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Abstract
Objective The purpose of this single-center, randomized, open, two-period, two-sequence crossover, single-dose admin-
istration, bioequivalence research was to evaluate the bioequivalence and safety of the generic formulations of metformin 
hydrochloride sustained-release (MH-SR) 500 mg tablets (test preparation [T]:  Yuantang® SR) and the original formulation 
(reference preparation [R]:  Glucophage® XR) in 36 healthy Chinese volunteers under postprandial conditions.
Methods Subjects received 500 mg T/R in each period, with a 7-day washout period. Venous blood samples of 4 mL each 
were collected from each subject 19 times spanning predose (0 h) to 36 h postdose. The metformin concentration in depro-
teinized plasma was determined by high-performance liquid chromatography–tandem mass spectrometry. Bioequivalence 
(80.00–125.00%) was assessed by adjusted geometric mean ratios (GMRs) and two-sided 90% confidence intervals (CIs) 
of the area under the curve (AUC) and maximum concentration (Cmax) for each component. SAS 9.4 software was used for 
statistical analysis and Phoenix WinNonlin software v7 was used to analyze the pharmacokinetic parameters.
Results Thirty-four volunteers completed the clinical study. The 90% CIs (96.12–105.44% for AUC from time zero to the 
time of the last measurable concentration [AUC t], 96.22–105.54% for AUC extrapolated from time zero to infinity [AUC ∞], 
and 98.42–105.00% for Cmax) of T/R adjusted GMRs were within the bioequivalence acceptance range of 80.00–125.00%, 
indicating that they are bioequivalent. No serious adverse events occurred in this study, indicating that the two formulations 
were effective and well tolerated.
Conclusions Yuantang® SR was confirmed to be a well tolerated and bioequivalent alternative to  Glucophage® XR when 
taken under postprandial conditions in healthy Chinese volunteers. The Clinical Trials Registry Platform used for this study 
was http:// www. china drugt rials. org. cn/ clini caltr ials. searc hlist detail. dhtml. The trial registration numbers (TRNs) and dates of 
registrations were CTR20180476 (19 April 2018) for this clinical trial and CTR20171595 (11 January 2018) for the pilot trial.
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1 Introduction

Diabetes mellitus (DM), a group of metabolic disorders 
characterized by hyperglycemia and associated with major 
complications, including diabetic neuropathy, retinopathy, 
and cardiovascular disease, is one of the most serious and 
common diseases worldwide [1, 2]. Approximately 90% 
of total DM cases are type 2, which has been treated with 
metformin hydrochloride (MH) (Fig. 1), a herb-derived 
biguanide oral antihyperglycemic agent, since the 1950s [3]. 
MH is currently the first-line pharmacologic treatment for 
type 2 DM and is prescribed either alone or in combination 
with insulin or other hypoglycemic therapies [4].

http://orcid.org/0000-0002-0535-2545
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Key Points 

Metformin hydrochloride (MH) is a first-line drug for 
the treatment of diabetes mellitus; however, because of 
the large number of diabetic patients, the original MH-
sustained release (SR) formulation cannot meet market 
demand. For developing countries, original metformin is 
expensive.

After the bioequivalence and safety of the generic 
MH-SR formulation  (Yuantang® SR, 500 mg/tablet) and 
the brand name  (Glucophage® extended release [XR], 
500 mg/tablet) were confirmed under fasting condi-
tions, we conducted a single-center, randomized, open, 
two-period, two-way crossover, bioequivalence trial in 
36 Chinese adult healthy volunteers under postprandial 
conditions.

The conclusions that  Yuantang® SR (500 mg/tablet), 
manufactured by Guangdong Sinocorp Pharmaceutical 
Co., Ltd, China, was bioequivalent and well tolerated 
to  Glucophage® SR (500 mg/tablet), manufactured by 
Merck Serono limited company, UK, provides a good 
choice for clinicians and patients.

Generic MH-SR reduces the costs for clinical supplies 
of brand-name MH-SR and alleviates the contradiction 
between supply and demand due to insufficient supply in 
the original MH-SR market.

be reassessed for quality and efficacy compared with the 
original drug. According to the CFDA catalog of reference 
preparations for generic drugs,  Glucophage® XR (MH-
SR, 500 mg/tablet), manufactured and marketed by Merck 
Serono Co., Ltd, UK, is designated as the reference prepara-
tion for bioequivalence. After the bioequivalence and safety 
of the generic MH-SR formulations  (Yuantang® SR, 500 
mg/tablet) and the brand name  (Glucophage® XR, 500 mg/
tablet) were confirmed under fasting conditions, they were 
assessed in this study under high-fat meal conditions.

2  Material and Methods

2.1  Study Design

A single-center, randomized, open, two-period, two-
sequence crossover, single-dose administration, bioequiv-
alence trial of two MH-SR brands (test preparation [T]: 
 Yuantang® SR; and reference preparation [R]:  Glucophage® 
XR) was conducted on 36 healthy Chinese subjects under 
postprandial conditions from 17 April to 29 May 2018. The 
clinical trial [14] was completed at the Phase I Clinical Trial 
Center of Beijing Shijitan Hospital, affiliated with Capital 
Medical University, China. The results of this study will be 
used in an application for a listing qualification certificate 
from the Chinese Center for Drug Evaluation.

The protocol and all documents were reviewed and 
approved by the Institutional Review Board of Beijing Shi-
jitan Hospital on 16 October 2017 (registration number: 
2017Y123) (http:// www. china drugt rials. org. cn/ clini caltr ials. 
searc hlist detail. dhtml). The clinical trial was conducted in 
accordance with the Declaration of Helsinki, Good Clini-
cal Practice, Good Laboratory Practice, and Pharmaceu-
tical Administration Law. The nature and purpose of this 
study were explained to all participants prior to obtaining 
informed consent.

2.2  Study Products

Test Product: MH-SR tablets (generic drug)
Trade name:Yuantang® SR
Specification: 500 mg/tablet
Batch No.: 1171115010, expiry 11/2019

Fig. 1  Chemical structure of metformin hydrochloride

Unfortunately, MH tablets have low bioavailability 
(50–60%) and a short half-life, leading to the development of 
sustained-release forms of the drug [5–11]. MH sustained-
release (MH-SR) tablets overcame the shortcomings of the 
original tablets and have been widely used in clinical appli-
cations. To address clinical shortages and reduce the costs 
associated with brand-name drugs, generic formulations 
have been developed.

Owing to the growing market for generic drugs, the Chi-
nese government has strengthened the quality requirements 
for generic drugs while encouraging their use. At the 2017 
International Council for Harmonization (ICH) meeting in 
Montreal, Canada, the ICH Assembly approved the inclu-
sion of the China Food and Drug Administration (CFDA) 
as a new regulatory member and the Pharmaceutical Inspec-
tion Co-operation Scheme (PIC/S) as a new observer [12]. 
According to CFDA requirements, any generic drugs that 
were approved before adopting the new regulatory meas-
ures for chemical drugs must be re-evaluated for compa-
rable quality and efficacy to the original drug [13]. There-
fore, MH-SR  (Yuantang® SR, 500 mg/tablet), produced by 
Guangdong Sinocorp Pharmaceutical Co., Ltd, China, must 

http://www.chinadrugtrials.org.cn/clinicaltrials.searchlistdetail.dhtml
http://www.chinadrugtrials.org.cn/clinicaltrials.searchlistdetail.dhtml
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Manufacturer: Guangdong Sinocorp Pharmaceutical Co., 
Ltd, China

Provider: Guangdong Sinocorp Pharmaceutical Co., Ltd, 
China

Reference Product: MH extended-release tablets (brand-
name drug)

Trade name:Glucophage® XR
Specification: 500 mg/tablet
Batch No.: Y02494, expiry 12/2019
Manufacturer: Merck Serono Co., Ltd, UK
Provider: Guangdong Sinocorp Pharmaceutical Co., Ltd, 

China

2.3  Sample Size Calculation Using Pass Software

The minimum sample size required for equivalence tests 
for the ratio of two geometric means in a 2 × 2 crossover 
design was calculated using PASS 15 (Power Analysis and 
Sample Size System) software (NCSS, LLC, Kaysville, UT, 
USA). The value of power, the probability of rejecting the 
null hypothesis when it was false, was set to 80%, and the 
value of alpha, the probably of a type I error that was reject-
ing the null hypothesis of non-equivalence when in fact the 
groups were equivalent, was set to 5%. The lower and upper 
equivalence limit for the ratio of the two geometric means 
were set to 80.00% and 125.00%, respectively, and the value 
of the ratio of the two geometric means at which the power 
was to be calculated was set to 1.0.

In theory, the coefficient of variation (CV) was the ratio 
of the standard deviation (SD) and the mean (SD/mean). The 
CV was defined on the original (not logarithmic) scale from 
our pilot study, calculated using the relationship between the 
means and variances of Y and X. Suppose data on a response 
variable Y were collected. The procedure of PASS assumed 
that the values of X = Ln(Y) would be analyzed using an 
appropriate analysis of variance (ANOVA) procedure (PASS 
15, help center). In our study, the mean square error (MSE) 
of the maximum concentration (Cmax), area under the curve 
from time zero to the time of the last measurable concen-
tration (AUC t), and AUC extrapolated from time zero to 
infinity (AUC ∞) [after logarithmic transformation] was 
0.77%, 1.11% and 1.10%, respectively, after excluding the 
variation among preparations, individuals, periods, and drug 
sequences by multivariate ANOVA according to our pilot 
trial (Ethical Approval No.: 2017Y123; Registration num-
ber: CTR20171595) (http:// www. china drugt rials. org. cn/ clini 
caltr ials. searc hlist detail. dhtml). MSE was brought into the 
following formula estimation of individual in vivo variation: 
CV(Y) = [Exp{σ(X)2} −  1]1/2 (PASS 15, help center), where 
CV(Y) was the estimated value of the individual in vivo 
variation of pharmacokinetic parameters, and σ(X)2 was the 

MSE after logarithmic transformation of the pharmacoki-
netic parameters. The estimated values of the intraindividual 
variation of Cmax, AUC t and AUC ∞ were 8.81%, 10.58% and 
10.51%, respectively.

However, considering that the CV value reported in the 
literature was 17–29% [15], we set the CV value to 0.30. We 
estimate the minimum sample size was 32 subjects. Con-
sidering the 10% withdrawal rate, 36 subjects were finally 
determined.

2.4  Study Population

Inclusion criteria: Thirty-six healthy Chinese volunteers 
who were > 18 years of age, with a body mass index of 
19.0–28.0 kg/m2 and weighing > 50 kg (male) or > 45 kg 
(female) were recruited. Based on medical history, clini-
cal examinations, and laboratory investigations, no subject 
had a history or evidence of serious diseases or allergies, 
or contraindications to metformin or its excipients. Women 
of childbearing age were confirmed not to be pregnant and 
were required to use effective contraceptives throughout the 
study and for at least 6 months following the trial.

Exclusion criteria: Subjects who had trouble with venous 
blood collection and a history of venipuncture syncope or 
were exposed to any drugs within 2 weeks prior to the trial 
were excluded from the study. Participants were instructed 
to abstain from taking any medications that affect liver 
drug-metabolizing enzymes, including inducers (e.g., bar-
biturates, carbamazepine, phenytoin sodium, and glucocorti-
coids) and inhibitors (e.g., cimetidine, diltiazem, macrolides, 
nitroimidazoles, sedative hypnotics, verapamil, fluoroqui-
nolones, antihistamines, and omeprazole), for a minimum of 
3 months prior to and during the study period. Participants 
were forbidden to consume alcohol and beverages or food 
containing methylxanthines 48 h before the clinical trial 
and after drug administration until the final blood sample 
was collected. Volunteers who donated or lost > 400 mL 
of blood within 3 months prior to the clinical trial were 
excluded.

Withdrawal criteria: Researchers withdrew a subject from 
the trial if (1) they considered it medically unethical to con-
tinue the trial; (2) a serious adverse event (SAE) occurred; 
(3) the subject would benefit from withdrawal; or (4) the 
subject was noncompliant. Noncompliance included the 
following situations: (1) the subject did not take the drug 
or accept examination according to the protocol; or (2) the 
subject’s behavior would affect the results. Subjects had 
the right to withdraw from the trial or to refuse medication 
and testing without formally withdrawing their informed 
consent. When possible, the reasons for a withdrawal were 
recorded.

http://www.chinadrugtrials.org.cn/clinicaltrials.searchlistdetail.dhtml
http://www.chinadrugtrials.org.cn/clinicaltrials.searchlistdetail.dhtml
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2.5  Drug Administration

All subjects were admitted to the hospital the day preceding 
drug administration (D−1). Examinations included symp-
tom analysis, vital sign measurements, alcohol breath tests, 
urine drug screening analysis, and blood pregnancy tests 
for women of childbearing age. The subjects fasted, except 
for water, for 10 h prior to drug administration. On day 1 of 
drug administration (D1), subjects were randomly assigned 
by the principal investigator to one of the two dosing-order 
subgroups, T/R and R/T, which were equally represented. 
According to the summary of Glucophage XR characteris-
tics, the recommended starting dose is 500 mg (one tablet) 
orally once daily with the evening meal; increase the dose 
in increments of 500 mg weekly based on glycemic control 
and tolerability, up to a maximum of 2000 mg (four tablets) 
once daily with the evening meal [16]. According to the 
protocol, subjects took a single dose (500 mg) of either the 
T or R MH-SR formulation with 240 mL of water after eat-
ing. A statistician performed block randomization using SAS 
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Beginning from the underfed state, subjects ate a pre-
scribed high-fat trial diet 30 min before taking their formu-
lation and were required to finish the meal within 20 min 
(Table 1). Subjects could not consume water from 1 h before 
to 1 h after drug administration. Lunch and dinner were 
served at 4 and 10 h post drug administration, respectively. 
After meals, subjects remained seated and were observed 
closely for 4 h. Subjects were ambulatory at other times 
during the trial but were prohibited from strenuous activ-
ity. They remained in hospital for an additional 2 days and 
were discharged on day 3 (D3) after blood collection and 
examinations. According to the summary of  Glucophage® 
XR characteristics, the plasma elimination half-life (t½) was 
approximately 6.2 h and the blood t½ was approximately 
17.6 h [16]. The preparation was cross-administered after a 
7-day washout (>5 × t½).

2.6  Blood Sampling

As the plasma t½ of  Glucophage® XR was approximately 
6.2 h [16], the sample collection period was set for 36 h (>5 
× t½ = 31 h). Approximately 19 venous blood samples (4 
mL) were collected through an indwelling cannula from each 
subject to assay metformin from predose (0 h; within 30 min 
before administration) to 36 h postdose at preset time-points 
(1, 2, 3, 4, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 10, 12, 15, 24, and 
36 h). Blood samples were collected using vacuum blood 
collection tubes containing dipotassium ethylene diamine 
tetraacetate  (K2-EDTA) anticoagulant and centrifuged 
(2500g) at 4°C for 10 min. Evenly separated plasma was 
frozen at – 20 °C in two tubes, one for testing and the other 
as a backup. Samples were transferred to – 70 °C freezers 
for long-term storage within 72 h. After a 7-day washout, 
the trial was repeated in the same manner to complete the 
crossover design.

2.7  Bioanalytical Methods

Plasma concentrations of metformin were determined by 
Nanjing Clinical Tech Laboratories Inc. using a validated 
high-performance liquid chromatography–tandem mass 
spectrometry (HPLC-MS/MS) method [17]. The HPLC 
was fitted with a liquid phase pump (LC-20ADXR), column 
heater (CTO-20AC), controller (CBM-20Alite), degasser 
(DGU-20A5R), and automatic injector (SIL-30AC) [Shi-
madzu Co., Kyoto, Japan]. Electrospray ionization mass 
spectrometry was performed using an API 4000 (Applied 
Biosystems/Sciex, Foster City, CA, USA).

HPLC was performed using an analytical/elution col-
umn (Poroshell 120 EC-CN, 2.1 × 50 mm, 2.7 μm; Agilent 
Technologies, Santa Clara, CA, USA) fit with a pre-column 
(Security Guard Cartridges C18, 4 × 2.0 mm; Phenomenex, 
Torrance, CA, USA). The column and autosampler were 
maintained at 40 °C and 8 °C, respectively. The mobile 

Table 1  Nutritional composition 
of a high-fat diet

Materials Weight
(g)

Food
(g)

Energy
(kcal)

Protein
(g)

Fat
(g)

Carbohydrate
(g)

Unified flour 80 80 295.12 12.56 2 56.72
Romaine lettuce 53.19 50 7.95 0.65 0.15 1
Chicken 50 50 58.95 12.3 0.95 0.3
Milk 250 250 136 7.5 8.0 8.5
Egg 56.82 50 68.8 7.2 3.2 2.8
Salad oil 35 35 314.47 0 34.9 0.11
Total 881.29 40.21 49.20 69.43
Caloric ratio (%) 18.25 50.24 31.51
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phases were an aqueous solution of 0.1% formic acid and 5.0 
mM  NH4Ac (A) and 100% ethanol (B). The injection vol-
ume was 6.00 μL and the retention time was approximately 
1.60 min for both metformin and metformin-d6.

Mass spectrometry was performed for 5.00 min using the 
following parameters: ion spray voltage, 1700 V; curtain gas, 
45 psi; atomizing gas, 55 psi; auxiliary gas, 55 psi; tempera-
ture, 650 °C; collision-activated dissociation, 10 U; posi-
tive ion mode; and multiple reaction monitoring. The ion 
pair of metformin was 130.1/71.1 m/z with a dwell time of 
100 ms. The ion pair of the metformin-d6 internal standard 
was 136.1/60.1 m/z with a dwell time of 100 ms.

Based on verification, the linear range was 3.00–1200 
ng/mL. The lower limit of quantification was 3.00 ng/mL. 
The overall within-run precision and accuracy for metformin 
ranged from 1.9 to 6.8% and 98.7 to 107.7%, respectively, 
while the overall between-run precision and accuracy for 
metformin ranged from 2.0 to 8.0% and 102.0 to 104.0%, 
respectively.

2.8  Pharmacokinetic Analysis

The primary pharmacokinetic parameters were Cmax, AUC 
t and AUC ∞. Phoenix WinNonlin software v7  (Pharsight®, 
a Certara™ company, Raleigh, NC, USA) was used to ana-
lyze the pharmacokinetic parameters. AUC t was calculated 
according to the linear trapezoidal rule as the AUC from 
time zero to the time of the last measurable concentration. 
The AUC was extrapolated from time zero to infinity (AUC 
∞), using the formula AUC ∞ = AUC t + Ct/λz, where Ct 
is the final measurable concentration and λz is the elimina-
tion rate constant represented by the slope of the terminal 
segment of the logarithmically transformed drug concentra-
tion versus the time linear regression curve. The criteria for 
estimation of λz was minimum R-squared value, minimum 
span from the first to last timepoint selected for regression 
in relation to derived half-life. The ratio of AUC t/AUC ∞ 
should be more than 80%. The time to peak concentration 
(Tmax) was obtained directly from the concentration-time 
(c − t) curve, and the t½ was calculated as 0.693/λz. Log-
transformed primary pharmacokinetic parameters were 
tested using ANOVA. The results of the mixed-effect model 
included subjects, sequence, period, and preparation factors. 
The bioequivalence of  Yuantang® SR and  Glucophage® XR 
was evaluated using the geometric mean ratio (GMR), 90% 
confidence interval (CI), and two-sided t-test.  Yuantang® 
SR and  Glucophage® XR were considered bioequivalent if 
they were within the equivalent interval (80.00–125.00%).

2.9  Safety Assessment

Subjects were monitored for any adverse events (AEs), 
SAEs, concomitant medications, nonpharmacological 

treatments, changes in clinical laboratory results (e.g., rou-
tine blood and urine tests, blood biochemistry), 12-lead 
electrocardiogram results, clinical symptoms, vital signs, 
and physical examination results. All AEs were evaluated 
using the Common Terminology Criteria of Adverse Events 
(CTCAE) version 4.03. The correlation between AEs and 
drug administration was stratified into five levels—definite, 
probable, possible, unlikely, and no relationship—accord-
ing to the judgment standard of causality between drugs 
and AEs. Definite, probable and possible were considered 
adverse drug reactions.

2.10  Statistical Analysis

The normality of data distributions was assessed using the 
Kolmogorov–Smirnov test. Normally distributed data were 
expressed as mean ± SD (x̄ ± SD) and non-normally dis-
tributed data were expressed as quartiles (25%, 75%). Count 
data were expressed in cases and percentages (n, %) and 
analyzed using the Chi-square test or Fisher’s exact test if 
the theoretical frequency was < 5.

The primary pharmacokinetic parameters were typically 
log-normally distributed and thus were log-transformed prior 
to statistical analysis [18]. Differences between parameters 
were considered statistically significant at p < 0.05. Phoenix 
WinNonlin software v7  (Pharsight®, a Certara™ company) 
was used to analyze pharmacokinetic parameters, while SAS 
version 9.4 software was used for other parameters.

3  Results

3.1  Demographics

Thirty-six healthy Chinese adults were included in the 
bioequivalence trial and randomized into T/R and R/T sub-
groups without difference in sex ratio (p = 0.72) [Fig. 2]. A 
total of 25 (69.44%) participants were male, with 88.89% 
(32/36) of participants representing Han nationality. The 
average age was 31.36 ± 8.18 years, ranging from 19 to 46 
years, and average body weight was 64.89 ± 7.53 kg, rang-
ing from 47.9 to 82.4 kg. Average height was 165.01 ± 7.63 
cm, ranging from 150.8 to 182.0 cm, and median BMI was 
23.83 ± 2.30 kg/m2, ranging from 19.58 to 27.99 kg/m2 
(Table 2).

3.2  Pharmacokinetics

Both  Yuantang® SR and  Glucophage® XR were demon-
strated to be readily absorbed from the gastrointestinal (GI) 
tract as metformin was measurable from the first sampling 
time (1.00 h) in all 34 subjects (Fig. 3). The concentration 
increased over time until it reached a maximum at 5.00 
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h after drug administration and then decreased rapidly, 
although it was still detectable for up to 36 h (Table 3 and 
Fig. 3). The t½ of T and R was 4.70 ± 0.55 and 4.81 ± 0.42 h 
(Table 3), and shorter than that in the summary of the 
 Glucophage® XR characteristics (t½ = 6.2 h) [16]. The 90% 
CIs (96.12–105.44% for AUC t, 96.22–105.54% for AUC 
∞, and 98.42–105.00% for Cmax) of the T/R GMR for these 
pharmacokinetic parameters were within the bioequivalence 
acceptance range of 80.00–125.00% (Table 4). Additionally, 
no significant differences between the main parameters of 
T and R were identified by ANOVA (p > 0.05) [Table 5].   

3.3  Safety and Tolerability

The T and R formulations of MH-SR were safe and well 
tolerated in the postprandial trial, with no SAEs or unsolic-
ited adverse reactions observed. One subject from the T/R 
subgroup was removed from the trial as she vomited 4.25 h 
after the first administration of medication T, shorter than 
the plasma t½ (t½ = 6.2 h in the summary of  Glucophage® 
XR characteristics [16]; t½ = 4.70 ± 0.55 h in this study 
(Table 3). This subject was analyzed in the safety set but 
excluded from the pharmacokinetic set. A volunteer from 
the R/T subgroup withdrew prior to drug administration 
due to venipuncture syncope and was eliminated from the 
safety and pharmacokinetic sets. The remaining 34 partici-
pants completed the clinical study and were analyzed in the 
safety and pharmacokinetic sets.

The primary adverse reactions to the administration of T 
and R were symptomatic digestive tract reactions (52.94%, 
9/17) and abnormal blood and urine laboratory tests (41.18%, 
7/17). Most of the drug-related AEs (88.24%, 15/17) were 
grade I and of mild severity. All patients recovered from 
the drug-related AEs without special treatment. There were 
no significant differences in subjects’ age and sex for the 

Fig. 2  Flow diagram. T test preparation,  Yuantang® SR, R reference 
preparation,  Glucophage® XR

Table 2  The demographic and baseline characteristics of subjects 
included in the clinical trials

Data are expressed as mean ± standard deviation unless otherwise 
specified
T test preparation,  Yuantang® SR, R reference preparation, 
 Glucophage® XR

Characteristics T/R subgroup R/T subgroup Total

No. of subjects 18 18 36
Age, years 32.61 ± 7.29 30.11 ± 9.02 31.36 ± 8.18
Male sex [n (%)] 13 (72.22) 12 (66.67) 25 (69.44)
Han nationality [n 

(%)]
16 (88.89) 16 (88.89) 32 (88.89)

Other nationalities 
[n (%)]

2 (11.11) 2 (11.11) 4 (11.11)

Height, cm 165.41 ± 6.98 164.62 ± 8.41 165.01 ± 7.63
Body weight, kg 65.59 ± 6.57 64.18 ± 8.53 64.89 ± 7.53
Body mass index, 

kg/m2
24.00 ± 2.26 23.65 ± 2.39 23.83 ± 2.30

Fig. 3  a Mean (n = 34) plasma concentration (± SD)–time curves of 
 Yuantang® SR (T) and  Glucophage® XR (R) after a single 500 mg 
oral dose under postprandial conditions. a Linear plot. b Semiloga-
rithmic plot. T test preparation,  Yuantang® SR, R reference prepara-
tion,  Glucophage® XR, SD standard deviation
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occurring AEs, and the type, severity and prognosis of AEs 
between the T and R treatment groups (p > 0.05) (Table 6).

4  Discussion

Metformin is only approved for the treatment of type 2 DM; 
however, a growing number of studies have suggested ben-
efits from its off-label use in other areas, such as demen-
tia [19], weight loss [20], glioblastoma [21], inflammation 
[22], hair growth [23], miscarriage and premature delivery, 

polycystic ovarian syndrome [24], breast and colorectal can-
cer [25], and cardiovascular protection [26]. These findings 
have increased interest in metformin and the development 
of generic MH-SR drugs.

The most important objective of a bioequivalence trial is to 
ensure that the two formulations have similar rates and extents 
of absorption, which would indicate that they are therapeuti-
cally equivalent [27, 28]. After a single drug dose, particularly 
for fast-release formulations, Cmax reflects the absorption rate 
and AUC reflects the degree of absorption; these represent the 
primary pharmacokinetic parameters. It is generally accepted 
that the standard equivalency range of 80.00–125.00% holds 
for basic pharmacokinetic characteristics [29].

Recently, Zhou, et al. [30] studied the bioequivalence 
of two matrix-type metformin extended-release tablets 
under postprandial conditions. The reference preparation 
was  Glucophage® XR. AUC 36, AUC ∞ and Cmax of generic 
metformin extended-release under postprandial states were 
6563 ± 814 ng h/mL, 6627 ± 817 ng h/mL and 619 ± 60 
ng/mL. The 90% CIs of Ln AUC 36, Ln AUC ∞, and Ln Cmax 
from the generic formulation versus the branded formula-
tion were 91.4–105.0%, 91.3–104.7%, and 101.2–119.4%, 
respectively. The results obtained from the study by Zhou 
et  al. suggest that the two drugs were bioequivalent in 

Table 3  Pharmacokinetic 
parameters after a single dose 
of 500 mg of  Yuantang® SR (T) 
and  Glucophage® XR (R)

Data are expressed as arithmetic mean ± SD (%CV) unless otherwise specified
AUC t area under the curve from time zero to the time of the last measurable concentration, AUC ∞ area 
under the curve extrapolated from time zero to infinity, Cmax maximum plasma concentration, Tmax time to 
reach maximum concentration, t½ elimination half-life, λz elimination rate constant represented by the slope 
of the terminal segment of the logarithmically transformed drug concentration versus time linear regression 
curve, SR sustained release, XR extended release, T test preparation,  Yuantang® SR, R reference prepara-
tion,  Glucophage® XR

Pharmacokinetic parameter T [n = 34] R [n = 34]

AUC t, h ng/mL 6366.13 ± 1492.17 (23.44) 6305.72 ± 1410.58 (22.37)
AUC ∞, h ng/mL 6434.14 ± 1508.94 (23.45) 6367.92 ± 1426.40 (22.40)
Cmax, ng/mL 651.41 ± 123.68 (18.99) 640.29 ± 116.22 (18.15)
Tmax, h (minimum, maximum) 5.00 (4.00, 7.50) 5.00 (4.00, 8.00)
t½, h 4.70 ± 0.55 (11.71) 4.81 ± 0.42 (8.81)
λz, 1/h 0.15 ± 0.02 (11.17) 0.15 ± 0.01 (8.45)

Table 4  Bioequivalence 
analysis of  Yuantang® SR (T) 
and  Glucophage® XR (R) after a 
single dose of 500 mg T and R

SR sustained release, XR extended release, T test preparation,  Yuantang® SR, R reference preparation, 
 Glucophage® XR, CI confidence interval, CV coefficient of variation, AUC t area under the curve from time 
zero to the time of the last measurable concentration, AUC ∞ area under the curve extrapolated from time 
zero to infinity, Cmax maximum plasma concentration

Pharmacokinetic parameter Geometric mean value and ratio 90% CI (%) CV (%) Power

T R T/R (%)

AUC t, h ng/mL 6185.62 ± 0.23 6144.37 ± 0.22 100.67 96.12–105.44 11.30 > 99.99
AUC ∞, h ng/mL 6252.63 ± 0.23 6204.80 ± 0.22 100.77 96.22–105.54 11.29 > 99.99
Cmax, ng/mL 640.26 ± 0.19 629.82 ± 0.18 101.66 98.42–105.00 7.89 > 99.99

Table 5  Results (p-values) of ANOVA test of bioequivalence 
between the two formulations

ANOVA analysis of variance, AUC t area under the curve from time 
zero to the time of the last measurable concentration, AUC ∞ area 
under the curve extrapolated from time zero to infinity, Cmax maxi-
mum plasma concentration

Influence factor lnAUC t lnAUC ∞ lnCmax

Sequence 0.13 0.12 0.30
Periods 0.18 0.19 0.96
Formulations 0.81 0.78 0.40
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Chinese subjects. This study confirmed that another generic 
MH sustained-release tablet is bioequivalent with brand-
name drugs and provides a new good choice for clinicians 
and patients. The new generic MH-SR reduces the costs for 
clinical supplies of brand-name MH-SR and alleviates the 
contradiction between supply and demand due to insufficient 
supply in the original MH-SR market.

The common (> 1.0%) and most common (> 5.0%) solic-
ited adverse reactions detailed in MH-SR medication guides 
include diarrhea, nausea/vomiting, constipation, abdominal 
discomfort, flatulence, dyspepsia/heartburn, asthenia, head-
ache, dizziness, hypoglycemia, myalgias, upper respiratory 
infection, dyspnea, nail disorder, rash, increased sweating, 
taste disorders, chest discomfort, chills, flushing and palpita-
tion [16]. The drugs in this clinical trial were well tolerated, 
with GI symptoms and laboratory abnormalities being the 
primary AEs, most of which did not require special treat-
ment apart from clinical observation until the patient recov-
ered naturally. All AEs were consistent with those listed in 
the summary of  Glucophage® XR characteristics and other 
clinical trials [15, 30].

The limitations of this study include its small sample 
size, comprising only healthy Chinese adults; therefore, 

the safety data may not have enough statistical power. 
Another limitation is that two subjects withdrew during 
the trial; however, we fully considered this issue before 
commencement of the trial and included an additional 10% 
of subjects.

The AUC t, AUC ∞ and Cmax of the two formulations com-
pared in this study did not differ significantly, indicating that 
the blood profiles generated by  Yuantang® SR (500 mg/tab-
let) were comparable with those produced by  Glucophage® 
XR (500 mg/tablet). The 90% CIs for the GMR of AUC 
t, AUC ∞, and Cmax revealed that these values were within 
the bioequivalence acceptance range of 80.00–125.00%. 
Furthermore, ANOVA for these parameters suggested no 
significant difference (p > 0.05) between the two MH-SR 
brands, either in sequence, periods or formulations. Based 
on these results, we can safely conclude that  Yuantang® 
SR (500 mg/tablet), manufactured by Guangdong Sino-
corp Pharmaceutical Co., Ltd, China, is bioequivalent to 
 Glucophage® XR (500 mg/tablet), manufactured by Merck 
Serono Co., Ltd, UK, when taken under postprandial con-
ditions. Additionally, this clinical trial confirmed that both 
products were safe and well tolerated by healthy Chinese 
adults.

Table 6  Adverse events 
of  Yuantang® SR and 
 Glucophage® XR (T and R)

Data are expressed as n (%) unless otherwise specified
SR sustained release, XR extended release, T test preparation,  Yuantang® SR, R reference preparation, 
 Glucophage® XR
a Fisher’s exact test

Items Postprandial trial p-Value

T R

No. of subjects 36 36 > 0.99a

Analyzed 35 (97.22) 34 (94.44)
 Dropout 1 (2.78) 2 (5.56)

Subjects with drug-related adverse events 3 (8.57) 12 (35.29) 0.01
Drug-related (n) 4 13 0.371a

 Dry mouth 0 (0.00) 1 (7.69)
 Bitter taste of mouth 0 (0.00) 1 (7.69)
 Nausea 1 (25.0) 0 (0.00)
 Vomiting 1 (25.0) 0 (0.00)
 Abdominal pain 0 (0.00) 1 (7.69)
 Diarrhea 0 (0.00) 4 (30.77)
 Increased platelet count 0 (0.00) 1 (7.69)
 Hypertriglyceridemia 1 (25.0) 3 (23.08)
 Increased white blood cell count in urine 0 (0.00) 1 (7.69)
 Urine occult blood [+] 1 (25.0) 0 (0.00)
 Upper respiratory tract infection 0 (0.00) 1 (7.70)

Severity of drug-related adverse events 0.426a

 Grade I 3 (75.00) 12 (92.31)
 Grade II 1 (25.00) 1 (7.69)

Outcomes > 0.99a

 Recovery 4 (100) 13 (100)
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5  Conclusions

The generic drug,  Yuantang® SR (500 mg/tablet), is a well 
tolerated, bioequivalent alternative to the original drug, 
 Glucophage® XR (500 mg/tablet), under postprandial con-
ditions after comparing their pharmacokinetic characters in 
healthy Chinese adults.
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