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Abstract: The aim of the present study was to assess the bioequivalence of two metformin tablet formulations 

available in the Albanian market (product R as reference formulation and product T as test formulation). The 

bioequivalence study was performed in eighteen healthy volunteers in a two - treatment, open, crossover design. 

Single oral dose (tablet containing 850 mg of metformin) of each product was administered with one week of 

washout period. Urinary concentrations of metformin were measured by high-performance liquid 

chromatography (HPLC) method and pharmacokinetics parameters were estimated by urinary excretion data. 

The bioequivalence was determined by the following parameters: the cumulative amount of metformin excreted 

in the urine, the total amount of metformin excreted in the urine and the maximum urinary excretion rate of 

metformin. Various pharmacokinetic parameters like peak excretion rate [(dDU/dt)max], time for peak excretion 

rate (tmax), cumulative amount (Dcum0-24), total amount of drug recovered from urine (Dcum0-∞),  elimination half-

life (t1/2), and terminal elimination rate constant (kel), were calculated for both the formulations. 

The average cumulative amounts of metformin excreted in urine after administration of Formulation R and 

Formulation T were found to be 346.3 mg (40.74% of dose) and 358.7 mg (42.2% of dose), respectively. The 

urinary excretion profiles of metformin up to 24 h for both the formulations were found to be similar. Statistical 

comparison (90% confidence intervals of ratio) of pharmacokinetic parameters were in compliance with the 

international standards, indicating that products R and T can be considered bioequivalents and therefore 

interchangeable. 
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Introduction 
 

Metformin is an oral antihyperglycemic agent that has been widely used in the management of type 2 diabetes 

mellitus for decades (Davidson & Peters 1997; Kirpichnikov et al. 2002). It mainly works on islet tissues to 

inhibit the absorption of glucose by intestine and increases the utilization of glucose by peripheral tissues to 

reduce hepatic glycogenesis, so as to achieve the purpose of lowering blood sugar (Musi et al. 2002).  

Metformin 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 nonabsorbed and eliminated unchanged in feces 

(Scheen 1996). 

 

The pharmacokinetic parameters can be calculated from the accumulated amount of excreted drug in the urine 

sample in a particular time interval. However, it is necessary that a signifcant amount of the unchanged drug be 

excreted in the urine, that the analytical method be specifc for the unchanged drug, that the samples be collected 

with larger frequency to determine the excretion profle and that the sampling be made until the almost complete 

elimination of the drug (practically seven half-lives). The decline of the plasmatic concentration curves and drug 

urinary excretion rate can be described mathematically by the same equation. Thus, it is possible to assume that 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Davidson%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=9209206
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peters%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=9209206
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the parameters obtained from urinary excretion data reflect the drug absorption (Cawello et al., 2013; Shargel & 

Yu,1993). 

 

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 (Shah et al. 2002). Several reports indicate that 

urinary excretion data can be used to arrive at bioequivalence decision of different drug formulations (Shah et al. 

2002; Maher et al. 2012).  

  

The aim of this study was to evaluate bioequivalence of two tablet formulations of metformin (850 mg) 

designated as product R (reference formulation) and product T (test formulation) available in the Albanian 

market using urinary data from healthy human volunteers. Previously, HPLC method was developed and 

validated in order to quantify metformin in urine samples (Troja et al 2016). 

 

 

Methods 
 

Metformin quantifcation in human urine 
 

Urinary concentrations of metformin were determined using a validated ion-paired HPLC method described in 

details elsewhere (Troja et al. 2016).The separation 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 6.0 

as necessary. The mobile phase was prepared daily, filtered through a 0.45 µm porosity Nylon filter membrane, 

and ultrasonicated for 30 minutes before use. The flow rate and the column temperature were 1.0 mL/minute and 

50°C, respectively. The detection of metformin was carried out at 236 nm.  

 

Study protocol  

 

The protocol of the in vivo assay was approved by the National Medical Ethics Committee. Tablets of metformin 

850 mg available in the Albanian market were designated as product R (Glucophage, reference formulation) and 

product T (Metformine, test formulation) and they were used in this study. Metformin was administered in a 

single dose of 850 mg to 18 healthy volunteers (male and female) after over night fasting. The study was 

conducted in an open, randomized, two period, cross-over design. Two brands of metformin 850 mg in 

conventional tablets were employed: the reference formulation (Glucophage) and the test formulation 

(Metformine). The subjects were divided into two groups. In the first period of the study, volunteers from one 

group received product R and volunteers from the other group received product T. A week later, this procedure 

was repeated by inverting the groups. Each subject fasted overnight prior to the experiment, and the drug was 

administered with 250 mL of water. 

Urine samples were collected at various time periods after dosing and were analysed for metformin. Blank urine 

samples were obtained from each volunteer prior to dosing. Quantitative urine collections were obtained during 

each of the following time intervals: 0 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 12, 12 to 24 h. A standard lunch was 

ingested by all subjects 4 hours after dosing. Urine volume was measured and an aliquot of each sample was 

kept at 2-8°C until analysis by HPLC.    

 

Pharmacokinetic Analysis 

 

Pharmacokinetics parameters used in this evaluation were obtained from urinary excretion data of metformin. 

According to specification of FDA/USA, the evaluation of the bioavailability implies in determination of the 

amount of drug absorbed and in the rate of this process (FDA, 2003; USP, 2010). As bioequivalence refers to the 

comparative study of bioavailability of two dosage forms or products that contain the same drug in the same 

amount, the pharmacokinetic parameters selected should reflect the absorption process (Shargel & Yu, 1993). 

Cumulative amount of excreted metformin (Duc) in the urine up to each sample collection time was determined 

by adding the amount of drug excreted in each time interval to the amount of drug excreted recovered in the 

previous time intervals.  The total amount of drug recovered from urine after all excretion period was designed 

by Du∞. In this study the Du∞ was obtained from the cumulative excretion at 24 hours (Arancíbia, 1991; 

Shargel & Yu, 1993). The observed total amount of the drug recovered in the urine from time 0 up to 24 h 

(Dcum0–24) was determined by multiplying the concentration with the urine volume of the respective sample in 

each collection interval and summing up all intervals after dosing subsequently. The fraction of orally 

administered drug in urine within 24 h (% dose) was calculated by dividing Dcum0–24 by the dose of the drug 

administered (Swarbrick 2007; Gieschke 1999). The peak excretion rate [(dDu/dt)max] and peak excretion time 

(tmax) values were obtained from the urinary excretion rate (dDu/dt) versus time curves obtained for each 

volunteer after administration of Formulation R and Formulation T. Other pharmacokinetic parameters such as 

terminal elimination rate constant (kel) and elimination half life (t1/2) were obtained from linear regression of the 
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ln-transformed terminal segment of urinary excretion rate [ln(dDu/dt)] versus midpoint of time (h) curves. Both 

Dcum0-24 and Dcum0–∞ were calculated using untransformed (dDu/dt) data. Dcum0–24 was calculated using linear 

trapezoidal rule and was extrapolated to infinite time, Dcum0–∞. kel was calculated from the slope of terminal 

linear portion of log(dDu/dt) versus midpoint of time curve. The elimination half life (t 1/2) was calculated using 

the formula, t 1/2 = 0.693/kel (Swarbrick 2007; Gieschke 1999). 

 

Statistical Analysis 

 

Student’s t-test (paired) at 5% level of significance was used for testing the differences between the mean values 

obtained from two treatments using statistical software STATA 13 (StataCorp LLC, College Station, Texas, 

USA). Pharmacokinetic parameters generated for the two treatments were also compared for significant 

differences using ANOVA. Analysis of variance (ANOVA) was performed for the values of the following 

pharmacokinetic parameters: cumulative amount of excreted metformin (Duc); total cumulative amount of 

metformin excreted (Du∞); maximum excretion rate of metformin [(dDu/dt)max]. Factors accounting for the 

following variation sources were considered: sequence, subjects, period and treatment. The 90% confidence 

interval (90% CI) for the ratio between the test and the reference [Duc, Du∞ and (dDu/dt)max] were calculated. 

Bioequivalence is confirmed if the 90% CI are within 80-125%.  

 

 

Results and Findings 
 

All volunteers successfully completed the trial according the protocol. Both metformin formulations were well-

tolerated at the administered dose and no clinical or biological side effects were reported during the study. 

Urinary excretion levels of metformin after administration of Formulation R and Formulation T (both containing 

850 mg of metformin) were estimated using ion pairing HPLC method. The pharmacokinetic parameters for both 

products are presented as mean (±SD) in Table 1.  

 

Table 1. Mean of pharmacokinetics parameters after oral administration of metformin (R and T products, n=18). 

values represent mean ± standard deviation 

 

Pharmacokinetic 

parameter 

Mean ± SD 

(CV%) 

Formulation R 

Mean ± SD (CV%) 

Formulation T 

(dDu/dt)max 

(µg/min) 

977.50 ± 264.14 

(27.02%) 

1019 ± 321.90 

(31.58%) 

Dcum0-24 (mg) 346.28 ± 79.66 

(23.01%) 

358.67 ± 98.91 

(27.58%) 

Dcum0-∞ (mg) 446.27 ± 104.88 

(23.50%) 

458.60 ± 153.86 

(33.55%) 

T1/2 (hrs) 3.258 ± 0.639 

(19.599) 

3.11 ± 0.668 (21.481) 

Kel (hrs-1) 0.221 ± 0.047 

(21.39) 

0.234 ± 0.058 

(24.644) 

 

Mean values of Dcum0-24 were 358.7 mg and 346.3 mg after oral administration of Formulation T and Formulation 

R, respectively. Maximum excretion rates of metformin (dDu/dt)max were 977.50 and 1019 µg/min after oral 

administration of Formulation R and Formulation T, respectively. It was observed that Tmax occurred after 2.4 ± 

0.93 hrs (39.16) for formulation R and 2.3 ± 0.65 (28.15) hrs for Formulation T. Elimination rate constants were 

0.221 ± 0.047 hrs-1 and 0.234 ± 0.058 hrs-1 for Formulation R and Formulation T, respectively. The values found 

in our study are very close to those found by other authors (Holguin et al., 2011; Gopi et al., 2012; Najib et al., 

2002). In this study, the elimination half-life (T1/2) was 3.258 ± 0.639 hrs and 3.11 ± 0.668 hrs after oral 

administration of Formulation R and Formulation T, respectively. İn previous studies, the elimination half-life 

was 2.3 hrs (He et al., 2008) and 2.77 hrs (Holguin et al., 2011). In our study, this value is comparable with the 

value described by Holguin (Holguin et al., 2011). Values of other pharmacokinetic parameters of test 

formulation were also comparable with that of reference formulation. The plot of cumulative amount of excreted 

metformin over a period of 24 hours versus mid-point of time intervals for each product is shown in Figure 1. 

Urinary excretion rates of metformin (dDu/dt) for each product are shown in Figure 2.  From these figures, it is 

evident that both formulations show similar excretion pattern, which in turn, indicates similarity in their 

bioavailability.  

 

The average amount of unchanged metformin excreted was found to be 40.74 % and 42.2 % after oral 

administration of Formulation R and Formulation T, respectively. This is lower than the value described by El-

Gindy et al., 2010 for a 850 mg tablet of the administered drug within 24 hrs after oral administration. The 
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fraction dose absorbed was 52.5% and 53.95% after administration of Glucophage and Metformine products, 

respectively. This indicates a similarity with the values given by the literature (Dunn & Peters 1995; Hundal & 

Inzucchi 2003).  

 

 
Figure 1. Linear plot of cumulative amount (Dcum0-24) versus mid-time of metformin in 18 healthy volunteers in 

24 hours after oral administration of tablets [Glucophage (R) dhe Metformine (T), N=18]. 

 

 
Figure 2. Linear plot of rate of excretion (dDu/dt) versus mid-time of metformin in 18 healthy volunteers in 24 

hours after oral administration of tablets [glucophage (R) dhe metformine (T), N=18]. 

 

Analysis of variance (ANOVA) for Dcum0-24, Dcum0-∞ and (dDu/dt)max, after ln-transformation of the data, showed 

no statistically significant difference between Formulation T (Metformine) and formulation R (Glucophage) 

either in periods, formulations or sequence. 90% confidence intervals also demonstrate that the ratios of Dcum0-24, 

Dcum0-∞ and (dDu/dt)max of both formulations lie within the regulatory acceptable range of 80–125% (Table 2). So 

the test product showed good bioavailability as compared to the reference one.  

 

Table 2. Statistical analysis of ln-transformed data for pharmacokinetic parameters after oral administration of 

metformin ımmediate-released tablets (R and T products, N=18) 

Pharmacokinetic 

parameter 

gMean  

ratio 

(T/R) % 

90% confidence 

interval 

Lower limit        

Upper limit 

Dcum0-24 103.5 89.4                         

119.5 

Dcum0-∞ 100.6 86.8                         

117 

(dDu/dt)max 103.2 88.3                         

120.9 
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Conclusion  
 

Statistical analysis of various pharmacokinetic parameters calculated using urinary excretion data of metformin 

revealed that Formulation T is bioequivalent with Formulation R. 

 

 

Recommendations 
 

Based on the results obtained from the study, it results that Metformine 850 mg tablets produced by Profarma 

Sh.A are bioequivalent to Glucophage 850 mg tablet, manufactured by Merck Santé S.A.S. Their costs are 

respectively 2.5 ALL/tab and 10.4 ALL/tab. Based on the pharmacoeconomic criteria we recommend 

Metformine tablets (Formulation T) as an antihyperglycemic agent because it has lower cost and no significant 

difference in the rate and extent of absorption of the therapeutic ingredient. The bioequivalence studies should 

also be made for other important drugs on the reimbursement list. 

 

 

References 
 

Arancíbia, A. (1991). Calidad biofarmacêutica. Estudos in vitro e in vivo. Acta Farm. Bonaer, 10(2), 123-133. 

Cawello, W., Bökens, H., Nickel, B., Andreas, J. O., Halabi, A. (2013). Tolerability, pharmacokinetics, and 

bioequivalence of the tablet and syrup formulations of lacosamide in plasma, saliva and urine: Saliva as a 

surrogate of pharmacokinetics in the central compartment. Epilepsia, 54 (1), 81-88. 

Davidson, M. B., & Peters, A. L. (1997). An overview of metformin in the treatment of type 2 diabetes mellitus. 

Am J Med, 102(1), 99-110.  

Dunn, C. J., & Peters, D.H. (1995). Metformin. A review of its pharmacological properties and therapeutic use in 

non-insulin-dependent diabetes mellitus. Drugs, 49(5), 721–49. 

El-Gindy, A., Nassar, M.W., El-Abasawy, N.M., Attia, K.A., Al-Shabrawi, M. (2010). Optimization and 

Validation of an RP-HPLC Method for Direct Determination of Metformin Hydrochloride in Human 

Urine and in a Dosage Form. J AOAC Int, 93(6), 1821-8. 

Gieschke. R., (1999). Half-life, in: Cawello W. (ed.), Parameters for Compartment-free Pharmacokinetics, 

Aachen, Germany: Shaker Verlag, , pp. 39–58.   

Gopi, G., Manikandan, M., Nirmala Roja, D., Thirumurugu, S., Kannan, K., Arumainayagam, D.C., Manavalan, 

R. (2012). Pharmacokinetic Evaluation of Metformin Hyrochloride with Stevias in Human Volunteers. J. 

Pharm. Sci. & Res, 4(1), 1676-1680. 

He, Y. L., Paladini, S., Sabia, H., Campestrini, J., Zhang, Y., Leon, S., Ligueros-Saylan, M., Jarugula, V. (2008). 

Bioequivalence of vildagliptin/metformin fixed-dose combination tablets and a free combination of 

vildagliptin and metformin in healthy subjects. Int J Clin Pharmacol Ther, 46(5), 259-67. 

Holguin, G., Cuesta, F., Archbold, R., Restrepo, M., Parra, S., Pena, L., Montoya, B., Rios, J. C., Toro, V. E., 

Ruiz, A. (2011). Bioavalaibility and pharmacokinetic comparison of two formulations of metformin 850 

mg tablets in healthy Colombian volunteers. Colombia Medica, 42, 81-7. 

Hundal, R. S., & Inzucchi, S. E. (2003). Metformin: new understandings, new uses. Drugs, 63(18), 1879–94. 

Kirpichnikov, D., McFarlane, S. I., Sowers, J. R. (2002).  Metformin: an update. Ann Intern Med,  137(1), 25-33. 

Maher, H. M., Youssef, R. M., El-Kimary, E. I., Hassan, E. M., Barary, M. A. (2012). Bioavailability study of 

triamterene and xipamide using urinary pharmacokinetic data following single oral dose of each drug or 

their combination. J Pharm Biomed Anal, 61, 78-85. 

Musi, N., Hirshman, M. F., Nygren, J., Svanfeldt, M., Bavenholm, P., Rooyackers, O., Zhou, G., Williamson, J. 

M., Ljunqvist, O., Efendic, S., Moller, D. E., Thorell, A., Goodyear, L. J. (2002). Metformin increases 

AMP-activated protein kinase activity in skeletal muscle of subjects with type 2 diabetes. 

Diabetes,  51(7), 2074-81. 

Najib N, Idkaidek N, Beshtawi M, Bader M, Admour I, Alam SM, Zaman Q, Dham R. (2002). Bioequivalence 

evaluation of two brands of metformin 500 mg tablets (Dialon & Glucophage)--in healthy human 

volunteers. Biopharm Drug Dispos,  23(7), 301-6. 

Scheen, A. J. (1996). Clinical pharmacokinetics of metformin. Clin. Pharmacokinet, 30(5), 359–371.  

Shah, S.A., Rathod, I.S, Savale, S.S., Patel, B.D. (2002). Determination of bioequivalence of lomefloxacin 

tablets using urinary excretion data. J. Pharm. Biomed. Anal, 30(4), 1319–1329.  

Shah, S.A., Rathod, I.S., Savale, S.S., Patel, B.D. (2002). Development of a sensitive high-performance thin-

layer chromatography method for estimation of ranitidine in urine and its application for bioequivalence 

decision for ranitidine tablet formulations. J Chromatogr B Analyt Technol Biomed Life Sci, 767(1), 83-

91.  

Shargel, L., & Yu, A. B. C. (1993). Applied biopharmaceutics and pharmacokinetics. 3. ed. Connecticut: 

Prentice-Hall,. 625 p. 

http://www.deezer.com/artist/11588719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davidson%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=9209206
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peters%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=9209206
https://www.ncbi.nlm.nih.gov/pubmed/9209206
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=18538112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paladini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18538112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabia%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18538112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campestrini%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18538112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18538112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leon%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18538112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ligueros-Saylan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18538112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jarugula%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18538112
https://www.ncbi.nlm.nih.gov/pubmed/18538112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirpichnikov%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12093242
https://www.ncbi.nlm.nih.gov/pubmed/?term=McFarlane%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=12093242
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sowers%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=12093242
https://www.ncbi.nlm.nih.gov/pubmed/12093242
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maher%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=22197154
http://www.ncbi.nlm.nih.gov/pubmed/?term=Youssef%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=22197154
http://www.ncbi.nlm.nih.gov/pubmed/?term=El-Kimary%20EI%5BAuthor%5D&cauthor=true&cauthor_uid=22197154
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=22197154
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barary%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=22197154
http://www.ncbi.nlm.nih.gov/pubmed/22197154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirshman%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nygren%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Svanfeldt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bavenholm%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rooyackers%20O%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williamson%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williamson%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ljunqvist%20O%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Efendic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moller%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thorell%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodyear%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=12086935
https://www.ncbi.nlm.nih.gov/pubmed/12086935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Najib%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12355581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Idkaidek%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12355581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beshtawi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12355581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bader%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12355581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Admour%20I%5BAuthor%5D&cauthor=true&cauthor_uid=12355581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alam%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=12355581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zaman%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=12355581
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dham%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12355581
https://www.ncbi.nlm.nih.gov/pubmed/12355581
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=11863299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rathod%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=11863299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Savale%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=11863299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=11863299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=11863299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rathod%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=11863299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Savale%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=11863299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=11863299
http://www.ncbi.nlm.nih.gov/pubmed/11863299


International Conference on Technology, Engineering and Science(ICONTES) October 26 - 29, 2017 Antalya/Turkey 

255 

Swarbrick, J. (2007). Encyclopedia of Pharmaceutical Technology, 3rd edn., Vol. 1, PharmaceuTech, Inc., 

Pinehurst, NC. 

Troja, E., Deda, L., Boçari, G. (2016). “Ion-pair HPLC method for the quantification of metformin in 

human urine”. Journal of Applied Bioanalysis (JAB, open access), 2 (1), 16-24.  

UNITED STATES PHARMACOPEIAL CONVENTION. USP. USP 33 NF 28. (2010). United States 

Pharmacopeia 33 [and] The National Formulary 28. Rockville: United States Pharmacopeial Convention, 

3v. 

FOOD AND DRUG ADMINISTRATION. FDA. (2003). Center for Drug Evaluation and Research. 

Guidance for industry: bioavailability and bioequivalence studies for orally administered drug products-

general considerations. Rockville: FDA, p. 1-26. 

Available at: 

<http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ 

ucm070124.pdf>. Accessed on: 12 Ago 2014. 

 


