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Antimicrobial Original Research Paper

Pharmaceutical quality of eight generics of
ceftriaxone preparation for injection in Eastern
Asia

Isabelle Arnet1, Matthias Altermatt2, Yves Roggo2, Gabriel Schnetzler2

1Pharmaceutical Care Research Group, Department of Pharmaceutical Sciences, University of Basel, Basel,
Switzerland, 2F. Hoffmann-La Roche Ltd, Basel, Switzerland

Objectives: To compare the pharmaceutical quality of original and generic ceftriaxone sodium preparations
for injection produced in Eastern Asia.
Methods: Standard physical and chemical laboratory tests were performed.
Participants/material: Ceftriaxone (RocephinH, Roche, Switzerland) was the reference material. Generics
produced in China, India, and Indonesia were sampled in China and Myanmar within their expiration dates.
Results: Eight generics obtained from Eastern Asia markets in January 2013 were analysed. All eight
generics failed the specifications in three or more tests. Residues of solvents and metals were detected in
all generics, four were not particle free, and two were not sterile.
Conclusions: All tested generic ceftriaxone products failed to meet the pharmaceutical quality standards of the
branded original. The high levels of impurities and the identified contamination of particles and residues are of
clinical concern, as they could impact tolerability and safety in patients in need of an effective parenteral antibiotic.
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Introduction
Ceftriaxone is a broad-spectrum bactericidal agent that

belongs to the third-generation cephalosporins. It was

patented, manufactured, and marketed in 1982 as

RocephinH (Roche Pharmaceuticals, Basel, Switzer-

land) and is active in vitro against a wide range of

Gram-positive and Gram-negative organisms, which

include beta-lactamase producing strains. Ceftriaxone

is administered intravenously or intramuscularly in a

once-daily schedule due to a long elimination half-life.1

It is indicated in bacterial meningitis, pneumonia, acute

otitis media, intra-abdominal infections, complicated

urinary tract infections, infections of bones and joints,

complicated skin and soft tissue infections, the sexually

transmitted infections: gonorrhoea and syphilis, and

bacterial endocarditis.2 Ceftriaxone is listed by the

WHO as an essential medicine.3

Since the expiration of Rocephin patent in Europe

in 2000 and in North America in 2005, generic

products are available in many countries. For generics,

efficacy and safety are guaranteed by proof of

bioequivalence between generic and innovator pro-

duct.4 For parenteral (or nonabsorbed) formulations,

however, therapeutic equivalence is assumed from

pharmaceutical equivalence (i.e. demonstration of

equivalent amounts of the same active pharmaceutical

ingredient (API) between generic and innovator

product), given that delivery of the API occurs directly

in the systemic circulation (complete bioavailability)

unlike oral (or absorbed) formulations that first

undergo metabolism. As a consequence, regulatory

authorities can waive the requirement for generic

nonabsorbed antibiotics to demonstrate therapeutic

equivalence with the innovator branded product,5 as

long as they are administered as an aqueous solution.6

Several studies have compared original and generic

versions of ceftriaxone and observed that many

generics failed to meet the quality standards of the

branded product7,8 and others predicted an insufficient

achievement of the time above minimal inhibitory

concentration (MIC) and thus reduced efficacy,

increased risk of clinical failure, and/or increased risk

of emergence of resistant isolates for the generics.9

Many countries in Asia are confronted to cost

pressure in their healthcare systems, mainly due to an

ageing population (China including Hong Kong,

Japan, Singapore, and South Korea) or inversely due

to fast-growing and younger populations (India,

Indonesia, Malaysia, Pakistan, and Philippines).10

To contain drug expenditure, many states develop
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legislation to encourage prescribing of generic medi-

cines. Non-proprietary agents like generics often cost

several times less than the innovator branded product.

They can drastically reduce the cost of care, and their

origin from different sources improves guarantee of

supply. The Indian pharmaceutical industry evolved to

become one of the world’s leading suppliers of low-

cost generic drugs.11 As a consequence, Asia’s markets

are dominated by low cost and locally or regionally

manufactured generic medicines. Therefore, it is likely

that hundreds of thousands of patients are exposed to

generic ceftriaxone for the treatment of potentially life-

threatening infections. To date, no analyses have been

reported for ceftriaxone generics manufactured in

Asia. The current study compares the pharmaceutical

quality of the latter with the original branded product.

Analysis was performed according to European Phar-

macopoeia and to the standard physical and chemical

laboratory tests developed and routinely practiced at

Roche facilities. All tests were conducted in GMP-

regulated Quality Control and Development Labo-

ratories of F. Hoffman-La Roche in Basel, by qualified

personnel. Values of reference were the official Roche

specifications for product testing at release.

Method
Generic products
Generics of ceftriaxone 1000 mg injectable formulations

manufactured in China, India, Indonesia, and Taiwan

were sampled from approved commercial supply chan-

nels in China and Myanmar within their expiration

dates. The sampled generics represent the largest pro-

portion of ceftriaxone 1000 mg injectable formulations used

in China and Myanmar according to local market data.

Pharmaceutical quality tests
A total of 19 qualitative and quantitative tests were

performed. They concerned the vial (container

integrity), the vial content (colour and crystallinity

of powder, filling content), the reconstituted solution

(colour, opalescence, presence of visible and sub-

visible particles, pH value, identity and content of

API, content of related substances, residual solvents,

and metals), sterility, and microbiology.

Physical container closure integrity
The vials were reconstituted (12% solution) after

immersion in a methylene blue dye bath. The

presence of a blue colouration was visually assessed.

Colour of vial content and of reconstituted
solution
Colour of vial content was assessed visually accord-

ing to the standards described in the ‘Munsell Book

of Colour.’12 Colour of a 12% aqueous solution was

assessed in a 5 ml colourless test tube against a white

background and compared to the European

Pharmacopoeia Colour Scale.13 Rocephin specifica-

tions for colour are white to off-white powder, and

not more coloured than Y9, YG9, or OY9 for the

reconstituted solution.

Crystallinity and electron microscopy
Crystallinity was assessed by microscope (Leica

DM6000H, Wetzlar, Germany) with polarization

filters and magnification 6100. The powder was

gold coated for 15 seconds (Leica Gold coater EM

SCD050, Wetzlar, Germany) for electron microscopy

(FEIH Quanta FEG 250, Eindhoven, Netherlands).

Images were obtained in high vacuum, at voltage

2 kV, and magnifications 6300 and 62000.

Rocephin specification is crystalline powder.

Filling content
Five containers without labels and metal caps were

weighted individually, then emptied, rinsed with

water and ethanol, dried at 105uC for 1 hour, cooled,

and weighed again. The weight difference was

recorded and averaged. Rocephin specification for

fill mass is 1140–1284 mg.

Visible and sub-visible particles in the
reconstituted solution
Ten vials were reconstituted with 10 ml water and placed

for 2 minutes in a particle-free environment, i.e. laminar

flow unit equipped with HEPA filter, until complete

dissolution of the powder. Observation was performed

in a dark field mode (OPTIMAH lamp) with polarization

filter and magnification62 for visible particles, and with

a liquid particle counting instrument (HIAC 9703

RoycoH) for sub-visible particles. Rocephin specification

is maximally six visible particles per container and

maximum 20 per 10 containers, and maximum 600

sub-visible particles §25 mm per container.

Opalescence
Opalescence was measured with a turbidimeter

(HachH 2100AN, Düsseldorf, Germany) after dis-

solution of 6.0 g of powder in 50 ml water and

filtration by 0.8 mm filter. The formazin turbidity

scale was used based on the European

Pharmacopoeia primary opalescent suspension of

4000 FTU (formazin turbidity units).13 A value

,3.0 FTU qualifies for a clear solution.

pH value
The pH value was determined potentiometrically

(Metrom 780H pH-metre, Herisau, Switzerland)

according to the method described in European

Pharmacopoeia.13 Rocephin specification is a pH

value of 6.0–8.0.

Identification and content of API, related
substances, and degradation products
Near infrared spectroscopy was performed with

intact vials (measurement through the bottom of

the glass vials). The spectrum was recorded in the

range of 4000–10 000/cm (ThermoH Antaris II NIR

spectrometer, Madison, USA) and compared to API

Arnet et al. Pharmaceutical quality of eight generics

2 Journal of Chemotherapy 2014 VOL. 000 NO. 000



reference in the spectral database. The content of

active substance and degradation products was

determined using high-performance liquid chromato-

graphy (HPLC) according to the method described

by Lambert and Conway.7 Rocephin specification for

content of substances per vial are ceftriaxone 900–

1100 mg (1000 mg65%), related substance Ro 11–

8390 maximum ,1.04%, and all degradation pro-

ducts maximum ,2.29 %.

Residual solvents
Residual solvents were analysed according to the

method of the European Pharmacopoeia.13 One

microlitre of reconstituted solution (12% aqueous)

was injected in a head space gas chromatography

(GC) (Hewlett-Packart 6890 with flame ionization

detector FID), equipped with a fused silica capillary

columns of 0.32 mm internal diameter, helium flow

rate of 1 ml/min, oven temperature at 90uC, and FID

at 260uC. The references were cyclotrisiloxane hex-

amethyl-, octamethyl-, and decamethyl-; tetradecan;

hexadecan; butylated hydroxytoluene (BHT); and

nonadecane.

Metals
Metals were determined by X-ray fluorescence

spectroscopy (SPECTRO X-Lab 2000 XRF spectro-

meter). Ten grams of powder was analysed in a

polypropylene beaker closed by polypropylene film.

A screening test was performed from Silicon (atomic

weight 28) to Uranium (atomic weight 238).

Sterility
Sterility was tested using the SteritestH membrane

filtration system (Millipore, MA, USA). A solution of

10 g of substance in sterile water was membrane

filtered. The membrane filters were then incubated (a)

on fluid thioglycollate medium at 30.0–35.0uC and (b)

on trypticase soy broth at 20.0–25.0uC. Microbial

growth was checked after 3, 7, and 14 days of

incubation. Forty vials per product were tested.

Microbiology
Bacterial endotoxins were determined using the

quantitative kinetic-chromogenic measurement of the

endotoxin concentration [limulus amoebocyte lysate

(LAL)]. Three vials per product were tested. Rocephin

specifications per vial are maximum 80 EU.

Results
Eight ceftriaxone generics were purchased from

approved commercial supply channels in China and

Myanmar in January 2013 and analysed in March–

August 2013. Sources and batch numbers of the

product tested are listed in Table 1.

Physical characteristics of the vials and contents
All containers were tightly closed and all generic

products were white or off-white, similar to Rocephin

(Table 2). All eight generic products had an amor-

phous appearance in contrast to the crystalline

reference. The average fill mass and the API content

of all generics fell within the Roche specifications.

Physical characteristics of the reconstituted
solutions
Two generics manufactured in India, one in China and

one in Indonesia, were not particle free. Two generics

from China were not opalescent, all six others failed to

meet the standards for clarity of an aqueous solution.

Impurities
All generic products met the Roche specifications for

the total of degradation products. All generics

showed impurities that were analysed as residual

solvents and identifiable as lubricants or lubrication

solvents. Residues of the metals Bromide, Iron,

Manganese, Strontium, and Zinc (Br, Fe, Mn, Sr,

and Zn) were detected in all generics, in quantities

ranging from 1 ppm (Zn) to 16 ppm (Br).

Sterility and microbiology
Two generics from India were not sterile. Kocuria

rhizophila, Brachybacterium muris, and gram-positive

cocci (not further specifiable) were identified in the

first generic and gram-positive sporulated rods (not

further specifiable) in the second. Bacterial endotox-

ins were ,10 EU/vial in all generic products and did

not exceed the EU pharmacopoeia specifications.

Table 1 Details of generic ceftriaxone products tested

Product Manufacturer
Manufacturing
country

Purchase
country Batch nr

Manufacture
date Expiry date

Becef Nectar Lifesciences India Myanmar GBIC12011 Sep 2012 Aug 2015
Cefaxone Lupin India Myanmar CXC664A Jul 2012 Jun 2014
Cefin Panbiotic Taiwan China 1209030

(H20100294)
Sep 2012 Sep 2015

Ceftriaxon CCPC China China 11912014 Sep 2012 Aug 2014
Ceftriaxon1 North China

Pharmaceutical Co., Ltd
China China K1209110 Sep 2012 Aug 2014

Incept Ind-Swift Ltd India Myanmar DC2151 May 2012 Apr 2014
Oframax Ranbaxy India Myanmar 2426492,

242269, 2422328
Jul 2012 Jun 2015

Triacef Dexa Medica Indonesia Myanmar 4307270 Jul 2012 Jul 2015

1Written in Chinese only.
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Discussion
The eight generic products tested failed to match the

Rocephin specifications in three or more tests. Residual

metals and solvents were observed in all tested generic

products, and four generics contained visible and sub-

visible particles outside the specifications. In two out of

eight generics tested in this study, a microbiologic

contamination could be identified. The most violations

(six deviations) were observed in one generic manufac-

tured in India. We could identify two areas of concern:

particles and metal content, with corresponding poten-

tial toxicological issues, and microbiologic contamina-

tion with potential impact on efficacy and safety.

The presence of the metals Bromide (Br), Iron (Fe),

Manganese (Mn), Strontium (Sr), and Zinc (Zn) in all

generic products tested is of relevance, not only

because Mn (Class 2), Fe, and Zn (Class 3) are listed

as ‘Metals with safety concerns’ by the European

Authorities14 but also because these metals may be

residues of process catalysts or reagents used in the

manufacturing process, or represent contamination

from manufacturing equipment and/or the environ-

ment. In any case and irrespective of the permitted

daily exposure based on duration of treatment,

administration route, and maximal daily dose,14 the

presence of metals in intravenous generic antibiotics

represents a true quality issue.

Previous studies with oral formulations have found

more impurities in generic products15,16 including anti-

biotics17,18 than in the innovator product. These findings

demonstrated that generic tablets were often not

comparable in vitro to the innovator product and

suggested that generics were not as effective in vivo as

innovators because of induced changes in pharmacoki-

netics and tolerability. In some recent studies, pharma-

cokinetic characteristics and antibacterial activity of

original intravenous antibiotics were compared with

those of generic preparations. In spite of pharmaceutical

and in vitro microbiological equivalence, major varia-

tions in in vivo efficacy were observed among generic

antibiotics such as vancomycin,19 cefotaxime,20 and

gentamicin.21 Furthermore, clinical and microbiological

failures were reported with generic antibiotics,22,23 as well

as bacterial resistance.24 Thus, even when the guidelines

of drug regulatory agencies concerning bioequivalence of

generics are not violated, evidence is growing that

pharmaceutical equivalent generic antibiotics can be

inferior in vivo compared to the innovator product.25

A randomized clinical study conducted in South

Africa in 63 patients with community-acquired

meningitis concluded of non-inferiority of a local

generic ceftriaxone product, based on drug concentra-

tion in cerebrospinal fluid.26 However, besides meth-

odological weaknesses (such as small patient number

and significant difference in survival between the

groups) and non-control for confounding factors

(such as HIV positivity, degree of immunosuppres-

sion, or co-existent disease), statistically significant

lower plasma levels, i.e. twofold lower trough values,

were reported for the generic product compared to the

branded original, indicating pharmaceutical inequiva-

lence. In face of the emerging evidence, the US

authorities planned additional in vivo research with

generics.27 The exact mechanism behind the observed

phenomenon is still under investigation, but some

experimental data suggest that contaminants and

especially particles found in generics may compromise

tissue perfusion and impact the microcirculation,

which may be clinically relevant in critically ill

patients.20,28 As a consequence, and given the crucial

importance of appropriate antimicrobial treatment in

patients with life-threatening infections combined with

the broad use of generic antibiotics, our results

showing that half of generic products contained

particles represent a potential safety issue. Further

studies and efforts are needed in this field to improve

public health.

The main limitation of the study is the lack of

in vivo data. However, evidence is growing that in vitro

contamination may directly impact in vivo efficacy.

The presence of microbiological contamination in

injectable single-use vials before use is described in the

literature. However, the reported cases concern mostly

improper injection technique or multiple puncturing of

single-use vials29–31 with contamination, e.g. due to

syringe re-use. A comprehensive review of 60 reports on

breach of standards in infection control practice failed

to show a causal relationship connecting the multi-

patient use of single-dose vials to infection.32 Whatever

the case may be, our findings of intrinsic microbiolo-

gical contamination in two ceftriaxone generic vials

represent non-sterility detected in a manufactured

injectable product and is of great safety concern.

Conclusion
All tested generic ceftriaxone products manufactured

in Eastern Asia failed to meet in vitro quality

compared to the original branded product. The

impurities identified as particles, residues of solvent,

and metals, as well as microbiologic contamination

are of clinical concern, as they could impact toler-

ability and safety in patients in need of an effective

parenteral antibiotic. Ultimately, while generics may

represent an economic relief opportunity for health

care systems under pressure like in Eastern Asia,

consideration needs to be given to the introduction of

new standards of quality checks before and after

commercialization to ensure continuous efficacy and

safety of the equivalent agent.

List of Abbreviations
API active pharmaceutical ingredient

MIC minimal inhibitory concentration
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FTU formazin turbidity units
GC gas chromatography

LAL limulus amoebocyte lysate
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