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Abstract:

We are performing the force degradation study on molecules of ‘METFORMIN’
and ‘CANAGLIFLOZIN’ by using LC-MS/MS.

Metformin is a medicine used to treat type 2 diabetes mellitus. It helps control blood
sugar levels and thus prevent serious complications of diabetes. Canagliflozin is
used by itself or in combination with other medicines to treat type 2 diabetes
mellitus. It helps control the high blood sugar levels seen in diabetes. This reduces
the chances of serious complications of diabetes and also helps prevent heart
disease. Canagliflozin anhydrous is a sodium glucose cotransporter 2 inhibitor.

As per literature review, there is no Force degradation reported for the estimation
of Metformin and Canagliflozin in combined pharmaceutical dosage form by LC-
MS/MS. Various publication are available regarding the UV, HPLC simultaneous
estimation and UV & HPLC method development of Metformin and Canagliflozin
either alone or in combination with other drug in pharmaceutical dosage form.
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1. INTRODUCTION

1.1. INTRODUCTION TO DIABETES MELLITUS [01-02l

1.1.1. Diabetes Mellitus [*!]

Diabetes mellitus, commonly known as just diabetes, is a group of metabolic
disorders characterized by a high blood sugar level over a prolonged period of time.
Symptoms often include frequent urination, increased thirst and increased appetite.
If left untreated, diabetes can cause many health complications. Acute
complications can include diabetic ketoacidosis, hyperosmolar hyperglycemic state,
or death. Serious long-term complications include cardiovascular disease, stroke,
chronic kidney disease, foot ulcers, damage to the nerves, damage to the eyes and
cognitive impairment. Diabetes is due to either the pancreas not producing enough

insulin, or the cells of the body not responding properly to the insulin produced.
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1.1.2 Classification and Causes of Diabetes Mellitus!?2!

e Type 1 Diabetes Mellitus
e Type 2 Diabetes Mellitus

1.2. INTRODUCTION TO ANTIDIABETIC DRUGS [3-041
1.2.1. Antidiabetic Drugs

Drugs used in diabetes treat diabetes mellitus by altering the glucose level in the
blood. With the exceptions of insulin, most GLP receptor agonists and pramlintide,
all are administered orally and are thus also called oral hypoglycemic agents or oral
antihyperglycemic agents. There are different classes of anti-diabetic drugs, and
their selection depends on the nature of the diabetes, age and situation of the person,

as well as other factors.

Diabetes mellitus type 1 is a disease caused by the lack of insulin. Insulin must be

used in type 1, which must be injected.

Diabetes mellitus type 2 is a disease of insulin resistance by cells. Type 2 diabetes
mellitus is the most common type of diabetes. Treatments include agents that (1)
increase the amount of insulin secreted by the pancreas, (2) increase the sensitivity
of target organs to insulin, (3) decrease the rate at which glucose is absorbed from

the gastrointestinal tract, and (4) increase loss of glucose through urination.

Several groups of drugs, mostly given by mouth, are effective in type 2, often in
combination. The therapeutic combination in type 2 may include insulin, not
necessarily because oral agents have failed completely, but in search of a desired
combination of effects. The great advantage of injected insulin in type 2 is that a
well-educated patient can adjust the dose, or even take additional doses, when blood
glucose levels measured by the patient, usually with a simple meter, as needed by

the measured amount of sugar in the blood.

1.2.2. Classification of Antidiabetic Drugs
a. Insulin

b. Sensitizers

¢. Secretagogues

d. Alpha-glucosidase inhibitor
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e. Gliflozin

2. AIM & OBJECTIVES

Aim:

Literature review reveals that numbers of individual analytical methods
available for estimation of Metformin and Canagliflozin in their
individual dosage forms and combined dosage form. But LC-MS/MS
method has not been reported for simultaneous estimation of Metformin
and Canagliflozin in combined pharmaceutical dosage form. So it is
thought to develop LC-MS/MS method for the simultaneous estimation
of Metformin and Canagliflozin in Combined Dosage Form.

So Aim of present work is to develop simple, accurate, precise, rapid,
specific, sensitive and selective LC-MS/MS method for simultaneous
estimation of Metformin and Canagliflozin in combined pharmaceutical
dosage form.

Objectives:

1. To develop rapid, precise, accurate and sensitive force
degradation method for characterization of Canagliflozin and
Metformin using LC-MS/MS.

2. Developing a LC-MS/MS method that is able to separate and
quantify Canagliflozin and Metformin from their combined
pharmaceutical formulation.

3. To conduct forced degradation study under various stressed
conditions like hydrolysis (acid-alkali), oxidation, thermal and
photolysis.

4. To develop LC-MS/MS method for simultaneous estimation of
Metformin and Canagliflozin in pharmaceutical dosage form.

5. Applying the newly developed, validated analytical method for
the estimation of Metformin and Canagliflozin in formulations.
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3. MATERIAL & METHOD
o List of Instruments:
Instruments Name Manufacturer
LC Shimadzu LC-20 AT
MS/MS ABScix AP| 200
Analytical balance Shimadzu ATX-224
Sonicator Frontline 1870
pH meter Analab Scientific Private Ltd
Hot Air Oven Kesar Control System
Photo stability Chamber Kesar Control System

List of Reagents:

Chemicals Grade Manufacturer
Acetonitrile LC-MS J.T. Baker
Water LC-MS Aguarch
Methanol LC-MS J.T. Baker
Metformin Intas Pharmaceutical
Canagliflozin Labron Healthcare Pvt Ltd
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LC-MS/MS Parameter Optimization:

Instrument

Liquid chromatography Mass spectrometer (API-2000) equipped
with auto sample, auto injector, column oven, ion source ESI electron
spray ionizer with Q1 and collision energy.

lon Source setting

Scan setting

Ion source ESI Polarity Positive ion

Curtain Gas 20psi Scan type MRM

Ion Spray Voltage 5000 Scan time 1-10 min

Temperature 400°C Declustering Potential 50

Ion Source Gas(GS1) | 50psi Focusing Potential 400

Ion Source Gas(GS2) | 60psi Entrance Potential 10
Metformin MRM:(Q1)130.200 Da and (Q3) 59.400 Da
Canagliflozin | MRM:(Q1)467.100 Da and (Q3) 427.200 Da
Met DP1 MRM:(Q1)131.400 Da and (Q3) 87.100 Da

Scan type Met DP2 MRM:(Q1)116.300 Da and (Q3) 59.300 Da

Met DP3 MRM:(Q1)102.600 Da and (Q3) 86.100 Da
Cana DP1 MRM:(Q1)482.500 Da and (Q3) 281.400 Da
Cana DP 2 MRM:(Q1)499.100 Da and (Q3) 366.600 Da
Cana DP3 MRM:(Q1)499.100 Da and (Q3) 194.800 Da
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Chromatographic condition:
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Column

Agilent, Zorbax, C18, (150mm x 4.6mm),

Spum
Flow rate 1.0 mL/min Injection 20 uL
volume
Column oven temperature 35°C Run time 8 min
Column oven Ambient Mode Isocratic
compartment
Metformin R.T About 3.0 min
Canagliflozin R.T About 5.9 min
Met DP1 R.T About 1.6 min
Met DP2 R.T About 3.6 min
Met DP3 R.T About 1.8 min
Cana DP1 R.T About 4.1 min
Cana DP2 R.T About 4.8 min
Cana DP3 R.T About 6.8 min

e Mobile Phase preparation:

Prepare 0.1% Formic Acid in water and Methanol in the ratio of 30:70.

Diluent: Water: Methanol (50:50)

o Standard Stock Solution of Metformin: Weigh and transfer about
10.0mg of Metformin into a 10ml volumetric flask and make up volume

with diluent (1000mcg/ml).

e Standard Stock Solution of Canagliflozin: Weigh and transfer about
50.0mg of Canagliflozin into a 100ml volumetric flask and make up volume

with diluent. (500mcg/ml).

e Working Standard Solution(Combine std prepn): Take 0.Iml from
Metformin stock solution and 0.1ml from Canagliflozin stock solution into
100ml volumetric flask and make up the volume with diluent.

(MET-1.0mcg/ml and CANA-0.5mcg/ml)

Note: Inject above working standard preparation for mobile phase selection.
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e Chromatographic Trials
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Mobile Phase Ratio Retention Time Remarks
(v/v)

. 6.24 .
Metformin and . Both the peak is observed
e (Metformin) .
Canagliflozinin 20:80 but peak shape is not

Water: Methanol 301 ood

) (Canagliflozin) good.
Metformin and 6.75 _ Both the peak is obs.erved
R, (Metformin) but still peak shape is not
Canagliflozinin 25:75 N
3.75 good and retention time
Water: Methanol o .
(Canagliflozin) is increased.
Metformin and only canagliflozin peak is
. .. 6.84 .
Canagliflozinin 30:70 [P observed and retention
(Canagliflozin) .

Water: Methanol time is increased.
Metforrnm ‘ar‘1d 2.06 . Both the peak is observed
Canagliflozinin 20:80 (Metformin) but retention time of both

Water: Methanol: ' 2.70 the peak is almost same

0.1% formic acid (Canagliflozin) P '
Metformin and 3.04 Both the peak is qbserved

e . and peak shape is good
Canagliflozinin (Metformin) . .
30:70 and retention time is

Water: Methanol: 5.91 different of both the

0.1% formic acid (Canagliflozin) peaks
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e Forced Degradation solution preparation to find out Degradant

Compound from Standard (By

Spectrometer):

Metformin Degradation Procedure

1) Acid Degradation:

infusing

sample into Mass

Transfer 0.1ml of standard stock solution into a 100ml volumetric flask, add
1.0ml IN HCL and put the volumetric for 3 hours on water bath at 80°C. After
3 hour make up the volume with diluent. (1.0mcg/ml).

2) Base Degradation:

Transfer 0.1ml of standard stock solution into a 100ml volumetric flask, add
1.0ml 1N NaOH and put the volumetric for 4hours on water bath at 80°C. After
4 hour make up the volume with diluent. (1.0mcg/ml).

2023
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3) Oxidation Degradation:

Transfer 0.1ml of standard stock solution into a 100ml volumetric flask, add
1.0ml 30.0% Hydrogen Peroxide and put the volumetric for 4 hours on water
bath at 80°C.After 4 hour make up the volume with diluent. (1.0mcg/ml).

4) Thermal Degradation:

Put about 100.0mg of Metformin standard into petridish and place the
petridish into hot air oven at 105°C for 3 days. After 3 days’ weigh and transfer
about 10.0mg of above powder into a 10ml volumetric flask and make up
volume with diluent. Transfer 0.1ml solution into a 100ml volumetric flask
and make up volume with diluent. (1.0 mcg/ml)

5) Photo Degradation:

Put about 100.0mg of Metformin standard into petridish and place the
petridish into a photo stability chamber for 5 days.After 5 days’ weigh and
transfer about 10.0mg of above powder into a 10ml volumetric flask and make
up volume with diluent. Transfer 0. 1ml solution into a 100ml volumetric flask
and make up volume with diluent. (1.0 mcg/ml).

Canagliflozin Degradation Procedure

1) Acid Degradation:

Transfer 0.1ml of standard stock solution into a 100ml volumetric flask, add
1.0ml 1IN HCL and put the volumetric for 4 hours on water bath at 80°C. After
4 hour make up the volume with diluent. (0.5mcg/ml).

2) Base Degradation:

Transfer 0.1ml of standard stock solution into a 100ml volumetric flask, add
1.0ml 1N NaOH and put the volumetric for 8 hours on water bath at 80°C. After
8 hour make up the volume with diluent. (0.5mcg/ml).

3) Oxidation Degradation:

Transfer 0.1ml of standard stock solution into a 100ml volumetric flask, add
1.0ml 30.0% Hydrogen Peroxide and put the volumetric for Shours water bath
at 80°C. After 5 hours make up the volume with diluent.(0.5mcg/ml).

4) Thermal Degradation:

Put about 100.0mg of Canagliflozin standard into petridish and place the
petridish into hot air oven at 105°C for 3 days. After 3 days weigh and transfer
about 50.0mg of above powder into a 100ml volumetric flask and make up
volume with diluent. Transfer 0.1ml solution into a 100ml volumetric flask
and make up volume with diluent. (0.5 mcg/ml)

5) Photo Degradation:

Put about 100.0mg of Canagliflozin standard into petridish and place the
petridish into a photo stability chamber for 5 days. After 5 days weigh and
transfer about 50.0mg of above powder into a 100ml volumetric flask and
make up volume with diluent. Transfer 0.1ml solution into a 100ml volumetric
flask and make up volume with diluent. (0.5 mcg/ml)
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Note: The forced degradation preparation solution of Metformin and
Canagliflozin is infused into the mass spectrometer to identify the degradation
product of Metformin and Canagliflozin.

e Forced Degradation Solution preparation for LC-MS/MS

Sample Stock Solution for forced degradation:

Weight equivalent about 5mg of CANA/100mg of MET into a 100ml
volumetric flask and add 60 ml of diluent and Shake for 15 minutes in
sonicator. Make up volume with diluent up to the mark. Filter this solution
with whatman filter paper no-1. Take 0.Iml of this solution into 100ml
volumetric flask and make up to the mark with diluent.

(MET-1.0mcg/ml and CANA-0.5mcg/ml).

Metformin Degradation Procedure

1) Acid Degradation:

Standard Preparation:Transfer 0.1ml of standard stock solution into a 100ml
volumetric flask, add 1.0ml 1IN HCL and put the volumetric for 3 hours on
water bath at 80°C. After 3 hour make up the volume with diluent.
(1.0mcg/ml).

2) Base Degradation:

Standard Preparation:Transfer 0.1ml of standard stock solution into a 100ml
volumetric flask, add 1.0ml 1N NaOH and put the volumetric for 4 hours on
water bath at 80°C. After 4 hour make up the volume with diluent.
(1.0mcg/ml).

3) Oxidation Degradation:

Standard Preparation:Transfer 0.1ml of standard stock solution into a 100ml
volumetric flask, add 1.0ml 30.0% Hydrogen Peroxide and put the volumetric
for 4 hours on water bath at 80°C.After 4 hour make up the volume with
diluent. (1.0mcg/ml).

4) Thermal Degradation:

Standard Preparation: Put about 100.0mg of Metformin standard into
petridish and place the petridish into hot air oven at 105°C for 3 days. After 3
days’ weigh and transfer about 10.0mg of above powder into a 10ml
volumetric flask and make up volume with diluent. Transfer 0.1ml solution
into a 100ml volumetric flask and make up volume with diluent. (1.0 mcg/ml)

5) Photo Degradation:

Standard Preparation: Put about 100.0mg of Metformin standard into
petridish and place the petridish into a photo stability chamber for 5 days. After
5 days’ weigh and transfer about 10.0mg of above powder into a 10ml
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volumetric flask and make up volume with diluent. Transfer 0.1ml solution
into a 100ml volumetric flask and make up volume with diluent. (1.0 mcg/ml).

Canagliflozin Degradation Procedure

VOLUME 10, ISSUE 6, 2023

1) Acid Degradation:

Standard Preparation: Transfer 0.1ml of standard stock solution into a
100ml volumetric flask, add 1.0ml 1N HCL and put the volumetric for 4 hours
on water bath at 80°C. After 4 hour make up the volume with diluent.
(0.5mcg/ml).

2) Base Degradation:

Standard Preparation: Transfer 0.1ml of standard stock solution into a
100ml volumetric flask, add 1.0ml 1N NaOH and put the volumetric for 8
hours on water bath at 80°C. After 8 hour make up the volume with diluent.
(0.5mcg/ml).

3) Oxidation Degradation:

Standard Preparation: Transfer 0.1ml of standard stock solution into a
100ml volumetric flask, add 1.0ml 30.0% Hydrogen Peroxide and put the
volumetric for 5 hours water bath at 80°C. After 5 hours make up the volume
with diluent. (0.5mcg/ml).

4) Thermal Degradation:

Standard Preparation: Put about 100.0mg of Canagliflozin standard into
petridish and place the petridish into hot air oven at 105°C for 3 days. After 3
days weigh and transfer about 50.0mg of above powder into a 100ml
volumetric flask and make up volume with diluent. Transfer 0.1ml solution
into a 100ml volumetric flask and make up volume with diluent. (0.5 mcg/ml)

5) Photo Degradation:

Standard Preparation: Put about 100.0mg of Canagliflozin standard into
petridish and place the petridish into a photo stability chamber for 5 days. After
5 days weigh and transfer about 50.0mg of above powder into a 100ml
volumetric flask and make up volume with diluent. Transfer 0.1ml solution
into a 100ml volumetric flask and make up volume with diluent. (0.5 mcg/ml)

ISSN NO : 1844-8135
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e Method Validation:

® Linearity and Range:

1. Range for Metformin: 50% to 150% of the standard preparation.

2. Range for Canagliflozin: 50% to 150% of the standard preparation

3. Standard stock solution of Metformin: 10mg—>10ml with diluent
(1000mcg/ml)

4. Standard stock solution of Canagliflozin: 50mg—> 100ml with diluent
(500mcg/ml)

Standard solutions preparation for Linearity

Std stock Make up

Linearity S::)I;tz:k soln of with Concof Conc of
Level .| Canagliflozi diluent Canagliflozin Metformin
Metformin
n (ml)
50% 0.50ml + 0.50ml=> 1000ml 0.25 mcg/ml 0.5 mcg/ml
75% 0.75ml + 0.75ml> 1000ml | 0.375 mcg/ml | 0.75 mcg/ml

100% 1.00ml + 1.00mI=> 1000ml 0.50 mcg/ml 1.0 meg/ml
125% 1.25ml + 1.25ml=> 1000ml | 0.625 mcg/ml | 1.25 mcg/ml
150% 1.50ml + 1.50mlI=> 1000ml 0.75 mcg/ml | 1.50 mcg/ml

Precision
1. Intraday precision

Intraday precision was performed on same day for 3 concentration of the
given range (n=3)

For Metformin standard preparation:

Lower concentration- 50% (0.5 mcg/ml)

Middle concentration- 100%(1.0 mcg/ml)

Higher concentration- 150%(1.50 mcg/ml)

For Canagliflozin standard preparation:
Lower concentration- 50% (0.250 mcg/ml)
Middle concentration- 100% (0.50 mcg/ml)
Higher concentration- 150% (0.750 mcg/ml)

Limit: %RSD for area at each level should not be more than 2.0%
2. Interday precision

Interday precision performed on three consecutive days for 3 concentration
of the given range(n=3)

For Metformin standard preparation:

Lower concentration- 50% (0.5 mcg/ml)

Middle concentration- 100%(1.0 mcg/ml)
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Higher concentration- 150% (1.50 mcg/ml)
For Evogliptin Tartrate standard preparation:
Lower concentration- 50% (0.250 mcg/ml)
Middle concentration- 100% (0.50 mcg/ml)

Higher concentration- 150% (0.750 mcg/ml)

Limit: %RSD for area at each level should not be more than 2.0%

3. Repeatability

Performed for 1 concentration (n=6) for at 100% level

For Metformin standard preparation:
Middle concentration- 100% (1.0 mcg/ml)

For Canagliflozin standard preparation:
Middle concentration- 100% (0.5 mcg/ml)

Limit: %RSD for area at each level should not be more than 2.0%
¢ Recovery

1. Standard stock solution of Metformin: 10.0mg->10ml with diluent

(1000mcg/ml)
2. Standard stock solution of Canagliflozin: 50.0mg—>100ml with diluent

(500mcg/ml)

Recovery solution preparation:

Recovery . Std stock soln Std stock soln Dlll.‘ted

Solution 1 . of with
Level of Metformin I .
Canagliflozin diluent

80% 0.5ml + 0.4ml + 0.4ml --> 100ml
100% 0.5ml + 0.5ml + 0.5ml-> 100ml
120% 0.5ml + 0.6ml + 0.eml--> 100ml

Limit:

VOLUME 10, ISSUE 6, 2023

% Recovery should be between 98.00% to 102.00% at each level.
% RSD for % Recovery should be less than 2.0%

Robustness:

Inject working standard preparation for different flow rateand different

mobile phase composition:
Flow rate:
Solvent % in mobile phase:

phase.

+0.2ml/mint and -0.2ml/mint
+2% solvent and -2% solvent in mobile
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Assay of Marketed Formulation:

Standard Stock Solution of Metformin: Weigh and transfer about
10.0mg of Metformin into a 10ml volumetric flask and make up volume
with diluent (1000mcg/ml).

Standard Stock Solution of Canagliflozin: Weigh and transfer about
50.0mg of Canagliflozin into a 100ml volumetric flask and make up volume
with diluent. (500mcg/ml).

Working Standard Solution(Combine stdprepn): Take 0.lml from
Metformin stock solution and 0.1ml from Canagliflozin stock solution into
100ml volumetric flask and make up the volume with diluent.
(MET-1.0mcg/ml and CANA-0.5mcg/ml)

Assay preparation (Marketed formulation)

Label claim:

CANA-50.0mg and MET-1000.0mg

Sample Stock Solution for assay:

Weight equivalent about 5mg of CANA/100mg of MET into a 100ml
volumetric flask and add 60 ml of diluent and Shake for 15 minutes in
sonicator. Make up volume with diluent upto the mark. Filter this solution
with whatman filter paper no-1.

Sample Working Solution for assay:
Take 0.1ml of this solution into 100ml volumetric flask and make up to the
mark with diluent.(MET-1.0mcg/ml and CANA-0.5mcg/ml).

Note: Inject working standard preparation and working sample preparation for
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assay analysis.
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4. CONCLUSION
Table 4.1: Summary of Validation Parameters of LC-MS/MS Method for

Metformin and Canagliflozin

ISSN NO : 1844-8135

Sr No. Parameter Metformin Canagliflozin
1 Specificity Specific specific
2 Linearity & Range 0.5-1.5 0.25-0.75
3 Regression equation y =80.48x — 19.12 |y = 6880x — 438.3
4 Correlation co-efficient (r?) 0.995 0.997
Repeatability 1.762 1.539
5 Precision
(% RSD) Interday 1.015-1.435 0.813-1.215
Intraday 0.934-1.680 1.153-1.330
6 Accuracy (% recovery) 99.964-100.188 99.913-100.741
7 Limit of Detection(LOD) 59.302pg/ml 2.639
8 Limit of Quantification(LOQ) 2.639 pg/ml 7.998 ng/ml
< 2.0 in each < 2.0 in each
9 Robustness (% RSD)
parameters parameters
10 % Assay 99.677 +£1.386 | 100.377+0.848
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