
Introduction
Metformin is an oral antidiabetic drug that has been 
used in the treatment of  non-insulin-dependent diabetes, 
which improves glycemic control by primarily inhibiting 
hepatic gluconeogenesis and glucogenolysis [1]. Met-
formin is slowly absorbed after oral administration, about 
60% of  an oral dose is excreted in the urine as unchanged 
drug within 24 h, and about 30% of  the dose is nonab-
sorbed and eliminated unchanged in feces [2]. Previous 
studies have shown a plasma elimination half-life ranging 
from 2.0 to 6.0 h after oral administration of  varying dos-
es (0.5 to 1.5 g/dose) [3]. Urine provides a non-invasive 
sample collection method, and determination of  drug 
levels in urine is comparatively less complex than plasma 

and other body fluids [4]. Several reports indicate that 
urinary excretion data can be used to arrive at bioequiv-
alence decision of  different drug formulations [4-6]. 
Chemically, it is 1,1-dimethyl biguanide (Figure 1). Met-
formin is a small highly polar molecule (pKa=2.8, 11.5, log 
P octanol:water= −2.6), which has great solubility in water 
and poor solubility in lipids; it is also possible to retain in 
reversed-phase (RP) columns using ion-pairing reagents. 
Numerous methods for the quantitation of  metformin 
in urine have been utilized over years. They include cap-
illary electrophoresis with contactless conductivity de-
tection [7], voltammetric method [8], cation exchange 
high-performance liquid chromatography (HPLC) [9], 
reverse phase RP-HPLC [10-12] and liquid chromatog-
raphy (LC)–mass spectrometry (MS) [13]. Most of  the 
methods have been based on HPLC with spectrophoto-
metric detection in the range of  230–240 nm (Table 1). 
Chemical derivatization of  metformin has been used 
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The aim of  this study was to develop and validate a selective and sensitive ion-pairing HPLC–UV 
method for the determination of  metformin in human urine using a conventional reversed-phase 
column. The bioanalytical method was carried out using a RP-C18 column (250×4.0 mm; 5 μm). 
A mobile phase consisting of  acetonitrile and 10 mM sodium phosphate buffer (pH=6.0, 30:70 
v/v) and sodium dodecyl sulfate (0.3%) was pumped at an isocratic flow rate of  1.00 mL/minute 
and quantification was achieved at 236 nm using using a UV/VIS DAD. The calibration curves 
were linear (r2 >0.999) in the concentration ranges of  62.5–2000 μg/mL for metformin in urine. 
LOD and LOQ were found to be 12 μg/mL and 35 µg/mL, respectively. The method was found to 
be rapid, precise and accurate for quantification of  metformin in human urine. This method was 
successfully applied to a pharmacokinetic study of  humans through oral administration. 
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in gas chromatography [14,15,16], Fourier transform 
infrared (FT-IR) and mass spectroscopic techniques 
[17], and in capillary electrophoresis coupled with elec-
trochemiluminescence [18]; however, these can add a 
level of  complexity to the method while offering little 
advantage in terms of  sensitivity. So, liquid chromatog-
raphy is preferable in general in clinical laboratories.   
Recently, LC-MS methods have been reported for met-
formin detection, and these techniques certainly en-
hance selectivity and sensitivity and gave a very short 
retention time. However, MS or tandem MS technology 
is too sophisticated and the equipment is not generally 
available. We pursued a simple, ion-pair method with a 
minimum sample preparation using a conventional RP 
C18 column. The proposed HPLC method was found 
to be easier to use than the published methods for the 
determination of  metformin in urine because neither 

an internal standard nor a special column and pretreat-
ment procedure are required [9,19]. The applicabili-
ty of  the method was confirmed in a study of  urinary 
excretion of  metformin by healthy volunteers after 
oral administration of  commercially available tablets.

Materials and methods
Reagents and materials 
Metformin HCl (purity: 100%) was a gift from Profarma 
Sh.A. (Tirana, Albania). Metformin film-coating tablet 
(850 mg metformin HCl) was obtained by pharmacies 
(Albania). HPLC-grade acetonitrile (Merck, Darmstadt, 
Germany), sodium dodecyl sulphate (SDS) (97% ana-
lytical grade) (BASF SE, Ludwigshafen, Germany), and 
ortho-phosphoric acid (85% analytical grade) (Prolabo, 
Briare, France) were used in the study. For mobile phase 
filtration, Nylon membrane filters were used (type: hy-
drophilic Nylon membrane filter) (EMD Millipore) (47 
mm; 0.45 µm pores). Syringe filters (polytetrafluorety-
lene filter membrane; 17 mm, 0.22 µm pores) (Agilent 
Technologies, Santa Clara, CA, USA) were used for the 
filtration of  urine samples. Water used for the analysis 
was prepared via a Direct Q-UV-Ultrapure water system 
procured from EMD Millipore.

Table 1. Comparison of  some published methods for assaying metformin in human urine. 

Volume of  
specimen 
(μL)

Validated 
Urine LOQ

(μg/mL)

Sample preparation Analytical 
Column

Retention 
time (min)

Run time 
(min)

Ref.

10 35 Dilution with water RP-C18 6.4 9 current 
method

20 30 Dilution with mobile phase Silica 8.5 15 [13]
1000 0.04 SPE HILIC 9.53 14 [23]
100 1 Dilution with mobile phase C18 9.35 11 [12]
20000 LOD=0.0136 Aceton precipitation C18 14.52 20 [22]
200 0.001 Ethyl acetate +  NaOH Precolumn 

derivatization
3 5 [18]

100 1.6 LLE C18 9.5 16 [27]
2000 0.01 Dilution with mobile phase RP-C8       9 22 [11]
1000 2 Dilution with water, then IPSPE  F5 13 20 [19]
20 25 IPE C18 3.3 12 [26]
300 250 KOH, protein ppt with ACN and 

evaporation 
RP-C18 8.8 16 [10]

500 25 Dilution with water CX 8 12 [9]
200 0.85 protein ppt with ACN Glass 1.7 4 [16]
2000 10 Derivatization Phenyl/Corasil 6 10 [15]
Abbreviations: LOQ=lower limit of  quantitation, LOD=lower limit of  detection, SPE=solid phase extraction, protein ppt= 
protein precipitation, ACN= acetonitrile, IPE= ion pair extraction, IPSPE= ion pair solid phase extraction, LLE= liquid-liquid 
extraction, KOH= potassium hydroxide, CX= cation exchange

Figure 1. Chemical structure of  metformin.
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Calibration standards and quality control urine sam-
ples 
A stock solution of  metformin HCl was prepared by dis-
solving in water (40 mg/mL). The solution was stable for 
4 weeks when kept at 4°C–8°C. The working standards, 
obtained by diluting the stock solution in drug-free urine, 
were routinely prepared to contain 2000, 1000, 500, 250,  
125, and 62.5 µg of  metformin per mL. Quality control 
(QC) samples were prepared to contain 100, 400 and 
1600 µg/mL. These solutions were freshly prepared for 
each analytical run. 

Sample preparation
Urine samples were centrifuged at 10000 x g for 10 min-
utes filtered through Varian Syringe filters and diluted 
100-fold in water before HPLC analysis. 

Instrumentation and chromatographic conditions 
To prepare samples, the following equipment was used: 
a 55702 centrifuge  (Bioblock Scientific, Illkirch, France); 
an analytical balance (Denver Instrument, Bohemia, NY, 
USA); an Ultrasonic cleaning bath 1210 (Branson Ultra-
sonics, Danbury, CT, USA); a vortex mixer (VELP Sci-
entifica, Usmate, Italy); and pH- meter (Denver instru-
ment). 
The chromatographic study was carried out using an Ag-
ilent 1200 HPLC system (Agilent Technologies), which 
featured a built-in binary pump, manual injector (Rheo-
dyne, 20μL loop), and an ultraviolet (UV)/visible diode 
array detector DAD (Agilent 1200; Agilent Technologies). 
The chromatograms were recorded using the Chromato-
graphic Work Station software (ChemStation for LC3D 
system Rev.B04.02[118]), which was run on a computer 
system used for data collection and processing. The sepa-
ration was performed on a Superspher 100 RP 18 (250 × 
4.0 mm i.d. C18 (5 µm particle size) column (ISS, Surrey, 
UK). The mobile phase was prepared by mixing 0.01 M 
of  sodium phosphate buffer (pH=6.0), 0.3% SDS, and 
acetonitrile in a ratio of  70:30, adjusting with H3PO4 to 
pH 6.0 as necessary. The mobile phase was prepared dai-
ly, filtered through a 0.45 µm porosity Nylon filter mem-
brane, and ultrasonicated for 30 minutes before use. The 
flow rate and the column temperature were 1.0 mL/min-
ute and 50°C, respectively. The detection of  metformin 
was carried out at 236 nm. 

Bioanalytical method validation
The method was validated for selectivity, linearity, lim-
it of  quantification, accuracy, precision and recovery as 
per the international guidelines [20]. The concentrations 
were selected at 62.5, 125, 250, 500, 1000 and 2000 μg/

mL for human urine. The urinary concentrations were 
selected to be higher because the drug is excreted exten-
sively in urine, and concentrations were expected to be 
high as a result [21].

Urinary Excretion Pattern Study
The validated method has been successfully used in 
urinary excretion pattern study which was conducted 
according to current Good Clinical Practice guidelines 
and approved by an authorized National Medical Ethics 
Committee. Metformin was administered in a single dose 
of  850 mg to 18 healthy volunteers (male and female) 
after over night fasting. The volunteers were instructed 
to be sure to evacuate their urinary bladder as completely 
as possible just before the administration of  one tablet 
with about 250 mL water. They collected all urine and 
record the urine volume before and after administration 
in the time period of  0 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 
12, 12 to 24 h with complete emptying of  the urinary 
bladder, and kept the urine samples at 2-8°C for test. The 
volume of  urine was measured and recorded after each 
collection. There was a total of  7 urine collection time 
points. Metformin from the urine samples was separated 
by centrifugation at 10000 rpm for 10 minutes. A 10 µL 
portion of  urine specimen from each sample was diluted 
to 1000 µL with water. The samples were determined by 
the chromatographic conditions described as above. The 
peak height was used to determine the metformin at each 
sampling point, and the mean percentage of  the dose ex-
creted in urine was calculated by using the corresponding 
calibration curve. The drug excretions were calculated by 
multiplying urine concentration at each time period with 
the volume of  urine at the same time period by way of  
data processing and analysis, excretion speed rate is the 
ratio of  discharge rate at each time period and the cor-
responding time period, the total drug excretion at each 
time period is the accumulation of  drug excretion, its 
ratio with the dosage of  drug administration is the per-
centage of  prototype drug cumulative urine discharge at 
corresponding time period.

Results
Selectivity
Selectivity is the ability of  an analytical method to differ-
entiate and quantify the analyte in the presence of  other 
components in the sample. The selectivity of  the method 
was tested by comparing the chromatograms of  blank 
urine and the spiked urine. Under the above conditions, 
the retention time of  metformin was 6.4 minutes. As 
shown in Figure 2, there was no significant interference 
in the blank urine traces was observed from endogenous 



substances in drug-free human urine at the retention time 
of  the analyte. 

Linearity and range
The linearity of  the method was studied by injecting six 
concentrations of  the aqueous solutions of  metformin in 
concentration ranges of  62.5–2000 µg/mL, performed 
in triplicate, into the HPLC system, keeping the injection 
volume constant. The heights were plotted against the 
corresponding concentrations to obtain the calibration 
curve. The correlation coefficient (r2) was observed to be 
>0.999 during the course of  validation. 

Accuracy and precision
The intra-day assay precision and accuracy were obtained 
by analyzing six replicates of  QC samples on a single day. 
The inter-day assay accuracy and precision were obtained 
by analyzing six replicates of  QC samples on 3 different 
days. Accuracy of  the method was expressed by [(mean 
measured concentration–nominal concentration)/nomi-
nal concentration]×100%. 
Intra-day and inter-day precisions of  the method were 
expressed by [standard deviation/mean concentra-
tion]×100%. The relative percentage error (RE%) of  
the mean value should be within ±15% at each con-
centration. The precision determined at each con-
centration level should not exceed 15% of  the coef-
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ficient of  variation (CV). As shown in Table 2, the 
values for both intra- and inter-day accuracy and pre-
cision were found to be within the acceptable criteria.

Limit of  quantification (LOQ) and limit of  detec-
tion (LOD) 
The LOD and LOQ were determined separately on the 
basis of  a standard calibration curve. LOQ and LOD 
were estimated based on SD of  residual standard devi-
ation of  regression line. The sensitivity of  the proposed 
method was estimated in terms of  LOD and LOQ; 
LOD=3.3 SD/S and LOQ=10 SD/S, where SD is the 
residual standard deviation of  the regression line and S 
is the slope of  the line. The LOQ and LOD as per these 
criteria were found to be 35 µg/mL and 12 µg/mL, re-
spectively.  

Recovery
The extraction recovery for the analyte for three levels of  
QC samples was assessed by comparing the peak height 
for extracted spiked urine samples with the peak height 
for pure compounds of  the same concentrations in sol-
vent. This method gave a good recovery (Table 3).

Robustness of  the method
The robustness of  the proposed HPLC method was as-
sessed by its ability to remain unaffected by small chang-

Figure 2. HPLC-UV chromatograms obtained for blank urine (a), blank urine spiked with metformin 62.5 µg/mL (b), blank urine 
spiked with metformin 400 µg/mL QC (c).

Table 2. Intra-day and inter-day accuracy and precision for the detection of  metformin HCl in human urine 

Intra-day (n=6) Inter-day (n=27)

Concentration added
(μg/mL)

Concentration found
(μg/mL)

Mean ± SD

RE
(%)

CV
(%)

Concentration found
(μg/mL)

Mean ± SD

RE
(%)

CV
(%)

100 97.4 ± 3.81 2.2 3.9 99.8 ± 9.8 0.2 9.8
400 401.4 ± 20.4 4.3 5.1 396.1 ± 23.7 1.0 6.0
1600 1666.2 ± 107.6 1.1 6.5 1651.9 ±101.9 3.2 6.2
RE-relative error; CV-coefficient of  variation

 

a b

 
  

c 
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es in experimental conditions. Small changes in SDS (by 
±0.05%), in pH (by ±0.2 units) had no significant effect 
on chromatographic resolution. 

Analytical Solutions Stability
Freeze and thaw stability
Metformin stability in human urine was determined after 
three freeze and thaw cycles. Three aliquots each of  100 
and 400 µg/mL metformin in human urine were stored 
at –20°C for 24 h and thawed unassisted at room tem-
perature. 
When completely thawed, the samples were refrozen for 
24 h at –20°C. The freeze-thaw cycle was repeated two 
more times, and the samples were analyzed on the third 
cycle. The mean recovery ±RSD was found to be 99 ± 
0.9% for metformin.

Short-term temperature stability
Three aliquots each of  100 and 400 µg/mL MF in hu-
man urine were thawed at room temperature and kept at 
this temperature for 6 h. The samples were analyzed, and 
mean recovery ±RSD was found to be 100 ± 0.9% for 
metformin.

Long-term stability
Long-term stability was determined by storing three ali-
quots each of  100 and 400 µg/mL metformin in human 
urine at –20°C for 2 days. The samples were analyzed, 

and mean recovery ±RSD was found to be 98.9 ± 0.5% 
for metformin. 

Stock solution stability
The stability of  stock solutions of  metformin in water 
was evaluated at room temperature and refrigerated at 
5°C. The stock solution of  metformin in water exhibited 
no chromatographic changes for 10 h when kept at room 
temperature and for 1 day when stored refrigerated at 
5°C.

Postpreparative stability
The stability of  processed samples was determined. The 
stability of  metformin was assessed over the anticipated 
run time to determine the recovery on the basis of  origi-
nal calibration standards. The mean recovery ±RSD was 
found to be 99.8 ± 0.8%.

Urinary excretion pattern of  metformin.
The urinary excretion pattern of  metformin was investi-
gated for 18 healthy volunteers after a single oral admin-
istration of  850 mg metformin tablets. This method is 
well suited for routine application in the clinical laborato-
ry because of  the simple procedure and good sensitivity. 
Over 126 urine samples were analyzed by this method. 
In Figure 3 are presented HPLC-UV chromatograms 
of  one volunteer after oral administration of  metformin 
tablet
The data collected include the volume of  urine collected 
and the drug concentration in the urine sample during 
each interval. Figures 4 and 5 are graphic representa-
tions of  the cumulative amount excreted (in mg/hour) 
and the rate of  excretion (in µg/hour) of  the 850 mg 
metformin tablet in 18 healthy volunteers, respective-
ly. The drug excretion research found out metformin 
showed maximum discharge rate at 3 to 5 h time peri-
od within 24 hours, the accumulative excretion amount 

Table 3. Recovery of  metformin hydrochloride at three 
concentrations (n = 6).

Concentration 
added (μg/mL)

Mean recovery 
(% ± SD)

RSD
(%)

100 100.0 ± 1.9 1.9
400 100.4 ± 5.9 5.9
1600 101.2 ± 5.9 5.9

Figure 3. HPLC-UV chromatograms  obtained  for  the  urine of  one  volunteer 2 hours  (a), 4 hours (b), and 6 hours (c) after  
oral administration of  an 850 mg metformin tablet (the metformin concentrations are 1.0931 mg/mL, 1.1813 mg/mL, and 0.13 
56 mg/mL, respectively).

 

a b

 
  

c 



of  metformin was 349 mg, and the average amount of  
unchanged metformin excreted was found to be 41.17% 
for a 850 mg tablet of  the administered drug within 24 h 
after oral administration, as shown in Figure 4.

Discussion  
While ensuring minimal analyte loss, a sample prepara-
tion using biological fluids, extraction, and cleanup of  
the sample are critical steps in bioanalysis and they re-
quire the highly selective removal of  interferences. Many 
of  the current methods employ various techniques for 
sample cleanup, such as the acetone precipitation method 
[22], solid phase extraction [23], ion-pair solid phase ex-
traction [19,24], liquid-liquid ion-pair extraction [25,26], 
liquid–liquid extraction [27] and protein precipitation 
and extraction, into one step [16]. The extraction of  met-
formin from biological matrices is somewhat complicat-
ed by the highly polar nature of  the molecule, therefore, 
sample preparation is time-consuming, complex or both. 
Despite its advantages (purity of  the biological materi-
al to be injected, the concentration of  the analyte, small 
amounts of  the biological matrix to be used, and quan-
tification in lower limits), extraction is specific, requires 

skilled users, and is less cost efficient when compared 
with dilution method. In our hands, dilution with water 
was simple and less tedious and solvent consuming than 
extraction.
The intent of  this application was to develop an ion-pair 
HPLC method for the analysis of  metformin in urine 
using a conventional reverse phase column. The reten-
tion of  metformin was examined on a C18 column with 
mobile phases that consisted of  a mixture of  phosphate 
solutions and acetonitrile. Metformin retention was very 
close to the HPLC column dead volume, and separation 
could not be achieved from endogenous components 
using this column and mobile phase composition, as 
was expected. This was due to the highly polar nature 
of  metformin, which inhibits its ability to interact with 
the hydrophobic chains of  the C18 moiety. To overcome 
this problem, we tried manipulating the mobile phase 
composition by incorporating different concentrations 
of  SDS. A concentration of  0.1% of  SDS is too low, so 
retention time will be very close to the solvent front and 
0.4% is too far away. A concentration of  0.3% was found 
to be appropriate for metformin, and it showed accept-
able peak symmetry and suitable retention times. Most of  
the methods used potassium dihydrogen phosphate and 
acetonitrile in the mobile phase [26,27], F5 column [19], 
C8 column [11] or C18 [12,22,27]. However, our prelim-
inary attempts revealed that use of  sodium dihydrogen 
phosphate instead of  a mixture of  potassium hydrogen 
phosphate in the mobile phase eliminates a white “snow-
like” precipitate of  the mobile phase which is formed af-
ter many hours. The precipitation is due to the formation 
of  the potassium salt of  SDS, which is insoluble. When 
the flow rate increased at 1.00 mL/min, it gives better 
resolution of  metformin. At lower flow rate (<1.00 mL/
min), the peak was broad, whereas at higher flow rate 
(> 1.00 mL/min), metformin was immediately eluted 
which could be reduced by changing the concentration 
of  acetonitrile in mobile phase. At low concentration of  
acetonitrile (<30%) the peak of  metformin was not sym-
metric and the retention time was increased. Therefore, 
30% acetonitrile in the mobile phase was found more ap-
propriate. The sample preparation was quite simple and 
the HPLC equipment is working very well, so an internal 
standard (IS) may not add any benefit. First, it is more 
convenient and less expensive because the extra step of  
adding the IS during sample preparation is eliminated. 
Second, the chromatogram is simpler, so there will be less 
concern about interfering peaks that might compromise 
the results. Third, the data are easier to process because 
there is only one peak to measure in each chromatogram. 
And fourth, the uncertainty of  the results may be smaller 
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Figure 4. Cumulative amount excreted of  metformin (850 
mg tablet) in the urine of  18 healthy volunteers in 24 hours.

Figure 5. Urinary excretion rate-time profile of  a metformin 
tablet (850 mg) in 18 healthy volunteers.



because the variability in IS addition and IS peak mea-
surement is eliminated. The peak height was used to de-
termine the metformin at each sampling point, and the 
mean percentage of  the dose excreted in urine was calcu-
lated by using the corresponding calibration curve. Peak 
height was more sensitive than peak area. Critical pair 
(impurity) was too close to main peak to not get baseline 
to baseline integration in peak area in the standard. Also, 
the resolution requirement were fulfill with peak height. 
When metformin diluted by water from urine was inject-
ed onto C18 column using 10 mM sodium phosphate 
buffer (pH 6.0), 0.3% SDS and acetonitrile in the ratio of  
70:30 as mobile phase, held to a distinct curve for met-
formin at 6.4 minutes with good linearity indicating the 
preciseness and accuracy of  the developed method. The 
retention time and the run time is shorter than procedure 
described by Liu et al.[12] and Tong et al.[22]. Quantita-
tion of  metformin concentration in urine is mainly in-
teresting for pharmacokinetic and bioavailability studies, 
where urine is collected over a longer period. The con-
centration therefore varies depending on the collected 
urine volume and sampling period. The average amount 
of  unchanged metformin excreted was found to be 41.17 
% for a 850 mg tablet of  the administered drug with-
in 24 hrs after oral administration (lower than the val-
ue described by El-Gindy et al.[11]. The measurements 
of  urinary metformin output reflect the gastrointestinal 
absorption of  metformin from tablets. Different factors 
affect the gastrointestinal absorption of  metformin, such 
as food and gastrointestinal motility. Foods decrease the 
extent of  the absorption of  metformin [3], while the ex-
tent of  metformin absorption is improved when the gas-
trointestinal motility is slowed [28]. In the test, metformin 
can be measured by ultraviolet after dilution, which great-
ly shortens the time of  pre-treatment. The reports about 
the urine drug excretion of  metformin are still rare in 
our country, this study illustrates the characteristics of  
drug excretion at single dose of  metformin in healthy 
subjects. Drug excretion is in the trend of  increase and 
accumulation, but the discharge rate is not constant, the 
accumulative urine drug method can indirectly reflect the 
metabolic process of  drug in the body. The accumulative 
excretion rate of  metformin is 41%, a small amount of  
metformin is discharged in the form of  prototype drug, 
the drug was totally discharged after 16 hours.

Conclusion
The proposed RP-HPLC method, which used a conven-
tional column, is cost effective and less time consuming. 
The experimental results were accurate and reliable, pro-
viding a quick and effective analysis method for quanti-
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fication of  metformin in urine samples among healthy 
volunteers. The method was found to be easier to use 
than the published methods for the determination of  
metformin in urine because neither an internal standard 
nor a special column and pretreatment procedure are re-
quired. This method was also shown to be applicable for 
pharmacokinetic studies in humans.
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