degradation Product-2 

3 3.9 ALO 

 

2. Alkaline hydrolysis 

Chromatogram of alkaline (1.0 N NaOH) treated ALO is shown in Fig. 4.49 and data of 

alkaline degradation of ALO is shown in Table 4.47. It is seen that after heating drug 

solution with 1.0 N sodium hydroxide at 60°C for 2 hrs, significant degradation was 

observed. One additional peaks at tR = 10.0 min was observed in the chromatogram of 

alkali treated ALO as compared to chromatogram of standard ALO and the percentage 

degradation was found to be 20.84%. It proves that ALO is degraded in alkaline 

degradation condition. The method was able to separate the drug from its alkaline 

degradation product.  

 

FIGURE 4.49 Chromatogram of alkali induced degradation of ALO; Condition: 1.0 

N NaOH at 60°C for 2 hrs 

 

TABLE   4.47 Data of alkali degradation of ALO in 1.0 N NaOH 

Peak tR (min) Description 

1 3.9 ALO 

2 10.0 Degradation Product-3 
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3. Oxidative degradation 

Chromatogram of H2O2 (3%) treated ALO is shown in Fig. 4.50 and data of oxidative 

degradation of ALO is shown in Table 4.48. It is seen that after heating drug solution with 

3% H2O2 at 70°C for 1 hr, no degradation was observed. No additional peak was observed 

in the chromatogram of H2O2 treated ALO as compared to chromatogram of standard 

ALO. It proves that ALO is stable in oxidative degradation condition.  

 

 

FIGURE 4.50 Chromatogram of oxidative degradation of ALO; Condition: 3% H2O2 

at 70°C for 1 hr 

 

TABLE 4.48 Data of oxidative degradation of ALO in 3% H2O2 

Peak tR (min) Description 

1 3.7 ALO 

 

4. Photolytic degradation 

Chromatogram of light treated ALO is shown in Fig. 4.51 and data of photolytic 

degradation of ALO is shown in Table 4.49. It is seen that after exposing drug to direct 

sunlight for 24 hrs, no degradation was observed. No additional peak was observed in the 

chromatogram of photolytic degraded sample of ALO as compared to chromatogram of 

standard ALO. It proves that ALO is stable in photolytic degradation condition.  
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FIGURE 4.51 Chromatogram of photolytic degradation of ALO; Condition: Drug 

Powder is directly exposed to sunlight for 24 hrs 

 

TABLE 4.49 Data of Photolytic degradation of ALO in sunlight  

Peak tR (min) Description 

1 3.7 ALO 

 

5. Dry heat degradation 

Chromatogram of dry heat treated ALO is shown in Fig. 4.52 and data of dry heat 

degradation of ALO is shown in Table 4.50. It is seen that after exposing drug powder in 

oven at 80°C for 6  hrs, no degradation was observed. No additional peak was observed in 

the chromatogram of dry heat degraded sample of ALO as compared to chromatogram of 

standard ALO. It proves that ALO is stable in dry heat degradation condition.  
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FIGURE 4.52 Chromatogram of dry heat degradation of ALO; Condition: In oven at 

80°C for 6 hrs 

TABLE 4.50 Data of dry heat degradation of ALO in oven at 80°C  

Peak tR (min) Description 

1 3.7 ALO 

Summary of Forced Degradation Study 

The summary of degradation products of ALO in various degradation conditions is 

described in Table 4.51. The percentage degradation in acidic hydrolysis, alkaline 

hydrolysis, oxidative, photolytic, thermal degradation condition were found to be 24.65%, 

20.84%, 3.68%, 1.86% and 3.05%, respectively. Hence it can be concluded that ALO 

shows significant degradation in acid and alkaline condition and it is stable in oxidative, 

photolytic, thermal degradation conditions. 

TABLE 4.51 Summary of degradation products of ALO in various stress conditions 

Forced 

degradation 

condition 

Stress 

Condition 

tR (min) of 

degradants 

ALO remaining 

undergraded 

(%) 

Degradation 

(%) 

Acidic 

Degradation 

(1 N HCl / 

60°C/2hrs) 

2.6 

3.7 
75.35 24.65 

Alkaline 

Degradation 

(1 N NaOH/  

60°C/2hrs) 
10.0 79.16 20.84 

Oxidative 

Degradation 

(3% v/v 

H2O2/ 70°C/1 hr) 
- 96.32 3.68 

Photo 

Degradation 
24 hrs in sunlight - 98.14 1.86 

Thermal 

Degradation 
(80°C / 6 hrs) - 96.95 3.05 
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4.4.2.3   VALIDATION PARAMETERS 

1. Linearity and Range 

Representative calibration curve of ALO was obtained by plotting the mean peak area of 

ALO against concentration over the range of 10-60 µg/ml. (Fig. 4.53). Responses were 

found to be linear in the above concentration range with correlation coefficients of 0.9991.  

The %RSD for ALO was found to be in the range of 0.18 – 0.56%. The average linear 

regressed equation for the curve was y = 29.286x- 10.939. The results of linearity are 

shown in Table 4.52 and Table 4.53. The areas obtained are directly proportional to the 

concentration of analyte based on the linearity results. %RSD value less than 2% clearly 

indicate that the developed method is linear in range of 10-60 µg/ml. 

TABLE 4.52 Calibration data for ALO  

Sr.  No. 
Concentration 

(µg/ml) 

Area 

Mean ± SD (n=5) 
%RSD 

1 10 274.84 ± 0.9027 0.33 

2 20 591.55 ± 3.3388 0.56 

3 30 873.87 ± 3.2345 0.37 

4 40 1144.83 ± 2.1010 0.18 

5 50 1434.23 ± 3.2492 0.23 

6 60 1765.03 ± 7.0119 0.40 

 

 

FIGURE 4.53 Calibration curve for ALO 

y = 29.286x - 10.939
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TABLE 4.53 Regression analysis of ALO  

Straight line equation y = 29.286x - 10.939 

Correlation Co-efficient 0.9991 

 

 

FIGURE 4.54 Chromatogram of different concentrations of ALO (10-60 µg/ml)  

 

2. Precision 

I. Repeatability 

Precision of the instrument was checked by repeated scan of the same sample (20 µg/ml) 

seven times. The data is depicted in Table 4.54. Chromatogram of standard ALO (20 

µg/ml) for repeatability is presented in Fig. 4.55. The %RSD for measurement of peak area 

was found to be 0.58%. Low value of %RSD clearly ensures precision of the measuring 

device.  

TABLE 4.54 Repeatability data for ALO   

Sr. 

No. 

Concentration of 

ALO (µg/ml) 

Area of peak 

for ALO 

Mean 

(n = 7) 

SD 

(n = 7) 
%RSD 

1 20 596.772 

590.85 3.43 0.58 

2 20 587.224 

3 20 592.314 

4 20 589.312 

5 20 592.617 

6 20 590.341 

7 20 588.211 
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FIGURE 4.55 Chromatogram of standard ALO (20 µg/ml) for repeatability 

 

II. Intraday and Interday precision 

Different concentrations viz., 10-60 µg/ml were analysed on same day at three time 

intervals for intraday precision and on three consecutive days for interday precision. The 

data for intraday precision and interday precision for ALO is presented in Table 4.55. 

%RSD was found to be 0.63 – 1.17% for intraday precision and 0.56 – 1.19% for interday 

precision. %RSD value less than 2% clearly indicate that the developed method is precise.  

TABLE 4.55 Intraday and Interday precision data for ALO 

Concentration 

(µg/ml) 

Intraday precision Interday precision 

Area 

(Mean ± SD) (n=3) 

%RSD Area 

(Mean ± SD) (n=3) 

%RSD 

10 274.96 ± 3.2292 1.17 278.57 ± 3.3396 1.19 

20 592.90 ± 3.7380 0.63 592.10 ± 4.7775 0.80 

30 868.85 ± 5.6682 0.65 877.25 ± 4.9230 0.56 

40 1152.44 ± 11.0043 0.95 1151.88 ± 9.9971 0.86 

50 1442.40 ± 9.8264 0.68 1441.85 ± 10.0720 0.69 

60 1778.28 ± 15.3068 0.86 1781.48 ± 15.8153 0.88 

 

 

Repeatability 1 
Repeatability 2 
Repeatability 3 
Repeatability 3 
Repeatability 5 
Repeatability 6 
Repeatability 7 
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3. Accuracy 

Accuracy of the method was confirmed by recovery study from synthetic mixture at three 

levels of standard addition. The data shown in Table 4.56 indicate that the developed 

method is accurate. The % recovery of ALO was found to be in range of 99.53 –101.99%. 

TABLE 4.56 Accuracy data for ALO  

Amount of 

ALO in 

sample 

(µg/ml) 

Amount of 

std ALO 

added 

(µg/ml) 

Total 

amount of 

ALO 

(µg/ml) 

Total amount of std 

ALO found (µg) 

Mean ± S.D (n=3) 

% Recovery 

of std ALO 

(n=3) 

20 0 20 - - 

20 16 36 16.26 ± 0.58 101.61 

20 20 40 19.91 ± 0.75 99.53 

20 24 44 24.48 ± 0.36 101.99 

 

4. LOD and LOQ 

The LOD and LOQ for ALO were calculated from value of y- intercept and slope of five 

different calibration curves. The data for LOD and LOQ of ALO are depicted in Table 

4.57. The LOD and LOQ for ALO were found to be 0.76 µg/ml and 2.31 µg/ml, 

respectively. Such a low value of LOD and LOQ confirms sensitivity of method. 

TABLE 4.57 LOD and LOQ data for ALO 

Parameters ALO 

Standard deviation of the Y- intercepts of the 5 calibration 

curves. 

6.81 

Mean slope of the 5 calibration curves. 29.53 

LOD = 3.3 × (SD/Slope) (µg/ml) 0.76 

LOQ =  10 × (SD/Slope) (µg/ml) 2.31 

 

The validation of the developed stability indicating HPLC method for determination of 

ALO indicates that the method is specific, linear, precise and accurate. The summary of 

different validation parameters is shown in Table 4.58. 

TABLE 4.58 Summary of validation parameters for ALO for RP-HPLC method 

Sr. No Parameters Result 

1 Linearity Range (µg/ml) 10- 60  

2 Correlation coefficient 0.9991 

3      Precision (%RSD) 
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Repeatability (n=7) 0.58 

Intraday precision (n=3) 0.63- 1.17  

Interday precision (n=3) 0.56 – 1.19 

4 Accuracy (%recovery) 99.53-101.99 

5 Limit of Detection (µg/ml) 0.76 

6 Limit of Quantification (µg/ml) 2.31 

 

4.4.2.4 DETERMINATION OF ALO IN SYNTHETIC MIXTURE 

The developed and validated HPLC method was applied for the determination of ALO 

from synthetic mixture. The sample was analysed three times. The Chromatogram of ALO 

in synthetic mixture is shown in Fig. 4.56 and the data of Assay of ALO in synthetic 

mixture is shown in Table 4.59. The percentage assay was found to be 100.66 ±0.76% with 

%RSD value of 0.76%. Higher value of % assay with less %RSD ensures applicability of 

method for determination of ALO in synthetic mixture. 

 

FIGURE 4.56 Chromatogram of ALO (20 µg/ml) in synthetic mixture 

 

TABLE 4.59 Data of determination of ALO in synthetic mixture 

Data of Assay of ALO in synthetic mixture 

Synthetic 

mixture 

Content (µg/ml) Amount found 

(µg/ml) 

Assay (%) 

1 20 20.25 101.36 

2 20 20.13 100.77 

3 20 19.95 99.85 

Mean 100.66 

SD 0.76 

% RSD 0.76 
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Forced degradation study of ALO in synthetic mixture 

The ALO in synthetic mixture was exposed to various stress degradation conditions as 

described in section 4.4.1.4. The data for degradation is shown in Table 4.60. 

TABLE 4.60 Stress degradation of ALO in synthetic mixture 

Force 

degradation 

condition 

Stress 

Condition 

ALO remaining 

undergraded 

(%) 

Degradation 

(%) 

Acidic 

Degradation 

(1 N HCl / 

60°C/2hrs) 
80.07 19.93 

Alkaline 

Degradation 

(1 N NaOH/  

60°C/2hrs) 
79.50 20.50 

Oxidative 

Degradation 

(3% v/v 

H2O2/ 70°C/1 hr) 
98.31 1.69 

Photo 

Degradation 
24 hrs in sunlight 99.33 0.67 

Thermal 

Degradation 
(80°C / 6 hrs) 98.43 1.57 

 

4.4.2.5 DISCUSSION 

The RP-HPLC method is one of the sensitive methods that can be used to analyse drug 

substances. ALO is not official in any of the pharmacopoeias, so no official method is 

available for analysis of ALO. Present study aimed at developing a stability indicating RP-

HPLC method for determination of ALO. A stability indicating RP-HPLC method was 

developed and validated as per ICH guidelines. The calibration curve was linear in range 

of 10 – 60 µg/ml. The method was found to be specific, linear, precise and accurate. The 

method can be used for routine assessment of ALO in its synthetic mixture. 

From stress testing, ALO was found to be significantly degrading in acidic and alkaline 

degradation conditions, while stable in oxidative, photolytic and thermal degradation 

conditions. Stress testing of ALO in synthetic mixture also supports the same and the 

method is able to separate degradation products from ALO in synthetic mixture as well. 
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4.5 ISOLATION AND STRUCTURAL IDENTIFICATION OF A 

DEGRADATION PRODUCT OF ACID HYDROLYSIS OF 

ALOGLIPTIN 

The identification of drug impurities or their degradation products is an integral part of the 

drug development process. The current practices in stability studies, forced degradation 

studies and the characterization of major degradation products are playing an important 

role in the development of the stability-indicating assay method (SIAM).  

In present study one of the degradation product observed under acidic stressed condition 

for ALO was isolated and identified by NMR, Mass and IR technique and its structure was 

justified through mechanistic explanation. 

4.5.1   EXPERIMENTAL 

4.5.1.1 ISOLATION OF DEGRADATION PRODUCT 

Degradation product of ALO from acid stress condition (section 4.2.1.5) was applied on 

preparative TLC plates. The plates were developed in pre-saturated glass chamber using 

mobile phase, acetic acid: water: n-butanol (1:2:7, v/v/v). Degradation product was 

observed as a band. The bands were scraped, mixed and extracted with methanol (3-4 

times). The extracts were combined and evaporated to dryness to collect degradation 

product of ALO. The collected degradation product was studied for NMR, Mass and IR 

characterization [9, 15, 18, and 20] 

4.5.1.2 NMR SPECTROSCOPY 

The 1H NMR and 13C NMR measurements of the isolated degradation product of ALO was 

performed on a Bruker, Avance II (500MHz) instrument. The chemical shift values were 

reported on the 𝛿 scale in ppm relative to CD3CN. The results are shown in section 4.5.2.1 

of result and discussion. 

4.5.1.3 MASS SPECTROMETRY 

The mass spectrum of isolated degradation product of ALO was recorded using ITMS- ESI 

Thermo fisher scientific, USA, mass spectrometer. To determine molecular mass isolated 

degradation product subjected to LC-MS/MS in negative ion mode. The mobile phase used 

was water: acetonitrile in ratio of 80:20 v/v and stationary phase C18, MG-CAPCELL 
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PAK. Mass range was kept at m/z 50-500. The results are shown in section 4.5.2.2 of result 

and discussion. 

4.5.1.4 IR SPECTROSCOPY 

The IR spectrum of isolated degradation product of ALO was recorded using Perkin Elmer, 

USA: Spectrum-GX FT-IR spectrometer. The results are shown in section 4.5.2.3 of result 

and discussion 

4.5.2 RESULTS AND DISCUSSION [18, 20] 

4.5.2.1 NMR ANALYSIS OF DEGRADATION PRODUCT OF ALO 

In NMR analysis it was found that four aromatic protons (H9, H10, H11 and H12) were 

deshielded to δ 7.73-7.40ppm. Two methylene protons (H7) were deshielded to δ 5.16 ppm 

and two methylene protons (H5) were deshielded to δ 3.606 ppm. Three methyl protons 

(H3) were deshielded to δ 3.17 ppm. Solvent peak was observed at δ 1.957 ppm. The detail 

1H NMR interpretation is given in Table 4.61. 13C-NMR accounted for thirteen carbon 

atoms. 

The 1H and 13C NMR spectrum of the isolated degradation product of ALO is shown Fig. 

4.57, Fig. 4.58 and Fig. 4.60. Structure of degradation product of ALO with chemical shift 

values is shown in Fig. 4.59. 

 

FIGURE 4.57 1H NMR spectrum of the isolated degradation product of ALO 
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FIGURE 4.58 1H NMR spectrum of the isolated degradation product of ALO 

 

 

 

FIGURE 4.59 Structure of isolated degradation product of ALO with chemical shift 

values 
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TABLE 4.61 1H NMR interpretation of isolated degradation product of ALO 

Node Multiplicity Shift 
Integration 

ratio 
Comment 

CH d 7.73 1.000 1-benzene 

CH t 7.62 1.039 1-benzen 

CH q 7.40 2.086 1-benzen 

CH2 s 5.16 2.092 methylene 

CH2 s 3.60 2.094 methylene 

CH3 s 3.17 3.084 methyl 

 

 

 

FIGURE 4.60 13C NMR spectrum of the isolated degradation product of ALO 
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4.5.2.2 MASS ANALYSIS OF DEGRADATION PRODUCT OF ALO 

The negative ion ESI-MS spectrum exhibited a base peak of [M-H] - ion at m/z 256.0 

which accord with degradation product molecular mass. The mass spectra data indicated an 

odd molecular mass for degradation product. This implies the existence of an odd number 

of nitrogen atoms. Mass spectrum of degradation product is shown in Fig.4.61. 

 

FIGURE 4.61 Mass spectrum of degradation product of ALO 
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4.5.2.3 IR ANALYSIS OF DEGRADATION PRODUCT OF ALO 

The IR spectrum of the isolated degradation product of ALO is shown Fig. 4.62. IR 

interpretation is given in Table 4.62. 

In IR spectra it is observed that peak at 2234 cm-1 is may be because of C ≡ N stretching. 

Stretching at 1704 cm-1 is may be because of carbonyl group. The peak around 1300 cm-1 is 

may be because of C-N stretching. The peak for NH2 group was not observed around 3300 

cm-1. The peak at 3441 cm-1 might be of OH group, due to presence of water. 

 

FIGURE 4.62 IR spectrum of the isolated degradation product of ALO 

 

TABLE 4.62 IR interpretation of the isolated degradation product of ALO 

Sr No 
Wave number (cm-1)  

Sample spectra 
Interpretation 

1 2916 to 3066 C-H stretching 

2 2234 C ≡ N stretching 

3 1700 near, 1709 C=O stretching and may be a part of cyclic 
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ring 

4 1675, 1709 C=C stretching 

5 Around 1300 C-N stretching 

6 
650 to 850, 

1400, 1500 near 
Indicate presence of Benzene ring 

 

4.5.2.4 Possible structure of degradation product and mechanism of degradation 

From above NMR, Mass and IR analysis, possible structure of degradation product of 

ALO is shown in Fig. 4.63 and the possible mechanism of degradation is shown in Fig. 

4.64. 

ALO is probably hydrolysed in acidic condition and converted in to 2-(3-methyl-2, 4, 6-

trioxotetrahydropyrimidin-1-(2H)yl}methyl)benzonitrile, with chemical formula 

C13H11N3O3 and molecular weight 257.25. 

 

2-(3-methyl-2, 4, 6-trioxotetrahydropyrimidin-1-(2H)yl}methyl)benzonitrile 

Chemical formula: C13H11N3O3 

Molecular weight: 257.25. 

 

FIGURE 4.63 Structure of acid degradation product of ALO 
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FIGURE 4.64 Possible mechanism of acid degradation of ALO 

 

4.5.3 DISCUSSION 

The identification of drug degradation products is an integral part of the drug development 

process. Present study aimed at isolation and identification of a degradation product of 

ALO under acid stress condition. Degradation product in acid hydrolytic condition (in 1 N 

HCl at 60°C for 8 hrs) was isolated and identified by NMR, Mass and IR technique. From 

the studies, the chemical formula of degradation product is proposed to be C13H11N3O3 

(Molecular Weight: 257.25) and chemical name is 2-((3-methyl-2, 4, 6-

trioxotetrahydropyrimidin-1-(2H)yl}methyl)benzonitrile. 
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CHAPTER 5 

TENELIGLIPTIN HYDROBROMIDE  

HYDRATE 

5.1 AIM AND OBJECTIVES 

 

Aim: 

Stability is an essential factor for quality, safety and efficacy of a drug product. The 

purpose of stability study is to provide evidence on how the quality of drug substance or 

drug product varies with time under the influence of variety of environmental factors. 

Literature describes various HPLC methods, a UV method, a HPTLC method and a LC-

MS/MS method for Teneligliptin Hydrobromide Hydrate (TEN).  

It was thought of interest to develop a simple, accurate, precise and specific stability 

indicating HPTLC method for determination of TEN and perform stress testing of TEN. 

Objectives:  

1. To develop and validate stability indicating HPTLC method for determination of TEN. 

2. To apply HPTLC method for determination of TEN in pharmaceutical dosage forms. 

3. To study oxidative degradation kinetic of TEN by stability indicating HPTLC method. 
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5.2 STABILITY STUDY BY HPTLC METHOD 

The purpose of stability study is to provide evidence of how the quality of an active 

pharmaceutical ingredients (APIs) and finished pharmaceutical products (FPPs) varies with 

time under the influence of a different environmental factors such as humidity, temperature 

and light.  

As a result of stability study, a retest period for the API or a shelf life for the FPP can be 

established and storage conditions can be recommended. An API can be considered 

unstable (under the conditions studied) when a significant change is observed [89]. 

5.2.1   EXPERIMENTAL 

5.2.1.1 APPARATUS AND INSTRUMENTATION 

 HPTLC: Camag (Switzerland)  

• Linomat V semiautomatic sample applicator 

• Hamilton Syringe (100 μl) 

• Camag (Muttenz, Switzerland) twin-trough developing chamber (10 × 10 cm) 

• Camag TLC scanner IV 

• UV Cabinet with dual wavelength UV lamp 

• Camag win-CATS software (version 1.4.6.2002) 

 Digital pH-meter: Elico-L1610 

 Electronic analytical balance (Shimadzu AUW-220D) 

 Sonicator (Trans-O-Sonic, D-compaq) 

 Hot air oven (Micro Scientific works) 

 Controlled temperature water bath (Durga Scientific Equipment) 

 Volumetric flasks and pipettes (Borosil) 

 All instruments and glass wares were calibrated. 

5.2.1.2 REAGENTS AND MATERIALS 

 Teneligliptin hydrobromide hydrate (Chemipharma Pvt. Ltd.  Mumbai, India) 

 Toluene (S.d. fine-chem. Ltd.) 

 Ethanol (S.d. fine-chem. Ltd.) 

 Diethyl Amine (S.d. fine-chem. Ltd.) 

 Hydrochloric acid (HCl)  (S.d. fine chem. Ltd.) – Analytical Grade 
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 Sodium hydroxide (NaOH) (S.d. fine chem. Ltd.) – Analytical Grade 

 Pre coated silica gel 60GF254 aluminium plates, (10 × 10 cm with 100 μm thickness; 

E.Merk) were used after washing with methanol. 

 

5.2.1.3 PRELIMINARY STUDY OF TEN [64] 

Characterisation of drug substances was done by determining melting point, UV spectrum 

and comparing IR spectrum with reference spectrum. The results are shown in section 

5.2.2.1 of result and discussion. 

1.  Determination of melting point 

Melting point of TEN was determined by capillary method using Thiele’s tube apparatus 

and compared with reference melting point. 

2.  Solubility analysis 

Solubility analysis of TEN was carried out at 25°C temperature in water and methanol. 

3. Determination of UV spectra 

UV spectra of TEN (10 μg/ml) in methanol was recorded against methanol as a blank. 

4. Determination of IR spectra 

Infrared spectra of TEN was taken using FTIR-ATR spectrometer. 

5.2.1.4 PREPARATION OF STANDARD SOLUTIONS 

1. Stock solution of standard TEN in methanol 

Accurately weighed 10 mg TEN was transferred in to a 10 ml volumetric flask, dissolved 

in 5 ml of methanol and diluted up to the mark with methanol to give stock solution having 

strength of 1000 μg/ml. 

2. Working standard solution of TEN in methanol 

Working standard solution was prepared by serial dilution of standard stock solution of 

TEN with methanol in order to get 50 μg/ml of solution. 

3. Preparation of 1N hydrochloric Acid 

Concentrated Hydrochloric acid (8.5 ml) was transferred into a 100 ml of volumetric flask 

and diluted up to the mark with double distilled water. 
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4. Preparation of 1N sodium hydroxide 

Accurately weighed 4 gm of sodium hydroxide was transferred into 100 ml volumetric 

flask, dissolved in 50 ml of double distilled water and diluted up to the mark with double 

distilled water. 

5. Preparation of 3% H2O2 

Hydrogen peroxide (6%, 5 ml) was transferred into a 10 ml of volumetric flask and diluted 

up to the mark with methanol. 

5.2.1.5 FORCED DEGRADATION STUDY 

Forced degradation of TEN was carried out under acidic and alkaline hydrolytic, oxidative, 

photolytic and dry heat stress conditions. The results of forced degradation study of TEN 

are shown in section 5.2.2.3 of result and discussion. 

Preparation of sample solutions for forced degradation study of TEN 

TEN was exposed to acidic (1 N HCl), alkaline (1 N NaOH), oxidative (3% H2O2), 

photolytic (direct sun light for 12 hrs) and dry heat (80°C) degradation conditions for 

forced degradation study. 

a. Acidic and alkaline hydrolysis: 

One ml stock solution (1000 µg/ml) of TEN was transferred to each two 10 ml volumetric 

flasks and 5 ml of 1 N HCl and 1 N NaOH were added separately. This solutions were kept 

in a water bath at 60°C for 2 hrs, cooled to room temperature and diluted up to the mark 

with methanol. Further, from each solution aliquot of 5 ml was withdrawn and transferred 

into 10 ml volumetric flasks. The stressed samples were neutralized with 1 N NaOH or 1 N 

HCl, respectively and diluted up to mark with methanol to furnish final concentration of 50 

µg/ml. 

b. Oxidative degradation: 

1 ml stock solution (1000 µg/ml) of TEN was transferred to 10 ml volumetric flask and 5 

ml of 3% H2O2 was added. This solution was kept in a water bath at 60°C for 1 hr, cooled 

to room temperature and diluted up to the mark with methanol. Further, aliquot of 5 ml was 

withdrawn from above solution and transferred into 10 ml volumetric flask and diluted up 

to mark with methanol to get concentration of 50 µg/ml. 
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c. Photolytic degradation: 

15 mg of pure TEN sample was exposed to sunlight for 12 hrs. From this, accurately 

weighed 10 mg of TEN was transferred to 10 ml volumetric flasks and dissolved in 

methanol. Further, 1 ml was withdrawn and diluted to 10 ml with methanol to obtain 

concentration of 100 µg/ml. From resulted solution, aliquot of 5 ml was diluted to 10 ml 

with methanol to get concentration of 50 µg/ml. 

d. Dry heat degradation: 

15 mg of pure TEN was placed in the china dish and kept into the oven at 80°C for 2 hrs. 

The powder was allowed to cool to room temperature and accurately weighed 10 mg of 

TEN was transferred to 10 ml volumetric flasks and dissolved in methanol. Aliquot of 1 ml 

was appropriately diluted with methanol to obtain concentration of 100 µg/ml. From 

resulted solution, aliquot of 5 ml was diluted to 10 ml with methanol to get concentration 

of 50 µg/ml. 

Degradation conditions for forced degradation study of TEN are summarized in Table 5.1. 

TABLE 5.1 Degradation conditions for TEN 

Sr 

No. 

Stress type Stress condition 

Strength Heating time Temperature 

1 Acid hydrolysis 1N HCl 2 hrs 60°C 

2 Alkaline hydrolysis 1N NaOH 2 hrs 60°C 

3 Oxidative 3% H2O2 1 hr 60°C 

4 Photolytic Sunlight Exposure time 12 hrs - 

5 Dry heat In oven 2 hrs 80°C 

 

5.2.1.6 DEVELOPMENT AND VALIDATION OF STABILITY INDICATING 

HPTLC METHOD  

Stability indicating HPTLC method for determination of TEN was developed by proper 

selection of mobile phase and wavelength for detection. All the results are mentioned in 

section 5.2.2.2 of result and discussion. 

1. Optimization of mobile phase 

Pre coated silica gel aluminium plate 60F254 was prewashed with methanol and activated in 

oven at 50°C for 10 mins. The standard stock solution of TEN and degraded drug solution 

(section 5.2.1.5) were spotted separately on pre coated silica gel aluminium plate by using 
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glass capillary tube and allowed it to dry for few minutes. Different mobile phase (Table 

5.7) (10 ml) were taken in developing chamber and allowed it to saturate for 15 min. After 

saturation, the spotted plate was developed in mobile phase about ¾ height of the plate. 

The plate was removed and allowed it to dry. Spots were observed in UV cabinet lamp for 

tailing, shape, separation etc. 

2. Selection of Wavelength of Detection 

From working standard solution of TEN, 8 μl was spotted on TLC plate. The plate was 

developed using toluene : ethanol : diethyl amine (6:3:1 v/v/v) as mobile phase in twin 

trough developing chamber which was previously saturated with same mobile phase for 20 

min. Developed TLC plate was dried and spot was scanned between 200 nm to 700 nm to 

obtain in situ UV spectrum. Spectrum was used for selection of wavelength for 

determination of TEN. 

3. Optimized Chromatographic Conditions 

Separation was performed on 10 × 10 cm aluminium backed plates precoated with 250 µm 

layer of silica gel 60F254 (E. Merk, Darmstsdt, Germany). Before carrying out separation, 

the TLC plates was per-washed with methanol and dried in oven at 50°C for 10 min. 

Samples were spotted on TLC plate 15 mm from the bottom edge using Linomat V semi-

automatic spotter and analysed using following parameters described in Table 5.2. 

TABLE 5.2 Optimized chromatographic conditions used for the HPTLC Method  

Sr. No. Parameters Chromatographic conditions 

1 Stationary phase Pre-coated silica gel G60 – F254 

aluminium sheet (E. Merck, Germany) 

(100×100 mm, thickness layer 0.2 mm) 

2 Mobile phase Toluene : ethanol : diethyl amine (6:3:1 

v/v/v) 

3 Chamber saturation time 20 min at room temperature (25 ± 2 °C)  

4 Migration distance 80 mm 

5 Applicator parameters 

Syringe 

Application rate 

Band width 

Distance between track 

Distance from the plate edge 

Distance from the bottom of the 

plate 

 

100 μl 

100 nl/sec 

6 mm 

11.6 mm 

15 mm 

15 mm 
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6 Scanning parameters 

Slit dimension 

Scanning speed 

Detection wavelength 

Lamp 

Measurement mode 

 

6 mm × 0.45 mm 

20 mm/s 

244 nm 

D2 

Absorption/reflectance 

4. Solution stability 

Freshly prepared working standard solution of TEN (50 μg/ml) was stored at 27 ± 2°C. 

This solution was analysed immediately and after 24 hrs duration using optimized 

chromatographic conditions (Table 5.2). The peak area of the TEN obtained at 0 hr and 

after 24 hrs was measured and %RSD was calculated. 

5. Preparation of calibration curve 

Aliquots of 4, 8, 12, 16, 20 and 24 µl of working standard solution of TEN (50 μg/ml) 

were spotted on a TLC plate and analysed as per optimized chromatographic conditions 

(Table 5.2). Calibration curve was constructed by plotting peak area of TEN against 

corresponding TEN concentration (200-1200 ng/spot). 

6. Analysis of forced degraded samples 

From each forced degradation condition, 16 µl of degraded sample solutions (50 µg/ml) 

was spotted on TLC plate to get 800 ng/spot. The plate was developed in twin trough 

chamber, dried and analysed according to optimized chromatographic conditions (Table 

5.2). 

The area of bands of TEN was measured, compared with that of the standard and 

percentage degradation of the drug was calculated from the calibration curve. 

5.2.1.7 VALIDATION OF STABILITY INDICATING HPTLC METHOD [29] 

To confirm the suitability of the method for its intended purpose, the developed method 

was validated as per the International Conference on Harmonization (ICH) guidelines with 

respect to linearity, precision, limit of detection, limit of quantification and recovery. The 

results are shown in section 5.2.2.4 of result and discussion. 

1. Linearity and Range 

Linearity is expressed in terms of correlation co-efficient of linear regression analysis. The 

linearity of response for TEN was assessed by analysis of five levels of calibration curve in 
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the range of 200 - 1200 ng/spot (n = 3). From the working standard solution (50 μg/ml), 

aliquots of 4, 8, 12, 16, 20 and 24 μl were applied on the TLC plate and developed and 

analysed as per optimized chromatographic conditions (Table 5.2). The calibration curve 

of peak area vs. concentration was plotted and correlation co-efficient and regression line 

equations for TEN was determined. 

2. specificity 

The spots of TEN from dosage form were confirmed by comparing its Rf and absorbance-

reflectance spectrum with that of standard TEN. Spectra scanned at peak start (s), peak 

apex (m) and peak end (e) position of individual spots of TEN was compared. 

3. Precision 

I. Repeatability 

Repeatability/replication is a precision under the same condition (same analyte, same 

apparatus, and same identical reagent). It includes following two parameters. 

A) Repeatability of measurement 

Repeatability of measurement was performed by application of 8 μl of working standard 

solution (50 μg/ml) on the TLC plate. The plate was developed, dried and analysed as per 

the optimized chromatographic conditions (Table 5.2). The area of spot was measured 

seven times without changing the position of plate and %RSD of obtained data was 

calculated. 

B)  Repeatability of sample application 

Repeatability of sample application was performed by application of 8 μl of working 

standard solution (50 μg/ml) for seven times at different positions on the same TLC plate. 

The plate was developed, dried and analysed as per the optimized chromatographic 

condition (Table 5.2). The area of seven spots were measured and %RSD was calculated. 

a. Intermediate precision 

Variations of results within the same day and amongst consecutive days are called as 

reproducibility. 

A) Intraday precision 

The variation of results within the same day is called intraday variation. Intra-day precision 

of developed method was checked by analysing three different concentrations of TEN 

(400, 600 and 800 ng/spot), three times on different time interval of the same day. The 
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plate was developed, dried and analysed as per optimized chromatographic conditions 

(Table 5.2). The area of the spots were measured and %RSD was calculated. 

B) Interday precision 

The variation of results amongst consecutive days is called interday variation. Inter-day 

precision of developed method was checked by analysing three different concentrations of 

TEN (400, 600 and 800 ng/spot), on three consecutive days. The plate was developed, 

dried and analysed as per the optimized chromatographic conditions (Table 5.2). The area 

of the spots were measured and %RSD was calculated. 

3. Accuracy 

The accuracy of the method was determined by calculating recovery of TEN using the 

standard addition method. Known amounts of standard TEN were added at three levels to 

tablet powder of TEN. The quantity of tablet powder equivalent to 20 mg of TEN was 

transferred to four individual 50 ml volumetric flasks. Standard TEN 16 mg, 20 mg and 24 

mg were spiked in first, second and third volumetric flasks, respectively. All four flasks 

were filled to about 60 % with methanol, sonicated for 30 minutes and diluted up to the 

mark with methanol. These solutions were filtered through watman filter paper No. 41 

individually. From filtrate, 1 ml of each solution was diluted to 10 ml with methanol 

individually. Each solution (10 µl) was individually spotted on TLC plate. Plate was 

developed and analyzed as per optimized chromatographic condition (Table 5.2). From 

calibration curve, the amount of TEN recovered was calculated and % recovery was 

determined. Accuracy procedure for TEN is presented in Table 5.3. 

 TABLE 5.3 Accuracy procedures for TEN 

 

Track 

TEN from 

tablet 

powder 

(mg) 

Spiked 

amount of 

standard 

TEN (mg) 

 

Concentration 

of TEN in 

final solution 

(μg/ml) 

Application 

volume (μl) 

Total amount 

of TEN in the 

spot (ng/spot) 

1 20 - 40 10 400 

2 20 16 72 10 720 

3 20 20 80 10 800 

4 20 24 88 10 880 

 

 

 



STABILITY STUDY BY HPTLC METHOD 

 

175 
 

4. Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The limit of detection and quantification of the developed method was calculated from the 

standard deviation of the intercepts and mean slope of the calibration curves of TEN using 

formula given below. 

Limit of Detection = 3 σ / S 

Limit of Quantification = 10 σ / S 

Where, σ is the standard deviation of the intercepts of five calibration curves and S 

is the mean slope of the five calibration curve. 

 

5.2.1.8 DETERMINATION OF TEN IN MARKETED FORMULATIONS 

1. Procedure for determination of TEN in tablet dosage form 

The developed HPTLC method was applied for determination of TEN in marketed 

formulations. The results are shown in section 5.2.2.5 of result and discussion. 

Twenty tablets were accurately weighed and powdered. The quantity of powder equivalent 

to 10 mg of TEN was accurately weighed and transferred into 100 ml volumetric flask. 

Fifty ml of methanol was added, the solution was sonicated for 10 min and the volume was 

made up to the mark with methanol (100 µg/ml). 

This solution was filtered through watman filter paper No. 41. Aliquot of 5 ml of filtrate 

was diluted to 10 ml with methanol to give 50 µg/ml of TEN. The procedure was repeated 

three times. From all three resulting solutions, 12 µl solution was applied on same TLC 

plate at three different positions. Plate was developed and analysed as per the optimized 

chromatographic conditions (Table 5.2). The concentration was calculated using equation 

of straight line. Assay of two brands of TEN was performed by developed method. 

2. Procedure for forced degradation study of TEN in tablet dosage form  

The TEN in tablet dosage form was exposed to forced degradation conditions as described 

in section 5.2.1.5. The final solution of forced degradation samples were having 50 μg/ml 

of TEN. From all degradation conditions, 16 µl solution was applied on TLC plate to get 

800 ng/spot of TEN. Plate was developed and analysed as per the optimized 

chromatographic conditions (Table 5.2). The concentration was calculated using equation 

of straight line and percentage degradation was calculated. 
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5.2.2 RESULTS AND DISCUSSION 

5.2.2.1 PRELIMINARY STUDY OF TEN [31, 32] 

Characterisation of drug substances was done by solubility analysis, determining melting 

point, determining UV spectrum and comparing IR spectrum with reference spectrum. 

1. Solubility analysis  

Solubility analysis of TEN sample was carried out in different solvents at 25°C 

temperature. It was found to be freely soluble in water and sparingly soluble in methanol. 

The results shown in Table 5.4 reveals that TEN complies in solubility analysis. 

TABLE 5.4 Result of Solubility Analysis of TEN 

Solvent used Solubility testing Solubility analysis 

Water 1 part in 10 ml Freely soluble 

Methanol 1 part in 100 ml Sparingly soluble 

1 part = 1 gm solute 

2. Melting point 

Melting point of TEN was found to be 214-216°C as shown in Table 5.5. Observed values 

are in good agreement with reported values. 

TABLE 5.5 Result of Melting point determination of TEN 

Drug Reported M.P. Observed M.P. 

TEN  211-212°C 214-216°C 

 

3. UV spectra 

UV spectrum of TEN (10 μg/ml) in methanol is shown in Fig. 5.1 λ max of the drug was 

found to be 244 nm. 
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FIGURE 5.1 UV spectrum of TEN (10 μg/ml) in methanol 

4. IR spectra 

IR spectrum of sample of TEN is shown in Fig. 5.2. The finger print region of the recorded 

FT-IR spectrum of the drug sample was analysed for functional groups present in structure 

of TEN. Interpretation confirmed the identity of the obtained sample of drug as TEN. The 

detailed analysis of IR spectra of TEN is described in Table 5.6. 

 

 

 

FIGURE 5.2 Observed IR spectrum of TEN 
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TABLE 5.6 Analysis of IR spectrum of TEN 

Sr 

No 
 

Wave number (cm-1 ) 
Interpretation 

 Standard value Sample spectra 

1 1700-1600 16797, 1643 C = N stretching 

2 1750 - 1700 1768 C=O stretching 

3 2900-2700 2892, 2950 C-H stretching 

4 1600-1500 1588-1526 C= C stretching 

5 3500-3300 3374, 3415 N-H stretching 

6 1650-1590 1643 N-H bending 

7 1340-1250 1324-1261 C-N stretching 

8 850-650, 1440, 

1500 near 

859-671, 1440, 1492 Indicate presence of Benzene 

ring  

 

5.2.2.2 DEVELOPMENT AND VALIDATION OF STABILITY INDICATING 

HPTLC METHOD 

1. Mobile Phase Optimization 

Drug solution and degraded solutions from different stress conditions were spotted on the 

TLC plates and were run in different solvent systems (Table 5.7). The mobile phase 

Toluene: Ethanol: Diethyl Amine (6:3:1, v/v/v) gave good resolution and compact spot 

with Rf value of 0.79 for TEN (Fig. 5.3) and it can separate all the degradation products of 

TEN in different stress conditions. 

TABLE 5.7 Optimization of mobile phase 

Sr 

no. 

Trial Observation 

1 N- Butanol : Water (7:3) Two peaks were observed 

2 N- Butanol : Water: Acetic 

Acid (7:2:1) 

Two peaks were observed 

3 Toluene  Spots were not run 

4 Chloroform  spots completely run along with solvent front 

5 Ethanol spots completely run along with solvent front 

6 Toluene : Ethanol (5:5) spots completely run along with solvent front 

7 Toluene : Ethanol (7:3) Slight tailing, Few degradation products were 

separated  

8 Toluene :Ethanol : Diethyl 

Amine (6:3:1) 

Sharp spot seen for TEN; All the degradation 

products were well separated  
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2. Selection of Wavelength of Detection 

UV spectrum obtained by scanning spot of TEN between 200 nm to 700 nm showed 

maximum absorbance of respective spot at 244 nm hence 244 nm was selected as 

wavelength for determination of TEN. 

3. Solution stability 

The initial area of TEN (400 ng/spot) band from the freshly prepared working standard 

solution was found to be 4421.00 ± 55.48 and the area of TEN (400 ng/spot) in same 

solution analysed after 24 hrs was found to be 4379.67 ± 57.4 (n = 3). The difference 

between initial area and area after 24 hrs was found to be negligible. Hence the working 

standard solution of TEN was found to be stable for 24 hrs at room temperature (27 ± 2°C). 

4. Calibration curve 

Calibration curve of TEN was prepared in the range of 200 - 1200 ng/spot (n = 3). They 

were found to be linear in the above concentration range. Chromatogram and Calibration 

curve of TEN is shown in Fig. 5.3 and Fig. 5.4 respectively. The optimized 

chromatographic conditions are shown in Table 5.8. 

 

 

FIGURE 5.3 3D Chromatogram of different concentrations of TEN (200-1200 

ng/spot) 
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Figure 5.4 Calibration curve of TEN (200-1200 ng/spot) 

 

TABLE 5.8 Optimized chromatographic conditions 

Sr. No. Parameters Chromatographic conditions 

1 Stationary phase Pre-coated silica gel G60 – F254 

aluminium sheet (E. Merck, 

Germany) (100×100 mm, thickness 

layer 0.2 mm) 

2 Mobile phase Toluene : ethanol : diethyl amine 

(6:3:1 v/v/v) 

3 Chamber saturation time 20 min at room temperature 

(25 ± 2 °C)  

4 Migration distance 80 mm 

5 Applicator parameters 

Syringe 

Application rate 

Band width 

Distance between track 

Distance from the plate edge 

Distance from the bottom of the plate 

 

100 μl 

100 nl/sec 

6 mm 

11.6 mm 

15 mm 

15 mm 

6 Scanning parameters 

Slit dimension 

Scanning speed 

Detection wavelength 

Lamp 

Measurement mode 

 

6 mm × 0.45 mm 

20 mm/s 

244 nm 

D2 

Absorption/reflectance 
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5.2.2.3 FORCED DEGRADATION STUDY 

1. Acidic hydrolysis 

Densitogram of acid (1 N HCl) treated TEN is shown in Fig. 5.5 and Data of acid 

degradation of TEN is shown in Table 5.9. It is seen that after heating drug solution with 1 

N hydrochloric acid at 60°C for 2 hrs, no significant degradation was observed. No 

additional peak was observed in the chromatogram of acid treated TEN as compared to 

chromatogram of standard TEN.  

 

FIGURE 5.5 Densitogram of acid (1 N HCl) degradation of TEN; Condition: 1.0 N 

HCl at 60°C for 2 hrs 

 

TABLE 5.9 Data of acid degradation of TEN in 1.0 N HCl 

Peak Rf Description 

1 0.79 (8191) TEN 

 

2. Alkaline hydrolysis 

Densitogram of alkaline (1 N NaOH) treated TEN is shown in Fig. 5.6 and Data of alkaline 

degradation of TEN is shown in Table 5.10. It is seen that after heating drug solution with 

1N sodium hydroxide at 60°C for 2 hrs, significant degradation was observed. One 

additional peak at Rf 0.24 was observed in the chromatogram of alkali treated TEN as 

compared to chromatogram of standard TEN and the percentage degradation was found to 

be 43.58%. It proves that TEN is degraded in alkaline degradation condition. The method 

was able to separate the drug from its alkaline degradation product.  
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FIGURE 5.6 Densitogram of alkaline (1.0 N NaOH) degradation of TEN; Condition: 

1.0 N NaOH at 60°C for 2 hrs 

 

TABLE 5.10 Data of alkaline degradation of TEN in 1.0 N NaOH 

Peak Rf Description 

1 0.24 Degradation product - 1 

2 0.79 (5034) TEN  

 

3. Oxidative degradation 

Densitogram of Hydrogen Peroxide (3%) treated TEN is shown in Fig. 5.7 and Data of 

oxidative degradation of TEN is shown in Table 5.11. It is seen that after heating drug 

solution with 3% H2O2 at 60°C for 1 hr, significant degradation was observed. Two 

additional peak at Rf 0.38 and 0.62 was observed in the chromatogram of Hydrogen 

Peroxide treated TEN as compared to chromatogram of standard TEN and the percentage 

degradation was found to be 51.42%. It proves that TEN is degraded in oxidative 

degradation condition. The method was able to separate the drug from its oxidative 

degradation product.  
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FIGURE 5.7 Densitogram of oxidative induced degradation of TEN; Condition: 

3%H2O2 at 60°C for 1 hr 

 

TABLE 5.11 Data of oxidative induced degradation of TEN in 3% H2O2 

Peak Rf Description 

1 0.38 Degradation product – 2 

2 0.62 Degradation product – 3 

3 0.79 (4320) TEN 

 

4. Photolytic degradation 

Densitogram of light treated TEN is shown in Fig. 5.8 and Data of photolytic degradation 

of TEN is shown in Table 5.12. It is seen that after exposing drug to direct sunlight for 12 

hrs, significant degradation was observed. One additional peak at Rf 0.50 was observed in 

the chromatogram of photolytic degraded sample of TEN as compared to chromatogram of 

standard TEN and the percentage degradation was found to be 38.51%. It proves that TEN 

is degraded in photolytic degradation condition. The method was able to separate the drug 

from its photolytic degradation product.  
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FIGURE 5.8 Densitogram of photolytic degradation of TEN; Condition: direct 

exposure to sunlight for 12 hrs 

 

TABLE 5.12 Data of photolytic degradation of TEN in sunlight 

Peak Rf Description 

1 0.50 Degradation product - 4 

2 0.79 (5495) TEN  

 

5. Dry heat degradation 

Densitogram of dry heat treated TEN is shown in Fig. 5.9 and Data of dry heat degradation 

of TEN is shown in Table 5.13. It is seen that after exposing drug powder in oven at 80°C 

for 2 hrs, significant degradation was observed. One additional peak at Rf 0.33 was 

observed in the chromatogram of dry heat degraded sample of TEN as compared to 

chromatogram of standard TEN and the percentage degradation was found to be 42.85%. It 

proves that TEN is degraded in dry heat degradation condition. The method was able to 

separate the drug from its dry heat degradation product.  
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FIGURE 5.9 Densitogram of dry heat degradation of TEN; Condition: in oven at 

80°C for 2 hrs 

 

TABLE 5.13 Data of dry heat degradation of TEN in oven at 80°C 

Peak Rf Description 

1 0.33 Degradation product – 5 

2 0.79 (5100) TEN  

 

Summary of Forced Degradation Study 

The summary of degradation products of TEN in various degradation conditions is 

described in Table 5.14. The percentage degradation in acidic hydrolysis, alkaline 

hydrolysis, oxidative, photolytic and thermal degradation condition were found to be 8.90 

%, 43.58 %, 51.42 %, 38.52 % and 42.86 % respectively. Hence it can be concluded that 

TEN is stable in acid hydrolytic condition, while degrading in alkaline hydrolysis, 

oxidative, photolytic and thermal degradation conditions. 

TABLE 5.14 Summary of degradation products of TEN in various stress conditions 

Force 

degradation 

condition 

Stress 

Condition 

Rf  value 

of 

degradan

ts 

TEN 

undergraded (%) 

Degradation 

(%) 

Acidic 

Degradation 

(1N HCl/60°C / 

2hrs) 
- 91.10 8.90 

Alkaline 

Degradation 

(1N NaOH/°C 

C/2hrs) 
0.24 56.42 43.58 
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Oxidative 

Degradation 

(3% v/v 

H2O2/60°C/1 hr) 

0.38 

0.62 
48.58 51.42 

Photo 

Degradation 

12 hrs in 

sunlight 
0.50 61.48 38.52 

Thermal 

Degradation 

(in oven 

80°C /2 hrs) 
0.33 57.14 42.86 

 

 

5.2.2.4 Validation of Developed Method 

1. Linearity and Range 

Representative calibration curve of TEN was obtained by plotting the mean peak area of 

TEN against concentration over the range of 200 – 1200 ng/spot (n=3) (Fig. 5.4). 

Responses were found to be linear in the above concentration range with correlation 

coefficients of 0.9988.  The results of linearity are shown in Table 5.15. The %RSD for 

TEN was found to be in the range of 0.68 – 1.96%. The average linear regressed equation 

for the curve was y = 11.378x – 101.53.  The areas obtained are directly proportional to the 

concentration of analyte based on the linearity results. %RSD value less than 2% clearly 

indicate that the developed method is linear in range of 200 – 1200 ng/spot.  

TABLE 5.15 Linearity data for TEN 

Concentration 

(ng/spot) 

Peak area (mean ± SD) (n=3) %RSD 

200 2136 ±  41.78 1.96 

400 4493 ± 86.22 1.91 

600 6918 ± 69.71 1.01 

800 8995 ± 89.90 1.00 

1000 11055 ± 84.64 0.77 

1200 13650 ± 92.69 0.68 

 

2. Precision 

a. specificity 

The spots of TEN from dosage form were confirmed by comparing its Rf and absorbance-

reflectance spectrum with that of standard TEN. Spectra scanned at peak start (s), peak 

apex (m) and peak end (e) position of individual spots of TEN was compared, which 

showed a high degree of correlation, confirmed the purity of the corresponding spots. 

Absorbance-reflectance spectra of standard TEN, sample TEN, overlain spectra of standard 

and sample TEN is shown in Fig. 5.10. Data of peak purity for TEN is shown in Table 
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5.16. From the overlain spectrum of TEN standard and TEN sample, identity of the drug 

was confirmed. The results indicate that the developed method is specific for TEN. 

 

(a)  

 

(b)  

 

(c)  

FIGURE 5.10 Absorbance-reflectance spectra of (a) Standard TEN, (b) Sample TEN, 

(c) Overlain spectra of standard and sample TEN 
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TABLE 5.16 Data of Peak Purity for TEN 

Drug r (s,m) r (m,e) 

TEN 0.9990 0.9992 

 

b. Repeatability of measurement and Repeatability of sample application 

Precision of the instrument was checked by repeated scan of the same spot (working 

standard solution, 8 µl of 50 µg/ml) seven times without changing the plate position. The 

data is depicted in Table 5.17. The %RSD for measurement of peak area was found to be 

0.88%. Low value of %RSD clearly ensures precision of the measuring device.  

The repeatability of sample application was checked by application of working standard 

solution, 8 µl of 50 µg/ml seven times on the same plate. The data is depicted in Table 

5.17. The %RSD for measurement of peak area of TEN was found to be 1.15%, which 

ensures precision of the spotter device.  

TABLE 5.17 Repeatability data of TEN 

Concentration of 

TEN 

(ng/spot) 

Repeatability of 

measurement 

Peak area-TEN 

Repeatability of 

sample application 

Peak area-TEN 

400 4466 4466 

400 4493 4359 

400 4586 4438 

400 4478 4352 

400 4513 4393 

400 4507 4487 

400 4484 4364 

Mean 4503.86  4422.71 

SD 39.70 50.80 

% RSD 0.88 1.15 

 

Intermediate precision 

Three concentrations viz., 400, 600 and 800 ng/spot were analysed on same day at three 

time intervals for intraday precision and on three consecutive days for interday precision. 

The data for intraday precision and interday precision for TEN is presented in Table 5.18. 

%RSD was found to be 0.99 - 1.30% for intraday precision and 1.06 - 1.36% for interday 

precision. %RSD value less than 2% clearly indicate that the developed method is precise. 
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TABLE 5.18 Intermediate precision data for TEN 

Concentration 

(ng/spot) 

Intraday precision Interday precision 

Area 

(Mean ± SD) (n=3) 

%RSD Area 

(Mean ± SD) (n=3) 

%RSD 

400 4452. 67 ± 51.31 1.15 4459.33 ± 54.28 1.30 

600 6911.00 ± 90.20 1.30 7019.67 ± 95.50 1.36 

800 8994.67 ± 89.90 0.99 8948.00 ± 95.44 1.06 

 

3. Accuracy 

Accuracy of the method was confirmed by recovery study from TEN tablets at three level 

of standard addition. The data shown in Table 5.19 indicate that the developed method is 

accurate. The % recovery of TEN was found to be in range of 99.79 – 101.68%.  

TABLE 5.19 Accuracy data for TEN 

 

Track TEN from 

tablet 

(ng/spot) 

Spiked amount 

of standard TEN   

(ng/spot) 

Total amount 

of TEN  

(ng/spot) 

Amount 

recovered 

(Mean ± SD) 

(n=3) 

 % 

recovery 

1 400 -  400 -  -  

2 400 320 720 319.32 ± 1.81  99.79 

3 400 400 800 406.74 ± 3.25 101.68 

4 400 480 880 484.23 ± 3.02 100.88 

 

4. Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The LOD and LOQ for TEN were calculated from value of Y- intercept and slope of five 

different calibration curves. The data for LOD and LOQ of TEN are depicted in Table 

5.20. The LOD and LOQ for TEN were found to be 28.86 ng/spot and 87.45 ng/spot 

respectively. Such a low value of LOD and LOQ confirms sensitivity of method. 

TABLE 5.20 Data of LOD and LOQ for TEN 

Parameters Result 

Mean Y- intercept ± SD (n=5)  -198. 59 ± 94.60 

Mean slope ± SD (n=5)  10.82 ± 0.72 

LOD = 3.3 × (SD/Slope) (ng/spot)  28.86 

LOQ = 10 × (SD/Slope) (ng/spot)  87.45 

 



TENELIGLIPTIN HYDROBROMIDE HYDRATE 
 

190 
 

The validation of the developed stability indicating HPTLC method for determination of 

TEN indicates that the method is specific, linear, precise and accurate. The summary of 

different validation parameters is shown in Table 5.21. 

TABLE 5.21 Summary of validation parameters of HPTLC method for 

determination of TEN 

Parameters Results 

Linearity range 200-1200 ng/spot  

Regression line equation y = 11.378x – 101.53 

Correlation co-efficient(R2) 0.9988 

Precision (%RSD) 

Repeatability of measurement (n=7) 0.88 

Repeatability of sample application (n=7) 1.15 

Intra-day precision (n=3) 0.99-1.30 

Inter-day precision (n=3) 1.06-1.36  

% Recovery (n=3)   99.79-101.68 

Limit of Detection (LOD)(ng/spot) 28.86 

Limit of Quantitation (LOQ) (ng/spot) 87.45 
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5.2.2.5 DETERMINATION OF TEN IN MARKETED FORMULATIONS  

Analysis of two brands of TEN was carried out. The sample of TEN was analysed three 

times from marketed formulations (Fig. 5.11). The Densitogram of TEN in marketed 

formulations is shown in Fig. 5.12 and Fig. 5.13 and the data of Assay of TEN in marketed 

formulations is shown in Table 5.22 and Table 5.23. The percentage assay was found to be 

101.07±0.60% with %RSD value of 0.59%. Brand A –TENDIA.  The percentage assay 

was found to be 99.83±0.90% with %RSD value of 0.90%. Brand B - TENALI.  

 

FIGURE 5.11 Marketed formulations of TEN  

 

FIGURE 5.12 Densitogram of TEN (600 ng/spot) in marketed formulation (Brand A -

TENDIA) 
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TABLE 5.22 Data of Assay of TEN in marketed formulation A -TENDIA 

Marketed formulation 

A -TENDIA 

Content of 

TEN (ng/spot) 

Amount of TEN 

found (ng/spot) 
Assay (%) 

1 600 607.71 101.29 

2 600 602.35 100.39 

3 600 609.12 101.52 

Mean 101.07 

SD 0.60 

% RSD 0.59 

 

 

FIGURE 5.13 Densitogram of TEN (600 ng/spot) in marketed formulation (Brand B - 

TENALI) 

TABLE 5.23 Data of Assay of TEN in marketed formulation B - TENALI 

Marketed formulation 

B - TENALI 

Content of TEN 

(ng/spot) 

Amount of TEN 

found (ng/spot) 

Assay (%) 

1 600 594.09 99.01 

2 600 604.81 100.80 

3 600 598.13 99.69 

Mean 99.83 

SD 0.90 

% RSD 0.90 
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Forced degradation study of TEN in tablet dosage form 

The TEN in tablet dosage form was exposed to various stress degradation conditions as 

described in section 5.2.1.5. The data for degradation is shown in Table 5.24. 

TABLE 5.24 Stress degradation of TEN in tablet dosage form (Brand A -TENDIA) 

Force 

degradation 

condition 

Stress 

Condition 

TEN 

undergraded (%) 

Degradation 

(%) 

Acidic 

Degradation 

(1N HCl/60°C / 

2hrs) 
93.35 6.65 

Alkaline 

Degradation 

(1N NaOH/°C 

C/2hrs) 
59.59 40.41 

Oxidative 

Degradation 

(3% v/v 

H2O2/60°C/1 hr) 
57.98 42.02 

Photo 

Degradation 

12 hrs in 

sunlight 
66.89 33.11 

Thermal 

Degradation 

(in oven 

80°C /2 hrs) 
64.46 35.54 

 

5.2.2.6   DISCUSSION 

The stability indicating method is one of the analytical tool that help to evaluate stability of 

drug substances under influence of various degradation conditions. It also can be used to 

evaluate possible degradation product in final dosage form. TEN is not official in any of 

the pharmacopoeias, so no official method is available for analysis of TEN and its 

degradation products. Present study aimed at evaluating degradation behaviour of TEN in 

different stress conditions. For the purpose stability indicating HPTLC method was 

developed and validated as per ICH guidelines. The method was found to be specific, 

linear, precise and accurate. The method can be used for the routine assessment of TEN in 

its pharmaceutical dosage form. 

From stress testing, TEN was found to be significantly degrading in alkaline, oxidative, 

photolytic and thermal degradation conditions. Stress testing of TEN in tablet dosage form 

also supports the same and the method is able to separate degradation products from TEN 

in tablet dosage form as well. 
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5.3 DEGRADATION KINETIC STUDY  

Kinetics is the study of rates of chemical processes. Chemical kinetics includes 

investigations of how different experimental conditions can influence the speed of 

a chemical reaction and yield information about the reaction's mechanism, as well as the 

construction of mathematical models that can describe the characteristics of a chemical 

reaction. [22] 

In present work oxidative degradation kinetic study of Teneligliptin Hydrobromide 

Hydrate (TEN) was carried out to find out rate of reaction.  

5.3.1 EXPERIMENTAL  

OXIDATIVE DEGRADATION KINETIC STUDY OF TENELIGLIPTIN 

HYDROBROMIDE HYDRATE 

Oxidative degradation kinetic study of TEN was performed in three different strengths of 

hydrogen peroxide (for Oxidative degradation) each at 40°C, 50°C and 60°C. 

 In 1%, 2% and 3% H2O2 at 40 ± 2°C for 60 mins  

 In 1%, 2% and 3% H2O2 at 50 ± 2°C for 60 mins 

 In 1%, 2% and 3% H2O2 at 60 ± 2°C for 60 mins 

The results are presented in section 5.3.2 of result and discussion. 

 

Procedure for Oxidative degradation kinetic study of TEN 

Accurately weighed 25 mg of the TEN powder was transferred to three individual, 25 ml 

volumetric flasks and dissolved in 10 ml solutions of 1%, 2% and 3% H2O2, respectively. 

The volume was made up to the mark with 1%, 2% and 3% H2O2 respectively to get stock 

solutions having strength of 1000 µg/ml. The volumetric flasks were placed in controlled 

temperature water bath at 40±2°C. 

Samples (0.5 ml) were withdrawn from each flask at zero min and after that every 10 min. 

interval up to 60 min., cooled and diluted up to 10 ml with methanol to get solutions 

having strength of 50 µg/ml. 
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From each sample solution, 16 µl was spotted on the TLC plate. The spotted TLC plate 

was developed, dried and analysed at 244 nm as described in developed HPTLC method 

presented in section 5.2. 

Degradation kinetic study of TEN in oxidative medium at 50°C and 60°C was performed 

using same procedure. From the data of degradation kinetic study, degradation rate 

constant, half-life and shelf life for TEN were calculated. 

The results of oxidative degradation kinetic study of TEN are presented in section 5.3.2. 

 

 



TENELIGLIPTIN HYDROBROMIDE HYDRATE 
 

196 
 

5.3.2 RESULTS AND DISCUSSION  

OXIDATIVE DEGRADATION KINETIC STUDY OF TENELIGLIPTIN 

HYDROBROMIDE HYDRATE 

5.3.2.1 Degradation kinetic study of TEN at 40°C 

a. Degradation kinetic study of TEN in 1% H2O2 at 40°C:  

The degradation of TEN was performed in 1% H2O2 in controlled temperature water bath 

at 40±2°C. Data shown in Fig. 5.14 and Table 5.25 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

14.01%, as shown in Table 5.34. 

 

FIGURE 5.14: 3D chromatogram of degradation of TEN in 1% H2O2 at 40°C from 0 

to 60 min time interval 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.25 and Fig. 5.15). 
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TABLE 5.25: Data of degradation kinetic study in 1% H2O2 at 40°C 

Time 

(min) 
Peak Area 

Concentration 

(ng/spot) 
log C 

Degradation rate constant 

K×10-4 (min-1) 

0 8991.3 799.16 2.903 - 

10 8798.2 782.18 2.893 21.47 

20 8620.7 766.59 2.885 20.81 

30 8424.7 749.36 2.875 21.45 

40 8233.0 732.51 2.865 21.77 

50 7980.7 710.34 2.851 23.57 

60 7717.0 687.17 2.837 25.17 

Average degradation rate constant (K) (min-1) 22.37 

Half-life = 0.693/K (min) 310 

 

 

 

FIGURE 5.15 Plot of Log C v/s Time for TEN in 1% H2O2 at 40°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0011 and intercept was 2.9048. 

Straight line equation: y = -0.0011x + 2.9048, R2 = 0.9904, K = 22.37 × 10-4 min-1, Half-

y = -0.0011x + 2.9048

R² = 0.9904
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life = 0.693/ K = 310 mins. It was observed that the degradation carried out in 1% H2O2 at 

40°C was found to follow first order kinetic. 

b. Degradation kinetic study of TEN in 2% H2O2 at 40°C:  

The degradation of TEN was performed in 2% H2O2 in controlled temperature water bath 

at 40±2°C. Data shown in Fig. 5.16 and Table 5.26 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

18.89%, as shown in Table 5.34. 

 

 

 

 

FIGURE 5.16: 3D chromatogram of degradation of TEN in 2% H2O2 at 40°C from 0 

to 60 min time interval 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.26 and Fig. 5.17) 
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TABLE 5.26 Data of degradation kinetic study in 2% H2O2 at 40°C 

Time 

(min) 
Peak Area 

Concentration 

(ng/spot) 
log C 

Degradation rate constant 

K×10-4(min-1) 

0 9012.5 801.02 2.904 - 

10 8797.7 782.14 2.893 23.85 

20 8467.5 753.13 2.877 30.83 

30 8053.6 716.74 2.855 37.06 

40 7744.2 689.55 2.839 37.47 

50 7415.5 660.66 2.820 38.54 

60 7291.2 649.74 2.813 34.89 

Average degradation rate constant (K) (min-1) 33.77 

Half-life = 0.693/K (min) 205 

 

 

FIGURE 5.17 Plot of Log C v/s Time for TEN in 2% H2O2 at 40°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0016 and intercept was 2.9062. 

Straight line equation: y = -0.0016x + 2.9062, R2 = 0.990, K = 33.77 × 10-4 min-1, Half-life 

= 0.693/ K = 205 mins. It was observed that in 2% H2O2 at 40°C the degradation was 

found to follow first order kinetic. 

 

y = -0.0016x + 2.9062

R² = 0.9895

2.800

2.820

2.840

2.860

2.880

2.900

2.920

0 20 40 60 80

L
o
g
 C

Time (minute)



TENELIGLIPTIN HYDROBROMIDE HYDRATE 
 

200 
 

c. Degradation kinetic study of TEN in 3% H2O2 at 40°C:  

The degradation of TEN was performed in 3% H2O2 in controlled temperature water bath 

at 40±2°C. Data shown in Fig. 5.18 and Table 5.27 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

25.27%, as shown in Table 5.34. 

 

 

FIGURE 5.18 3D chromatogram of degradation of TEN in 3% H2O2 at 40°C from 0 

to 60 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.27 and Fig. 5.19). 
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TABLE 5.27 Data of degradation kinetic study in 3% H2O2 at 40°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K×10-4 

(min-1) 

0 8989.7 799.02 2.903 - 

10 8631.5 767.54 2.885 40.21 

20 8297.3 738.17 2.868 39.61 

30 7751.2 690.17 2.839 48.83 

40 7437.5 662.60 2.821 46.81 

50 6914.9 616.66 2.790 51.82 

60 6692.0 597.08 2.776 48.56 

Average degradation rate constant (K) (min-1) 45.97 

Half-life = 0.693/K (min) 151 

 

 

FIGURE 5.19 Plot of Log C v/s Time for TEN in 3% H2O2 at 40°C 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0022 and intercept was 2.9064. 

Straight line equation: y = -0.0022x + 2.9064, R2 = 0.993, K = 45.97 × 10-4 min-1, Half-life 

= 0.693/ K = 151 mins. It was observed that in 3% H2O2 at 40°C the degradation was 

found to follow first order kinetic. 

y = -0.0022x + 2.9064
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As the concentration of H2O2  increases, rate of oxidative degradation of TEN increases as 

shown in Fig. 5.20 and Fig. 5.21. 

 

 

FIGURE 5.20 Comparison of degradation of TEN in  1%, 2% and 3% H2O2 

at 40°C 

 

 

FIGURE 5.21 Plot of % Drug remained v/s Time in 1%, 2% and 3% H2O2 at 

40°C 
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5.3.2.1 Degradation kinetic study of TEN at 50°C  

a. Degradation kinetic study of TEN in 1% H2O2 at 50°C:  

The degradation of TEN was performed in 1% H2O2 in controlled temperature water bath 

at 50±2°C. Data shown in Fig. 5.22 and Table 5.28 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

20.94%, as shown in Table 5.34. 

 

 

FIGURE 5.22 3D chromatogram of degradation of TEN in 1% H2O2 at 50°C from 0 

to 60 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.28 and Fig. 5.23). 
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TABLE 5.28 Data of degradation kinetic study in 1% H2O2 at 50°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K×10-4 

(min-1) 

0 9006.2 800.47 2.903 - 

10 8632.9 767.66 2.885 41.86 

20 8320.7 740.22 2.869 39.13 

30 8099.0 720.74 2.858 34.98 

40 7660.4 682.19 2.834 39.98 

50 7298.5 650.38 2.813 41.54 

60 7099.2 632.86 2.801 39.16 

Average degradation rate constant (K) (min-1) 39.44 

Half-life = 0.693/K (min) 176 

 

 

FIGURE 5.23 Plot of Log C v/s Time for TEN in 1% H2O2 at 50°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0017 and intercept was 2.904. 

Straight line equation: y = -0.0017x + 2.904, R2 = 0.993, K = 39.44 × 10-4 min-1, Half-life 

= 0.693/ K = 176 mins. It was observed that the degradation carried out in 1% H2O2 at 

50°C was found to follow first order kinetic. 

y = -0.0017x + 2.904
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b. Degradation kinetic study of TEN in 2% H2O2 at 50°C:  

The degradation of TEN was performed in 2% H2O2 in controlled temperature water bath 

at 50±2°C. Data shown in Fig. 5.24 and Table 5.29 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

29.85%, as shown in Table 5.34. 

 

 

 

FIGURE 5.24 3D chromatogram of degradation of TEN in 2% H2O2 at 50°C from 0 

to 60 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.29 and Fig. 5.25). 
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TABLE 5.29 Data of degradation kinetic study in 2% H2O2 at 50°C 

Time 

(min) 

Peak 

Area 

Concentration 

(ng/spot) 
log C 

Degradation rate constant 

K X 10-4  

(min -1) 

0 8996.2 799.59 2.903 - 

10 8570.9 762.21 2.882 47.88 

20 7930.7 705.95 2.849 62.29 

30 7392.0 658.60 2.819 64.67 

40 6860.4 611.88 2.787 66.90 

50 6598.5 588.86 2.770 61.19 

60 6280.2 560.88 2.749 59.11 

Average degradation rate constant (K) (min-1) 60.34 

Half-life = 0.693/K (min)  115 

 

 

FIGURE 5.25 Plot of Log C v/s Time for TEN in 2% H2O2 at 50°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0027 and intercept was 2.9027. 

Straight line equation: y = -0.0027x + 2.9027, R2 = 0.991, K = 60.34 × 10-4 min-1, Half-life 

= 0.693/ K = 115 mins. It was observed that the degradation carried out in 2% H2O2 at 

50°C was found to follow first order kinetic. 
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c. Degradation kinetic study of TEN in 3% H2O2 at 50°C:  

The degradation of TEN was performed in 3% H2O2 in controlled temperature water bath 

at 50±2°C. Data shown in Fig. 5.26 and Table 5.30 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

35.75%, as shown in Table 5.34. 

 

 

 

FIGURE 5.26 3D chromatogram of degradation of TEN in 3% H2O2 at 50°C from 0 

to 60 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.30 and Fig. 5.27). 
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TABLE 5.30 Data of degradation kinetic study in 3% H2O2 at 50°C 

Time 

(min) 

Peak 

Area 

Concentration 

(ng/spot) 

log C Degradation rate 

constant K X 10-4  

(min -1) 

0 8981.3 798.28 2.902 - 

10 8393.2 746.60 2.873 66.95 

20 7616.6 678.34 2.831 81.42 

30 6898.4 615.21 2.789 86.85 

40 6341.0 566.22 2.753 85.88 

50 6101.5 545.18 2.737 76.28 

60 5733.8 512.86 2.710 73.76 

Average degradation rate constant (K) (min-1) 78.52 

Half-life = 0.693/K (min) 88 

 

 

FIGURE 5.27 Plot of Log C v/s Time for TEN in 3% H2O2 at 50°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0033 and intercept was 2.8988. 

Straight line equation: y = -0.0033x + 2.8988, R2 = 0.985, K = 78.52 × 10-4 min-1, Half-life 

= 0.693/ K = 88 mins. It was observed that the degradation carried out in 3% H2O2 at 50°C 

was found to follow first order kinetic. 

y = -0.0033x + 2.8988
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As the concentration of H2O2  increases, rate of oxidative degradation of  TEN increases as 

shown in Fig. 5.28 and Fig. 5.29. 

 

FIGURE 5.28 Comparison of Degradation of TEN in  1%, 2% and 3% H2O2 at 

50°C 

 

 

FIGURE 5.29 Plot of % Drug remained v/s Time in 1%, 2% and 3% H2O2 

 at 50°C 

 

 

 

2.550

2.600

2.650

2.700

2.750

2.800

2.850

2.900

2.950

0 20 40 60 80

L
o
g
 C

Time (minute)

LogC v/s Time for TEN in H2O2 at 50 ⁰C 

1%

2%

3%

40

50

60

70

80

90

100

1 16 31 46 61

%
 D

ru
g 

re
m

ai
n

ed

Time (minute)

% Drug remained v/s Time for TEN in H2O2

at 50 ⁰C 

1% 2% 3%



TENELIGLIPTIN HYDROBROMIDE HYDRATE 
 

210 
 

5.3.2.3 Degradation kinetic study of TEN at 60°C 

a. Degradation kinetic study of TEN in 1% H2O2 at 60°C:  

The degradation of TEN was performed in 1% H2O2 in controlled temperature water bath 

at 60±2°C. Data shown in Fig. 5.30 and Table 5.31 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

33.94%, as shown in Table 5.34. 

 

 

 

FIGURE 5.30 3D chromatogram of degradation of TEN in 1% H2O2 at 60°C from 0 

to 60 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.31 and Fig. 5.31). 
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TABLE 5.31 Data of degradation kinetic study in 1% H2O2 at 60°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K X 10-4  

(min -1) 

0 8987.7 798.84 2.902 - 

10 8650.1 769.17 2.886 37.86 

20 8173.1 727.25 2.862 46.96 

30 7634.1 679.88 2.832 53.76 

40 7090.2 632.07 2.801 58.55 

50 6457.3 576.45 2.761 65.27 

60 5903.0 527.73 2.722 69.11 

Average degradation rate constant (K) (min-1) 55.25 

Half-life = 0.693/K (min)  125 

 

 

FIGURE 5.31 Plot of Log C v/s Time for TEN in 1% H2O2 at 60°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0030 and intercept was 2.915. 

Straight line equation: y = -0.0030x + 2.915, R2 = 0.983, K = 55.25 × 10-4 min-1, Half-life 

= 0.693/ K = 125 mins. It was observed that the degradation carried out in 1% H2O2 at 

60°C was found to follow first order kinetic. 
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b. Degradation kinetic study of TEN in 2% H2O2 at 60°C:  

The degradation of TEN was performed in 2% H2O2 in controlled temperature water bath 

at 60±2°C. Data shown in Fig. 5.32 and Table 5.32 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

40.53%, as shown in Table 5.34. 

 

 

 

FIGURE 5.32 3D chromatogram of degradation of TEN in 2% H2O2 at 60°C from 0 

to 60 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.32 and Fig. 5.33). 

 



OXIDATIVE DEGRADATION KINETIC STUDY 
 

213 
 

TABLE 5.32 Data of degradation kinetic study in 2% H2O2 at 60°C 

Time 

(min) 
Peak Area 

Concentration 

(ng/spot) 
log C 

Degradation rate constant 

K X 10-4 (min -1) 

     

0 9010.6 800.85 2.904 - 

10 8440.4 750.74 2.875 64.63 

20 7858.7 699.61 2.845 67.59 

30 7193.3 641.14 2.807 74.16 

40 6518.9 581.87 2.765 79.87 

50 5848.6 522.95 2.718 85.25 

60 5317.8 476.30 2.678 86.62 

Average degradation rate constant (K) (min-1) 76.35 

Half-life = 0.693/K (min)  91 

 

 

FIGURE 5.33 Plot of Log C v/s Time for TEN in 2% H2O2 at 60°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0038 and intercept was 2.9136. 

Straight line equation: y = -0.0038x + 2.9136, R2 = 0.993, K = 76.35 × 10-4 min-1, Half-life 

y = -0.0038x + 2.9136

R² = 0.9928
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= 0.693/ K = 91 mins. It was observed that the degradation carried out in 2% H2O2 at 60°C 

was found to follow first order kinetic. 

c. Degradation kinetic study of TEN in 3% H2O2 at 60°C:  

The degradation of TEN was performed in 3% H2O2 in controlled temperature water bath 

at 60±2°C. Data shown in Fig. 5.34 and Table 5.33 shows that an appreciable amount of 

TEN was degraded, indicating the finite rate of degradation reaction. Also it is seen that as 

the time increases, peak area of TEN decreases. The % degradation calculated to be 

50.25%, as shown in Table 5.34. 

 

 

FIGURE 5.34 3D chromatogram of degradation of TEN in 3% H2O2 at 60°C from 0 

to 60 min time interval 

 

The plot of log C vs. time curve was found to be linear indicating first order degradation 

kinetic (Table 5.33 and Fig. 5.35). 
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TABLE 5.33 Data of degradation kinetic study in 3% H2O2 at 60°C 

Time 

(min) 

Peak Area Concentration 

(ng/spot) 

log C Degradation rate constant 

K X 10-4  

(min -1) 

0 9027.7 802.36 2.904 - 

10 8140.2 724.35 2.860 102.29 

20 7360.5 655.83 2.817 100.84 

30 6687.8 596.71 2.776 98.73 

40 5905.0 527.91 2.723 104.68 

50 5132.1 459.98 2.663 111.29 

60 4440.2 399.17 2.601 116.38 

Average degradation rate constant (K) (min-1) 105.70 

Half-life = 0.693/K (min)  66 

 

 

FIGURE 5.35 Plot of Log C v/s Time for TEN in 3% H2O2 at 60°C 

 

The data obtained at various time intervals fits in to the equation of first order rate kinetics 

i.e. 

k = [2.303 x log (C0/C)]/t 

Where, t = Time 

C0 = Initial concentration 

C = Concentration remaining after time interval t 

The plot of log C vs. time showed that the slope was -0.0050 and intercept was 2.9131. 

Straight line equation: y = -0.0050x + 2.9131, R2 = 0.993, K = 105.70 × 10-4 min-1, Half-

y = -0.005x + 2.9131
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life = 0.693/ K = 66 mins. It was observed that the degradation carried out in 3% H2O2 at 

60°C was found to follow first order kinetic. 

As the concentration of H2O2 increases, rate of oxidative degradation of TEN increases as 

shown in Fig. 5.36 and Fig. 5.37. 

 

FIGURE 5.36 Comparison of degradation of TEN in  1%, 2% and 3% H2O2 at 

60°C 

 

 

FIGURE 5.37 Plot of % Drug remained v/s time in 1%, 2% and 3% H2O2  

at 60°C 

The summary of degradation kinetic study is presented in Table 5.34. The % degradation 
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data, average degradation rate constant, half-life and shelf life of TEN at respective 

temperature and strength of H2O2 was calculated and presented in Table 5.35. 

TABLE 5.34 Summary of degradation kinetic study 

Temp. 

(°C) 

Strength 

of H2O2 

(%) 

Time 

(min) 
Area 

Conc. of TEN 

(ng/spot) 

% 

Potency 

% 

Degradation 

40 ± 2 

1 
0 8991.3 799.16 100 

14.01 
60 7837.0 687.17 85.99 

2 
0 9012.5 801.02 100 

18.89 
60 7291.2 649.74 81.11 

3 
0 8989.7 799.02 100 

25.27 
60 6692.0 597.08 74.73 

50 ± 2 

1 
0 9006.2 800.47 100 

20.94 
60 7099.2 632.86 79.06 

2 
0 8996.2 799.59 100 

29.85 
60 6280.2 560.88 70.15 

3 
0 8981.3 798.28 100 

35.75 
60 5733.8 512.86 64.25 

60 ± 2 

1 
0 8987.7 798.84 100 

33.94 
60 5903.0 527.73 66.06 

2 
0 9010.6 800.85 100 40.53 

 60 5317.8 476.30 59.47 

3 
0 9027.7 802.36 100 

50.25 
60 4440.2 399.17 49.75 

 

TABLE 5.35 Summary of average degradation rate constant, half-life and shelf life of 

TEN at respective temperature and strength of H2O2 

Temp 

(°C) 

Strength 

of H2O2 

(%) 

Average degradation 

rate constant 

K X 10
-4 

(min-1) 

Half-life 

(min) 

Shelf life 

(min) 

Order of 

reaction 

40±2 1 22.37 310 47 First 

2 33.77 205 31 

3 45.97 151 23 

50±2 1 39.44 176 27 First 

2 60.34 115 17 

3 78.52 88 13 

60±2 1 55.25 125 19 First 

2 76.35 91 14 

3 105.70 66 10 
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Comparison of degradation rate constant, half-life and shelf life In 1%, 2% and 3% H2O2 at 

40°C, 50°C and 60°C is shown in Fig. 5.38, Fig. 5.39 and Fig. 5.40, respectively. 

As the strength of H2O2 increases, degradation rate increases, while, half-life and shelf life 

decreases. Also, as temperature increases, degradation rate increases, while, half-life and 

shelf life decreases. 

 

FIGURE 5.38 Comparison of degradation rate constant of TEN in oxidative medium 

 

 

FIGURE 5.39 Comparison of half-life of TEN in oxidative medium 
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FIGURE: 5.40 Comparison of shelf life of TEN in oxidative medium 

 

4.3.2.4 Energy of activation [92] 

Energy of activation is defined as the least possible amount of energy (minimum) which is 

required to start a reaction or the amount of energy available in a chemical system for a 

reaction to take place. It is denoted by Ea. By calculating energy of activation we can find 

out amount of energy required to start degradation.  

A plot of ln k as a function of 1/T referred to as Arrhenius plot, is linear if Ea is 

independent of temperature. The slope of line obtained from plot of ln k versus 1/T is equal 

to –Ea/R. 

The activation energy (Ea) of the oxidative degradation process of TEN in  1%, 2% and 

3% H2O2 were calculated from Arrhenius plot (Fig. 5.41, 5.42 and 5.43 respectively) and 

found to be 7.47, 7.15, 6.72 kcal/mole respectively as shown in Table 5.36, 5. 37 and 5.38 

respectively. 

TABLE 5.36 Data for Arrhenius plot of degradation of TEN in  1% H2O2 in at  

40°C, 50°C and 60°C 

Temperature 

T (K) 

Degradation 

rate constant 

k (min-1) 

1/T (K-1) ln k (min-1) 
Ea 

(kcal/mole) 

313 0.002237 0.003195 -6.1024 

7.47 323 0.003377 0.003096 -5.6907 

333 0.004597 0.003003 -5.3823 
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FIGURE 5.41 Plot of ln k (degradation rate constant) v/s 1/T (K-1) of TEN 

in  1% H2O2 

 

TABLE 5.37 Data for Arrhenius plot of degradation of TEN in  2% H2O2 at 40°C, 

50°C and 60°C 

 

Temperature 

T (K) 

Degradation 

rate constant  

k (min-1) 

 

1/T 

(K-1) 

ln k 

(min-1) 

Ea 

(kcal/mole) 

313 0.003944 0.003195 -5.5355 

7.15 

 

323 0.006034 0.003096 -5.1103 

333 0.007852 0.003003 -4.8470 

 

 

FIGURE 5.42 Plot of ln k (degradation rate constant) v/s 1/T (K-1) of TEN 

in  2% H2O2 
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TABLE 5.38 Data for Arrhenius plot of degradation of TEN in  3% H2O2 at 40°C, 

50°C and 60°C 

Temperature 

T (K) 

Degradation 

rate constant k 

(min-1) 

1/T  

(K-1) 

ln k 

(min-1) 

Ea 

(kcal/mole) 

313 0.005525 0.003195 -5.1985 

6.72 323 0.007635 0.003096 -4.8750 

333 0.010570 0.003003 -4.5497 

 

 

FIGURE 5.43 Plot of ln k (degradation rate constant) v/s 1/T (K-1) of TEN 

in 3% H2O2  

 

Data of energy of activation is shown in Table 5.39 and comparison of energy of activation 

in  1%, 2% and 3% H2O2 is presented in Fig. 5.44. As the strength of H2O2 increases 

energy of activation decreases. 

 

TABLE 5.39 Data for energy of activation 

Strength of H2O2 (%) Energy of activation (kcal/mole) 

1 7.47 

2 7.15 

3 6.72 
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FIGURE 5.44 Comparison of energy of activation (kcal/mole) v/s strength of H2O2 

(%) for TEN 

 

4.3.2.6 DISCUSSION 

The degradation kinetic studies provides the information regarding the rate of process that 

generally leads to the inactivation of drug through either decomposition or loss of drug by 

conversion to a less favourable physical or chemical form. In present study the oxidative 

degradation kinetic study of TEN in 1%, 2% and 3% H2O2 at 40°C, 50°C and 60°C by 

HPTLC method was carried out. Rate constant, half-life and self-life at different 

temperature and strength of H2O2 were calculated from the data obtained in kinetic study. 

From kinetic study reveals that it follows first order reaction. The energy of activation was 

found to be 7.47, 7.15 and 6.72 kcal/mole in 1%, 2% and 3% H2O2, respectively. 
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CHAPTER 6 

DAPAGLIFLOZIN PROPANEDIOL 

MONOHYDRATE AND METFORMIN 

HYDROCHLORIDE 

6.1 AIM AND OBJECTIVES 

 

Aim: 

Stability is an essential factor for quality, safety and efficacy of a drug product. The 

purpose of stability study is to provide evidence on how the quality of drug substance or 

drug product varies with time under the influence of variety of environmental factors. 

Literature describes various HPLC methods, UV methods and a HPTLC method for 

Dapagliflozin Propanediol Monohydrate (DAPA) and Metformin Hydrochloride (MET). 

However, no reports were found describing the stability indicating HPTLC method for 

determination DAPA and MET in their combined dosage form.  

Therefore, it was thought of interest to develop a simple, accurate, precise and specific 

stability indicating HPTLC method for determination of DAPA and MET in their 

combined dosage form and perform stress testing of DAPA and MET. 

Objectives:  

1. To develop and validate stability indicating HPTLC method for simultaneous 

determination of DAPA and MET. 

2. To apply HPTLC method for determination of DAPA and MET in their combined 

pharmaceutical dosage forms. 
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6.2 STABILITY STUDY BY HPTLC METHOD 

The purpose of stability study is to provide evidence of how the quality of an active 

pharmaceutical ingredients (APIs) and finished pharmaceutical products (FPPs) varies with 

time under the influence of a different of environmental factors such as humidity, 

temperature and light.  

As a result of stability study, a retest period for the API or a shelf life for the FPP can be 

established and storage conditions can be recommended. An API can be considered 

unstable (under the conditions studied) when a significant change is observed [89]. 

6.2.1   EXPERIMENTAL 

6.2.1.1 APPARATUS AND INSTRUMENTATION 

 HPTLC: Camag (Switzerland)  

• Linomat V semiautomatic sample applicator 

• Hamilton Syringe (100 μl) 

• Camag (Muttenz, Switzerland) twin-trough developing chamber (10 × 10 cm) 

• Camag TLC scanner IV 

• UV Cabinet with dual wavelength UV lamp 

• Camag win-CATS software (version 1.4.6.2002) 

 Digital pH-meter: Elico-L1610 

 Electronic analytical balance (Shimadzu AUW-220D) 

 Sonicator (Trans-O-Sonic, D-compaq) 

 Hot air oven (Micro Scientific works) 

 Controlled temperature water bath (Durga Scientific Equipment) 

 Volumetric flasks and pipettes (Borosil) 

 All instruments and glass wares were calibrated. 

6.2.1.2 REAGENTS AND MATERIALS 

 Methanol (LR grade) – S D Fine – Chem. Ltd, Mumbai, India. 

 Ethyl acetate (LR Grade) - S D Fine – Chem. Ltd, Mumbai, India 

 Ammonium acetate (LR Grade) - S D Fine – Chem. Ltd, Mumbai, India 

 Hydrochloric acid - S D Fine – Chem. Ltd, Mumbai, India. 
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 Sodium hydroxide - S D Fine – Chem. Ltd, Mumbai, India. 

 DAPA was procured from Swapnroop Chemicals, Maharashtra, India. 

 MET was gift sample from Dolffin Pharmaceuticals, Surat, India. 

 Pre coated silica gel 60GF254 aluminium plates, (10 × 10 cm with 100 μm thickness; 

E.Merk) were used after washing with methanol. 

6.2.1.3 PRELIMINARY STUDY OF DAPA AND MET [64] 

Characterisation of drug substances were done by determining melting point, UV spectrum 

and comparing IR spectrum with reference spectrum. The results are shown in section 

6.2.2.1 of result and discussion. 

1.  Determination of melting point 

Melting points of DAPA and MET were determined by capillary method using Thiele’s 

tube apparatus and compared with reference melting point. 

2.  Solubility analysis 

Solubility analysis of DAPA and MET were carried out at 25°C temperature in water, 

methanol and ethanol. 

3. Determination of UV spectra 

UV spectra of DAPA (10 μg/ml) and MET (10 μg/ml) in methanol was recorded against 

methanol as a blank. 

4. Determination of IR spectra 

Infrared spectra of DAPA and MET were taken using FTIR-ATR spectrometer. 

6.2.1.4 PREPARATION OF STANDARD SOLUTIONS 

1. Stock solution of standard DAPA in methanol 

Accurately weighed 10 mg DAPA was transferred in to a 10 ml volumetric flask, dissolved 

in 5 ml of methanol and diluted up to the mark to get stock solution having strength of 

1000 μg/ml.  

2. Stock solution of standard MET in methanol 

Accurately weighed 50 mg MET was transferred in to a 10 ml volumetric flask, dissolved 

in 5 ml of methanol and diluted up to the mark with the same to give stock solution having 

strength of 5000 μg/ml. 
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3. Working standard solution of DAPA and MET in methanol 

Aliquot 1 ml of DAPA standard stock solution and 5 ml of MET standard stock solution 

was transferred to 10 ml volumetric flask and dilute up to mark with methanol to get  

solution of DAPA (100 μg/ml) and MET (2500 μg/ml). 1 ml from this solution is further 

diluted to 10 ml methanol to get working standard solution of DAPA (10 μg/ml) and MET 

(250 μg/ml)  

 

4. Preparation of 1 N hydrochloric Acid 

Concentrated Hydrochloric acid (8.5 ml) was transferred into a 100 ml of volumetric flask 

and diluted up to the mark with double distilled water. 

5. Preparation of 1 N sodium hydroxide 

Accurately weighed 4 gm of sodium hydroxide was transferred into 100 ml volumetric 

flask, dissolved in 50 ml of double distilled water and diluted up to the mark with double 

distilled water. 

6. Preparation of 3% H2O2 

Hydrogen peroxide (6%, 5 ml) was transferred into a 10 ml of volumetric flask and diluted 

up to the mark with methanol. 

 

6.2.1.5 FORCED DEGRADATION STUDY 

Forced degradation of DAPA and MET were carried out under acidic and alkaline 

hydrolytic, oxidative, photolytic and dry heat stress conditions. The results of forced 

degradation study of DAPA and MET are shown in section 6.2.2.3 of result and discussion. 

Preparation of sample solutions for forced degradation study of DAPA and MET 

DAPA and MET was exposed to acidic (1 N HCl), alkaline (1 N NaOH), oxidative (3% 

H2O2), photolytic (direct sun light for 6 hrs) and dry heat (50°C) degradation conditions for 

forced degradation study. 

I. Acid hydrolysis 

To perform acid degradation study, appropriate aliquots (0.5 ml) of stock solution (1000 

µg/ml) of DAPA and (2 ml) of stock solution (5000 µg/ml) of MET were taken in 10 ml 

volumetric flask and 5 ml of 1 N HCl was added. This solution was kept in a water bath 
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at 60°C for 1 hr and allowed to cool to room temperature. The solution was diluted up 

to the mark with methanol to get solution of 50 μg/ml DAPA and 1000 μg/ml MET. 

Further, aliquot of 2 ml was transferred into 10 ml volumetric flask, neutralized with 1N 

NaOH and diluted up to mark with methanol to get solution of 10 μg/ml DAPA and 200 

μg/ml MET.  

Individual solutions of DAPA and MET were treated similarly. 

II. Alkaline hydrolysis 

To perform alkali degradation study, appropriate aliquots (0.5 ml) of stock solution 

(1000 µg/ml) of DAPA and (2 ml) of stock solution (5000 µg/ml) of MET were taken in 

10 ml volumetric flask and 5 ml of 1 N NaOH was added. This solution was kept in a 

water bath at 60°C for 1 hr and allowed to cool to room temperature. The solution was 

diluted up to the mark with methanol to get solution of 50 μg/ml DAPA and 1000 μg/ml 

MET. Further, aliquot of 2 ml was transferred into 10 ml volumetric flask, neutralized 

with 1N HCl and diluted up to mark with methanol to get solution of 10 μg/ml DAPA 

and 200 μg/ml MET.  

Individual solutions of DAPA and MET were treated similarly. 

III. Oxidative stress degradation 

To perform oxidative stress degradation, appropriate aliquots (0.5 ml) of stock solution 

(1000 µg/ml) of DAPA and (2 ml) of stock solution (5000 µg/ml) of MET were taken in 

10 ml volumetric flask and 5 ml of 3% H2O2 was added. This solution was kept in a 

water bath at 60°C for 2 hrs and allowed to cool to room temperature. Then it was 

diluted up to the mark with methanol to get solution of 50 μg/ml DAPA and 1000 μg/ml 

MET. Further, aliquot of 2 ml was transferred into 10 ml volumetric flask and diluted 

up to mark with methanol to get solution of 10 μg/ml DAPA and 200 μg/ml MET.  

Individual solutions of DAPA and MET were treated similarly. 

IV. Photo degradation 

Analytically pure sample of DAPA and MET were exposed to sunlight for 6 hrs. Then 

10 mg of DAPA and 50 mg of MET were weighed, transferred to individual 10 ml 

volumetric flasks and both were dissolved in 5 ml of methanol. Volume was made up to 

the mark with the methanol. Aliquot from this solutions (0.5 ml) of solution (1000 
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µg/ml) of DAPA and (2 ml) of solution (5000 µg/ml) of MET was taken in 10 ml 

volumetric flask. It was diluted with methanol to obtain 50 μg/ml DAPA and 1000 

μg/ml MET. Further, aliquot of 2 ml was transferred into 10 ml volumetric flask and 

diluted up to mark with methanol to get solution of 10 μg/ml DAPA and 200 μg/ml 

MET. 

 Individual solutions of DAPA and MET were treated similarly. 

V. Dry heat degradation 

For dry heat degradation study, analytically pure samples of DAPA and MET were 

exposed in oven at 50°C for 2 hrs. Then 10 mg of DAPA and 50 mg of MET were 

weighed, transferred to individual 10 ml volumetric flasks and both were dissolved in 5 

ml of methanol. Volume was made up to the mark with the methanol. Aliquot from this 

solutions, (0.5 ml) of solution (1000 µg/ml) of DAPA and (2 ml) of solution (5000 

µg/ml) of MET were taken in 10 ml volumetric flask. It was diluted with methanol to 

obtain 50 μg/ml DAPA and 1000 μg/ml MET. Further, aliquot of 2 ml was transferred 

into 10 ml volumetric flask and diluted up to mark with methanol to get solution of 10 

μg/ml DAPA and 200 μg/ml MET.  

Individual solutions of DAPA and MET were treated similarly. 

Degradation conditions for forced degradation study of DAPA and MET are summarized 

in Table 6.1. 

TABLE 6.1 Degradation conditions for DAPA and MET 

Sr 

No. 

Stress type Stress condition 

Strength Heating time Temperature 

1 Acid hydrolysis 1 N HCl 1 hr 60°C 

2 Alkaline hydrolysis 1 N NaOH 1 hr 60°C 

3 Oxidative 3% H2O2 2 hrs 60°C 

4 Photolytic Sunlight Exposure time 6 hrs - 

5 Dry heat In oven 2 hrs 50°C 
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6.2.1.6 DEVELOPMENT OF STABILITY INDICATING HPTLC METHOD 

Stability indicating HPTLC method for determination of DAPA and MET was developed 

by proper selection of mobile phase and wavelength for detection. All the results are 

mentioned in section 6.2.2.2 of result and discussion. 

1. Optimization of mobile phase 

Pre coated silica gel aluminium plate 60F254 was prewashed with methanol and activated in 

oven at 50°C for 10 mins. The standard stock solutions of DAPA and MET and their 

degraded drug solution (section 6.2.1.5) were spotted separately on pre coated silica gel 

aluminium plate by using glass capillary tube and allowed it to dry for few minutes. 

Different mobile phases (Table 6.9) (10 ml) were taken in developing chamber and 

allowed it to saturate for 15 mins. After saturation, the spotted plate was developed in 

mobile phase about ¾ height of the plate. The plate was removed and allowed it to dry. 

Spots were observed in UV cabinet lamp for tailing, shape, separation etc. 

2.  Selection of Wavelength of Detection 

The standard solutions of DAPA (10µg/ml) and MET (10µg/ml) were scanned in the range 

of 200-400 nm against methanol as blank in UV visible spectrophotometer. UV overlay 

spectra of DAPA and MET showed that these two drugs absorbs appreciably at 220 nm. 

3.  Optimized Chromatographic Conditions 

Separation was performed on 10 × 10 cm aluminium backed plates precoated with 250 µm 

layer of silica gel 60F254 (E. Merk, Darmstsdt, Germany). Before performing separation, 

the TLC plates were per-washed with methanol and dried in oven at 50°C for 10 mins. 

Samples were spotted on TLC plate, 15 mm from the bottom edge using Linomat V semi-

automatic spotter and analysed using parameters described in Table 6.2.



DAPAGLIFLOZIN AND METFORMIN 
 

230 
 

TABLE 6.2 Optimized chromatographic conditions used for HPTLC Method 

Parameter Chromatographic conditions 

Stationary phase Pre-coated silica gel G60 – F
254

 aluminium sheet (E. Merck, 

Germany) (100×100 mm, thickness layer 0.2 mm) 

Mobile phase Methanol: ethyl acetate: ammonium acetate (6: 4: 0.1 v/v/v) 

Chamber saturation time 15 min at room temperature (25 ± 2°C) 

Distance run 8.0 cm 

Detection 220 nm 

Measurement mode Absorbance 

Source lamp Deuterium 

Slit dimension 6 mm × 0.45 mm 

Syringe capacity 100 μL 

Band width 6 mm 

Distance from the plate 

edge 

15 mm 

Distance from the bottom 

of the plate 

15 mm 

  

4.  Solution stability 

Freshly prepared working standard solution of DAPA (10 μg/ml) and MET (250 μg/ml) 

was stored in refrigerator at 5 ± 2°C. This solution was analysed immediately and after 24 

hrs duration using optimized chromatographic conditions (Table 6.2).  The peak area of the 

DAPA and MET obtained at 0 hr and after 24 hrs were compared. 

5.  Preparation of calibration curve 

For the calibration curve, from the mixed working standard solution of DAPA (10 μg/ml) 

and MET (250 μg/ml) aliquots of 2, 4, 6, 8 and 10 µl were spotted on a TLC plate and 

analysed as per optimized chromatographic conditions (Table 6.2). Calibration curve was 

constructed by plotting peak area of DAPA and MET against corresponding DAPA (20-

100 ng/spot) and MET concentration (500-2500 ng/spot). 

6. Analysis of forced degraded samples 

From each forced degradation conditions mentioned in Table 6.1, 8 µl of degraded sample 

solutions (10 μg/ml DAPA and 200 μg/ml MET, mixed and individual) were spotted on 

TLC plate to get 80 ng/spot of DAPA and 1600 ng/spot of MET. The plate was developed 

in twin trough chamber, dried and analysed according to optimized chromatographic 

conditions (Table 6.2). 
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The area of bands of DAPA and MET were measured, compared with that of the standard 

and percentage degradation of the drug was calculated from the calibration curve. 

6.2.1.7 VALIDATION OF STABILITY INDICATING HPTLC METHOD [29] 

The developed method was validated as per the International Conference on 

Harmonization (ICH) guidelines with respect to linearity, precision, limit of detection, 

limit of quantification and recovery study. The results are shown in section 6.2.2.4 of result 

and discussion. 

1.  Linearity and Range 

Linearity is expressed in terms of correlation co-efficient of linear regression analysis. The 

linearity of response for DAPA and MET were assessed by analysis of five levels of 

calibration curve in the range of 20-100 ng/spot for DAPA and 500-2500 ng/spot for MET 

(n = 3). From the mixed working standard solution of DAPA (10 μg/ml) and MET (250 

μg/ml) aliquots of 2, 4, 6, 8 and 10 µl were spotted on the TLC plate, developed and 

analysed as per the optimized chromatographic conditions (Table 6.2). The calibration 

curve of peak area vs. concentration was plotted and correlation co-efficient and regression 

line equations for DAPA and MET were determined. 

2. specificity 

The spots of DAPA and MET from dosage form were confirmed by comparing its Rf and 

absorbance-reflectance spectrum with that of standard DAPA and MET. Spectra scanned at 

peak start (s), peak apex (m) and peak end (e) position of individual spots of DAPA and 

MET were compared. 

3. Precision 

I. Repeatability 

Repeatability/replication is a precision under the same condition (same analyte, same 

apparatus, and same identical reagent). It includes following two parameters. 

A) Repeatability of measurement 

Repeatability of measurement was performed by application of 6 μl of mixed working 

standard solution of DAPA (10 μg/ml) and MET (250 μg/ml) on the TLC plate. The plate 

was developed, dried and analysed as per the optimized chromatographic conditions (Table 
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6.2). The area of spot was measured seven times without changing the position of plate and 

%RSD of obtained data was calculated. 

B)  Repeatability of sample application 

Repeatability of sample application was performed by application of 6 μl of mixed 

working standard solution of DAPA (10 μg/ml) and MET (250 μg/ml) for seven times at 

different positions on the same TLC plate. The plate was developed, dried and analysed as 

per the optimized chromatographic conditions (Table 6.2). The area of seven spots were 

measured and %RSD was calculated. 

II. Intermediate precision (reproducibility) 

Variations of results within the same day and amongst consecutive days are called as 

reproducibility. 

A) Intraday precision 

The variation of results within the same day is called intraday variation. It was determined 

by repeating calibration curve (40 - 80 ng/spot) for DAPA and (1000 - 2000 ng/spot) MET, 

3 times on the same day. The plate was developed, dried and analysed as per the optimized 

chromatographic conditions (Table 6.2). The area of the spots were measured and %RSD 

were calculated. 

B) Interday precision 

The variation of results amongst consecutive days is called interday variation. It was 

determined by repeating calibration curve (40 - 80 ng/spot) for DAPA and (1000 - 2000 

ng/spot) MET, on 3 consecutive days. The plate was developed, dried and analysed as per 

the optimized chromatographic conditions (Table 6.2). The area of the spots were 

measured and %RSD were calculated. 

3.  Accuracy 

The accuracy of the method was determined by calculating recovery of DAPA and MET 

using the standard addition method. Known amounts of standard DAPA and MET were 

added at three levels to tablet powder of DAPA and MET. 

The quantity of tablet powder equivalent to 10 mg of DAPA and 500 mg of MET was 

transferred to 100 ml volumetric flasks, dissolved in 50 ml of methanol and diluted up to 

the mark with the same to get solution containing 100 μg/ml of DAPA and 5000 μg/ml of 

MET. These solution was filtered through watman filter paper No. 41 and from filtrate, 1 
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ml was diluted to 10 ml to get solution of 10 μg/ml of DAPA and 500 μg/ml of MET. 

Further, 2 ml solution was transferred to four different 10 ml volumetric flasks. From 

standard solution of DAPA (10 μg/ml) and MET (500 μg/ml) 1.6 ml, 2.0 ml and 2.4 ml 

were spiked in first, second and third volumetric flasks, respectively. All four flasks were 

diluted up to the mark with methanol. Each solution (10 µl) was individually spotted on 

TLC plate. Plate was developed and analysed as per the optimized chromatographic 

conditions (Table 6.2). From calibration curve, the amount of DAPA and MET recovered 

were calculated and % recovery were determined. The accuracy procedure is described in 

Table 6.3. 

 

TABLE 6.3 Accuracy procedures for DAPA and MET 

 

Tra

ck 

Volume of  

sample (tablet) 

solution  of 

DAPA (10  

µg/ml) and MET 

(500  µg/ml) 

taken (ml) 

Volume of 

working standard 

solution  of 

DAPA (10  µg/ml) 

and MET (500  

µg/ml) Spiked 

(ml) 

Concentration 

in final solution 

(μg/ml) 

App

licat

ion 

volu

me 

(μl) 

Total amount 

in the spot 

(ng/spot) 

DAPA MET DAPA MET 

1 2 - 2 100 10 20 1000 

2 2 1.6 3.6 180 10 36 1800 

3 2 2.0 4.0 200 10 40 2000 

4 2 2.4 4.4 220 10 44 2200 

 

4.  Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The limit of detection and quantification of the developed method was calculated from the 

standard deviation of the intercepts and mean slope of the calibration curves of DAPA and 

MET using formula given below. 

Limit of Detection = 3 σ / S 

Limit of Quantification = 10 σ / S 

Where, σ is the standard deviation of the intercepts of five calibration curves and S 

is the mean slope of five calibration curves. 
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6.2.1.8 DETERMINATION OF DAPA AND MET IN TABLET DOSAGE FORM 

The developed HPTLC method was applied for determination of DAPA and MET in tablet 

dosage form. The results are shown in section 6.2.2.5 of result and discussion. 

1. Procedure for determination of DAPA and MET 

The quantity of tablet powder equivalent to 10 mg of DAPA and 500 mg of MET was 

transferred to 100 ml volumetric flasks, dissolved in 50 ml of methanol and diluted up to 

the mark with the same to get solution containing 100 μg/ml of DAPA and 5000 μg/ml of 

MET. These solution was filtered through watman filter paper No. 41 and from filtrate, 1 

ml was diluted to 10 ml (10 μg/ml of DAPA and 500 μg/ml of MET). Further 4 ml was 

diluted to 10 ml to get solution of 4 μg/ml of DAPA and 200 μg/ml of MET. The 

procedure was repeated three times. From all three resulting solutions, 10 µl solution was 

applied on same TLC plate at three different positions. Plate was developed and analysed 

as per the optimized chromatographic conditions (Table 6.2). The concentration was 

calculated using equation of straight line. 

2. Procedure for forced degradation study of DAPA and MET in tablet dosage form 

The DAPA and MET in tablet dosage form was exposed to forced degradation conditions 

as described in Table 6.1. The final solution of forced degradation samples were having 4 

μg/ml of DAPA and 200 μg/ml of MET. From all degradation conditions, 10 µl solution 

was applied on TLC plate to get 40 ng/spot of DAPA and 2000 ng/spot of MET. Plate was 

developed and analysed as per the optimized chromatographic conditions (Table 6.2). The 

concentration was calculated using equation of straight line and percentage degradation 

was calculated. 
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6.2.2 RESULTS AND DISCUSSION 

6.2.2.1 PRELIMINARY STUDY OF DAPA AND MET [31, 32] 

Characterisation of DAPA and MET was done by determining solubility, melting point, UV 

spectrum and comparing IR spectrum with reference spectrum. 

1. Solubility analysis  

Solubility analysis of DAPA and MET was carried out at 25°C in different solvents. DAPA 

was found to be slightly soluble in water and freely soluble in ethanol and methanol.  

MET was found to be freely soluble in water and methanol and slightly soluble in ethanol. 

The results shown in Table 6.4 and Table 6.5 reveals that DAPA and MET complies in 

solubility analysis. 

 

TABLE. 6.4 Solubility analysis of DAPA 

Solvent used Solubility testing Solubility analysis Inference 

Water 1 part in 200 ml Slightly soluble Complies 

Methanol 1 part in 10 ml Freely soluble Complies 

Ethanol 1 part in 10 ml Freely soluble Complies 

1 part = 1 gm solute 

TABLE. 6.5 Solubility analysis of MET 

Solvent used Solubility testing Solubility analysis Inference 

Water 1 part in 10 ml Freely soluble Complies 

Methanol 1 part in 10 ml Freely soluble Complies 

Ethanol 1 part in 100 ml Slightly soluble Complies 

1 part = 1 gm solute 

2. Melting point 

Melting points of DAPA and MET were found to be 75-80°C and 220-225°C respectively, 

as shown in Table 6.6. Observed values were in good agreement with the reported values. 

TABLE 6.6 Melting point determination of DAPA and MET 

Drug Standard M.P. Observed M.P. 

DAPA 74-78°C 75-80°C 

MET 222-226°C 220-225°C 
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3. UV determination 

UV spectra of DAPA (10 μg/ml) and MET (10 μg/ml) in methanol are shown in Fig. 6.1. 

λmax of the DAPA was found to be 224 nm which match to the reported λ max, 224 nm. λmax 

of the MET was found to be 233 nm which is very close to the reported λ max, 231 nm. 

 

FIGURE 6.1 UV Spectra of DAPA (10 μg/ml) and MET (10 μg/ml) in methanol 

4. IR determination 

Reference IR spectrum (from literature) of DAPA and sample IR spectrum of DAPA are 

shown in Fig. 6.2 and Fig. 6.3 respectively. The finger print region of the recorded FT-IR 

spectrum of the drug sample was compared with that of reference spectrum of DAPA. Finger 

print region of both the spectra was found to be overlapping which confirmed the identity of 

the obtained sample of drug. The detailed analysis of IR spectrum of DAPA is described in 

Table 6.7. 
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FIGURE 6.2 Reference IR spectrum of DAPA [77] 

 

FIGURE 6.3 Observed IR spectrum of DAPA 
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TABLE 6.7 Analysis of IR spectrum of DAPA 

Sr No 

Wave number 

(cm -1 ) 

Reference 

spectrum 

Wave number 

(cm -1 ) 

Sample spectrum 

Interpretation 

1 3266, 3356 3367-3523 strong 

broad 

O-H stretching  

2 1242 1243 C-O stretching 

3 1512 1510 C=C stretching 

4 650 to 850, 

1440, 1500 near 

650 to 850, 

1400, 1500 near 

Indicate presence of Benzene ring  

5 648 824  C-Cl stretching 

 

Reference IR spectrum (from literature) of MET and sample IR spectrum of MET are shown 

in Fig. 6.4 and Fig. 6.5 respectively. The finger print region of the recorded FT-IR spectrum 

of the drug sample was compared with that of reference spectrum of MET. Finger print 

region of both the spectra was found to be overlapping which confirmed the identity of the 

obtained sample of drug. The detailed analysis of IR spectrum of MET is described in Table 

6.8. 

 

 

FIGURE 6.4 Reference IR spectrum of MET [94] 
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FIGURE 6.5 Observed IR spectrum of MET 

 

TABLE 6.8 Analysis of IR spectrum of MET 

Sr No 

Wave number 

(cm -1 ) 

Reference 

spectrum 

Wave number 

(cm -1 ) 

Sample spectrum 

Interpretation 

1 1700-1600 1622 C = N stretching 

2 3500-3100 3367, 3289, 3146 N-H stretching 

3 1650-1550 1567, 1540 N-H bending 

4 1350-1000 1165 C-N stretching 

5 - 530 C-N-C deformation  

 

6.2.2.2 DEVELOPMENT AND VALIDATION OF STABILITY INDICATING 

HPTLC METHOD 

1. Mobile Phase Optimization 

Drug solutions and degraded solutions from different stress conditions were spotted on the 

TLC plates separately and were run in different solvent systems (Table 6.9). The mobile 

phase Methanol: ethyl acetate: ammonium acetate (6: 4: 0.1 v/v/v) gave good resolution and 

compact spot with Rf values of 0.31 and 0.79 for MET and DAPA, respectively and it can 

separate all the degradation products of DAPA and MET in different stress conditions. 
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Densitogram for DAPA std., MET std. and mixture of DAPA and MET are shown in Fig. 

6.6, Fig. 6.7 and Fig. 6.8 respectively. 

TABLE 6.9 Optimization of mobile phase 

Sr. 

No. 

Mobile Phase Composition Result 

1. Methanol Light spots observed for DAPA and no spot 

seen for MET 

2. Methanol : Toluene (2:8 v/v) DAPA Spot observed and MET spot have 

tailing  

3. Methanol : Chloroform (2:8 

v/v) 

No separation of the both drug and their 

degradation products. 

4. Methanol : Water(2:8 v/v) Clear spots seen for DAPA and no spot 

observed for MET. 

5. Toluene: water (3:7 v/v) No separation of drugs  

6. Toluene: ethanol (2:8 v/v) No separation of drugs 

7. Acetone : Methanol  (8:2 

v/v) 

Spots are seen near the solvent front for 

DAPA while tailing is seen for MET and 

degradation product of both drug were not 

separated. 

8. Methanol: ethyl acetate: 

ammonium acetate (5: 5: 0.1 

v/v/v) 

Good separation with clear spots but 

degradation product in acid and base were not 

separated.  

9. Methanol: ethyl acetate: 

ammonium acetate (5.5: 4.5: 

0.1 v/v/v) 

Good separation with clear spots but tailing is 

observed and poor separation of degradation 

product in DAPA in acidic condition. 

10 Methanol: ethyl acetate: 

ammonium acetate (6: 4: 

0.1 v/v/v) 

Good separation with clear spots for DAPA 

and MET. No tailing is observed and good 

separation of degradation product in all the 

conditions. 
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FIGURE 6.6 Densitogram of DAPA standard 

 

FIGURE 6.7 Densitogram of MET standard  
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FIGURE 6.8 Densitogram of mixture of DAPA and MET standard  

 

2. Selection of Wavelength of Detection 

UV spectrum obtained by scanning solution of DAPA and MET between 200 nm to 400 nm. 

220 nm was selected as wavelength for determination of DAPA and MET. 

3. Solution stability 

The initial area of DAPA (60 ng/spot) and MET (1500 ng/spot) band from the freshly 

prepared working standard solution was found to be 1953.33 ± 14.04 and 4939.00 ± 19.97 

(n = 3), respectively.  

The area of DAPA (60 ng/spot) and MET (1500 ng/spot) in same solution analysed after 24 

hrs was found to be 1939.00 ± 16.82 and 4922.67 ± 31.09 (n = 3), respectively. The 

difference between initial area and area after 24 hrs was found to be negligible. Hence the 

working standard solution of DAPA and MET need to be stored in refrigerator at temperature 

(5 ± 2°C). 

4. Calibration curve 

Calibration curve was prepared in the range of 20 - 100 ng/spot (n = 5) for DAPA and 500 - 

2500 ng/spot (n = 5) for MET. They were found to be linear in the above concentration 

range. Chromatogram, calibration curve of DAPA and calibration curve of MET are shown 

in Fig. 6.9, Fig. 6.10 and Fig. 6.11 respectively. The optimized chromatographic conditions 

are shown in Table 6.10. 
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FIGURE 6.9 3D Chromatogram of different concentrations of DAPA (20 - 100 

ng/spot) and MET (500 - 2500 ng/spot) 

 

 

FIGURE 6.10 Calibration curve of DAPA (20-100 ng/spot) 
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FIGURE 6.11 Calibration curve of MET (500-2000 ng/spot) 

 

TABLE 6.10 Optimized chromatographic conditions 

Parameter Chromatographic conditions 

Stationary phase Pre-coated silica gel G60 – F
254

 aluminium sheet (E. 

Merck, Germany) (100×100 mm, thickness layer 0.2 

mm) 

Mobile phase Methanol: ethyl acetate: ammonium acetate (6: 4: 0.1 

v/v/v) 

Chamber saturation time 15 min at room temperature (25 ± 2°C) 

Distance run 8.0 cm 

Detection 220 nm 

Measurement mode Absorbance 

Source lamp Deuterium 

Slit dimension 6 mm × 0.45 mm 

Syringe capacity 100 μL 

Band width 6 mm 

Distance from the plate edge 15 mm 

Distance from the bottom of 

the plate 

15 mm 

 

6.2.2.3 FORCED DEGRADATION STUDY 

1. Acidic hydrolysis 

Densitogram of acid (1.0 N HCl) treated DAPA, MET and mixture DAPA and MET are 

shown in Fig. 6.12, Fig. 6.13 and Fig. 6.14, respectively. Data of acidic degradation of DAPA 

and MET are shown in Table 6.11. It is seen that after heating drug solution with 1.0 N 

hydrochloric acid at 60°C for 1 hr, significant degradation was observed for both DAPA and 

MET. One additional peaks at Rf values 0.60, and Rf values 0.45 were observed for DAPA 

y = 3.5755x - 242.53

R² = 0.9984

0

2000

4000

6000

8000

10000

0 1000 2000 3000
P

ea
k

 A
re

a
Conc. (ng/spot)



STABILITY STUDY BY HPTLC METHOD 

 

245 
 

and MET respectively, in the chromatogram of acid treated sample as compared to 

chromatogram of standard sample. The percentage degradation was found to be 34.98% and 

25.02% for DAPA and MET, respectively. It proves that DAPA and MET both are degraded 

in acidic degradation condition. The method was able to separate the drugs from its acidic 

degradation products.  

 

FIGURE 6.12 Densitogram of acid induced degradation of DAPA; Condition: 1.0 N 

HCl at 60°C for 1 hr 

 

FIGURE 6.13 Densitogram of acid induced degradation of MET; Condition: 1.0 N 

HCl at 60°C for 1 hr 
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FIGURE 6.14 Densitogram of acid induced degradation of mixture of DAPA 

and MET; Condition: 1.0 N HCl at 60°C for 1 hr 

 

TABLE 6.11 Data of acid degradation of DAPA and MET in 1.0 N HCl 

Peak Rf Description 

1 0.31 MET  

2 0.45 Degradation Product 1 of MET 

3 0.60 Degradation Product 1 of DAPA  

4 0.79 DAPA 

 

2. Alkaline hydrolysis 

Densitogram of alkaline (1.0 N NaOH) treated DAPA, MET and mixture DAPA and MET 

are shown in Fig. 6.15, Fig. 6.16 and Fig. 6.17, respectively. Data of alkaline degradation of 

DAPA and MET are shown in Table 6.12. It is seen that after heating drug solution with 1.0 

N sodium hydroxide at 60°C for 1 hr, significant degradation was observed for both DAPA 

and MET. One additional peaks at Rf values 0.69, and Rf values 0.49 were observed for 

DAPA and MET respectively, in the chromatogram of alkali treated sample as compared to 

chromatogram of standard sample. The percentage degradation was found to be 29.12% and 

22.87% for DAPA and MET, respectively. It proves that DAPA and MET are degraded in 

alkaline degradation condition. The method was able to separate the drugs from its alkaline 

degradation products.  
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FIGURE 6.15 Densitogram of alkali induced degradation of DAPA; Condition: 1.0 N 

NaOH at 60°C for 1 hr 

 

FIGURE 6.16 Densitogram of alkali induced degradation of MET; Condition: 1.0 N 

NaOH at 60°C for 1 hr 
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FIGURE 6.17 Densitogram of alkali induced degradation of mixture of DAPA and 

MET; Condition: 1.0 N NaOH at 60°C for 1 hr 

 

TABLE 6.12 Data of alkali degradation of DAPA and MET in 1.0 N NaOH 

Peak Rf Description 

1 0.31 MET  

2 0.49 Degradation Product 2 of MET 

3 0.69 Degradation Product 2 of DAPA  

4 0.79 DAPA 

 

3. Oxidative degradation 

Densitogram of H2O2 (3%) treated DAPA, MET and mixture DAPA and MET are shown in 

Fig. 6.18, Fig. 6.19 and Fig. 6.20, respectively. Data of oxidative degradation of DAPA and 

MET are shown in Table 6.13. It is seen that after heating drug solution with 3% H2O2 at 

60°C for 2 hrs, significant degradation was observed for DAPA, but no degradation was 

observed for MET. One additional peaks at Rf values 0.58 for DAPA was observed, in the 

chromatogram of H2O2 treated sample as compared to chromatogram of standard sample. 

The percentage degradation was found to be 25.29% and 2.50% for DAPA and MET, 

respectively. It proves that DAPA is degraded in oxidative degradation condition, while 

MET is stable in oxidative degradation condition. The method was able to separate DAPA 

from its oxidative degradation products.  
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FIGURE 6.18 Densitogram of oxidative degradation of DAPA; Condition: 3% H2O2 

at 60°C for 2 hrs 

 

 

FIGURE 6.19 Densitogram of oxidative degradation of MET; Condition: 3% H2O2 at 

60°C for 2 hrs 
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FIGURE 6.20 Densitogram of oxidative degradation of mixture of DAPA and MET; 

Condition: 3% H2O2 at 60°C for 2 hrs 

 

TABLE 6.13 Data of oxidative degradation of DAPA and MET in 3% H2O2 

Peak Rf Description 

1 0.31 MET  

2 0.58 Degradation Product 3 of DAPA  

3 0.79 DAPA 

 

4. Photolytic degradation 

Densitogram of sunlight treated DAPA, MET and mixture DAPA and MET are shown in 

Fig. 6.21, Fig. 6.22 and Fig. 6.23, respectively. Data of photolytic degradation of DAPA and 

MET are shown in Table 6.14. It is seen that after exposing drug to direct sunlight for 6 hrs, 

significant degradation was observed for DAPA, but no degradation was observed for MET. 

One additional peak at Rf value 0.53 for DAPA was observed, in the chromatogram of H2O2 

treated sample as compared to chromatogram of standard sample. The percentage 

degradation was found to be 32.55% and 2.22% for DAPA and MET, respectively. It proves 

that DAPA is degraded, while MET is stable in photolytic degradation condition. The 

method was able to separate DAPA from its photolytic degradation product.  
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FIGURE 6.21 Densitogram of photolytic degradation of DAPA; Condition: Drug 

powder is directly exposed to sunlight for 6 hrs 

 

 

FIGURE 6.22 Densitogram of photolytic degradation of MET; Condition: Drug 

powder is directly exposed to sunlight for 6 hrs 
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FIGURE 6.23 Densitogram of photolytic degradation of mixture of DAPA and MET; 

Condition: Drug powder is directly exposed to sunlight for 6 hrs 

 

TABLE 6.14 Data of Photolytic degradation of DAPA and MET in sunlight  

Peak Rf Description 

1 0.31 MET  

2 0.53 Degradation Product 4 of DAPA  

3 0.79 DAPA 

 

5. Dry heat degradation 

Densitogram of dry heat treated DAPA, MET and mixture DAPA and MET are shown in 

Fig. 6.24, Fig. 6.25 and Fig. 6.26, respectively. Data of dry heat degradation of DAPA and 

MET are shown in Table 6.15. It is seen that after exposing drug in oven at 50°C for 2 hrs, 

significant degradation was observed for DAPA, but no degradation was observed for MET. 

Two additional peak at Rf value 0.48 and 0.54 for DAPA was observed, in the chromatogram 

of dry heat degraded sample as compared to chromatogram of standard sample. The 

percentage degradation was found to be 38.25 % and 1.74 % for DAPA and MET, 

respectively. It proves that DAPA is degraded, while MET is stable in dry heat degradation 

condition. The method was able to separate DAPA from its dry heat degradation product.  
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FIGURE 6.24 Densitogram of dry heat degradation of DAPA; Condition: In oven at 

50°C for 2 hrs 

 

 

FIGURE 6.25 Densitogram of dry heat degradation of MET; Condition: In oven at 

50°C for 2 hrs 
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FIGURE 6.26 Densitogram of dry heat degradation of mixture of DAPA and MET; 

Condition: In oven at 50°C for 2 hrs 

 

TABLE 6.15 Data of dry heat degradation of DAPA and MET in oven at 50°C  

Peak Rf Description 

1 0.31 MET  

2 0.50 Degradation Product 5 of DAPA  

3 0.58 Degradation Product 6 of DAPA 

4 0.79 DAPA 

 

Summary of Forced Degradation Study 

The summary of degradation products of DAPA and MET in various degradation conditions 

is described in Table 6.16. The percentage degradation for DAPA in acidic hydrolysis, 

alkaline hydrolysis, oxidative, photolytic, thermal degradation condition were found to be 

34.98 %, 29.12 %, 25.29 %, 32.55% and 38.25% respectively. The percentage degradation 

for MET in acidic hydrolysis, alkaline hydrolysis, oxidative, photolytic, thermal degradation 

condition were found to be 25.02 %, 22.87 %, 2.50 %, 2.22 % and 1.74 % respectively. 

Hence it can be concluded that DAPA is degraded in all degradation conditions. While MET 

is stable in oxidative, photolytic and dry heat degradation conditions. 

 



STABILITY STUDY BY HPTLC METHOD 

 

255 
 

TABLE 6.16 Summary of degradation products of DAPA and MET in various stress 

conditions 

Force 

degrada

tion 

conditio

n 

Stress 

Condition 

DAPA MET 

Rf  

value of 

degrada

nts 

Drug 

remain 

undergr

aded 

(%) 

Degrad

ation 

(%) 

Rf  

value 

of 

degrad

ants 

Drug 

remain 

undergr

aded 

(%) 

Degradat

ion 

(%) 

Acidic 
 

(1 N HCl / 

60°C/1hr) 
0.6 65.02 34.98 0.45 74.98 25.02 

Alkaline 
 

(1 N 

NaOH/  

60°C/1hr) 

0.69 70.88 29.12 0.49 77.13 22.87 

Oxidati

ve 
 

(3% v/v 

H2O2/ 

60°C/2 hrs) 

0.58 74.71 25.29 - 97.50 2.50 

Photo 
6 hrs in 

sunlight 
0.53 67.45 32.55 - 97.78 2.22 

Therma

l 

(50°C / 2 

hrs) 

0.50 

0.58 
61.75 38.25 - 98.26 1.74 

 

6.2.2.4 Validation of Developed Method 

1. Linearity and Range 

Representative calibration curve of DAPA and MET were obtained by plotting the mean 

peak area of DAPA against concentration over the range of 20 – 100 ng/spot (n=3) (Fig. 

6.10) and plotting the mean peak area of MET against concentration over the range of 500 – 

2500 ng/spot (n=3) (Fig. 6.11). Responses were found to be linear in the above concentration 

range with correlation coefficients of 0.9985 and 0.9984 for DAPA and MET respectively.  

The results of linearity are shown in Table 6.17. The %RSD for DAPA and MET were found 

to be in the range of 0.69 - 1.85% and 0.76 - 1.31%, respectively. The average linear 

regressed equation for the curve of DAPA and MET were found to be y = 33.95x – 112 and 

y = 3.58x - 242.53, respectively. The areas obtained are directly proportional to the 

concentration of analyte based on the linearity results. %RSD value less than 2% clearly 

indicate that the developed method is linear in range of 20 – 100 ng/spot for DAPA and 500 

– 2500 ng/spot for MET.  
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TABLE 6.17 Linearity data for DAPA and MET 

DAPA MET 

Concentration 

(ng/spot) 

Peak area 

(mean ± 

S.D.) (n=3) 

%RSD 
Concentration 

(ng/spot) 

Peak area 

(mean ± 

S.D.) (n=3) 

%RSD 

20 571 ± 10.54 1.85 500 1662 ± 21.73 1.31 

40 1240± 11.53 1.42 1000 3284± 26.95 0.82 

60 1959± 31.94 1.63 1500 4961± 38.00 0.77 

80 2538± 17.62 0.69 2000 6908± 64.63 0.94 

100 3318± 24.03 0.72 2500 8788± 66.53 0.76 

 

2. Specificity 

The spots of DAPA and MET in tablet powder were confirmed by comparing its Rf and 

absorbance-reflectance spectrum with that of standard DAPA and MET. spectra scanned at 

peak start (s), peak apex (m) and peak end (e) position of individual spots of DAPA and 

MET was compared, which was showing a high degree of correlation confirmed the purity 

of the corresponding spots. Absorbance-reflectance spectra of standard DAPA and MET, 

sample DAPA and MET, overlain spectra of standard and sample DAPA and MET are 

shown in Fig. 6.27 and Fig. 6.28. Data of Peak Purity for DAPA and MET is shown in Table 

6.18. From the overlain spectrum of DAPA and MET standard and DAPA and MET sample, 

identity of the drug was confirmed. The results indicate that the developed method is specific 

for DAPA and MET. 

 

 

 (a)  
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(b)  

 

 

(c) 

FIGURE 6.27 Absorbance-reflectance spectra of (a) Standard DAPA, (b) Sample 

DAPA, (c) Overlain spectra of standard and sample DAPA 
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 (a)  

 

(b)  

 

(c) 

FIGURE 6.28 Absorbance-reflectance spectra of (a) Standard MET, (b) Sample 

MET, (c) Overlain spectra of standard and sample MET 
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TABLE 6.18 Data of Peak Purity for DAPA and MET 

Drug r (s,m) r (m,e) 

DAPA 0.9997 0.9992 

MET 0.9999 0.9999 

 

3. Precision 

Repeatability of measurement and Repeatability of sample application 

Precision of the instrument was checked by repeated scan of the same spot (6 μl working 

standard solution of DAPA (10 μg/ml) and MET (250 μg/ml)) seven times without changing 

the plate position. The data is depicted in Table 6.19. The %RSD for measurement of peak 

area was found to be 0.48% and 0.44% for DAPA and MET, respectively. Low value of 

%RSD clearly ensures precision of the measuring device.  

The repeatability of sample application was checked by application of working standard 

solution, 6 μl working standard solution of DAPA (10 μg/ml) and MET (250 μg/ml) seven 

times on the same plate. The data is depicted in Table 6.19. The %RSD for measurement of 

peak area was found to be 0.71% and 0.67% for DAPA and MET, respectively, which 

ensures precision of the spotter device.  

TABLE 6.19 Repeatability data of DAPA and MET 

DAPA MET 

Concentration  

(ng/spot) 

Repeatability 

of Peak area 

measurement 

 

Repeatability 

of sample 

application 

Peak area 

Concentration  

(ng/spot) 

Repeatability 

of Peak area 

measurement 

 

Repeatability 

of sample 

application 

Peak area 

60 1972 1972 1500 4923 4923 

60 1963 1979 1500 4930 4902 

60 1960 1968 1500 4923 4908 

60 1978 1996 1500 4919 4963 

60 1964 1953 1500 4924 4927 

60 1987 1987 1500 4977 4985 

60 1974 1982 1500 4944 4972 

Mean 1971.14 1976.71 Mean 4934.29 4940.00 

SD 9.56 13.97 SD 21.83 32.92 

% RSD 0.48 0.71 % RSD 0.44 0.67 

 

Intermediate precision 

Three concentrations viz., 40, 60 and 80 ng/ spot of DAPA and 1000, 1500 and 2000 ng/ 

spot of MET were analysed on same day at three time intervals for intraday precision and on 

three consecutive days for interday precision. The data for intraday precision and interday 
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precision for DAPA and MET is presented in Table 6.20 and Table 6.21, respectively. The 

%RSD for intraday precision was found to be 1.01 - 1.29% and 0.67 - 1.23% for DAPA and 

MET, respectively. %RSD for interday precision was found to be 1.14 - 1.72% and 0.70 – 

1.59% for DAPA and MET, respectively. %RSD value less than 2% clearly indicate that the 

developed method is precise.  

TABLE 6.20 Intermediate precision data for DAPA  

Concentration 

(ng/spot) 

 

Intraday precision Interday precision 

Area 

(Mean ± SD) 

(n=3) 

% RSD 

Area 

(Mean ± SD) 

(n=3) 

% RSD 

40 1238.33 ± 15.95 1.29 1263.33 ± 21.73 1.72 

60 1943.00 ± 20.00 1.03 1963.33 ± 27.06 1.38 

80 2490.33 ± 25.15 1.01 2549.67 ± 29.02 1.14 

 

TABLE 6.21 Intermediate precision data for MET  

Concentration 

(ng/spot) 
 

Intraday precision Interday precision 

Area 

(Mean ± SD) 

(n=3) 

% RSD 

Area 

(Mean ± SD) 

(n=3) 

% RSD 

1000 3299.33 ± 40.46 1.23 3270.33± 51.93 1.59 

1500 4951.67 ± 33.31 0.67 4949.67 ± 34.43 0.70 

2000 6905.33 ± 63.96 0.93 6914.67 ± 72.57 1.05 

 

4. Accuracy 

Accuracy of the method was confirmed by recovery study from tablet powder at three levels 

of standard addition. The data shown in Table 6.22 and Table 6.23 indicate that the 

developed method is accurate. The % recovery was found to be in range of 99.95 – 101.58% 

and 99.70 – 101.09% for DAPA and MET, respectively.  

TABLE 6.22 Accuracy data for DAPA 

Track 

DAPA 

from 

tablet 

powder 

(ng/spot) 

Spiked 

amount of 

standard 

DAPA 

(ng/spot) 

Total 

amount of 

DAPA 

(ng/spot) 

Amount 

recovered 

(Mean ± SD) 

(n=3) 

Mean % 

recovery 

1 20 - 20 - - 

2 20 16 36 16.04 ± 0.24 100.27 

3 20 20 40 19.99 ± 0.32 99.95 

4 20 24 44 24.38 ± 0.34 101.58 
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TABLE 6.23 Accuracy data for MET 

Track 

MET from 

tablet 

powder 

(ng/spot) 

Spiked 

amount of 

standard 

MET 

(ng/spot) 

Total 

amount of 

MET 

(ng/spot) 

Amount 

recovered 

(Mean ± SD) 

(n=3) 

Mean % 

recovery 

1 1000 - 100 - - 

2 1000 800 1800 797.57 ± 3.36 99.70 

3 1000 1000 2000 1003.50 ± 3.94 100.34 

4 1000 1200 2200 1213.08 ± 2.91 101.09 

 

5. Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The LOD and LOQ for DAPA and MET were calculated from value of Y- intercept and 

slope of five different calibration curves. The data for LOD and LOQ of DAPA and MET 

are depicted in Table 6.24. The LOD and LOQ for DAPA were found to be 3.12 ng/spot and 

9.48 ng/spot, respectively. The LOD and LOQ for MET were found to be 11.47 ng/spot and 

34.76 ng/spot, respectively. Such a low value of LOD and LOQ confirms sensitivity of 

method. 

TABLE 6.24 Data of LOD and LOQ for DAPA and MET 

Parameters DAPA MET 

Mean Y- intercept ± S.D.(n=5) 106.92 ± 32.40 246.40 ± 12.46 

Mean slope  ± S.D.(n=5) 34.18 ± 0.38 3.59 ± 0.0022 

LOD = 3.3 × (SD/Slope) (ng/spot) 3.12 11.47 

LOQ = 10 × (SD/Slope) (ng/spot) 9.48 34.76 

 

The validation of the developed stability indicating HPTLC method for determination of 

DAPA and MET indicates that the method is specific, linear, precise and accurate. The 

summary of different validation parameters is presented in Table 6.25. 

TABLE 6.25 Summary of validation parameters for HPTLC method for determination 

of DAPA and MET 

Parameters DAPA MET 

Linearity range 20-100 ng/spot 500-2500 ng/spot 

Regression line equation y = 33.953x - 112 y = 3.5755x - 242.53 

Correlation co-efficient(R2) 0.9985 0.9984 

Precision (%RSD)  

Repeatability of measurement (n=7) 0.49 0.44 
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Repeatability of sample application 

(n=7) 
0.71 0.67 

Intra-day precision (n=3) 1.01-1.29 0.67-1.23 

Inter-day precision (n=3) 1.14 -1.72 0.70-1.59 

% Recovery (n=3) 99.95 – 101.58  99.70 – 101.09 

Limit of Detection (LOD)(ng/spot) 3.12 11.47 

Limit of Quantitation (LOQ) (ng/spot) 9.48 34.76 

 

6.2.2.5 DETERMINATION OF DAPA AND MET IN TABLET DOSAGE FORM 

The developed and validated HPTLC method was applied for the determination of DAPA 

and MET in tablet dosage form. The sample was analysed three times. The Densitogram of 

DAPA and MET in tablet dosage form is shown in Fig. 6.30 and the data of Assay of DAPA 

and MET in tablet dosage form is shown in Table 6.26. The percentage assay was found to 

be 100.59 ± 0.73% with %RSD value of 0.72% and 99.90 ± 0.28% with %RSD value of  

0.28% for DAPA and MET, respectively. Higher value of % assay with less %RSD ensures 

applicability of method for determination of DAPA and MET in tablet dosage form. 

 

 

FIGURE 6.29 Marketed formulation of DAPA and MET 
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FIGURE 6.30 Densitogram of DAPA (40 ng/spot) and MET (2000 ng/spot) in tablet 

dosage form  

TABLE 6.26 Data of Assay of DAPA and MET in tablet dosage form  

Synthetic 

mixture 

DAPA MET 

Content 

(ng/spot) 

Amount 

found 

(ng/spot) 

Assay (%) 
Content 

(ng/spot) 

Amount 

found 

(ng/spot) 

Assay 

(%) 

1 40 39.91 99.78 2000 2002.95 100.15 

2 40 40.47 101.18 2000 1999.31 99.97 

3 40 40.32 100.81 2000 1992.04 99.60 

Mean 100.59 Mean 99.90 

SD 0.73 SD 0.28 

% RSD 0.72 % RSD 0.28 

 

Forced degradation study of DAPA and MET in tablet dosage form 

The DAPA and MET in tablet dosage form was exposed to various stress degradation 

conditions as described in section 6.2.1.5. The data for degradation is shown in Table 6.27. 

TABLE 6.27 Stress degradation of DAPA and MET in tablet dosage form 

Force 

degradation 

condition 

Stress 

Condition 

DAPA 

% degradation 

MET 

% degradation 

Acidic 
 

(1 N HCl / 

60°C/1hr) 
28.87 23.23 
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Alkaline 
 

(1 N NaOH/  

60°C/1hr) 
24.52 20.12 

Oxidative 
 

(3% v/v 

H2O2/ 60°C/2 hrs) 
24.23 2.43 

Photo 6 hrs in sunlight 31.37 2.20 

Thermal (50°C/2 hrs) 35.42 1.67 

 

6.2.2.6   DISCUSSION 

The stability indicating method is one of the analytical tool that help to evaluate stability of 

drug substances under influence of various degradation conditions. It also can be used to 

evaluate possible degradation product in final dosage form. The combination of DAPA and 

MET is not official in any of the pharmacopoeias, so no official method is available for 

analysis of DAPA and MET and its degradation products. Present study aimed at evaluating 

degradation behaviour DAPA and MET in different stress conditions. Stability indicating 

HPTLC method was developed and validated as per ICH guidelines. The method was found 

to be specific, linear, precise and accurate. The method can be used for routine assessment 

of DAPA and MET in tablet dosage form. 

From stress testing, DAPA was found to be significantly degrading in acidic, alkaline, 

oxidative, photolytic and dry heat degradation conditions. While, MET was found to be 

significantly degrading in acidic and alkaline degradation conditions, while stable in 

oxidative, photolytic and dry heat degradation conditions. Stress testing of DAPA and MET 

in tablet dosage form also supports the same and the method is able to separate degradation 

products from DAPA and MET in tablet dosage form as well.  
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CHAPTER 7 

TENELIGLIPTIN HYDROBROMIDE 

HYDRATE 

AND 

METFORMIN HYDROCHLORIDE 

7.1 AIM AND OBJECTIVES 

Aim: 

Literature describes various HPLC methods and some UV methods (simultaneous equation 

and absorbance ratio method) for determination of Teneligliptin hydrobromide hydrate 

(TEN) and Metformin hydrochloride (MET) in combination. However, no reports were 

found describing other UV methods. 

Therefore, it was thought of interest to develop dual wavelength and first order derivative 

method for determination of TEN and MET in combination. 

Objectives: 

1. To develop and validate dual wavelength method for determination of TEN and

MET.

2. To develop and validate first order derivative method for determination of TEN and

MET.

3. To apply the developed dual wavelength and first order derivative methods for

determination of TEN and MET in pharmaceutical dosage form.
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7.2 DUAL WAVELENGTH METHOD 

In Dual wavelength method the absorbance difference between two points of the mixture 

spectra is directly proportional to the concentration of the analyte irrespective of the 

interferent. In this method two wavelengths are selected (λ1, λ2) where the drug A showing 

equal absorbance (or difference between absorbance is zero) and drug B showing some 

response. [20] 

7.2.1 EXPERIMENTAL  

7.2.1.1 APPARATUS AND INSTRUMENT 

 Double beam UV-Visible spectrophotometer (Shimadzu UV-1700) having two 

matched quartz cells with 1 cm light path  

 Electronic analytical balance (Shimadzu AUW-220D) 

 Sonicator (Trans-O-Sonic. model- D-compaq) 

 Volumetric flasks (10, 50 and 100 ml) and pipettes (1, 2, 5, 10 and 25 ml) 

 All instrument and glasswares were calibrated before use. 

7.2.1.2 REAGENTS AND MATERIALS 

 TEN (Chemipharma Pvt. Ltd.  Mumbai, India) 

 MET (gift sample from Dolffin Pharmaceuticals, Surat, India.) 

 Methanol (S D-fine chem. Ltd.) 

 Whatman filter paper no .41 . 

 Distilled water  

7.2.1.3  UV SPECTROPHOTOMETER CONDITIONS 

 Mode : Spectrum 

 Scan speed : Medium 

 Scan pitch: 0.5 nm 

 Wavelength range : 200-400 nm 
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7.2.1.4  PREPARATION OF STANDARD SOLUTIONS 

A. Teneligliptin Hydro bromide Hydrate (TEN): 

1. Stock solution of TEN:

Accurately weighed 100 mg of TEN was transferred in to a 100 ml volumetric flask. It 

was dissolved in about 50 ml of methanol by sonication for 5 min. The volume was 

adjusted to 100 ml with methanol to get concentration of 1000 g/ml. 

2. Working standard solution of TEN:

10 ml of TEN standard stock solution was diluted to 100 ml with methanol to get the final 

concentration of 100 µg/ml. 

B. Metformin Hydrochloride (MET): 

1. Stock solution of MET:

Accurately weighed 100 mg of MET Hydrochloride was transferred to 100-ml volumetric 

flask. It was dissolved in about 50 ml of methanol by sonication for 5 min. The volume 

was adjusted to 100 ml with methanol to get concentration of 1000 g/ml. 

2. Working standard solution of MET:

10 ml of MET standard stock solution was diluted to 100 ml with methanol to get the final 

concentration of 100 µg/ml.  

7.2.1.5 PROCEDURE FOR DETERMINATION OF WAVELENGTH FOR 

MEASUREMENT 

1. Selection of wavelengths for determination of TEN

Solution of pure MET (8 µg/ml) was scanned in the SPECTRUM basic mode. Using the 

cursor function two wavelengths (wavelength λ1 and λ2) were selected which have equal 

absorbance values. The wavelength obtained corresponding to equal absorbance values 

were 236 nm (λ1) and 230.5 nm (λ2). 

The absorbance of various dilutions of MET in methanol was measured at 236 and 230.5 

nm. 

The difference between the two absorbance values was calculated, it should be zero. 
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2. Selection of wavelengths for determination of MET

Solution of pure TEN (20 µg/ml) was scanned in the SPECTRUM basic mode. Using the 

cursor function, λ3 and λ4 were found. The values obtained were 238 nm (λ3) and 249 nm 

(λ4), respectively. 

7.2.1.6 CALIBRATION CURVES FOR TEN AND MET 

Appropriate aliquots from the stock solutions of TEN and MET were used to prepare 

calibration curve. 

1. TEN: Different concentrations of TEN ranging from 5 to 25 µg/ml were prepared by

pipetting out 0.5, 1.0, 1.5, 2.0 and 2.5 ml of the stock solution of TEN (100 µg/ml) 

separately into 10 ml volumetric flasks and volume was adjusted up to the mark with 

methanol.  

Absorbance of each solution was measured at 236 nm (λ1) and 230.5 nm (λ2).The 

difference in absorbances (λ1− λ2) were plotted against concentration (µg/ml) of TEN. 

2. MET: Different concentrations of MET ranging from 2 to 10 µg/ml prepared by

pipetting out 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the stock solution of MET (100 µg/ml) into a 

series of 10 ml volumetric flasks and the volume was adjusted to the mark with methanol.  

Absorbance of each solution was measured at 238 nm (λ3) and 249 nm (λ4). The 

differences in absorbances (λ3− λ4) were plotted against concentration (µg/ml) of MET. 

7.2.1.7 VALIDATION OF PROPOSED METHOD [29] 

To confirm the suitability of the method for its intended purpose, the developed method 

was validated as per the International Conference on Harmonization (ICH) guidelines with 

respect to linearity, precision, limit of detection, limit of quantification and recovery. The 

results are shown in section 7.2.2.2 of result and discussion. 

1. Linearity and range

Linearity is expressed in terms of correlation co-efficient of linear regression analysis. The 

linearity response was determined by analyzing 5 independent levels of calibration curve in 

the range of 5-25 µg/ml and 2-10 µg/ml for TEN and MET respectively (n=3). Absorbance 

for TEN solutions were measured at 236 nm ( λ1) and 230.5 nm (λ2). Absorbance for MET 

solutions were measured at 238 (λ3) and 249 nm (λ4). 
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The calibration curve of differences in absorbances (λ1− λ2) and (λ3− λ4) against 

concentration (µg/ml) for TEN and MET respectively was plotted. The correlation 

coefficient and regression line equations for TEN and MET was determined. 

2. Precision

I. Repeatability

Aliquots of 1.0, 1.5 and 2.0 ml of working standard solution of TEN (100 µg/ml) and 0.4, 

0.6 and 0.8 ml of working standard solution of MET (100 µg/ml) was transferred in to 

separate 10 ml volumetric flasks and diluted up to mark with methanol to get 10, 15, 20 

µg/ml of TEN and 4, 6, 8 µg/ml of MET. Each of the concentration was measured three 

times.  

Absorbance of each solution was measured at 236 nm, 230.5 nm (λ2), 238 nm (λ3) and 249 

nm (λ4). The difference in absorbances (λ1− λ2) and (λ3− λ4) were calculated for TEN and 

MET respectively and % RSD was calculated.  

II. Intraday precision

Series of solutions containing 5-25 µg/ml TEN and 2-10 µg/ml of MET was analyzed 3 

times on the same day. 

Absorbance of each solution was measured at 236 nm (λ1), 230.5 nm (λ2), 238 nm (λ3) and 

249 nm (λ4). The differences in absorbances (λ1− λ2) and (λ3− λ4) were calculated for TEN 

and MET respectively and % RSD was calculated. 

III. Interday precision

Series of solutions containing 5-25 µg/ml TEN and 2-10 µg/ml of MET was analyzed on 3 

consecutive days. 

Absorbance of each solution was measured at 236 nm (λ1), 230.5 nm (λ2), 238 (λ3) and 249 

nm (λ4). The differences in absorbances (λ1− λ2) and (λ3− λ4) were calculated for TEN and 

MET respectively and % RSD was calculated. 

3. Accuracy

Preparation of Sample solution:  

Ten tablets were accurately weighed and powdered. Powder equivalent to 10 mg of TEN 

and 250 mg of MET was weighed and transferred to a 100 ml of volumetric flask and 

dissolved in 50 ml methanol. This tablet solution was sonicated for 15 minutes, diluted up 
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to mark with methanol and filtered through Whatman filter paper no .41 .  First few ml of 

filtrate were discarded [(100 µg/ml of TEN and 2500 µg/ml of MET) (sample A)]. 

To 1 ml of sample solution (sample A) in a 10 ml volumetric flask, increasing aliquots of 

working standard solution of TEN (0, 0.8, 1.0, 1.2 ml of 100 µg/ml) were added and 

diluted to mark with methanol. 2 ml from sample A was further diluted to 50 ml with 

methanol (4 µg/ml of TEN and 100 µg/ml of MET) (sample B). 

To a 0.4 ml of sample solution (sample B) in a 10 ml volumetric flask, increasing aliquots 

of combined working standard solution (0, 0.3, 0.4, and 0.5) ml of 100 µg/ml of MET were 

added and diluted to mark with methanol. 

Absorbance of each solution was measured at 236 nm (λ1), 230.5 nm (λ2), 238 nm (λ3) and 

249 nm (λ4). At each level TEN was calculated by the differences in absorbances (λ1− λ2) 

and MET was calculated by the differences in absorbances (λ3− λ4). % recoveries were 

computed. Accuracy procedure is shown in Table 7.1. 

TABLE 7.1 Solutions for accuracy study  

A) For TEN 

Sr. 

no. 

Volume of  sample 

solution taken 

(ml) 

Volume of working 

standard solution 

spiked (ml) 

Total 

concentration 

(µg/ml) 

1 10 0 10 

2 10 8 18 

3 10 10 20 

4 10 12 22 

 

B) For MET 

Sr. 

no. 

Volume of  sample 

solution taken 

(ml) 

Volume of working 

standard solution 

spiked (ml) 

Total 

concentration 

(µg/ml) 

1 4 0 4 

2 4 3 7 

3 4 4 8 

4 4 5 9 

 

4. Ruggedness 

Ruggedness of the proposed method is determined by analysis of aliquots from 

homogenous samples by different analysts using similar operational and environmental 

conditions. The results from different analysts were obtained and % RSD was calculated. 
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7.2.1.8 DETERMINATION OF TEN AND MET IN COMBINED DOSAGE FORM 

Ten tablets were weighed and powdered.  Powder equivalent to 10 mg of TEN and 250 mg 

of MET was weighed and transferred to a 100 ml of volumetric flask and dissolved in 50 

ml methanol.  

This tablet solution was sonicated for 15 minutes, diluted up to mark with methanol and 

filtered through Whatman filter paper no .41 .  First few ml of filtrate were discarded (100 

µg/ml of TEN and 2500 µg/ml of MET). 

Two ml of the above solution was diluted to 10 ml with methanol to get 20 µg/ml of TEN 

and 500 µg/ml of MET. Measurement of TEN was done from this solution, by calculating 

difference in absorbances at λ1 and λ2. 

Further 1 ml of the above solution was diluted to 50 ml with methanol. (0.4 µg/ml of TEN 

and 10 µg/ml of MET). Measurement of MET was done from this solution, by calculating 

difference in absorbances at λ3 and λ4. 

Each solution was analyzed using developed dual wavelength method. The 

concentration of each drug was calculated using equation of straight line. 
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7.2.2    RESULTS AND DISCUSSION 

It was thought of interest to develop a simple, rapid, economic, accurate and precise dual 

wavelength method for determination of TEN and MET in combined solid dosage form. 

7.2.2.1 SELECTION OF WAVELENGTH FOR DETERMINATION OF TEN AND 

MET 

Individual spectra of TEN (20 µg/ml) in methanol and MET (8 µg/ml) in methanol were 

recorded (Fig. 7.1 and Fig. 7.2). Thereafter from the overlain spectra of different 

concentrations TEN and MET in methanol (Fig. 7.3), selection of wavelength was done as 

followed. 

1. Selection of wavelengths for determination of TEN

Solution of pure MET (8 µg/ml) in methanol was scanned in the SPECTRUM basic mode. 

Using the cursor function, the absorbance corresponding to 236 nm (λ1) and 230.5 nm (λ2) 

was found to have equal values. Determination of TEN was done by calculating difference 

between absorbance corresponding to 236 nm and 230.5 nm (λ1- λ2) 

2. Selection of wavelengths for determination of MET

Solution of pure TEN (20 µg/ml) in methanol was scanned in the SPECTRUM basic mode. 

Using the cursor function, the absorbance corresponding to 238 nm (λ3) and 249 nm (λ4) 

was found to have equal values. Determination of MET was done by calculating difference 

between absorbance corresponding to 238 nm and 249 nm (λ3- λ4) 

The absorbance of various dilution of TEN in methanol was measured at 236 and 230.5 nm 

and MET was measured at 238 and 249 nm. The difference between the two absorbance 

values was calculated.  
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FIGURE 7.1 Ultraviolet spectrum of TEN (20µg/ml) in methanol 

FIGURE 7.2 Ultraviolet spectrum of MET (8 µg/ml) in methanol 

FIGURE 7.3 Overlain spectra of different concentration of TEN (5-25 µg/ml) and 

MET (2-10 µg/ml) 
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7.2.2.2   VALIDATION PARAMETERS 

1. Linearity and range

Representative calibration curve of TEN and MET was obtained by plotting the absorbance 

against concentration over the range of 5-25 µg/ml for TEN and 2-10 µg/ml for MET 

(n=3) (Fig. 7.4 and 7.5 respectively). Responses were found to be linear in the above 

concentration range with correlation coefficients of 0.9929 for TEN and 0.9998 for MET.  

The results of linearity are shown in Table 7.2 - 7.5.  The %RSD was found to be in the 

range of 1.82 – 5.00% for TEN and 0.50-1.96% for MET. The average linear regressed 

equation for the curve was y = 0.0012x - 0.0002 for TEN and y = 0.0495x + 0.0022 for 

MET. The areas obtained are directly proportional to the concentration of analyte based on 

the linearity results.  

TABLE 7.2 Calibration data for TEN 

Concentration 

(µg/ml) 

Absorbance (λ1- λ2) 

Mean ± SD (n=3) 
%RSD (n=3) 

5 0.006 ±0.0030 5.00 

10 0.013 ±0.00050 4.33 

15 0.018 ±0.00050 3.14 

20 0.024±-0.00050 2.58 

25 0.031±0.00115 1.82 

λ1= 236 nm, λ2 =230.5 nm 

FIGURE 7.4 Calibration curve of TEN (5-25 µg/ml) 
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 TABLE 7.3 Regression analysis for TEN 

TABLE 7.4 Calibration data for MET 

Concentration (µg/ml) Absorbance (λ3- λ4) 

Mean ± SD (n=3) 

%RSD (n=3) 

2 0.102 ± 0.002 1.96 

4 0.205 ± 0.0032 1.56 

6 0.301 ± 0.0015 0.50 

8 0.396 ±0.0032 0.81 

10 0.498 ±0.0030 0.61 

λ3= 238 nm, λ4 =249 nm 

FIGURE 7.5 Calibration curve of MET (2-10 µg/ml) 

TABLE 7.5 Regression analysis for MET 

y = 0.0495x + 0.0022

R² = 0.9998
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Straight line equation y = 0.0012x - 0.0002 

Correlation Co-efficient 0.9929 

Straight line equation y =  0.0495x + 0.0022 

Correlation Co-efficient 0.9998 
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2. Precision

I. Repeatability 

The repeatability was measured by analyzing three concentrations 10, 15, 20 µg/ml of TEN 

and 4, 6, 8 µg/ml of MET. Each of the concentration was measured three times.  

The repeatability data for combined solution of TEN and MET is presented in Table 7.6 

and %RSD was found to be 2.43-4.33% for TEN and 0.50-0.1.56% for MET. 

TABLE 7.6 Repeatability data for TEN and MET 

Concentration 

(µg/ml) 
Absorbance 

Mean ± SD (n=3) 

%RSD (n=3) 

TEN MET TEN MET TEN MET 

10 4 0.013 ± 0.0006 0.205 ± 0.0032 4.33 1.56 

15 6 0.018 ± 0.0006 0.301 ± 0.0015 3.14 0.50 

20 8 0.024 ± 0.0006 0.396 ± 0.0032 2.43 0.81 

II. Intraday precision

For intraday precision series of solutions containing 5-25 µg/ml TEN and 2-10 µg/ml of 

MET was analyzed 3 times on the same day. The data for intraday precision of TEN and 

MET are presented in Table 7.7.The %RSD for intraday precision was found to be 1.84- 

5.00% for TEN and 0.61- 1.50% for MET.  

TABLE 7.7 Intraday precision data for TEN and MET 

Concentration 

(µg/ml) 

Absorbance 

Mean ± SD (n=3) 

%RSD (n=3) 

TEN MET TEN MET TEN MET 

5 2 0.006 ± 0.0001 0.1016 ± 0.0015 5.00 1.50 

10 4 0.0133 ± 0.0006 0.2056± 0.0030 4.33 1.48 

15 6 0.0183 ± 0.0006 0.2993 ± 0.0025 3.14 0.84 

20 8 0.0223 ± 0.0006 0.3973 ± 0.0025 2.58 0.63 

25 10 0.0313 ± 0.0006 0.4956 ± 0.0030 1.84 0.61 

III. Interday precision

For interday precision Series of solutions containing 5-25 µg/ml TEN and 2-10 µg/ml of 

MET was analyzed on three consecutive days. The data for interday precision of TEN and 

MET are summarized in Table 7.8. The %RSD for interday precision was found to be 1.82 

– 5.00% for TEN and 0.64 – 1.58% for MET.
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TABLE 7.8 Interday precision data for TEN and MET  

Concentration 

(µg/ml) 

Absorbance 

Mean ± SD (n=3) 

%RSD (n=3)  

TEN MET TEN MET TEN MET 

5 2 0.006 ± 0.0001 0.1016 ± 0.0015 5.00 1.50 

10 4 0.0127 ± 0.0006 0.2053± 0.0032 4.55 1.57 

15 6 0.0183 ± 0.0006 0.2973 ± 0.0047 3.14 1.58 

20 8 0.0220 ± 0.0010 0.3986 ± 0.0032 4.55 0.80 

25 10 0.0317 ± 0.0006 0.5003 ± 0.0032 1.82 0.64 

 

3. Accuracy 

Accuracy of the method was confirmed by recovery study from synthetic mixture at three 

level of standard addition. The data for accuracy for TEN and MET are presented in Table 

7.9 and 7.10. % recovery for TEN was found to be in range of 99.07-101.38%, while for 

MET it was found to be in range of 98.54-101.55%. 

 

TABLE 7.9 Accuracy data of TEN  

Amount of 

TEN in 

sample (µg) 

Amount of 

std TEN 

added (µg) 

Total 

amount of 

TEN (µg) 

Total amount of std 

TEN found (µg) 

Mean ± SD (n=3) 

% Recovery 

of std TEN 

(n=3) 

10 0 10 - - 

10 8 18 8.11 ± 0.0833 101.38 

10 10 20 10.05 ± 0.1273 100.55 

10 12 22 11.89 ± 0.2926 99.07 

 

TABLE 7.10 Accuracy data of MET 

Amount of 

MET in 

sample (µg) 

Amount of 

std MET 

added (µg) 

Total 

amount of 

MET (µg) 

Total amount of std 

MET found (µg) 

Mean ± SD (n=3) 

% Recovery 

of std MET 

(n=3) 

4 0 4 - - 

4 3 7 2.99 ± 0.0534 98.54 

4 4 8 4.03 ± 0.0562 100.92 

4 5 9 5.08 ± 0.0925 101.55 
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4. Ruggedness 

To study the ruggedness of method, analytical method was evaluated by changing an 

analyst. The data for ruggedness obtained from two different analysts for TEN and MET 

are presented in Table 7.11. %RSD was found to be, for TEN 2.17 – 6.13 % and for MET 

0.56 – 1.40 %. Such change did not alter the response of the method. These results indicate 

that the method can withstand small and deliberate changes illustrating robustness of 

method employed. 

TABLE 7.11 Ruggedness data of TEN and MET 

 

The validation of the developed Dual wavelength method for determination of TEN and 

MET indicates that the method is specific, linear, precise and accurate. The summary of 

different validation parameters is shown in Table 7.12. 

Table 7.12 Summary of validation parameters of Dual wavelength method for 

determination of TEN and MET  

Sr. 

No 

Parameters 
Result 

Teneligliptin 

Hydrobromide 

Hydrate 

Metformin 

Hydrochloride 

1 Linearity Range 5-25 µg/ml 2-10 µg/ml 

2 Correlation coefficient 0.9929 0.9998 

3 Straight line equation y = 0.0012x - 0.0002 y = 0.0495x + 0.0022 

 

4 

    Precision (%RSD) 

Repeatability (n=3) 2.43-4.33 0.50-1.96 

Intraday precision (n=5) 1.84-5.00 0.61-1.50 

Interday precision (n=5) 1.82-5.00 0.64-1.58 

5 Accuracy (%recovery) 99.07-101.38 98.54-101.55 

6 Ruggedness (%RSD) 

(n=2) 

2.17-6.13 0.56-1.40 

Concentration 

(µg/ml) 

Absorbance 

Mean ± SD (n=2) 

%RSD (n=2)  

TEN MET TEN MET TEN MET 

5 2 0.006 ± 0.0003 0.1010 ± 0.0014 6.13 1.40 

10 4 0.0125 ± 0.0007 0.2045 ± 0.0021 5.65 1.03 

15 6 0.0180 ± 0.0007 0.3005 ± 0.0021 4.30 0.70 

20 8 0.0225 ± 0.0007 0.3970 ± 0.0028 3.14 0.71 

25 10 0.0325 ± 0.0007 0.5010 ± 0.0028 2.17 0.56 
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7.2.2.3 DETERMINATION OF TEN AND MET IN COMBINED DOSAGE FORM 

The proposed method was applied to analyze the combined pharmaceutical dosage form of 

TEN and MET.  

Marketed preparations were analyzed three times by proposed method. The percentage of 

TEN and MET was found to be 96.66 ± 4.17% and 101.18 ± 0.82% respectively (Table 

7.13). 

 

TABLE 7.13 Data of simultaneous determination of TEN and MET in combined 

marketed dosage form  

Sr.  

No 

Formulations % Labeled amount 

TEN Mean ± SD (n=3) 

% Labeled amount MET 

Mean ± SD (n=3) 

1 Tendia M 96.66 ± 4.17 101.18 ± 0.82 

 

5.4.2.4 DISCUSSION 

UV method is one of the simplest method available to analyze drug samples. The 

combination of TEN and MET is not official in any of the pharmacopoeias, so no official 

method is available for analysis of TEN and MET in combined dosage form. Present study 

aimed at developing a simple UV method for analysis of TEN and MET in combined 

dosage form. For the purpose dual wavelength method was developed and validated as per 

ICH guidelines. The developed method is simple, rapid, precise, accurate and economical. 

It can be applied for routine analysis of TEN and MET in combined dosage forms. 
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 7.3 FIRST ORDER DERIVATIVE METHOD 

First or higher derivatives of absorbance with respect to wavelength is used in Derivative 

spectroscopy for qualitative analysis and for quantification. Electronic, optical, or 

mathematical methods are used to obtain Derivative spectra. [20] 

7.3.1 EXPERIMENTAL WORK 

7.3.1.1 APPARATUS AND INSTRUMENT 

 Double beam UV-Visible spectrophotometer (Shimadzu UV-1700) having two 

matched quartz cells with 1 cm light path  

 Electronic analytical balance (Shimadzu AUW-220D) 

 Sonicator (Trans-O-Sonic. model- D-compaq) 

 Volumetric flasks (10, 50 and 100 ml) and pipettes (1, 2, 5, 10 and 25 ml) 

 All instrument and glass wares were calibrated before use. 

7.3.1.2 REAGENTS AND MATERIALS 

 TEN (Chemipharma Pvt. Ltd.  Mumbai, India) 

 MET (gift sample from Dolffin Pharmaceuticals, Surat, India.) 

 Methanol (S D-fine chem. Ltd.) 

 Whatman filter paper no .41 . 

 Distilled water  

7.3.1.3  UV SPECTROPHOTOMETER CONDITIONS 

 Mode : Spectrum 

 Scan speed : Medium 

 Wavelength range : 200-400 nm 

 Derivative order : 1 

 The derivative spectra were recorded by using digital differentiation (Convolution 

method) with a derivative wavelength difference (Δλ (N)) of 1 nm in the range of 200-

400 nm.  
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7.3.1.4  PREPARATION OF STANDARD SOLUTIONS 

A. Teneligliptin Hydro bromide Hydrate (TEN): 

1. Stock solution of TEN: 

Accurately weighed 100 mg of TEN was transferred to 100 ml volumetric flask. It was 

dissolved in about 50 ml of methanol by sonication for 5 min. The volume was adjusted to 

100 ml with methanol to get concentration of 1000 g/ml. 

2. Working standard solution of TEN: 

10 ml of TEN standard stock solution was diluted to 100 ml with methanol to get the final 

concentration of 100 µg/ml. 

B. Metformin Hydrochloride (MET): 

1. Stock solution of MET: 

Accurately weighed 100 mg of MET Hydrochloride was transferred to 100 ml volumetric 

flask. It was dissolved in about 50 ml of methanol by sonication for 5 min. The volume 

was adjusted to 100 ml with methanol to get concentration of 1000 g/ml. 

2. Working standard solution of MET: 

10 ml of MET standard stock solution was diluted to 100 ml with methanol to get the final 

concentration of 100 µg/ml.  

7.3.1.5 PROCEDURE FOR DETERMINATION OF WAVELENGTH FOR 

MEASUREMENT 

Solution of pure TEN (20 µg/ml) and MET (8 µg/ml) was scanned in the SPECTRUM 

basic mode. The first order derivative spectra of each solution were obtained. 

Wavelength was selected from overlapping first derivative spectra of TEN and MET. The 

wavelength for measurement of TEN was selected, where MET has zero absorbance value. 

The wavelength for measurement of MET was selected, where TEN has zero absorbance 

value.  

The wavelength obtained were 216 nm for measurement of TEN and 243.5 nm for 

measurement of MET.  

7.3.1.6 CALIBRATION CURVES FOR TEN and MET 

Appropriate aliquots from the stock solutions of TEN and MET were used to prepare 

calibration curve 
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1. TEN: Different concentrations of TEN ranging from 5 to 25 µg/ml were prepared by 

pipetting out 0.5, 1.0, 1.5, 2.0 and 2.5 ml of the stock solution of TEN (100 µg/ml) 

separately into 10 ml volumetric flasks and volume was adjusted up to the mark with 

methanol.  

Absorbance of each solution was measured at 216 nm using first derivative 

spectrophotometry. The graph of absorbance at 216 nm verses respective concentration 

was plotted.  

2. MET: Different concentrations of MET ranging from 2 to 10 µg/ml prepared by 

pipetting out 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the stock solution of MET (100 µg/ml) into a 

series of 10 ml volumetric flasks and the volume was adjusted to the mark with methanol.  

Absorbance of each solution was measured at 243.5 nm using first derivative 

spectrophotometry. The graph of absorbance at 243.5 nm verses respective concentration 

was plotted.  

 

7.3.1.7 VALIDATION OF PROPOSED METHOD [29] 

To confirm the suitability of the method for its intended purpose, the developed method 

was validated as per the International Conference on Harmonization (ICH) guidelines with 

respect to linearity, precision, limit of detection, limit of quantification and recovery. The 

results are shown in section 7.3.2.2 of result and discussion. 

1. Linearity and range 

Linearity is expressed in terms of correlation co-efficient of linear regression analysis. The 

linearity response was determined by analyzing 5 independent levels of calibration curve in 

the range of 5-25 µg/ml and 2-10 µg/ml for TEN and MET respectively (n=3). 

Absorbance for TEN solutions were measured at 216 nm using first derivative 

spectrophotometry. Absorbance for MET solutions were measured at 243.5 nm using first 

derivative spectrophotometry.  

The calibration curve of absobances at 216 nm and 243.5 nm against concentration (µg/ml) 

of TEN and MET respectively was plotted. The correlation coefficient and regression line 

equations for TEN and MET was determined. 
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2. Precision 

I. Repeatability            

Aliquots of 1.0, 1.5 and 2.0 ml of working standard solution of TEN (100 µg/ml) and 0.4, 

0.6 and 0.8 ml of working standard solution of MET (100 µg/ml) was transferred in to 

separate 10 ml volumetric flasks and diluted up to mark with methanol to get 10, 15, 20 

µg/ml of TEN and 4, 6, 8 µg/ml of MET. Each of the concentration was measured three 

times.  

Absorbance of each solution was measured at 216 nm and 243.5 nm using first derivative 

spectrophotometry for TEN and MET respectively and % RSD was calculated.  

II. Intraday precision  

Series of solutions containing 5-25 µg/ml TEN and 2-10 µg/ml of MET was analyzed 3 

times on the same day. 

 Absorbance of each solution was measured at 216 nm and 243.5 nm using first derivative 

spectrophotometry for TEN and MET respectively and % RSD was calculated.  

III. Interday precision 

Series of solutions containing 5-25 µg/ml TEN and 2-10 µg/ml of MET was analyzed on 3 

consecutive days. 

Absorbance of each solution was measured at 216 nm and 243.5 nm using first derivative 

spectrophotometry for TEN and MET respectively and % RSD was calculated. 

3. Accuracy 

Preparation of Sample solution:  

Ten tablets were accurately weighed and powdered. Powder equivalent to 10 mg of TEN 

and 250 mg of MET was weighed and transferred to a 100 ml of volumetric flask and 

dissolved in 50 ml methanol. This tablet solution was sonicated for 15 minutes, diluted up 

to mark with methanol and filtered through Whatman filter paper no .41 .  First few ml of 

filtrate were discarded [(100 µg/ml of TEN and 2500 µg/ml of MET) (sample A)]. 

To 1 ml of sample solution (sample A) in a 10 ml volumetric flask, increasing aliquots of 

working standard solution of TEN (0, 0.8, 1.0, 1.2 ml of 100 µg/ml) were added and 

diluted to mark with methanol. 2 ml from sample A was further diluted to 50 ml with 

methanol (4 µg/ml of TEN and 100 µg/ml of MET) (sample B). 
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To a 0.4 ml of sample solution (sample B) in a 10 ml volumetric flask, increasing aliquots 

of combined working standard solution (0, 0.3, 0.4, and 0.5) ml of 100 µg/ml of MET were 

added and diluted to mark with methanol 

Absorbance of each solution was measured at 216 nm and 243.5 nm using first derivative 

spectrophotometry for TEN and MET respectively and % recoveries were computed. 

Accuracy procedure is shown in Table 7.14. 

TABLE 7.14 Solutions for accuracy study  

A) For TEN 

Sr. 

no. 

Volume of  sample 

solution taken (ml) 

Volume of working 

standard solution spiked 

(ml) 

Total 

concentration 

(µg/ml) 

1 10 0 10 

2 10 8 18 

3 10 10 20 

4 10 12 22 

 

B) For MET 

Sr. 

no. 

Volume of  sample 

solution taken (ml) 

Volume of working 

standard solution spiked 

(ml) 

Total 

concentration 

(µg/ml) 

1 4 0 4 

2 4 3 7 

3 4 4 8 

4 4 5 9 

 

4. Ruggedness 

Ruggedness of the proposed method is determined by analysis of aliquots from 

homogenous samples by different analysts using similar operational and environmental 

conditions.  

The results from different analysts were obtained and % RSD was calculated. 
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7.3.1.8 DETERMINATION OF TEN AND MET IN COMBINED DOSAGE FORM 

Ten tablets were weighed and powdered.  Powder equivalent to 10 mg of TEN and 250 mg 

of MET was weighed and transferred to a 100 ml of volumetric flask and dissolved in 50 

ml methanol.  

This tablet solution was sonicated for 15 minutes, diluted up to mark with methanol and 

filtered through Whatman filter paper no .41 .  First few ml of filtrate were discarded (100 

µg/ml of TEN and 2500 µg/ml of MET). 

Two ml of the above solution was diluted to 10 ml with methanol to get 20 µg/ml of TEN 

and 500 µg/ml of MET. Measurement of TEN was done from this solution. 

Further 1 ml of the above solution was diluted to 50 ml with methanol. (0.4 µg/ml of TEN 

and 10 µg/ml of MET). Measurement of MET was done from this solution. 

Each solution was analyzed using developed first order derivative method. The 

concentration of each drug was calculated using equation of straight line. 
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7.3.2    RESULTS AND DISCUSSION 

It was thought of interest to develop a simple, rapid, economic, accurate and precise first 

order derivative spectrophotometric method for determination of TEN and MET in 

combination solid dosage form. 

7.3.2.1 SELECTION OF WAVELENGTH FOR DETERMINATION OF TEN AND 

MET 

Individual First order derivative spectra of TEN (20 µg/ml) in methanol and MET (8 

µg/ml) in methanol were recorded (Fig. 7.6 and Fig. 7.7). Thereafter from the overlain 

spectra of different concentrations TEN and MET in methanol (Fig. 7.8) selection of 

wavelength was done as followed. 

1. Selection of wavelengths for determination of TEN 

First order derivative spectrum for MET showed three zero crossing points: 216.0 nm, 

233.0 nm and 277.0 nm. The wavelength selected for determination of TEN was 216.0 nm 

because it showed adequate absorbance at this wavelength in mixture. 

2. Selection of wavelengths for determination of MET 

First order derivative spectrum for TEN was taken and it showed three zero crossing 

points; 230.0 nm, 243.5 nm and 304.0 nm. The wavelength selected for determination of 

MET was 243.5 nm because it showed adequate absorbance at this wavelength in mixture 

(Fig. 7.6 and 7.7). 

.  

FIGURE 7.6 First order derivative spectrum of TEN (20µg/ml) in methanol 
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FIGURE 7.7 First order derivative spectrum of MET (8 µg/ml) in methanol 

 

 

FIGURE 7.8 First order derivative overlain spectra of different concentrations of 

TEN (5-25 µg/ml) and MET (2-10 µg/ml) 

 

7.3.2.2   VALIDATION PARAMETERS 

1. Linearity and range 

Representative calibration curve of TEN and MET was obtained by plotting the absorbance 

against concentration over the range of 5-25 µg/ml for TEN and 2-10 µg/ml for MET 

(n=3) (Fig. 7.9 and 7.10 respectively). Responses were found to be linear in the above 
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concentration range with correlation coefficients of 0.9951 for TEN and 0.9993 for MET. 

The results of linearity are shown in Table 7.15 - 7.18.  The %RSD was found to be in the 

range of 1.93 – 3.13% for TEN and 1.88 – 5.59% for MET. The average linear regressed 

equation for the curve was y = 0.0023x - 0.0018 for TEN and y = 0 0.005x + 0.0001 for 

MET. The areas obtained are directly proportional to the concentration of analyte based on 

the linearity results.   

TABLE 7.15 Calibration data for TEN  

Concentration 

(µg/ml) 

Abs  

Mean ± SD (n=3) %RSD (n=3) 

5 0.0110 ± 0.0001 1.93 

10 0.0217 ± 0.0006 2.66 

15 0.0320 ± 0.0010 3.13 

20 0.0430 ± 0.0010 2.33 

25 0.0597 ± 0.0015 2.56 

 

 

Figure 7.9 Calibration curve of TEN (5-25 µg/ml) 

 

 TABLE 7.16 Regression analysis for TEN 
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R² = 0.9951

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0 10 20 30 40

A
b

so
rb

a
n

ce

Concentration (μg/ml)

Straight line equation y =  0.0023x - 0.0018 

Correlation Co-efficient 0.9951 
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TABLE 7.17 Calibration data for MET  

Concentration 

(µg/ml) 

Abs 

Mean ± SD (n=3) %C.V. (n=3) 

2 0.0103 ± 0.0006 5.59 

4 0.0203 ± 0.0006 2.84 

6 0.0317 ± 0.0006 1.88 

8 0.0407 ± 0.0012 2.91 

10 0.0527 ± 0.0015 2.96 

 

 

FIGURE 7.10 Calibration curve of MET (2-10 µg/ml) 

 

TABLE 7.18 Regression analysis for MET  

 

2. Precision 

I. Repeatability 

The repeatability was measured by analyzing three concentrations 10, 15, 20 µg/ml of TEN 

and 4, 6, 8 µg/ml of MET. Each of the concentration was measured three times. The 

repeatability data for combined solution of TEN and MET is presented in Table 7.19 and 

%RSD was found to be 2.33 -3.13% for TEN and 1.88-2.91% for MET. 
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TABLE 7.19 Repeatability data for TEN and MET  

Concentration 

(µg/ml) 
Absorbance 

Mean ± SD (n=3) 

%RSD (n=3)  

TEN MET TEN MET TEN MET 

10 4 0.0217 ± 0.0006 0.0203 ± 0.0006 2.66 2.84 

15 6 0.0320 ± 0.0010 0.0307 ± 0.0012 3.13 1.88 

20 8 0.0430 ± 0.0010 0.0397 ± 0.0012 2.33  2.91 

 

II. Intraday precision 

For intraday precision Series of solutions containing 5-25 µg/ml TEN and 2-10 µg/ml of 

MET was analyzed 3 times on the same day. The data for intraday precision of TEN and 

MET are presented in Table 7.20. The %RSD for intraday precision was found to be 2.64- 

5.09% for TEN and 2.50- 5.09% for MET.  

TABLE 7.20 Intraday precision data for TEN and MET  

Concentration 

(µg/ml) 

Absorbance 

Mean ± SD (n=3) 
%RSD (n=3) 

TEN MET TEN MET TEN MET 

5 2 0.0113 ± 0.0006 0.0113 ± 0.0006 5.09 5.09 

10 4 0.0220 ± 0.0010 0.0207 ± 0.0005 4.54 2.79 

15 6 0.0320 ± 0.0010 0.0310 ± 0.0010 3.12 3.22 

20 8 0.0437 ± 0.0012 0.0400 ± 0.0010 2.64 2.50 

25 10 0.0603 ± 0.0020 0.0520 ± 0.0017 3.45 3.33 

 

III. Interday precision  

For interday precision Series of solutions containing 5-25 µg/ml TEN and 2-10 µg/ml of 

MET was analyzed on three different days. The data for interday precision of TEN and 

MET are summarized in Table 7.21. The %RSD for interday precision was found to be 

2.64 – 5.09% for TEN and 2.79 – 5.58 %for MET.  

TABLE 7.21 Interday precision data for TEN and MET  

Concentration 

(µg/ml) 

Absorbance 

Mean ± SD (n=3) 

%RSD (n=3)  

TEN MET TEN MET TEN MET 

5 2 0.0113 ± 0.0006 0.0103 ± 0.0006 5.09 5.58 

10 4 0.0213 ± 0.0006 0.0207 ± 0.0006 4.54 2.79 
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15 6 0.0317 ± 0.0012 0.0313 ± 0.0015 3.12 4.87 

20 8 0.0437 ± 0.0012 0.0403 ± 0.0012 2.64 2.86 

25 10 0.0603 ± 0.0020 0.0517 ± 0.0015 3.45 2.97 

 

3. Accuracy 

Accuracy of the method was confirmed by recovery study from synthetic mixture at three 

level of standard addition. The data for accuracy for TEN and MET are presented in Table 

7.22 and 7.23. % recovery for TEN was found to be in range of 99.03-101.45%, while for 

MET it was found to be in range of 97.68-102.22%. 

TABLE 7.22 Accuracy data of TEN  

Amount of 

TEN in 

sample (µg) 

Amount of 

std TEN 

added (µg) 

Total 

amount of 

TEN (µg) 

Total amount of std 

TEN found (µg) 

Mean ± SD (n=3) 

% Recovery 

of std TEN 

(n=3) 

10 0 10 - - 

10 8 18 8.12 ± 0.4348 101.45 

10 10 20 9.85 ± 0.4348 98.55 

10 12 22 11.88 ± 0.5020 99.03 

 

TABLE 7.23 Accuracy data of MET 

Amount of 

MET in 

sample (µg) 

Amount of 

std MET 

added (µg) 

Total 

amount of 

MET (µg) 

Total amount of std 

MET found (µg) 

Mean ± SD (n=3) 

% Recovery 

of std MET 

(n=3) 

4 0 4 - - 

4 3 7 3.06 ± 0.2000 102.22 

4 4 8 3.90 ± 0.0200 97.68 

4 5 9 5.00 ± 0.2309 100.00 

 

4. Ruggedness 

To study the ruggedness of method, analytical method was evaluated by changing an 

analyst. The data for ruggedness obtained from two different analysts for TEN and MET 

are presented in Table 7.24. %RSD was found to be, for TEN 1.66 -6.14% and for MET 

2.40 – 6.73%. Such change did not alter the response of the method. These results indicate 

that the method can withstand small and deliberate changes illustrating robustness of 

method employed. 
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TABLE 7.24 Ruggedness data of TEN and MET 

 

The validation of the developed First order derivative method for determination of TEN 

and MET indicates that the method is specific, linear, precise and accurate. The summary 

of different validation parameters is shown in Table 7.25. 

TABLE 7.25 Summary of validation parameters of First order derivative method for 

determination of TEN and MET  

Sr. 

No 

Parameters 
Result 

Teneligliptin 

Hydrobromide 

Hydrate 

Metformin 

Hydrochloride 

1 Linearity Range 5-25 µg/ml 2-10 µg/ml 

2 Correlation coefficient 0.9951 0.9993 

3 Straight line equation y = 0.0023x - 0.0018 y = 0.005x + 0.0001 

 

4 

    Precision (%RSD) 

Repeatability (n=3) 2.33-3.13 1.88-2.91 

Intraday precision (n=5) 2.64-5.09 2.50-5.09 

Interday precision (n=5) 2.64-5.09 2.79-5.58 

5 Accuracy (%recovery) 99.03-101.45 97.66-102.22 

6 Ruggedness (%RSD) 

(n=2) 

1.66-6.14 2.40-6.73 

   

 

 

 

 

 

Concentration 

(µg/ml) 

Absorbance 

Mean ± SD (n=2) 

%RSD (n=2)  

TE

N 

MET TEN MET TEN MET 

5 2 0.0115 ± 0.0007 0.0105 ± 0.0007 6.14 6.73 

10 4 0.0125 ± 0.0007 0.0205 ± 0.0007 3.28 3.45 

15 6 0.0305 ± 0.0007 0.0295 ± 0.0007 2.32 2.40 

20 8 0.0425 ± 0.0007 0.0400 ± 0.0014 1.66 3.54 

25 10 0.0595 ± 0.0021 0.0510 ± 0.0014 3.57 2.77 
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7.3.2.3 DETERMINATION OF TEN AND MET IN COMBINED DOSAGE FORM 

The proposed method was applied to analyze the combined pharmaceutical dosage form of 

TEN and MET.  

Marketed preparations were analyzed by proposed method. The percentage of TEN and 

MET was found to be 97.39 ± 2.17% and 99.80 ± 2.00% respectively (Table 7.26). 

TABLE 7.26: Data of simultaneous determination of TEN and MET in combined 

marketed dosage form  

Sr.  

No 

Formulations % Labeled amount TEN 

Mean ± SD (n=3) 

% Labeled amount MET 

Mean ± SD (n=3) 

1 Tendia M 97.39 ± 2.1700 99.80 ± 2.000 

 

7.3.2.4 DISCUSSION 

UV method is one of the simplest method available to analyse drug samples. The 

combination of TEN and MET is not official in any of the pharmacopoeias, so no official 

method is available for analysis of TEN and MET in combined dosage form. Present study 

aimed at developing a simple UV method for analysis of TEN and MET in combined 

dosage form. For the purpose, first order derivative spectrophotometric method was 

developed and validated as per ICH guidelines. The developed method is simple, rapid, 

precise, accurate and economical. It can be applied for routine analysis of TEN and MET 

in combination dosage forms. 
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CHAPTER 8 

SUMMARY AND CONCLUSION 

8.1 ALOGLIPTIN BENZOATE (ALO) 

ALO is a selective, orally bioavailable, pyrimidinedione-based inhibitor of dipeptidyl 

peptidase 4 (DPP-4), which is used in combination with diet and exercise in the therapy of 

type 2 diabetes, either alone or in combination with other oral hypoglycemic agents. 

The present work involves development and validation of stability indicating high-

performance thin-layer chromatographic method for determination of ALO. 

Chromatographic separation was performed using silica gel G60 – F254 as the stationary 

phase and Acetic acid: water: n-butanol (1:2:7 v/v/v) as mobile phase. ALO was subjected 

to acidic, alkaline, oxidative, photolysis and dry heat degradation to establish stability 

indicating HPTLC method. Rf value for ALO was found to be 0.53. Densitometric 

analysis of drug was carried out at 233 nm. The linear regression analysis data for the 

calibration plots showed a good linear relationship with R
2 = 0.9941 in the concentration 

range of 200-600 ng/spot for ALO. Recovery of drug was achieved in the range of 99.04-

101.64% by developed method. Limit of detection and limit of quantitation were found to 

be 25.34 ng/spot and 76.78 ng/spot, respectively for ALO. Developed HPTLC method was 

validated for accuracy, linearity, precision etc. The content of ALO in synthetic mixture 

were found to be 100.02% of labeled amount. From stress testing, ALO was found to be 

significantly degrading in acidic and alkaline degradation conditions, while stable in 

oxidative, photolytic and thermal degradation conditions. Stress testing of ALO in 

synthetic mixture also supports the same and the method is able to separate degradation 

products from ALO in synthetic mixture as well. The method is stability indicating and can 

be employed for stress degradation study of ALO in bulk drug.   
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The validated proposed HPTLC method for ALO was extended for degradation 

kinetic study of ALO in alkaline medium. Degradation kinetic study of ALO in 0.1 N, 0.5 

N, and 1.0 N NaOH at 40°C, 50°C and 60°C by HPTLC method reveals that it follows first 

order reaction. Degradation at 45°C and 55°C was predicted using response surface 

methodology. 

Stability indicating Reverse phase High-performance liquid chromatographic method for 

determination of ALO was developed. Chromatographic separation was performed using 

C18, MG-CAPCELL PAK 250 mm x 4.6 mm, 5 µm as the stationary phase and water: 

acetonitrile (80:20 v/v) as mobile phase. pH was adjusted to 4.5 using 2% o-phosphoric 

acid and flow rate was maintained at 1 ml/min. ALO was subjected to acidic, alkaline, 

oxidative, photolysis and dry heat degradation to establish stability indicating HPLC 

method. Retention time for ALO was found to be 3.683 min and detection of drug was 

carried out at 277 nm. The linear regression analysis data for the calibration plots 

showed a good linear relationship with R
2 = 0.9991 in the concentration range of 10-60 

µg/ml for ALO. Recovery of drug was achieved in the range of 99.53-101.99% by 

developed method. Limit of detection and limit of quantitation were found to be 0.76 

µg/ml and 2.31 µg/ml, respectively for ALO. Developed HPLC method was validated for 

accuracy, linearity, precision etc. The content of ALO in synthetic mixture were found to 

be 99.85-101.36% of labeled amount. From stress testing, ALO was found to be 

significantly degrading in acidic and alkaline degradation conditions, while stable in 

oxidative, photolytic and thermal degradation conditions. Stress testing of ALO in 

synthetic mixture also supports the same and the method is able to separate degradation 

products from ALO in synthetic mixture as well. The method is can be employed for 

determination of ALO in bulk drug.   

Degradation product in acid hydrolytic condition was isolated and identified by NMR, 

mass and IR analysis. The chemical formula of degradation product is C13H11N3O3 and 

chemical name is 2-((3-methyl-2, 4, 6-trioxotetrahydropyrimidin-1-

(2H)yl}methyl)benzonitrile. 

8.2 TENELIGLIPTIN HYDROBROMIDE HYDRATE (TEN) 

TEN is an oral dipeptidyl peptidase 4 inhibitor indicated for the management of type 2 

diabetes mellitus (T2DM) in adults along with diet and exercise. 
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The present work involves development and validation of stability indicating high-

performance thin-layer chromatographic method for determination of TEN. 

Chromatographic separation was performed using silica gel G60 – F254 as the stationary 

phase and toluene: ethanol: diethyl amine (6:3:1 v/v/v) as mobile phase. TEN was 

subjected to acidic, alkaline, oxidative, photolysis and dry heat degradation to establish 

stability indicating HPTLC method. Rf value for TEN was found to be 0.79. 

Densitometric analysis of drug was carried out at 244 nm. The linear regression 

analysis data for the calibration plots showed a good linear relationship with R
2 = 0.9988 

in the concentration range of 2 0 0 -1200 ng/spot for TEN. Recovery of drug was 

achieved in the range of 99.79-101.68% by developed method. Limit of detection and limit 

of quantitation were found to be 28.86 ng/spot and 87.45 ng/spot, respectively for TEN. 

Developed HPTLC method was validated for accuracy, linearity, precision etc. The content 

of TEN in two marketed formulations were found to be 99.83 and 101.07% of labeled 

amount. From stress testing, TEN was found to be significantly degrading in alkaline, 

oxidative, photolytic and thermal degradation conditions. Stress testing of TEN in tablet 

dosage form also supports the same and the method is able to separate degradation 

products from TEN in tablet dosage form as well. The method is stability indicating and 

can be employed for stress degradation study of TEN in tablet dosage form. 

The validated proposed HPTLC method for TEN was extended for degradation 

kinetic study of TEN in oxidative degradation condition. Degradation kinetic study of 

TEN in 1%, 2% and 3% H2O2 at 40°C, 50°C and 60°C by HPTLC reveals that it follows 

first order reaction.  

8.3 DAPAGLIFLOZIN PROPANEDIOL MONOHYDRATE (DAPA) 

AND METFORMIN HYDROCHLORIDE (MET) 

DAPA is a sodium-glucose co transporter 2 inhibitor and MET is a biguanide 

hypoglycemic agent indicated for the management of type 2 diabetes mellitus (T2DM) in 

adults. 

The present work involves development and validation of stability indicating high-

performance thin-layer chromatographic method for simultaneous determination of DAPA 

and MET. Chromatographic separation was performed using silica gel G60 – F254 as the 

stationary phase and methanol: ethyl acetate: ammonium acetate (6: 4: 0.1 v/v/v) as mobile 
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phase. DAPA and MET were subjected to acidic, alkaline, oxidative, photolysis and dry 

heat degradation to establish stability indicating HPTLC method. Rf value were found to 

be 0.79 for DAPA and 0.31 for MET. Densitometric analysis of drug was carried out 

at 220 nm. The linear regression analysis data for the calibration plots showed a good 

linear relationship with R
2 = 0.9985 in the concentration range of 2 0 -100 ng/spot for 

DAPA and R
2 = 0.9984 in the concentration range of 5 0 0 -2500 ng/spot for MET. 

Recovery of drug was achieved in the range of 99.95 – 101.58% and 99.70 – 101.09% for 

DAPA and MET, respectively by developed method. Limit of detection and limit of 

quantitation were found to be 3.12 ng/spot and 9.48 ng/spot, respectively for DAPA, while 

11.47 ng/spot and 34.76 ng/spot, respectively for MET. Developed HPTLC method was 

validated for accuracy, linearity, precision etc. The content of DAPA and MET in 

marketed formulation were found to be 100.59% and 99.90%, respectively of labeled 

amount. From stress testing, DAPA was found to be significantly degrading in acid, 

alkaline, oxidative, photolytic and thermal degradation conditions, while MET was found 

to be significantly degrading in acid and alkaline degradation conditions Stress testing of 

DAPA and MET in tablet dosage form also supports the same and the method is able to 

separate degradation products from DAPA and MET in tablet dosage form as well. The 

method is stability indicating and can be employed for stress degradation study of DAPA 

and MET in tablet dosage form. 

8.4 TENELIGLIPTIN HYDROBROMIDE HYDRATE AND 

METFORMIN HYDROCHLORIDE (MET)  

Two spectrophotometric methods for determination of TEN and MET in their combined 

dosage form were developed. 

In Dual wavelength method, TEN was detected at 236 nm and 230.5 nm (λ1- λ2) and and 

MET was detected at 238 nm and 249 nm (λ3- λ4). The linear regression analysis data for 

the calibration plots showed a good linear relationship with R
2 = 0.9929 in the 

concentration range of 5 -25 µg/ml for TEN and R
2 = 0.9998 in the concentration range 

of 2 - 1 0  µg/ml for MET. Recovery of drug was achieved in the range of 99.07-101.38% 

and 98.54-101.55% for TEN and MET, respectively. Developed UV method was validated 

for accuracy, linearity, precision etc. The content of TEN and MET in marketed 
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formulation were found to be 96.66% and 101.18% respectively. The method can be 

employed for determination of TEN and MET in their marketed formulations. 

In First order derivative method, TEN and MET were detected at 216 nm and 243.5 nm 

respectively. The linear regression analysis data for the calibration plots showed a good 

linear relationship with R
2 = 0.9951 in the concentration range of 5 -25 µg/ml for TEN 

and R
2 = 0.9993 in the concentration range of 2 - 1 0  µg/ml for MET. Recovery of drug 

was achieved in the range of 99.03-102.45% and 97.66-102.22% for TEN and MET, 

respectively. Developed UV method was validated for accuracy, linearity, precision etc. 

The content of TEN and MET in marketed formulation were found to be 97.39% and 

99.80% respectively. The method can be employed for determination of TEN and MET in 

their marketed formulations. 
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