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ABSTRACT 

 Metformin (MET) and gliclazide (GCZ) are mostly used in patients with 

impaired insulin production (type II diabetes).Currently, both drugs are combined to 

improve patient compliance.  Regulatory compendia of each drug are described in the 

United States and British Pharmacopeias. In tablet formulation,a significant impurity 

of GCZis gliclazide impurity F (GZF) whereas cyanoguanidine (CGN) is a major 

MET impurity. To date,  methods for simultaneous analysis of both drugs are not 

available. For consumer protection, analytical methods of these drugs are urgently 

needed. The aim of this study was to optimize micellar electrokinetic chromatography 

(MEKC) conditionsfor  the determination of MET and GCZ in a single run. 

Electrophoretic separation was carried out on the Beckman Coulter P/ACE MDQ 

instrument, equipped with a photodiode array at 225 nm and bare-fused silica capillary 

with a total length of 60.2 cm (to detector 50.0 cm).The temperature, voltage, and 

pressure were set at 25 ˚C, 15 kV, and 0.7 psi, respectively. The optimum conditions 

were obtained by varying type and concentration of buffer, surfactants, additives (i.e. 

ion pairing reagents, cyclodextrins (CD), and cetyl trimethylammonium bromide 

(CTAB)), organic modifiers, and the pH of the background electrolyte (BGE). Good 

separation of MET, CGN, GCZ, GZF andglibenclamide (GBM) used as an internal 

standard were found with 10 mM sodiumdihydrogen phosphate buffer(pH 7.0) 

containing 1.8 mg/mL carboxymethyl-beta-CD, 30 mM 2-hydroxypropyl-beta-CD, 3 

mM CTAB, 15 mM propane sulfonate, 0.2 mg/mL Brij-35, and 15 % v/v methanol for 

25 min. Due to the volatility of methanol, it was replaced by ethanol in method 

validation and application experiments. The method was validated and the results 

showed good linearity (r
2
> 0.9974), precision (%RSD<3.35), and recovery (98.9-

102.0%).The method can besuccessfully applied for quality control of combined MET 

and GCZ formulations. 
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CHAPTER I 

INTRODUCTION 

 

 

        Diabetes is a metabolism disorder, which causes elevated blood glucose 

levels.  Main types of diabetes are type I and type II (1), in which type 2 diabetes is 

now a major concern worldwide with an estimation of 366 million patients by the year 

2030  (2). Metformin (MET) and gliclazide (GCZ)  are drugs of choice for type 2 

diabetes treatments and combination of both drugs in a single dosage form is popular 

to enhance patient compliance (3).  Gilbenclamide (GBM) is also used in type 2 

diabetics. However, quality control of the anti-diabetic drugs is a priority.  Impurities 

of MET (i.e. cyanoguanidine (CGN)) and GCZ (i.e. impurity F (GZF)) are extremely 

harmful and toxic (4, 5).  

                 The regulartory compendia, British Pharmacopoeia (BP) and United State 

Pharmacopoeia (USP) recommend high performance liquid chromatography (HPLC)  

for determination of MET in tablet formulation (6, 7).  The assay of GCZ is official in 

BP using HPLC method. There are analytical techniques used for determination of 

MET and/or GCZ i.e. TLC-UV (8), HPLC-UV (9-18), LC-MS-MS (19-21), CE-UV 

(22-25), HPLC-ECD (26), spectrophotometry (27, 28), spectrofluorometry (28), GC 

(29).  So far, there is no report on the simultaneous analysis of anti-diabetic drugs 

(MET and GCZ).    

                 Currently, CE is an attractive technique for pharmaceutical analysis because 

it offers several advantages such as high efficiency and selectivity, flexibility of 

method development, separation speed, minimized organic waste, low costs and small 

sample requirements (30).  Due to the different solubility of MET and GCZ and the 

similarities of the parent compounds with their impurities, micellar electrokinetic 

chromatography (MEKC) shows potential for the separation of these compounds (31). 

MEKC could be achieved by addition of surfactant into background electrolyte to 

form micelle, thus the separating mechanism attribute to electrophoresis and 



Methinee Srisunakrua  Introduction / 2 

 

chromatography.  These effects enable neutral and closely related compounds are 

separated (30). 

This aims of this work was to develop a simple and rapid method for the 

simultaneous analysis of 5 analytes (MET, CGN, GBM, GCZ, GZF) by capillary 

electrophoresis (CE).  GBM acted as internal standard.  CGN and GZF were for 

testing the purity of major analytes (MET and GCZ).           

  Method development was performed on mode of instrumentation and 

optimization by investigation of several factors such as types and concentrations of 

buffer, surfactant, organic solvents and additives (i.e. cyclodextrin, ion-pair reagent, 

CTAB). Method validation was studied in terms of linearity, accuracy, precision. 

Finally, the developed method was applied for the determination of MET and GCZ in 

pharmaceutical formulations. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Diabetic mellitus and anti-diabetic drugs 

Diabetes can be classified into two major types.  Type I diabetes or insulin 

dependent diabetes mellitus (IDDM) is found in patients who can no longer produce 

insulin due to destructions of beta-cells (insulin producing cells) and need injectable 

insulin to control blood sugar levels (1).  Type II diabetes or non-insulin 

dependent diabetes mellitus (NIDDM) is patients who can still produce insulin, but 

have insulin tolerance, impaired insulin secretion or increased glucose production (1).  

In type II patients, beta-cells are gradually destroyed and the patients need anti-

diabetes drugs, in some cases injectable insulin, to control their blood sugar levels.  

Other specific types include diabetes caused by genetic defects in beta-cell functions 

or in insulin actions, infections and drug or chemical induced.  Another type of 

diabetes includes gestational diabetes mellitus (GDM), which glucose intolerance 

occurs during pregnancy due to metabolic changes (1).  This specific diabetes is less 

common than type I and II diabetes. 

Anti-diabetes drugs are divided into seven groups: 1) aldose reductase 

inhibitors, 2) alpha-glucosidase Inhibitors, 3) biguanides, 4) meglitinides, 5) 

sulfonylureas, 6) thiazolidinediones and 7) miscellaneous.  Among several classes of 

anti-diabetes drugs, biguanides (e.g. buformin, metformin and phenformin) and 

sulfonylureas (e.g. carbutamide, glibencamide, gliclazide, etc.) are drugs of choice for 

treatments of diabetes.  Biguanides can reduce hepatic glucogenesis and increase 

peripheral glucose utilization whereas sulfonylureas enhance insulin secretion.  Both 

drugs are effective in the presence of some endogenous insulin production (1). 

Metformin (MET) was firstly recommended for NIDDM because it dose not cause 

myocardial infarction and produces less hypoglycemia effect than sulfonylurea (32). 

Both glibencamide (GBM) and gliclazide (GCZ) (Fig 2.1) are also used in NIDDM. 

Hence, GCZ is improved to second-generation  sulfonylurea which posseses lower risk 
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of hypoglycemia side effect than GBM.  It is more suited for elderly patient (32). 

Additionally, GCZ is currently used to protect endothelial cells of blood vessels, 

which can reduce complications of diabetes on cardiovascular system (33).  It is 

evident that for effective treatments of NIDDM, combinations of at least two classes 

of anti-diabetics are generally prescribed.  The most commonly used combination is 

MET and GCZ (3).  Nowadays, there are 7 brands of combined MET and GCZ 

launched in the market worldwide to enhance patient’s compliance (32). 

 

 

 

 

Metformin (MET)                                Cyanoguanidine (CGN) 

 

 

 

 

Gliclazide (GCZ)                               Gliclazide impurity F (GZF) 

 

 

 

 

                             Glibenclamide (GBM)                                

       Figure 2.1 Structures of MET, GCZ, GBM and their impurities.  
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Table 2.1  Chemical properties of MET, GCZ, GBM and their impurities. 

 

Name  MET  CGN  GCZ  GZF  GBM 

 

MW  165.62  84.08  323.4  323.4  494.0  

pKa  2.8, 11.5  9.1  5.8  4.06, 

14.14 

5.3  

Stability  Protect from 

light  

Keep away 

from alkali  

Protect from 

light  

-  -  

 

 

2.2 Determination of anti-diabetic drugs 

British Pharmacopoeia (BP) (6) and United State Pharmacopoeia (USP) 

(7) recommend high performance liquid chromatography (HPLC) for the assay of 

MET in tablets.  GCZ is official in BP, using HPLC for assay of tablet formulations.  

Analytical techniques used for determination of MET and/or GCZ were TLC-UV (8), 

HPLC-UV
 

(9-18), LC-MS-MS (19-21), CE-UV (22-25), HPLC-ECD (26), 

spectrophotometry (27, 28), spectrofluorometry (28), GC (29)(Table 2.1). Limitations 

of these techniques include long analysis time, peak tailing and low sensitivity.  TLC 

of these drugs is feasible and cheap, but sometime is time- and labor-consuming.  LC-

MS-MS is employed for monitoring of both drugs in plasma because of its high 

sensitivity.  However, the instrumentation and maintenance is costly.  

Spectrophotometry and spectrofluorometry of MET and GCZ can be achieved, but 

derivatization is required prior to the measurement.  GC is limited to heat stable 

compounds and capillary clogging can be problematic.  Therefore, there is a need of 

an efficient analytical method for the simultaneous determination of these drugs in 

combined formulation. 
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2.3 Capillary electrophoresis 

The electrophoretic separation technique is based on the principle that 

under the influence of an applied potential field, different species in solution migrate 

at different velocities from the another.  When the voltage is applied, the charged 

species move toward the electrode of opposite charge.  The velocities of the migrating 

species also depend on the electric field, sizes and mass-to-charge ratio of species and 

their environmental.  The basic component of CE instrument (Figure 2.2) are a sample 

vials, source and destination vials, a capillary tube, a high voltage power supply, a 

detector, and software for operation and data output (30, 34).  

 

 

 

Figure 2.2 CE instrument (30). 

 

2.3.1 Principle of CE  

The CE separation is based on the different ion velocities in background 

electrolyte (BGE) under an applied electric field.  The migration velocity of ions can 

be calculated by the following equation (34). 

     v = µeE   (2.1) 

 µe = 
F

E

F

F
α

    

                       (2.2) 

 FE = qE                                (2.3) 

 FF = 6r                            (2.4) 
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  At equilibrium, 

  FE = FF                                             (2.5) 

  qE = 6r                           (2.6) 

 µe = q/6r                        (2.7) 

 Where, v = ion velocity (cm/s) 

  µe = electrophoretic mobility (cm
2
/Vs) 

  E = applied electric field (V/cm) 

  FE = electric force (N) 

  FF = frictional force (N) 

  q = ion charge 

   = the viscosity of the BGE (Ns/m
2
) 

  r = ion radius (cm) 

 

2.3.2 Electro osmotic flow (EOF) 

The EOF results from the effect of the applied electric field on the solution 

double layer of the fused silica capillary wall.  The ionized silanol groups (SiO
-
) 

impart a layer of negative charge to the capillary wall and attract  hydrated cations 

from the electrolyte solution and then arranged into two layers.  As illustrated in 

Figure 2.3, the one layer is tightly bound by electrostatic forces (compact layer), and 

the other is more loosely bound (diffuse layer).  When an electric field is applied, the 

diffuse layer breaks away (at the plane of shear) and move toward the cathode,  

dragging with it the bulk solution of the electrolyte, as a result of viscous drag.  This 

flow of bulk solution is known as electro-osmosis.  The EOF is dependent on a 

number of parameters including pH and ionic strength.  An increase of the ionic 

strength undergoes a decrease of EOF (30, 34). 
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The EOF can be calculated by the following equation, 

 

 µa = µe + µeof                          (2.8) 

 where, µa = apparent mobility (cm
2
/Vs) 

  µeof = electro-osmotic mobility (cm
2
/Vs) 

The µeof can be measured using a neutral maker that moves at a velocity equal to the 

EOF. 

  µa = IL/tV (2.9) 

 

 where, l = effective capillary length (cm) 

  L = total capillary length (cm) 

  t = the migration time (s) 

  V = the applied voltage (volt) 

 

 

 

Figure 2.3 Electrical double layer at the ionized silica capillary wall and illustration of 

EOF (34). 
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EOF can control the migration behavior of eluted species in a capillary 

tube.  When voltage is applies across the tube, in normal mode, cations move toward 

to cathode, anions move backward to anode and neutral compounds do not migrate.  

EOF enhances migrating behavior of all species to move to cathode.  Cations move to 

cathode the fastest  due to they migrate at the same direction with EOF, which EOF 

enhances the velocity of migration.  Anions migrate the slowest, since they move 

backward to anode but EOF has sufficient force to carry anions to move to cathode 

and neutral compounds are carries by EOF at the same velocity but are not separated 

from each other.  Thus in the presence of EOF, cations, anions and neutral compounds 

can be detected in a single run. 

 

 The magnitude of  EOF is given by the following equations, 

 µEOF = (/)                                             (2.10) 

 Where, µEOF = EOF mobility 

   = dielectric constant 

   = zeta potential 

   = solution viscosity 

2.3.3 EOF modifiers  

In capillary electrophoresis, when analytes migrate in the direction as 

same as the direction of EOF, this is called co-EOF separation.  Conversely, if the 

direction of analytes is against the direction of EOF, this is called counter-EOF 

separation.  EOF modifier is almost needed when counter-EOF flow is performed. 
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Table 2.3 Factors affecting the magnitude of EOF (36). 

 

Parameter Result 

Electric field  Proportional change in EOF 

pH  EOF is decreased when pH is reduced 

Ionic strength of BGE concentration  Increasing of ionic strength of BGE 

concentration results in decreasing of 

zeta potential, thus EOF decreased 

Temperature  EOF is proportional decreased due to 

the change of viscosity (2-3% per 

degree Celsius) 

Organic modifier  Changes zeta potential and viscosity, 

which decrease EOF 

Surfactant  Adsorbs to capillary wall by ionic or 

hydrophobic interactions 

  Anionic surfactants can increase EOF 

  Cationic surfactants can decrease or 

reverse EOF 

Neutral hydrophilic polymer  Adsorbs to capillary wall by ionic or 

hydrophobic interactions, which 

decrease EOF by shielding suface 

charge and increase viscosity 

Covalent coating  Chemical bonding to capillary wall, 

which affects to surface charge of 

capillary tube 

 

Many strategies can be used in the modification of EOF direction (36), 

such as dynamic coating, permanent coating, covalent bonding and cross-linking of 

EOF modifier to the interior surface of capillary wall, however, the simplet method is 

belong to dynamic coating. 

Dynamic coating is a method, in which an EOF modifier (e.g. 

cetyltrimethylammonium bromide (CTAB), tetradecyltrimethylammonium bromide 

(TTAB)) is added into background electrolytes to form transient layer at the interior 

surface of capillary wall (interacts to silanol group) (Figure 2.4).  This results in a 
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conversion of charge at the capillary surface from negative to positive and the 

direction of EOF is reversed.  EOF modifiers, which are commonly used in dynamic 

coating, are cationic surfactants, polycations and zwitterionic surfactants (Table 2.3).  

These EOF modifiers can suppress or reverse EOF direction depending on the 

concentrations of EOF modifiers (37). 

 

 

(a)                                                             (b) 

 

Figure 2.4 The mechanism of dynamic coating by cationic surfactants (a) single-chain 

surfactants (b) double-chain surfactants (38). 
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Table 2.4 Common EOF modifiers for dynamic coating (38). 

 

 

 

2.3.4 Electromigration dispersion (EMD) 

The difference of conductivity between sample zone and the BGE causes 

electromigration dispersion (EMD) (39).  This causes asymmetric peak shape in an 

electropherogram.  When sample zone has higher conductivity than the running BGE 

(high mobility), tailing peak shape is obtained.  Conversely, when sample zone has 

lower conductivity than the running BGE, in this case, fronting peak is obtained 

(Figure 2.5).  Matching the mobilities of BGE or maintaining BGE concentration two 
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orders of magnitude of sample are typical approaches, which are used to minimize 

EMD phenomenon (39). 

 

 

 

Figure 2.5 Electromigration dispersion (EMD) phenomenon due to the difference of 

conductivity between running BGE and solute (a) front peak (b) symmetrical peak (c) 

tailing peak (39). 

 

2.3.5 Joule heating  

When high electrical current is applied during electrophoresis, heat is 

generated, which is called “Joule heating”, due to the passage of electrical current.  

Joule heating causes non-uniformity temperature gradient, local changes in viscosity, 

sample zone broadening and high baseline noise (39).  These are detrimental effects in 

an analysis, thus joule heating should be minimized. 

 

2.3.6 Stacking technique  

The most recognized on-line pre-concentration method is “stacking 

technique”. The advantage of the technique is increasing sensitivity of sample 

detection without alteration of CE instrumentation.  The stacking phenomenon is 

illustrated in Figure 2.6.  The sample ions are in lower conductivity zone than that of 

buffer zone.  Under the applied voltage, electric field strength in sample zone (lower 

conductivity) is turned to higher than buffer zone. When analytes migrate with high 

velocity across the boundary, the length of sample zone is shortened by the stacking 

effect. The new arrangement of sample zone lead to higher sensitivity (40).  
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                The length of stacking zone is given by,  

 

                                  
γ

ll
1

injstack                               (2.11) 

                                     BGSs / EE                          (2.12)  

                  Where,          lstack   = the length of the analyte zone after sample stacking 

                                        Linj     = the length of the analyte zone after injection 

     Es  = electric field strength in the sample zone 

     EBGE  = electric field strength in the background electrolyte 

 

 

 

Figure 2.6 General sample stacking model (40). 
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2.3.7 Separation modes in CE 

2.3.7.1 Capillary zone electrophoresis (CZE): CZE can be 

regarded as the basic mode of CE in which analytes are separated in free solution.  

Based on difference in their mobility or charge-to-mass ratio (41).  

2.3.7.2 Micellar electrokinetic chromatography (MEKC): The 

mode is used for the separation of neutral and charged analytes.  By additional of 

surfactant at higher concentration than critical micelle concentration (CMC), will form 

micelle in buffer.  The analytes are separated by differential partitioning between 

micelle and buffer (41).  

 2.3.7.3 Chiral capillary electrophoresis (CCE): CCE is used to 

separate enantiomers, that is isomeric compounds which are mirror images of each 

other.  Because two enantiomers are sterically different, they interact differentially 

with the cyclodextrins. Cyclodextrins are molecules with a hydrophobic interior and a 

hydrophilic exterior.  Alpha, beta and gamma cyclodextrins of 6, 7, 8 sugar molecules 

are in a ring (41).  

2.3.7.4 Capillary electrochromatography (CEC): The analytes 

are passed through a capillary which is filled with LC-like packing materials.  CEC 

provides higher efficiency than a comparable LC analysis because CEC produces 

equally velocity profile of analyte migration (41).  

2.3.7.5 Capillary gel electrophoresis (CGE): CGE is used to 

separate long biomolecules.  The slab gel electrophoresis is a prototype of CGE but 

CGE is developed for higher voltage applications.  In CGE the capillary is filled with 

a polymer which forms on matrix.  This acts as a molecular sieve and small molecules 

migrate more quickly through the polymer matrix than larger molecules (41).  

2.3.7.6 Capillary isoelectric focusing (CIEF): CIEF is used to 

determine the isoelectric point of peptide and proteins.  The analysis is done in two 

steps. In the first step, the capillary is filled with a solution containing a complex 

ampholyte mixture as well as the sample and marker protein.  An electric field is 

applied where the background ampholytes establish a pH gradient.  Proteins also start 

migrating depending on their net charge. When a protein reaches a point inside the 

capillary which the pH equals its isoelectric point, the protein becomes electrically 
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neutral and stop migrating.  In the second step, the protein bonds are mobilized 

towards the detection window by applying an external pressure (41).  

2.3.7.7 Capillary isotachophoresis (CITP): CITP uses a 

discontinuous buffer system.  First, a leading electrolyte containing ions of high 

mobility is introduced into the capillary.  Then a sample plug is injected and finally a 

tailing electrolyte containing low mobility ions is introduced.  The leading electrolyte 

contains ions with mobility greater than any of the ions in the sample.  Because of 

differences in the local electric field strength, sharp boundaries are established 

between leading electrolyte and the tailing electrolyte.  Then the sample components 

elute in the order of their mobilities (41).  
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Materials and instrument 

 

Table 3.1 List of chemicals and reagents. 

 

Name Grade Source/Supplier 

Metformin RS Bureau of Drug and Narcotic (Nonthaburi, 

Thailand) 

Gliclazide RS Bureau of Drug and Narcotic (Nonthaburi, 

Thailand) 

Sodium dihydrogen 

phosphate 

- Carlo erba (Calle Filadors, Spain) 

SDS - Sigma-Aldrich (Missouri, USA) 

Brij-35 - Ubichem FC (Redditch, UK) 

CTAB - Sigma-Aldrich (Missouri, USA) 

Propane sulfonate - Sigma-Aldrich (Missouri, USA) 

2HP-β-CD - Sigma-Aldrich (Missouri, USA) 

CM-β-CD - Sigma-Aldrich (Missouri, USA) 

Methanol HPLC Mallinckrodt Baker (Xalostoc, Mexico) 

Ethanol HPLC Mallinckrodt Baker (Xalostoc, Mexico) 

Sodium hydroxide - Carlo erba (Calle Filadors, Spain) 

Phosphoric acid - Carlo erba (Calle Filadors, Spain) 

RS = reference standard, HPLC = high performance liquid chromatography, SDS = Sodium dodecyl 

sulphate,      Brij = Polyethylene glycol lauryl ether, CTAB = Cetyl trimethylammonium bromide, 2HP-

β-CD = 2-Hydroxypropyl-beta-cyclodextrin, CM-β-CD = Carboxymethyl-beta-cyclodextrin 
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Table 3.2 List of instruments. 

 

Name/Model Source/Supplier 

Capillary electrophoresis (P/ACE MDQ) Beckman Coulter (California, USA) 

Capillary tube (Bare fused silica, id. 50 µm) Agilent Technologies (California, 

USA) 

Micropipette (Calibra) Socorex Swiss (Ecublens, Switzerland) 

pH meter (FE20) Mettler toledo (Ohio, USA) 

Analytical balance (XP205) Mettler toledo (Ohio, USA) 

Nylon Syringe filter, 0.2 µm 13 mm 

(Vertipure) 

Ligand (California, USA) 

Centrifuges (Sorvall LYNX) Thermo Scientific (Massachusetts, 

USA) 

Ultrasonic bath (Tru-Sweep) Crest Ultrasonic (New Jersey, USA) 

Ultrapure water system (Milli-Q) Merck Millipore (Massachusetts, USA) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                            M.Sc. in Pharm. (Pharmaceutical Chemistry) / 25 

 

3.2 Capillary electrophoresis general method 

MEKC was performed on Beckman coulter P/ACE MDQ capillary 

electrophoresis system and data processing was by 32 Karat software version 7.0.  The 

detector was a photodiode array detector scanning in a range from 190 to 300 nm 

(wavelength accuracy ±2 nm, bandwidth 10 nm). The voltage can be varied in a range 

of 0-30 kV (current 15-300 µA). The temperature in capillary cartridge is regulated by 

a liquid cooling system from 10-55 °C. The sample is injected by a hydrodynamic 

system. 

The separation of MET, GCZ and GBM was performed by using a bare 

fused silica capillary with an internal diameter of 50.0 µm, a total length (Ltotal) of 60.2 

cm and an effective length to detector (Leff) of 50.0 cm. The pre-condition procedure 

for a new capillary for daily uses, between runs and storage was described in Table 

3.3. Standard solutions were injected into the capillary inlet using pressure of 0.7 psi. 

The optimum condition was investigated by varying; types and 

concentrations of buffer, surfactants, ion pairing agents, organic modifiers and 

cyclodextrins. Method development and optimization were studied as described in 

method development and optimization sections.  
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Table 3.3 Capillary conditioning procedures for the separation of MET, GCZ and 

GBM. 

 

 Conditioning step Time (min) 

New use capillary 1. 1 N NaOH 

2. 0.1 N NaOH 

3. Water 

15 

15 

15 

Daily use 1. Ethanol 

2. Water 

3. 1 N NaOH 

4. 0.1 N NaOH 

5. Water 

5 

5 

5 

5 

5 

Between run 1. Water 

2. BGE 

4 

5 

Overnight storage 1. Water 

2. 0.1 N NaOH 

3. Water 

5 

5 

5 

Long-time storage 1. Water 

2. 1 N NaOH 

3. Water 

4. 0.1 N NaOH 

5. Water 

6. Methanol 

7. Air 

5 

5 

5 

5 

10 

10 

3 
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3.3 Assay of combined anti-diabetic drugs 

  

 3.3.1 Background electrolyte (BGE) preparation 

 Stock buffer solution 100 mM was prepared by dissolving  6.0 g sodium 

dihydrogen phosphate and 6.0 mL of 85% w/w phosphoric acid in water adjusted to 

500 mL and kept in a refrigerator at 8 
๐
C. Before daily used, the stock buffer solution 

was diluted 10-fold with water to obtain 10 mM phosphate buffer solution, and then 

adjusted to pH 7.0 with 0.1 N NaOH (as BGE). The 10 mM phosphate buffer solution 

(pH 7.0) was further diluted 5-fold with water to obtain 2 mM phosphate buffer 

solution (as standard and sample solvent). 

 

3.3.2 Standard solution preparation 

 Standard solutions of MET, GCZ were separately prepared by weighing 

each standards equivalent to 10.0 mg into a 100-mL volumetric flask and dissolving 

with 50.0 mL EtOH. After shaking and sonication for 20 minutes, the solutions were 

adjusted to 100 mL with 2 mM phosphate buffer (pH 7.0) solution to obtain final 

concentrations of 100 µg/mL. The standard solutions were filtered through a 0.2 µm 

Nylon membrane and degassed for 10 minutes prior to injection. 

  

 3.3.3 Sample preparation  

 Twenty tablets of anti-diabetic drugs were finely ground to homogeneous 

powder, which was dissolved as described below. 

                    Single drug : MET 500 mg /tablet  

 The accurately weighed powder equivalent to 500 mg MET was 

transferred into a 200- mL volumetric flask and dissolved with 100.0 mL EtOH. After 

shaking and sonication for 20 minutes, its volume was adjusted to 200 mL with 2 mM 

phosphate buffer solution. Two milliliters of the solution was pipetted to a 50- mL 

volumetric flask and adjust to volume with a mixture of EtOH and 2 mM phosphate 

buffer (pH 7.0)(50:50) to obtain the final concentration of 100 µg/mL. 

                    Single drug : GCZ 80 mg /tablet  

 The accurately weighed powder equivalent  to 80 mg GCZ was 

transferred into a 200- mL volumetric flask and dissolved with 100.0 mL EtOH. After 
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shaking and sonication for 20 minutes, its volume was adjusted to 200 mL with 2 mM 

phosphate buffer solution. Five milliliters of the solution was pipetted to a 20- mL 

volumetric flask and adjust to the volume with a mixture of EtOH and 2 mM 

phosphate buffer (pH 7.0)(50:50) to obtain the final concentration of 100 µg/mL. 

  Combined drug : MET 500 mg and GCZ 80 mg /tablet 

 The separately weighed powder equivalent  to 500 mg MET and 80 mg 

GCZ was transferred into each 200- mL volumetric flask and dissolved with 100.0 mL 

EtOH. After shaking and sonication for 20 minutes, its volume was adjusted to 200 

mL with 2 mM phosphate buffer solution. For assay of MET, two milliliters of the 

solution was pipetted to a 50- mL volumetric flask. For assay of GCZ, five milliliters 

of the solution was pipetted to a 20- mL volumetric flask. Adjust volume with a 

mixture of EtOH and 2 mM phosphate buffer (pH 7.0)(50:50) to obtain the final 

concentration of 100 µg/mL each sample. 

 

 3.3.4 Optimization 

 Method optimization was performed on a MEKC mode, which showed 

high efficiency  and effectiveness in separation of structurally similar analytes (31). 

Types and concentrations of additives (buffer, surfactant, cyclodextrin, ion-pair 

reagent and organic modifier) were investigated to optimize analytical parameters such 

as migration time, resolution, tailing factor and number of theoretical plate, which 

were calculated by the following equations. Criteria for the optimum CE condition 

were shown in Table 3.4 

 

 
21

12
s

ww

)t2(t
R




   (3.1) 

 Where, Rs  = Resolution 

  t1   = Migration time of analyte 1 

  t2   = Migration time of analyte 2 

  w1 = Baseline peak width (in time) of analyte 1 

  w2 = Baseline peak width (in time) of analyte 2 

  
2f

w
TF 0.05  (3.2) 
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 Where, TF = Tailing factor 

                      w0.05 = Width of peak at 5% of peak height 

  f    = Width of line from leading edge of peak to the 

           intercept of a perpendicular line dropped 

                                  from the peak maximum to the base 

  

2

0.5w

t
 5.54N 










  (3.3) 

 Where, N = Number of theoretical plates 

  t  = Migration time of analyte 

                     w0.5 = Temporal peak width at half height 

 

Table 3.4 Analytical parameter criteria. 

  

Parameter Criteria 

Resolution  1.5 

Migration time       30 min 

Tailing factor ≤ 2.0 

Number of theoretical plate        10,000 

 

 3.3.5 Method validation 

 The optimized MEKC condition was validated in terms of specificity, 

linearity, accuracy, precision according to the ICH guidline (42).   

3.3.5.1 Specificity 

Specificity was the ability to fluently evaluate the analyte in 

the presence of components, which may be expected to be present in the sample 

matrices. The specificity of an analytical method was tested by the peak purity test. 

The spectral data of standard solutions (100 µg/mL) were conducted to create spectral 

library. Under the same CE condition, the sample was analyzed.  

The similarity index was calculated by comparing the current 

sample data with a standard spectrum stored in the library. Similarity index in a range 

of 0.9900 to 0.9999 was indicated a high similarity.   
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3.3.5.2 Linearity  

Calibration curves of MET and GCZ were established on five 

different concentrations (50-150 µg/mL) in triplicate injections.  Linear regression, 

coefficients of determination (r
2
), slope and intercept were calculated by Microsoft 

Office Excel


 (version 2007).  

3.3.5.3 Precision  

Precision of the method was determined from %RSD of tm , 

peak area and  peak height from injection, intra-day and inter-day precisions. Injection 

precision was performed by nine injections of the mid point of the calibration curves 

(100 µg/mL).  For intra-day precision, three different concentrations (50, 100 and 150 

µg/mL) of the standard solutions were injected in triplicates on the same day.  For 

inter-day precision, three different concentrations (50, 100 and 150 µg/mL) of the 

standard solutions were analyzed on three different days and each concentration was 

injected in triplicates.  %RSD was calculated by equation 3.4. 

 

%RSD = (SD) x 100                                           (3.4) 

     

                  where SD   =    standard deviations                   

                            Xave   =    mean values 

3.3.5.4 Accuracy  

Accuracy of the method was determined from % recovery by 

standard addition method.  Standard solution was spiked into the sample to make the 

final concentration of 80-120% of the nominal concentration (100 µg/mL for MET and 

GCZ).  Each concentration was injected in triplicates. Percent recovery was calculated 

from equation 3.5. 

 

             % Recovery =    Amount found – Amount added x 100     (3.5) 

              Amount added 

 

 

 

 

Xave 
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3.3.6 Application  

The developed and validated method was applied to the assay of MET and 

GCZ tablet formulations.  Two commercial brands of single drug and three different 

lots of combined drug were analyzed.  Analyses were performed in triplicates and 

%labeled amounts of the drugs were calculated.  
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CHAPTER IV 

RESULTS AND DISSCUSSION 

 

 

4.1 CE method development for analysis of MET and GCZ  

 

4.1.1 Wavelength selection  

UV absorbance of the analytes (e.g. MET, CGN, GBM, GCZ, GCF) in a 

mixture of acetonitrile and water (40:60, v/v) was performed. Using a 

spectrophotometer  scanning in a range of 200 to 400, the wavelength of 225 nm was 

selected because of being the most compromised wavelength. 
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Figure. 4.1 UV spectra of MET, CGN, GBM, GCZ and GZF. 

                       

4.1.2 Modes of Instrument  

In a preliminary study, the 100 µg/mL standard solutions were prepared in 

a mixture of ACN and 10 mM phosphate buffer (50:50). The standards were injected 

under pressure 0.7 psi for 30 seconds. The BGE was 10 mM phosphate buffer, pH 2.0. 

There were no any peaks to be detected as illustrated in Figure 4.2, (a).  Therefore, 

GZF 

CGN 

MET 

GCZ 

GBM 
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stacking technique was introduced in the experiment. According to the theory, using 

“diluted buffer” in analyte zone was led to the stacking phenomena. So, the new 

medium prepared was 100 µg/mL standard solutions in a mixture of ACN and 2 mM 

phosphate buffer (50:50). The new preparing standards was injected in the same 

manner into the same BGE, except using voltage at -15 kv in negative polarity, and 

+15 kv in positive polarity. The results were shown in Figures 4.2 (b) and (c), 

respectively. The negative polarity (Cathode at inlet) was rejected, because the last 

peak was too separated from the most peaks (RT > 30 min). While, the positive 

polarity (Anode at inlet) with stacking technique was selected to perform the CE 

optimization. 
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Figure 4.2 The separation of 100 µg/mL standard mixture (MET, CGN, GBM, GCZ 

and GZF). CE Condition: BGE: 10 mM phosphate buffer, pH 2.0; capillary 60.2 cm 

full length, 50.0 cm effective length, 50 µm ID, injection 0.7 psi, 30 s; temperature 

25ºC; voltage ±15 kV; PDA detection at 225 nm. a) without stacking technique b) 

stacking technique with negative polarity c) stacking technique with positive polarity. 

 

4.1.3 Types, concentrations and pH of buffer  

Citrate, acetate and phosphate buffers were used in experiment with 10 

mM, pH 2.0. Citrate buffer was generated too high Joule heating. Acetate buffer was 

excluded from experiment because of its very hygroscopic property. Phosphate buffer 

was selected to further experiment with varying of concentration (10, 20 and 30 mM) 

and pH (2.0, 3.0, 4.0, 5.0, 6.0, and 7.0). The concentrations at 20 and 30 mM were 

excluded because of too high Joule heating formation. In fact, using 10 mM phosphate 

buffer with various pH, (2.0 to 7.0) showed no significant separation of the analytes. 

Although, pH 7.0 was chosen for serving the solubility of GBM, the 10 mM phosphate 

buffer, pH 7.0 was used in further optimization.  

 From the CZE limitation, the MEKC showed a higher potential in 

separation with a wide range of additives (e.g. surfactant, cyclodextrins). So, 4.1.4 to 

4.1.8 were the development in MECK technique. 

 

 

 

c) 

MET CGN+GBM+GCZ+GZF 
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 4.1.4 Effect of nonionic surfactant and organic modifiers  

Nonionic surfactant performed in MEKC was Brij-35 in 0.2, 0.3 and 0.4 

mg/mL. The limit concentration found was 0.2 mg/mL, since the higher concentration 

gave the prolonged migration time of  all analytes (> 40 min). Type and concentration 

of organic modifier were varied (ACN, MeOH, EtOH in 5, 10, 15 and 20%). In the 

experiment, the use of 15% MeOH was reasonable. Unfortunately, MeOH caused the 

high value of %RSD (tm) in the injection precision. Hence, switching to the use of  

15% EtOH was employed for method validation. Actually, EtOH caused precipitation 

of GBM (as internal standard). GBM was decided to exclude from experimental 

studies. Figure 4.3 shows the separation of the peaks in BGE comprised of 0.2 mg/mL 

Brij-35 and 15% MeOH in 10 mM phosphate buffer, pH 7.0. This BGE combination 

was further optimization.  

-0.001

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0 5 10 15 20 25 30 35 40 45 50 55 60

A
U

min
 

 

Figure 4.3 The separation of 100 µg/mL standard mixture (MET, CGN, GBM, GCZ 

and GZF). CE Condition: BGE: 0.2 mg/mL Brij-35 and 15% MeOH in 10 mM 

phosphate buffer, pH 7.0; Operational condition : the same as Figure 4.2. 

 

 4.1.5 Effect of ion-pair reagents 

MET and CGN are structurally related. Both can dissociate giving positive 

charges that can be chemically bonded with negative charges of sulfonated ion-pair 

reagents. Propane sulfonate was chosen to the experiment with various concentrations 

MET+CGM 

GBM+GCZ+GZF 
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of 5, 10, 15 and 20 mM. The concentration of 15 mM was the most suitable. 

Concentration of higher than 15 mM generated too much Joule heating. Therefore, 

BGE containing ion-pair reagent was used for the separation of MET and CGN. The 

BGE containing 15 mM Propane sulfonate, 0.2 mg/mL Brij-35 and 15%  MeOH in 10 

mM phosphate buffer, pH 7.0 was further used for optimization study. 
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Figure 4.4 The separation of 100 µg/mL standard mixture (MET, CGN, GBM, GCZ 

and GZF). CE Condition: BGE: 15 mM Propane sulfonate , 0.2 mg/mL Brij-35 and 

15% MeOH in 10 mM phosphate buffer, pH 7.0; Operational condition : the same as 

Figure 4.2. 

 

4.1.6 Effect of 2HP-β-CD concentrations 

2HP-β-CD was employed in the experiment for separation of  

Sulfonylureas (GBM, GCZ and GZF). 2HP-β-CD was varied in 10, 20, 30 and 35 

mM. Concentration of higher than 30 mM caused unstable baseline.  The 

concentration of 30 mM exhibited the most resolution of GBM and GCZ-GZF. The 

resolution was increased from 1.5 to 4.3, as illustrated in Figure 4.5. The BGE 

containing 30 mM 2HP-β-CD, 15 mM Propane sulfonate, 0.2 mg/mL Brij-35 and 15% 

MeOH in 10 mM phosphate buffer, pH 7.0 was used for further study. 
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Figure 4.5 The separation of 100 µg/mL standard mixture (MET, CGN, GBM, GCZ 

and GZF). CE Condition: BGE: 30 mM 2HP-β-CD, 15 mM Propane sulfonate , 0.2 

mg/mL Brij-35 and 15% MeOH in 10 mM phosphate buffer, pH 7.0; Operational 

condition : the same as Figure 4.2. 

 

4.1.7 Effect of cationic surfactant (CTAB) concentrations 

CTAB can cause EOF reversal. The effect is able to extend migration time 

of all analytes that moved against EOF flow. The prolonged migration time of GCZ 

and GZF, allowed sufficiently interaction complex between 2HP-β-CD and GCZ-

GZF. So, the separation of GCZ and GZF was occurred. CTAB was varied in 

concentration 1, 2 and 3 mM. Three mM concentration gave the highest of GCZ-GZF 

resolution with the value of 1.7. The separation was shown in Figure 4.6. The BGE 

containing 3 mM CTAB, 30 mM 2HP-β-CD, 15 mM Propane sulfonate, 0.2 mg/mL 

Brij-35 and 15% MeOH in 10 mM phosphate buffer, pH 7.0, was further studied.  
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Figure 4.6 The increase of resolution between GCZ and GZF by additional of 3 mM 

CTAB. CE Condition: BGE: 3 mM CTAB, 30 mM 2HP-β-CD, 15 mM Propane 

sulfonate, 0.2 mg/mL Brij-35 and 15% MeOH in 10 mM phosphate buffer, pH 7.0; 

Operational condition : the same as Figure 4.2. 

  

4.1.8 Effect of CM-β-CD concentrations 

GCF peak shape was still destroyed. The addition of second cyclodextrin 

(CM-β-CD) was beneficial. The formation of complexation between CM-β-CD and 

GCZ, reduced GCZ peak dispersion. So, GCZ peak shape will be restored. The 

various concentrations of CM-β-CD were performed at 1.8, 2.5 and 5.0 mg/mL. 

Concentration of higher than 1.8 mg/mL caused the prolonged migration time of GCZ 

and GZF ( 30 minutes). At 1.8 mg/mL CM-β-CD was suitable. The improved tailing 

factor of GCZ was 0.6. The baseline separation of all analytes was shown in Figure 

4.7. The final BGE was a combination of 1.8 mg/mL CM-β-CD, 30 mM HP- β-CD, 3 

mM CTAB, 15 mM propane sulfonate, 0.2 mg/mL Brij-35 and 15% MeOH in 10 mM 

phosphate buffer, pH 7.0.  
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Figure 4.7 The separation by optimized MEKC. CE Condition: BGE: 1.8 mg/mL CM-

β-CD, 3 mM CTAB, 30 mM 2HP-β-CD, 15 mM Propane sulfonate, 0.2 mg/mL Brij-

35 and 15% MeOH in10 mM phosphate buffer, pH 7.0; Operational condition : the 

same as Figure 4.2. 

 

The optimized factor of 5 analytes was demonstrated in Table 4.1. From 

the summarized table, MET was still out of the criterions because MET possessed 

tailing factor more than 2.0 (7). Therefore, in the method validation, the height of 

MET was used instead of the area. The separation of CGN was for testing of MET 

purity. So, the co-migration of CGN with EOF was acceptable. After using EtOH in 

place of MeOH in BGE, GBM was precipitated. So, GBM was excluded from method 

validation. The separation of GZF was for testing of GCZ purity. Hence, in method 

validation, MET and GCZ were the major analytes to quantify.  
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Table 4.1 The optimized analytical factors of 5 analytes (MET,CGN,GBM,GCZ and   

GZF). 

 

Analyte Time (min) Theoretical plates Resolution Tailing factor 

MET 7.3 19738 - 5.2 

CGN* 15.5 - - - 

GBM 21.1 30091 36.8  0.6 

GCZ 26.4 39282 6.3 0.6 

GZF 27.5 41058 1.7 0.6 

*co-elute with EOF 

 

4.2 Method validation 

The optimized condition for separation of MET and GCZ was evaluated in 

term of specificity, linearity, precision and accuracy according to ICH guidelines (42).   

 

4.2.1 Specificity 

One hundred µg/mL standard solutions (MET and GCZ) were separately 

injected to construct spectrum data. The sample solution was injected under the same 

condition. The similarity index was calculated by comparing the current sample data 

with a standard spectrum stored in the library. The results of matching spectra of MET 

and GCZ were illustrated in Appendix.  

 

4.2.2 Linearity 

Linearity of MET and GCZ was achieved by triplicate injections of 

individual analyte over five concentration levels, covering a range of 50-150 µg/mL. 

The least-square linear regression of the analytes was obtained by plotting peak area or 

peak height versus concentrations.  The parameters were shown in Table 4.2, 

demonstrating the highest correlation coefficient of MET at r
2  

=  0.9986 which was 

calculated from peak height. Meanwhile the best fit of GCZ linearity was obtained by 

peak area (r
2  

=  0.9974). Therefore, peak height and peak area were selected to 

establish the linearity of MET and GCZ, respectively. The raw data and calibration 

curves were shown in Appendix. 

(MET/GBM) 

(GBM /GCZ) 

(GCZ /GZF) 
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Table 4.2 Linearity of MET and GCZ. 

 

Analyte Signal  Slope y-intercept r
2
 

MET  Peak area 

 Peak height 

1,499,764 

125,964 

14,290 

10,211 

0.9973 

0.9986 

GCZ  Peak area 

 Peak height 

2,040,720 

70,610 

32,554 

5,551 

0.9974 

0.9858 

 

 

 

4.2.3 Precision 

The precision of the proposed method indicated the closeness of 

measurements derived from a series of sample analysis under test. Precision is 

calculated from injection, intra-day and inter-day precisions. 

4.2.3.1 Injection precision  

Injection precision was investigated at the middle point of the 

calibration curve (100 µg/mL) by nine replicate injections. The %RSD of peak area 

and peak height were calculated and data was shown in Tables 4.3 and 4.4. %RSDs 

calculated from peak areas and peak heights of MET were 1.24 and 0.63, respectively. 

Meanwhile, %RSDs calculated from peak areas and peak heights of GCZ were 1.48 

and 3.35, respectively. According to the criteria of %RSD  2.0 (7), %RSD from both 

MET and GCZ were acceptable. 
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Table 4.3  Injection precision of MET at 100 µg/ml (n = 9). 

 

Injection no. MET 

tm 

(min) 

Peak area 

(AU*s) 

Peak height 

(AU) 

1 7.77 167940 23534 

2 7.77 164281 23163 

3 7.74 163483 23272 

4 7.72 169487 23472 

5 7.74 168241 23268 

6 7.73 164432 23467 

7 7.78 167283 23412 

8 7.76 166481 23342 

9 7.77 167485 23628 

Average 7.75 166568 23395 

SD 0.02 2057.66 147.01 

%RSD 0.27 1.24 0.63 
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Table 4.4  Injection precision of GCZ at 100 µg/mL (n = 9). 

 

Injection no. GCZ 

tm 

(min) 

Peak area 

(AU*s) 

Peak height 

(AU) 

1 20.25 214790 11444 

2 20.29 217997 11754 

3 20.05 209905 12154 

4 20.08 211947 12335 

5 20.12 209255 12254 

6 20.15 214128 12559 

7 20.18 209083 12445 

8 20.09 211074 12664 

9 20.08 208921 12611 

Average 20.14 211900 12247 

SD 0.08 3141.65 410.37 

%RSD 0.41 1.48 3.35 

 

 

4.2.3.2 Intra-day precision 

Intra-day precision was examined at three different 

concentrations (50, 100 and 150 µg/mL) of MET and GCZ on the same day. The 

%RSDs of peak area and peak height were determined and the results were shown in 

Tables 4.5-4.6.  The %RSDs calculated from peak heights of the intra-day precision 

for MET were in a range of 0.44-1.60%. %RSDs of GCZ calculated from peak areas 

were in a range of 0.31-1.70%. 
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Table 4.5 Intra-day precision of MET (n = 3). 

 

Injection no. 
Conc 

(µg/mL) 

tm 

(min) 

Peak area 

(AU*s) 

Peak height 

(AU) 

1 50 7.54 95238 15321 

2  7.52 92237 15078 

3  7.56 94325 15567 

Average  7.54 93933 15322 

SD  0.02 1538.36 244.50 

%RSD  0.27 1.64 1.60 

1 100 7.52 158230 24263 

2  7.48 156495 24857 

3  7.50 153274 24631 

Average  7.50 156000 24584 

SD  0.02 2514.86 299.82 

%RSD  0.27 1.61 1.22 

1 150 7.57 232748 28917 

2  7.52 236891 29077 

3  7.56 235720 29168 

Average  7.55 235120 29054 

SD  0.03 2135.75 127.07 

%RSD  0.35 0.91 0.44 
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Table 4.6 Intra-day precision of GCZ (n = 3). 

 

Injection no. 
Conc 

(µg/mL) 

tm 

(min) 

Peak area 

(AU*s) 

Peak height 

(AU) 

1 50 21.23 116280 8213 

2  20.97 114256 7916 

3  20.83 118203 8123 

Average  21.01 116246 8084 

SD  0.20 1973.72 152.29 

%RSD  0.97 1.70 1.88 

1 100 20.10 221987 12136 

2  19.88 219684 12071 

3  19.67 220456 11923 

Average  19.88 220709 12043 

SD  0.22 1172.16 109.16 

%RSD  1.08 0.53 0.91 

1 150 20.16 320252 15038 

2  20.03 319823 15123 

3  19.82 321741 14918 

Average  20.00 320605 15026 

SD  0.17 1006.64 103.00 

%RSD  0.86 0.31 0.69 

 

 

4.2.3.3 Inter-day precision 

Inter-day precision was examined at three different 

concentrations (50, 100 and 150 µg/mL) of MET and GCZ on three different days. 

The %RSDs of peak area and peak height were determined and the results were shown 

in Tables 4.7-4.8.  The %RSDs calculated from peak heights of the inter-day precision 
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for MET were in a range of 0.99-1.66%. %RSDs of GCZ calculated from peak areas 

were in a range of 1.61-1.97%. 

 

Table 4.7 Inter-day precision of MET (n = 3). 

 

Day 
Conc. 

(µg/mL) 

tm 

(min) 

Peak area 

(AU*s) 

Peak height 

(AU) 

1 50 7.31 92465 15307 

2  7.60 91515 15534 

3  7.50 94003 15657 

Average  7.47 92661 15499 

SD  0.13 1774.63 256.76 

%RSD  1.70 1.92 1.66 

1 100 7.32 156489 23323 

2  7.59 155630 23248 

3  7.51 160657 23608 

Average  7.48 157592 23393 

SD  0.12 3091.57 243.04 

%RSD  1.62 1.96 1.04 

1 150 7.36 244765 29412 

2  7.61 245354 29189 

3  7.50 251644 29394 

Average  7.49 247254 29332 

SD  0.11 3978.16 290.88 

%RSD  1.44 1.61 0.99 
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Table 4.8 Inter-day precision of GCZ (n = 3). 

 

Day 
Conc. 

(µg/mL) 

tm 

(min) 

Peak area 

(AU*s) 

Peak height 

(AU) 

1 50 23.61 116639 8150 

2  22.67 118919 8302 

3  22.79 118964 8045 

Average  23.02 118174 8166 

SD  0.46 2324.42 231.64 

%RSD  2.00 1.97 2.84 

1 100 23.48 229051 12011 

2  22.65 230957 11851 

3  22.83 232261 11891 

Average  22.99 230756 11917 

SD  0.41 3735.62 278.17 

%RSD  1.80 1.62 2.33 

1 150 21.10 317177 14627 

2  21.77 323702 14991 

3  21.77 313624 14954 

Average  21.55 318168 14857 

SD  0.34 5119.11 392.96 

%RSD  1.60 1.61 2.64 

 

 

4.2.4 Accuracy 

Accuracy of the method was evaluated from percent recovery of MET and 

GCZ in pharmaceutical formulations. Using standard addition method in this study, 

the reference standard was separately weighted into the finely grounded tablets, 

covering three levels in a range of 80-120% of specified concentrations. Each 

concentration was quantified in three determinations under optimized CE condition. 
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Recoveries of MET and GCZ were shown in Tables 4.9-4.10 and the values were 

within the criteria of 98-102% (7).    

 

Table 4.9 Recoveries of MET in pharmaceutical formulation (n = 3). 

 

% added 
Amount added 

(mg) 

Total amount 

(mg) 

Amount found 

(mg) 
% Recovery 

80 199.52 397.24 197.72 99.5 

100 248.78 499.05 250.27 100.3 

120 300.12 603.54 303.42 100.7 

   Average 100.17 

   SD 0.61 

   %RSD 0.61 

 

Table 4.10 Recoveries of GCZ in pharmaceutical formulation (n = 3). 

 

% added 
Amount added 

(mg) 

Total amount 

(mg) 

Amount found 

(mg) 
% Recovery 

80 33.78 68.22 34.44 102.0 

100 39.71 78.98 39.27 98.9 

120 47.56 95.83 48.27 101.5 

   Average 100.78 

   SD 1.65 

   %RSD 1.64 

 

 

 

4.3 Applications 

      The proposed method was applied for analysis of pharmaceutical 

preparations in single and combined formulations. In single drug, MET tablet was 

available in 500 mg, while GCZ was manufactured in 80 mg tablet. The fixed dose 

combination was composed of 500 mg MET and 80 mg GCZ. The results of assay 
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were shown in Table 4.11. All contents found were within the limit of 95.0-105.0% la. 

(6). 

 

Table 4.11 Assay of MET and GCZ in tablet formulation. 

 

Type 

Content found 

(%la.) 
Limits 

(BP 2013) 
MET GCZ 

Single drug    

 MET 500 mg    

  Brand A 101.2  95.0-105.0% 

  Brand B 97.8  95.0-105.0% 

 GCZ 80 mg    

  Brand C  96.3 95.0-105.0% 

  Brand D  97.8 95.0-105.0% 

Combination drug    

 MET 500 mg and GCZ 80 mg    

  Lot E 100.3 98.3 - 

  Lot F 99.8 97.2 - 

  Lot G 101.6 99.4 - 

* la = labeled amount 
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CHAPTER V 

CONCLUSION 

 

 

5.1 CE Development and optimization  

CE method development was complied MEKC mode to simultaneous 

determination of 5 analytes (MET, CGN, GBM, GCZ, GZF). Since, the low sensitivity 

of CE instrumentation, the stacking technique was introduced by diluting buffer in 

analyte preparation. Because of their different chemical property (biguanides vs 

sulfonylureas) and closely similar structure (MET-CGN, GCZ-GZF), many strategies 

were conducted for its optimization. Mainly, BGE was developed by varying type and 

concentration of buffer, surfactant, organic modifier and additives. Buffer was studied 

by varying type (citrate, acetate and phosphate), concentration (10, 20 and 30 mM) 

and pH (2.0, 3.0, 4.0, 5.0, 6.0 and 7.0). Non-ionic surfactant (Brij-35) was used at 

various concentrations (0.2, 0.3 and 0.4 mg/mL). Organic modifier was varied by its 

type (ACN, MeOH and EtOH) and concentration (5, 10, 15 and 20%). The additives 

were added (e.g. cyclodextrins, ion-pair reagent and CTAB). Propane sulfonate was 

chosen as an ion-pair reagent using for MET-CGN separation. Propane sulfonate was 

varied in concentration of 5, 10, 15 and 20 mM. First cyclodexytrins using in BGE 

was 2HP-β-CD. The addition of 2HP-β-CD for separation of GBM and GCZ-GZF. 

2HP-β-CD was varied in concentration of 10, 20, 30 and 35 mM. CTAB was used for 

separation of GCZ and GZF which was varied in concentration of 5, 10, 15 and 20 

mM. Second cyclodextrins in BGE was CM-β-CD for improving GCZ tailing factor. 

CM-β-CD was varied in concentration of 1.8, 2.5 and 5.0 mg/mL. The optimized BGE 

was comprised of 1.8 mg/mL CM-β-CD, 30 mM 2HP-β-CD,  3 mM CTAB, 15 mM 

propane sulfonate, 0.2 mg/mL Brij-35 and 15% MeOH in 10 mM phosphate buffer, 

pH 7.0. Unfortunately, in method validation, BGE containing 15% MeOH caused 

%RSD (tm) more than 2.0. So, 15% EtOH was used in BGE instead of MeOH. In fact, 

EtOH caused precipitation of GBM. GBM then was excluded from method validation. 
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Actually, the separation of CGN and GZF was for testing purity of MET and GCZ. 

Therefore, MET and GCZ were performed in method validation. 

 

 

5.2 Method validation 

From optimization, MET possessed tailing factor  out of the criteria (not 

more than 2.0). So, peak height of MET was used in method validation and applied to 

determination for tablet formulation. Calibration curves of MET and GCZ were 

constructed in a range of 50-150 µg/mL. The data calculated for correlation 

coefficients (r
2
) of MET were focused on peak height. Because peak height of MET 

gave higher correlation coefficient (r
2
 = 0.9986) than peak area (r

2
 = 0.9973). 

Whereas, the data calculated for correlation coefficient (r
2
) of GCZ were focused on 

peak area which gave higher correlation coefficients (r
2
 = 0.9974) than peak height (r

2
 

= 0.9858). Precision was evaluated in terms of injection, intra-day, inter-day 

precisions. Peak height of MET gave the lower %RSD than peak area. For injection, 

intra-day, inter-day precisions, %RSDs were 0.63, 0.44 and 0.99, respectively. While, 

peak area of GCZ gave the lower %RSD than peak height. For injection, intra-day, 

inter-day precision, %RSDs were 1.48, 0.31 and 1.61, respectively. Recovery of MET 

(based on peak height) was 99.1-101.1%. Recovery of GCZ (based on peak area) was 

98.9-102.0% 

 

 

5.3 Determination of anti-diabetic drugs 

The development and validated MEKC method was applied for analysis of 

MET and GCZ in tablet formulations. Two different brands of single-drug (MET and 

GCZ) and one brands (3 different lots) of combined drug (MET+GCZ) were complied 

in the determination. In single drug, the %label amounts of MET were 101.2 and 97.8 

for brands A and B, respectively. The %label amounts of GCZ were 96.3 and 98.9 for 

brands C and D, respectively. In combined drug, %label amounts of MET were 100.3, 

99.8 and 101.6 for lots E, F and G, respectively. The % label amounts of GCZ were 

98.3, 97.2 and  99.4  for lot E, F and G, respectively. In conclusion, the great 

advantage of MEKC method was to reduce analysis time of combined anti-diabetic 
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drugs and was environmental friendly. The method can also be applied for routine 

analysis of single anti-diabetic drugs with excellent linearity, accuracy and precision.   
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Table A1 Calibration data of MET. 

 

Conc. 

(µg/mL) 

tm 

(min) 

Peak area 

(AU*s) 

Peak height 

(AU) 

50 7.59 
92132 

16538 

 (0.72) 
(1.66) 

(1.76) 

75 7.75 
125776 

19593 

 (0.68) 
(1.18) 

(0.51) 

100 7.82 
160571 

23070 

 (0.75) 
(1.40) 

(0.97) 

125 7.63 
202386 

26320 

 (0.84) 
(1.87) 

(0.20) 

150 7.54 
244241 

29055 

 (0.79) 
(1.31) 

(0.64) 

Slope  1,499,764 125,964 

y-intercept  14,290 10,211 

r
2
  0.9973 0.9986 

Number in parenthesis represent %RSD 
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Table A2 Calibration data of GCZ. 

 

Conc. 

(µg/mL) 

tm 

(min) 

Peak area 

(AU*s) 

Peak height 

(AU) 

50 22.32 
129063 

8682 

 (0.92) 
(1.60) 

(1.34) 

75 22.33 
183146 

10890 

 (0.87) 
(1.60) 

(1.40) 

100 22.57 
237275 

12791 

 (1.02) 
(1.23) 

(1.07) 

125 22.50 
285533 

14442 

 (0.99) 
(1.07) 

(1.29) 

150 22.19 
327908 

15558 

 (1.08) 
(1.19) 

(1.42) 

Slope  2,040,720 70,610 

y-intercept  32,554 5,551 

r
2
  0.9974 0.9858 

Number in parenthesis represent %RSD 
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Figure A1 The matching spectra of sample solution (MET and GCZ) to standard 

spectrum library.  
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Figure A2 Calibration curve of MET (peak area and peak height VS concentration).  
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Figure A3 Calibration curve of GCZ (peak area and peak height VS concentration).  
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