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Metformin is a widely used in the oral antidiabetic drug belonging to the biguanide class 

and is primarily used in the management of type 2 diabetes mellitus. This review sum-

marizes the chemistry and physicochemical properties of metformin, its mechanism of 

action, pharmacokinetic characteristics, and the importance of impurity profiling. Met-

formin has the molecular formula C₄H₁₁N₅ and a molecular weight of 129.16 g/mol. It  

is hydrophilic and freely soluble in water. Its glucose-lowering action is mainly associ-

ated with reduced hepatic glucose production and improved insulin sensitivity. Phar-

macokinetically,  metformin has  limited plasma-protein binding,  undergoes minimal 

hepatic metabolism, and is eliminated predominantly by the kidneys in unchanged form. 

Therefore, renal function is an important consideration during treatment. Impurity pro-

filing is an essential part of pharmaceutical quality assessment because it supports the 

detection, identification, structural characterization, and quantification of impurities in 

an active pharmaceutical ingredient. Impurities may be classified as organic impurities, 

inorganic impurities, and residual solvents. Understanding these categories and apply-

ing appropriate analytical evaluation and relevant ICH guidance are important for as-

sessing the quality and safety of metformin. Overall, this review brings together key 

information on metformin’s chemistry, pharmacological action, pharmacokinetics, and 

impurity profiling.
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INTRODUCTION 

Diabetes mellitus (DM) is a metabolic disease charac-

terized by high glucose levels in the bloodstream, a 

phenomenon known as hyperglycemia. It results from 

insufficient insulin secretion by the pancreas or from a 

reduced response of the body's cells to insulin; when 

blood sugar levels are elevated, polydipsia, polyphagia, 

and polyuria occur. [1] 

Metformin is an antidiabetic medication used to lower 

blood sugar levels, primarily in patients with type type 

2 diabetes. [2] 
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The drug lowers blood sugar levels by reducing hepatic 

glucose  production  and  enhancing  the  body's 

responsiveness to insulin;[3] several studies indicate 

that  it  also  exerts  anti-inflammatory,  anti-apoptotic, 

and antioxidant effects [6,7] .

 The drug metformin came to the market in the United 

Kingdom in 1958 and in the United States in 1995. (3) 

Metformin is highly valued by the American Diabetes 

Association  and  the  European  Association  for  the 

Study  of  Diabetes  and  is  recommended  for  use  in 

T2DM patients. [4]

This paper endeavors to analyze the uses of metformin, 

its analysis techniques, and its impurities. In addition, 

the pharmaceutical significance of the drug and certain 

other issues will be examined. 

1. Diabetes Mellitus Type 1

One thing  that  may sound surprising  to  the  current 

generation of  HCPs is  that,  until  the  publication  of 

DCCT study in 1993 [8], there was no general opinion 

on the potential benefits of the intensive management 

of type 1 DM. In many countries, including Europe and 

the USA, endocrinologists did not see any benefit from 

intensive therapy and therefore did not try to do their 

best  in managing their  type I  diabetic patients.  It  is 

worth noting that it is the Russian (Soviet) school of 

endocrinology that introduced the concept of diabetes 

control in type 1 diabetes patients.

2.Diabetes Mellitus Type 2 

 Diabetes type 2 mellitus is referred to as adult-onset 

diabetes.  Insulin secretory defect  in  the presence of 

insulin resistance is a hallmark of this condition. Indi-

viduals  with type 2 diabetes are usually resistant  to 

insulin[9]. It is prevalent in about 5-7% of the world's 

population. Management of this disorder is normally 

done using dietary methods, exercises, and antidiabetic 

drugs[10].  It  is  the  commonest  form  of  diabetes 

mellitus and is highly correlated with a diabetic family 

history, aging, obesity, and sedentary lifestyle[11]

3. Gestational Diabetes Mellitus

Glucose intolerance which is  newly developed or is 

developed in pregnancy is called as gestational diabetes 

mellitus (GDM) [12]. Women developing Type 1 dia-

betes  mellitus  during pregnancy and women having 

undiagnosed asymptomatic Type 2 diabetes mellitus 

during  pregnancy  are  categorized  under  Gestational 

Diabetes Mellitus (GDM) [13]. Gestational Diabetes 

Mellitus (GDM) (diabetes detected in pregnancy but 

cannot  be  definitely  classified  over  diabetes)  [14]. 

Gestational  diabetes  mellitus  (GDM)  may  develop 

during pregnancy and may disappear after childbirth; 

in long run, children born to mothers having GDM are 

more likely to become obese and type 2 diabetic pa-

tients due to intrauterine exposure to hyperglycemia.

Metformin 

Metformin which belongs to biguanide family is con-

sidered to be the choice for treating DM2 in most cases 

due to its higher efficacy in managing this condition. 

[15]  Metformin  decreases  blood  glucose  levels  and 

increases insulin sensitivity. [16] As it is described in, 

intensification of therapy with metformin decreased the 

incidence of microvascular complications by 29% and 

combined diabetes complications by 32% in compari-

son with the intensification with insulin and by 25% 

with  sulphonylureas,  respectively.  Intensive  blood 

pressure management along with metformin in treating 

diabetes  was associated with significant  decrease in 

cardiovascular  events  and  death  rate  in  comparison 

with  conventional  therapy.  [17]  Furthermore,  met-

formin does not lead to hypoglycemia and weight gain. 

According to Salpeter [18] et al, metformin is a safe 

drug for the long-term treatment in terms of the doses 

and  clinical  situations  which  were  contraindicated 

before because of the danger of lactic acidosis.
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Figure 1: Chemical Stracture of Metformin

 [19]

Chemical Information of Metformin :

 Chemical Name : 1,1-Dimethylbiguanide 

 Molecular Formula : C₄H₁₁N₅ 

 Molecular Weight : 129.16 g/mol 

 Drug Class : Biguanide 

 IUPAC  Name  : 1-  carbamimidamido-  N,  N- 

dimethylmethanimidamide 

Physiochemical Properties :  

Solubility

1. Freely soluble in water

2. Slightly soluble in alcohol

3. Practically insoluble in acetone and in dichloromethane.

Stability Protect from light and moisture

Hydrophilicity Hydrophilic

LogP -o.5

pKa 12.4

Physical state Solid

Melting point 223 – 226  AC

UV max 233 nm in water

Storage
Store between 15 – 30  AC ( 59 – 86  A F ).

Dispense in light resistant container .

Other information Hygroscopic nature

[20]

Mechanism of Action 

Metformin, as a biguanide derivative, metformin low-

ers the liver's glucose production, decreases glucose 

uptake from the intestine, and enhances cellular sensi-

tivity to insulin. It lowers blood glucose levels in both 

the fasting and postprandial states. Metformin works by 

decreasing the levels of insulin, luteinizing hormone, 

and androgens, which helps to regulate ovarian func-

tion and menstrual cycles in patients suffering from 

polycystic ovary syndrome (PCOS). When metformin 

is  prescribed  for  PCOS,  physicians  should  inform 

women of  childbearing  age  about  the  possibility  of 

pregnancy . [21] 

For gestational diabetes, metformin is considered an 

acceptable alternative to insulin. Gestational diabetes 

demands careful management, since maternal hyper-

glycemia can impact fetal development and contribute 

to birth defects. In addition, under the old Food and 

Drug Administration (FDA) system,  metformin  was 



Gauravi Dandkar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 11, 551-556 | Review

  

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 554 | P a g e

previously  classified  as  a  category  B  drug  during 

pregnancy. This medication is able to cross the placenta 

and pass into breast milk . Importantly, metformin is 

considered neutral with respect to body weight, and it 

may even help a woman to lose weight. Metformin is 

usually  associated  with  a  small  chance  of  hypo-

glycemia, and it may reduce the chances of developing 

cardiovascular diseases and improve the quality of life 

of a patient [22]. The action of the drug usually begins 

3 hours after taking the medication, and its action may 

last up to 20 hours. Metformin undergoes only minimal 

liver metabolism, and its protein binding rate is also 

very low. The drug is eliminated mainly through the 

kidneys without any changes in structure.[23] 

Pharmacokinetics 

 Absorption:  For  healthy volunteers  administered 

the 500 mg metformin hydrochloride tablet under 

fasting conditions, absolute absorption was found 

to be 50 to 60 %.

 Food effect: Compared with fasting administration, 

taking the drug with food lowers Cmax by 40% and 

AUC by 25%, and lengthens Tmax by 35 minutes.

 The volume of distribution of the metformin hy-

drochloride tablet of 850 mg is 654 ± 358 L.

 Plasma protein binding: Metformin hydrochloride 

is less than 2% in protein-bound.

 Steady-state  plasma  concentration:  This  is 

achieved within 24 – 48 hours.

 Elimination: Metformin is excreted by the kidney 

and mainly remains unaltered. There is no signifi-

cant hepatic or biliary metabolism of metformin.

 Elimination half-life: it is around 6.2 hours.

Classification of Impurities 

The impurities found in a new drug substance can be 

grouped into two aspects: chemistry and safety. Under 

the  chemistry  aspect,  impurities  are  identified  and 

classified,  and  analytical  methods  are  developed  to 

establish  their  specifications.  The  safety  aspect  ad-

dresses the qualification of  impurities  that  were not 

assessed during clinical trials, and their threshold lim-

its are established. Under the ICH guidelines, the im-

purities  are  classified  as  Organic,  Inorganic,  and 

Solvent. This ICH guidance categorizes impurities into 

three classes: Organic, Inorganic and Solvent. For each 

impurity in a new drug, every class and aspect should 

be clearly reported [24]. 

 In accordance with ICH Q3A (R2) guidelines,im-

purities are classified as [25] 

1.Organic  impurities  could  be  either  identified  or 

unidentified as well as volatile or nonvolatile. Organic 

impurities could have been formed during the manu-

facturing process or in the storing process of new drug 

substances.

Starting materials

Byproducts

Intermediates

Degradation products

Reagents, ligands and catalysts

2.  Inorganic impurities could be formed during the 

manufacturing process. Inorganic impurities could 

be either identified and known,

Reagents, ligands and catalysts

Heavy metals and other residual solvents

Inorganic salts

Other substances such as filter aid and charcoal

3.The Residual Solvents are the volatile organic com-

pound  which  are  either  used  in  the  manufacturing 

process of formed during synthesis . These are classi-

fied into three groups whose levels in pharmaceutical 

products are defined by ICH guidelines Q3C . The first 

group of solvents such as benzene, carbon tetrachloride 

, 1,1- dichloroethane , 1,2- dichloroethylene and 1,1,1 

trichloroethane should be avoided. The second group 

of solvents such as methanol, toluene , pyridine, N,N- 

dimethylformamide  and  acetonitrile  have  Permitted 

Daily Exposure (PDEs) . The third group of solvents 

such as acetone, isopropyl alcohol , butanol , ethanol 

and ethyl acetate should be controlled through Good 

Manufacturing Practices (GMP) [26].

Impurity Profiling 

Impurity  profiling is  the general  term for  analytical 

activities aimed at detecting, identifying, elucidating 

the structure of, and quantitatively determining organic 
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and inorganic impurities, as well as residual solvents, 

in bulk drugs and pharmaceutical formulations. Across 

all  phases  of  development,  production,  and stability 

testing of a drug product, the impurity profiling of an 

API is a critical quality control variable. It should in-

clude the details of impurities in both qualitative and 

quantitative form. It describes the approach to investi-

gating  impurities  associated  with  an  API.  Impurity 

profiling is  the general  term for analytical  activities 

aimed at detecting, identifying, elucidating the struc-

ture  of,  and  quantitatively  determining  organic  and 

inorganic impurities,  as well as residual solvents,  in 

bulk drugs and pharmaceutical formulations. Across all 

phases of development, production, and stability test-

ing of a drug product, the impurity profiling of an API 

is a critical quality control variable. It should include 

the details of impurities in both qualitative and quanti-

tative form. It describes the approach to investigating 

impurities associated with an API. [27,28] 

CONCLUSION 

Metformin is an important biguanide antidiabetic drug. 

They used mainly in the management of type 2 diabetes 

mellitus.  Its  glucose-lowering effect  is  primarily  re-

lated to suppression of hepatic glucose production and 

improvement of insulin sensitivity. The physicochem-

ical and pharmacokinetic characteristics discussed in 

this  review—including  its  hydrophilic  nature,  low 

plasma-protein binding, minimal hepatic metabolism, 

and renal elimination—help explain important aspects 

of its pharmaceutical use and the need to monitor kid-

ney function in appropriate patients.

Impurity  profiling  is  also  a  critical  element  of  the 

quality evaluation of metformin as an active pharma-

ceutical ingredient. This review will provide a classifi-

cation  of  impurities  in  terms of  three  main  groups: 

organic, inorganic, and residual solvents. Identifying 

and assessing these impurities using suitable analytical 

approaches and applicable ICH guidance can support 

consistent pharmaceutical quality and patient safety.

In conclusion, knowledge of metformin’s chemistry, 

pharmacology, pharmacokinetics, and impurity profile 

provides a useful foundation for understanding the drug 

and its quality requirements. Further work should in-

clude validated, stability-indicating analytical methods 

and  appropriate experimental  data  to  identify  and 

quantify  specific  metformin-related  impurities.  Such 

results  should  be  reported  only  when  supported  by 

experimental evidence or reliable published sources.
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