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Abstract. Biowaivers for class I drugs according to the biopharmaceutics classification system (BCS) were
first introduced in 2000. The in vitro equivalence can be used to document bioequivalence between
products. This study compared the in vitro dissolution behavior of two BCS class I drugs, amoxicillin
and metronidazole, which are sold in China. Identifying a reference product on the Chinese domestic
market was impossible. Three 250-mg and two 500-mg amoxicillin capsules and four metronidazole tablet
products were tested. None of the amoxicillin products and three of the four metronidazole tablets were
found to be equivalent to each other when the same strengths were compared. The bioequivalence of
products that fail the in vitro test can be established via in vivo clinical studies which are expensive and
time consuming. Establishing nationally or globally accepted reference products may provide regulatory
agencies with an efficient mechanism approving high quality generics.
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INTRODUCTION

Most developing countries adopt national medical policies
that (1) provide their residents access to essential medicines.
The World Health Organization’s (WHO) vision for essential
drugs is (2) that people worldwide have the right to healthcare
under the “principles of accessibility, availability, appropriate-
ness, and assured quality to medical goods and services.”

To achieve this goal, it is important to accelerate drug
approval and make generics available. Usually, a generic man-
ufacturer must conduct clinical bioequivalence testing of the
generic product. This is done by comparing it with an innova-
tor product and establishing therapeutic equivalence. These
studies can be extremely expensive and time consuming. The
United States (US) Food and Drug Administration (FDA)
introduced biowaivers based on the biopharmaceutical drug
classification system (BCS) in 2000 (3). Bioequivalence be-
tween products can be established using dissolution testing as
surrogate (4). In 2006, the WHO published a proposal (5),
which allows generic drug approval based on biowaivers. This
proposal is based on the availability of innovator products or
well-documented generics as reference products. However,
many innovator products or their therapeutical equivalents

are unavailable in many countries, particularly in developing
countries. Generally, an interchangeable multisource (gener-
ic) product is therapeutically equivalent when exhibiting both
pharmaceutical equivalence and bioequivalence to an innova-
tor product (6). Moreover, a pharmaceutically equivalent
product contains the same active ingredients and salt form,
requires the same dosage form and route of administration,
and has the same strength as its comparator product (7).

Currently, governments worldwide struggle to offer high
efficacy health-care services at affordable costs. For many
countries, producing generic products instead of buying inno-
vator products provides an efficient mechanism for reducing
drug costs by approximately 50 to 89% (8,9).

China is the world’s largest developing country and ac-
counts for 20% of the global population. The Chinese domes-
tic drug market is growing rapidly. In 2011, China overtook
Germany to become the third largest pharmaceutical market
in the world, and it is predicted to overtake Japan by 2015 to
become the second largest pharmaceutical market after the
USA (10,11). From 2013 to 2020, the Chinese market will
continue to rapidly expand (10,12,13). However, the size of
the Chinese pharmaceutical market primarily results from its
large population and increasing aging population rather than
its maturity, as it is still an emerging market (10,12).

A previous study suggested that if Chinese public hospi-
tals exchange four different innovator products with their
generic equivalents, they could reduce medical costs by
US$370 million (9). Therefore, the use of generic products
can reduce the cost of drug therapy. In the next 5 years,
patents worth US$77 billion are estimated to expire for certain
innovator products. This wave of patent expirations will sig-
nificantly boost generic manufacturers and generic sales (12).
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The centralized drug regulatory authority in China, the
China Food and Drug Administration (CFDA), is responsible
for supervising the regulations related to food, drugs, medical
devices, and cosmetics in the provinces, autonomous regions,
and municipalities. The CFDA correlates to the FDA in the
USA. Specific to China, the CFDA classifies the generic prod-
ucts into the following categories: (1) generic products based
on traditional Chinese medicines or natural drug injections,
(2) generic chemical products, and (3) biosimilars (14). The
presented research only focuses on generic chemical products.
In fact, generic drugs are the mainstay of China’s pharmaceu-
tical market and are likely to remain so for a long time. There
are 7,019 pharmaceutical companies in China (15), most of
which produce generic drugs. China will most likely continue
to rely upon the widespread prescription of generics through
its public insurance plan to maintain overall healthcare expen-
ditures (12). The CFDA approved 644 domestic drug regis-
trations in 2011, 67.7% of which were for generic drugs (16).
Thus, ensuring that large amounts of pharmaceutical products
in the market are therapeutically equivalent is a challenge for
the different level regulatory agencies in China. The practi-
tioners have no knowledge which reference product was used
to make a generic since no reference products are officially
listed.

The objective of this study was to evaluate the perfor-
mance of two widely used BCS I drug products, amoxicillin
and metronidazole, which are marketed in China. The disso-
lution behaviors of these products were compared to establish
bioequivalence between products as used for biowaivers.

METHODS

Chemicals

The amoxicillin (K0H332) and metronidazole (H0F263)
reference standards (RS) were obtained from US
Pharmacopeia (USP, Rockville, MD, USA). Acetonitrile
HPLC Grade, potassium phosphate, potassium hydroxide,
and sodium acetate were purchased from Caledon
(Georgetown, ON). Hydrochloric acid, glacial acetic acid, so-
dium hydroxide, sodium chloride, and HPLC-grade phospho-
ric acid were purchased from Fisher Scientific (Fairlawn, NJ).
All chemicals were USP grade except where specified.

Test Products and Media

All products were purchased from a pharmaceutical mar-
ket in China and were tested prior to their expiration dates.
The various strengths of the amoxicillin capsules and metro-
nidazole tablets are listed in Tables I and II, respectively. The
authors used three 250-mg amoxicillin products, A, B, and C

and two 500-mg amoxicillin products, D and E, for the evalu-
ation. Four metronidazole tablets were tested, A, B, C, and D.
Simulated gastric fluid (SGF), acetate buffer (pH 4.5 USP),
and simulated intestinal fluid (SIF) were prepared without
enzymes according to the procedure for USP test solutions.

Dissolution Test

AVK 7020 dissolution tester with six vessels, a VK 8000
auto-sampler station (Agilent Technologies, Carey, NC), and
a USP apparatus 2 were used for the studies. For the capsule
products, the Japanese Pharmacopeia Basket Sinkers (Quality
Lab Accessories, Brigewater, NJ) which are compliant with
USP were utilized. Preheated and degassed media (900 mL)
were used to fill each vessel without the inclusion of air. The
test was initiated at 75 rpm once the temperature was con-
firmed in all vessels. The medium (1.25 mL) was collected and
filtered, and 1 mL was transferred into a vial from each vessel
at 10, 15, 20, 30, 45, and 60 min. The remaining fluid was
discarded, and the drug concentration was computationally
corrected because the medium was not replaced after
sampling.

HPLC Assay

The quantity of drug released from the products was
determined using a high-performance liquid chromatography
(HPLC) system. The flow rate was 1 mL/min, and the injected
sample size was 10 μL. The run time for each drug was
approximately 3–3.5 min. The retention time ranged from 2
to 2.5 min. A LiChrosphere RP 60 Select B column (12.5×
5 mm) (Merck, Darmstadt) with a guard column was used.

Amoxicillin

For the HPLC assay of amoxicillin, UV detection oc-
curred at 219 nm. The mobile phase was 5% acetonitrile and
a 95% pH 5.0 buffer. The pH 5.0 buffer was 6.8 g KH2PO4 in
900 mL water with the pH was adjusted to 5.0±0.1 to yield
45% KOH with an adjusted volume of 1,000 mL. The corre-
lation coefficient of the calibration curve was at least 0.999 for
each medium over the expected concentration range from 3.75
to 120% with a coefficient of variation (CV%) of 1.95 in SGF,
2.00 in pH 4.5 buffer, and 2.56 in SIF.

Metronidazole

The HPLC assay of the metronidazole utilized UV detec-
tion at 228 nm, and the mobile phase consisted of water/
acetonitrile (66:34). The calibration curve was linear for the
concentration range between 3.75 and 120% with a

Table I. Amoxicillin Capsules

Product Manufacturer Lot number Expire date Approval number

Amoxicillin 250 mg Liaoyuan Yulongyadong Pharmaceutical Co., Ltd. 120302 02/15 H22025159
Amoxicillin 250 mg Shijiazhuang Kanghewei Pharmaceutical Co., Ltd. 120310 02/15 H13020051
Amoxicillin 250 mg Hong Kong United Laboratories Co., Ltd. 18858 02/16 HC20090039
Amoxicillin 500 mg Zhuhai United Laboratories (Zhongshan) Co., Ltd. 20505011 04/16 H20003263
Amoxicillin 500 mg North China Pharmaceutical Group Corporation 1111203 10/14 H20043535
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correlation coefficient of at least 0.999 for each medium and
CV%s of 1.73 in SGF, 2.02 in pH 4.5 buffer, and 1.59 in SIF.

Uniformity of Dosage Units

Weight variation was used to assess uniformity between
test units; homogeneous drug distribution was assumed, and
weight variation was used to link potential drug release dif-
ferences to weight differences of the test units. The weights of
18 to 36 capsules or tablets were recorded for each tested
product. The weight variations were calculated as relative
standard deviations (RSD) using the following equations:

s ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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in which s represents the standard deviation, Xi is the individ-
ual weight, X̄ is the mean of all weights, and n is the number
of samples measured (17). Generally, the RSDs are ≤6.0%.

Data Analysis

All dissolution data were evaluated using an Excel
spreadsheet, and the results were plotted for each product. If
two products both exhibited a drug release above 85% within
15 min, indicating a very rapidly dissolving product as defined
by the WHO (4), then they were considered similar for that
medium. Therefore, if the average drug release for six units of
a drug product at 15 min was below 85%, an additional six
samples were evaluated for that product, and the similarity
factor (f2) was calculated for two products which were com-
pared with each other using DDSolver, an Excel-plug-in mod-
ule (18). The in vitro equivalence among the various test
products was established when the dissolution profiles were
similar in all three test media according to the f2 evaluation.

RESULTS

Amoxicillin

No innovator product could be identified for the Chinese
market. Therefore, the available products were compared
only to each other.

The 250-mg amoxicillin capsules varied in weight be-
tween 369.3 and 388.5 mg, with an observed RSD between
1.0 and 2.6%. The mean weights of the two 500-mg amoxicillin

products were 693.6 and 684.4 mg, with RSDs of 0.7 and 1.7%,
respectively.

The drug release profiles of the three 250-mg amoxicillin
capsules are shown in Fig. 1. Figure 2 presents the dissolution
behavior of the 500-mg amoxicillin products. Both figures
indicate that the amoxicillin is chemically unstable in SGF,
which is consistent with the findings of Loebenberg et al.
(19) who studied amoxicillin products in the Americas.

As shown in Fig. 1, the 250-mg amoxicillin products A, B,
and C dissolved rapidly in SGF only. All three products were
less than 85% dissolved in 15 min in the pH 4.5 buffer and in
SIF. All three products failed their f2 comparisons in SIF
(f2=23.21, 46.66, and 17.91). In the pH 4.5 buffer, product B
was unlike products A and C (f2=24.12 and 20.27), whereas
product A was similar to C (f2=60.84).

Figure 2 provides the drug release profile of the 500-mg
amoxicillin product E, which rapidly dissolved in all three
media. The 500-mg product D dissolved rapidly only in SGF
with a drug release of less than 85% after 15 min in the pH 4.5
buffer and SIF. The two 500-mg products were also different.

Therefore, the 250- and 500-mg amoxicillin capsules were
not equivalent to the other products of the same strength
in vitro.

Metronidazole

The variations in the weights of all tested metronidazole
tablets ranged from 249.2 to 289.9 mg, with an RSD ranging
from 1.1 to 3.5%. The in vitro drug release behavior of the
200-mg metronidazole tablets is presented in Fig. 3. Products
B, C, and D dissolved very rapidly in all three media, and they
were considered equivalent to each other in vitro. Product A
dissolved rapidly only in the pH 4.5 buffer and SIF, with less
than 85% dissolved after 15 min in SGF. Therefore, the drug
release profile of product A was unlike the other three
products.

DISCUSSION

For amoxicillin, neither an amoxicillin comparator phar-
maceutical product (CPP) listed in the WHO Guidance on the
selection of comparator pharmaceutical products for equiva-
lence assessment of interchangeable multisource (generics)
products (20), Amoxil from SmithKline Beecham, nor the
listed reference drug in the FDA’s Orange Book (7),
Amoxicillin from TEVA, was available on the pharmaceutical
market in China (21) or Canada where the study was under-
taken (22). For metronidazole, the strength of the metronida-
zole purchased from China is 200 mg, different to the strength
of 250 mg that sold in North America. According to the WHO
guidance (20), the innovator product for metronidazole can-
not be identified and no specific CPP exists. In 2007, the

Table II. Metronidazole Tablets

Product Manufacturer Lot number Expire date Approval number

Metronidazole 200 mg Feiyunling Pharmaceutical Co., Ltd. 120401 03/14 H52020150
Metronidazole 200 mg Shanxi Tongda Pharmaceutical Inc. 111201 11/14 H14022863
Metronidazole 200 mg Grand Pharm (China) Co., Ltd 120543 04/15 H42021947
Metronidazole 200 mg Huazhong Pharmaceutical Co., Ltd. 20120524 04/14 H42040388
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CFDA defined that the reference products used for generics
development in China should be innovator products if they
are available on the domestic market; otherwise, market-lead-
ing products can be used instead (23). Identifying market-
leading products as reference products for generics remains
challenging when the innovator products are discontinued or
unavailable in a country’s pharmaceutical market (24).
Therefore, this study can only determine whether the tested
products are in vitro equivalents to each other.

Based on the results, none of the amoxicillin products
were in vitro equivalents at the same dose and dosage form
tested. To ensure the therapeutic equivalence of these prod-
ucts, an in vivo study must be performed despite the possibility
to request a biowaiver.

All of the tested products were approved by the regula-
tory agency, and they are presumably bioequivalent in vivo.
However, our results illustrate that the in vitro behaviors of
various amoxicillin brands were not similar. If an innovator

Fig. 1. Dissolution behavior of 250-mg amoxicillin capsules

Fig. 2. Dissolution behavior of 500-mg amoxicillin capsules
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product is discontinued or is unavailable on the Chinese mar-
ket, then it is impossible to know for the practitioner which
reference product was used. Furthermore, it is not known
whether different reference products exist and whether these
products are bioequivalent to each other.

Figure 3 also indicates that product A of metronidazole
dissolves slower in SGF than in the pH 4.5 buffer and SIF,
which is surprising because metronidazole is a weak base with
a maximum dissolution at approximately pH≤2.0 (25). This
result may depend on the excipients used in the formulation.

Generally, establishing a reference product and applying
a biowaiver for equivalence assessment simplify the approval
process for several generic products, aid generic manufac-
turers in reducing their drug development costs, and eliminate
the ethical question raised by hundreds of bioequivalence
studies necessary if biowaivers are not used.

According to the Regulation on the Drug Registration
promulgated by the CFDA in 2007 (14), once the drug quality
is controlled by defined processes and standards, 18–24 subjects
are typically required for each chemical generic product in a
bioequivalence study. According to the Pharmacopoeia of the
People’s Republic of China, there are three different strengths
(125, 250, and 500 mg) of amoxicillin capsules (26) and three
different strengths (100, 200, and 250 mg) of metronidazole
tablets (27) sold in China. Therefore, as expected, the CFDA
lists 372 types of amoxicillin capsules and 692 types of metroni-
dazole tablets marketed in China from different manufacturers
with different strengths (28). For each product, the overall ap-
proval process may take 1 to 2 years. Even if the cost of clinical
testing performed in China is only half or one fifth of that in the
USA (29), for themassive amount of generic products marketed
in China, the overall cost of clinical trials remains large. These
costs could be saved by establishing the reference products and
in vitro equivalences to waive the in vivo bioequivalence studies
for qualifying generic drug products.

During this study, the CFDA released (December 2012) a
recommendation that suggested reforming the drug approval
review process by enhancing its efficiency (30), providing
more effective and safe medical services, and ensuring citizen
rights to high-quality health care. Based on this initial state-
ment, the CFDA (February 2013) issued a scheme to evaluate
generic quality consistency and establish a standard to reeval-
uate and control the quality of the essential generic products
that were approved prior to 2007 (31). In this scheme, the
CFDAwill define the standard in vitro evaluation methods of
generics by 2015, identify the universal standard reference
products, and allow biowaiver studies. All essential generic
products that were approved prior to 2007 will be reevaluated
according to the new regulations. After being reevaluated, the
generic approval time in China will decrease 8 to 12 months.

Therefore, establishing a reference product is valuable
for the development of pharmaceutical manufacturers in
China. This benefits both the government, which may reduce
the approval processing time, and the manufacturers, who
may reduce their development costs. These reference prod-
ucts may also aid the regulatory agencies in overseeing the
quality of various product batches.

CONCLUSION

Three of the four tested metronidazole tablets exhibited
in vitro equivalence, whereas none of the amoxicillin products
tested exhibited in vitro equivalence. To determine the bio-
equivalence of these amoxicillin products, clinical trials must
be performed. Compared with clinical trials, the in vitro equiv-
alence studies are a less time-consuming and a lower-cost
method of ensuring bioequivalence of between drug products.
The difficulty in identifying a reference product on the
Chinese domestic market may result in the use of different
reference products by different generic manufacturers. It is

Fig. 3. Dissolution behavior of metronidazole tablets
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not known whether such reference products are bioequiv-
alent to each other. Establishing a universal reference
product for interchangeable multisource products is valu-
able and may aid governments in providing high-quality
generics. Establishing nationally or even globally accepted
reference products may also provide the regulatory agen-
cies with an efficient mechanism for approving high-quality
generics.
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