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Qualityy assessments of generic nevirapine 

Introduction n 

Severall  low and middle income countries are producing cheap generic antiretrovirals. 
Genericc products are necessary in these countries in order to increase access to treatment 
forr the HIV-infected patient population. Branded antiretrovirals are usually expensive and 
thereforee not affordable for poor HIV-infected patients. 
Inn Thailand, generic antiretrovirals are manufactured by the Government Pharmaceutical 
Organizationn (GPO), an agency of the Ministry of Public Health. Currently, generic 
formulationss for zidovudine (ZDV), didanosine (ddl), lamivudine (3TC), stavudine (d4T), 
nevirapinenevirapine (NVP) and nelfinavir (NFV) are marketed in Thailand. Co-formulated products 
aree also available of ZDV and 3TC (Zilarvir®, GPO, Bangkokjhailand) and d4T, 3TC and 
NVPP (GPO-VIR®, GPO, Bangkok, Thailand). An important issue concerning generic 
productss is bioequivalence with the branded product.1 

Oncee pharmacokinetic bioequivalence of a drug is demonstrated the assumption is made 
thatt the product will clinically perform equivalent as well. However, even when 
pharmacokineticc bioequivalence studies have been performed, this is merely a momentary 
assessment. . 
Drugss can be of poor quality because of substandard production or conditions in which the 
drugss are kept. The WHO has estimated that about 8.5% of all drugs in Thailand are 
substandard.22 In neighbouring countries poor drug quality as high as 22% has been 
reported.3-- 4 To assure the quality of the entire production process and subsequent 
distributionn organizations such as the WHO, FDA and EMEA have set up international 
performancee standards for production process (Good Manufacturing Practice, GMP) and 
distributionn of drugs (Good Distribution Process, GDP). Manufacturers of drugs are obliged 
too follow the guidelines set out by GMP and GDP.58 

Deliberatee production of drug of poor quality or 'counterfeiting' has been reported, in 
particularr in Asia and Africa. Of all medications, antibiotics are most frequently 
counterfeited.. For example, in Southeast Asia there is a widespread trade in fake 
antimalariall  drugs. The trade in illegal antiretroviral drugs does not appear to be a major 
problemm from the few reports that have been published in the last years, or perhaps the 
magnitudemagnitude has not been elucidated yet.911 

Afterr a drug released is to the market, the quality of the drug should be continued to be 
evaluated.. The quality of a drug can be determined by the sum of several characteristics. 
First,, the formulation needs to contain the exact active ingredient in an accurate amount as 
iss presented on the label. The form of the dosage, the size, the consistency, the colour and 
thee shape should be uniform. Furthermore, the other nonactive excipients should be in 
accordancee with the label; the drug may not be contaminated with other substances. Finally, 
thee drug should be stable under pre-defined standard storage conditions and the 
bioavailabilityy consistent. Post-marketing the quality of a drug may deteriorate because of 
inadequatee transport, inadequate storage conditions at pharmacies or in the homes of 
patients. . 
HIV-11 infected patients require life-long treatment with antiretrovirals. One of the 
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prerequisitess for prolonged effective treatment is a high (>95%) level of adherence to 
therapy.122 However, antiretroviral drugs of poor quality will increase the risk for continued 
replicationn of the virus and therefore to the selection of drug resistant HIV mutants, because 
off  the reduced amount of active ingredient. 

Inn most countries, the FDA or similar organizations have taken the responsibility to monitor 
forr the post-marketing quality and pharmacovigilance. In this study we present a pilot 
modell  of quality monitoring through pharmaceutical analysis for post-marketing quality 
controll  by an independent research institute. The quality of generic versions of the non-
nucleosidee analogue reverse transcriptase inhibitor nevirapine was monitored. Nevirapine is 
widelyy used in Thailand. Nevirapine is implemented in the government's National Access 
too Anti retroviral s Program (NAPHA) and in programs for prevention of mother to child 
transmissionn of HIV-1 infections. 

Materiall and Methods 

Tenn hospitals affiliated with the Thai AIDS Society (TAS) were approached to participate in 
thiss study. A protocol was developed by the HIV Netherlands Australia Thailand Research 
Collaborationn of the Thai Red Cross AIDS Research Centre (HIV-NAT, protocol no. 026). 
Al ll  pill samples were sent to HIV-NAT with a batch record form. The batch record form 
capturedd the name of the site, brand name, strength of the dose, batch/lot number and 
expirationn date. Transport to HIV-NAT was performed by parcel courier services at room 
temperature.. After testing, participating centres were notified by a letter about the results. 

Selectionn of batches and pharmaceutical analysis 
Accordingg to the United States Pharmacopoeia (USP) 10 tablets from a batch should 
containn between the 85 and 115 % of the active ingredient with a standard deviation of less 
thann 6%. However, if a tablet does not meet this requirement then 20 more tablets must be 
testedd for uniformity of content. Initially, each pharmacy was requested to send at least 30 
tabletss per batch of every nevirapine product, generic and branded, which was available in 
theirr stock for distribution to patients. In case of abnormalities, pharmacies were requested 
too send an additional 20 tablets for further assessment. Pharmacies were instructed to send 
randomlyy selected opened drug containers in order to simulate the actual situation in 
domesticc practice. Generic and branded nevirapine tablets were requested. 
Twentyy tablets were used for the uniformity of dosage testing and 6 for dissolution testing. 
Thee collected tablets were subjected to 5 assessments: inspection of the tablet, identification 
off  the active ingredient nevirapine, quantification of nevirapine content per tablet, 
uniformityy of the weight and dissolution profile. The outcomes of the assessments were 
comparedd with the information provided on the label by the manufacturer. The surface, 
colour,, shape, intactness and weight of the tablets were recorded. 

Thee active ingredient nevirapine was identified by high pressure liquid chromatography 
usingg a validated method (HPLC model LC-10A, Shimadzu). The retention time of the 
tablet,, which is unique for a substance, was compared with a standard preparation of 
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nevirapine.. The nevirapine standard was purchased from Boehringer Ingelheim. A single-
timee point dissolution test was performed after 45 minutes in a hydrochloric acid solution 
appropriatee for nevirapine.13 The paddle speed was 75 rpm and the dissolution medium was 
keptt at C (USP apparatus II, VK 700 dissolution station, VanKel Industries, Carry, 
NC).. In this study, the other active compounds or excipients in the tablet were not 
identified. . 

Statisticall analyses 
Thee participant and location (city) of the hospital pharmacy were coded. Descriptive 
statisticall  data analyses were performed. Information obtained from the pharmaceutical 
analysess was compared with the manufacturer's standard or label information. The average 
weightt and average nevirapine concentration of the tablets were calculated as mean and 
standardd deviation. The nevirapine content was compared with the labelled amount. 
Accordingg to the manufacturer's specification the labelled amount of nevirapine can range 
fromm 90.0 - 110.0%. The results of the assessments are tabulated. 

R e s u l t s s 

Hospitalss and response 
Off  the 10 hospitals that were contacted, 6 hospital pharmacies responded. The other 4 
pharmaciess had expressed interest in this project but did not response to the request to sent 
tabletss for unknown reasons. The 6 hospital pharmacies sent in formulations with 
nevirapinee only, Neravir® and Viramune®, and the fixed-dose combinations with 
nevirapine,, GPO-VIR S30® and GPO-VIR S40®. Viramune® is a product manufacturered 
byy Boerhinger-Ingelheim, Neravir®, GPO-VIR S30® and S40® are produced by GPO. All 
tabletss contained 200 mg nevirapine. 

Qualityy assessments 

Al ll  tablets received were intact. Neravir® is a white oval shaped, film-coated tablet. The 
otherr formulations were also white, film-coated and biconvex oblong-shaped. The only 
differencee between these formulations was the inscription with S30, S40 or trademarks. The 
averagee weight of the tablets was 786 5 mg. The active ingredient was positively 
identifiedd in each formulation. The average content per tablet was within -8.41 to +0.51 mg 
rangee of 200 mg. The average content was within the labelled amount of 90.0 to 110.0%. 
Thee lowest nevirapine content was found with Viramune® with an average content of 
191.599 mg nevirapine per tablet. The weight of any 2 tablets did not deviate more than 5% 
andd none by more than 10%. After 45 minutes more than 80% of all formulations were 
dissolved.dissolved. The results are summarized in Table 1. 
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Tablee 1. Summary of the pharmaceutical characteristics of the tablets 
Name e 

GPO-VIRR S-30' 
GPO-VIRR S-402* 
GPO-V1RR S-40S 

GPO-VIRR S-30 
GPO-VIRR S-40 

GPO-VIRR S-30 
GPO-VIRR S-30 

GPO-VIRR S-30 
GPO-VIRR S-40 

GPO-VIRR S-30 
Neravir4 4 

Viramune e 
Viramune3 3 

Weight/ / 

tabl.. (mg) 

784.2 2 
782.13 3 
782.13 3 

783.0 0 
780.8 8 

777.5 5 
7776.0 0 
785.4 4 
787.1 1 

777.17 7 
776.90 0 
813.06 6 

807.8 8 

Content t 

(mg) ) 

200.00 0 
200.18 8 
200.38 8 

198.01 1 
198.10 0 

197.30 0 
194.89 9 

200.51 1 
199.97 7 
198.82 2 
195.43 3 
195.87 7 

191.59 9 

%of f 

labelled d 

amount t 

100.00 0 
100.09 9 
100.19 9 

99.00 0 
99.05 5 

98.65 5 
97.44 4 

100.25 5 
99.98 8 

99.41 1 
97.72 2 
97.94 4 

95.79 9 

Dissolution n 

(%) ) 

99.29-101.33 3 
99.53-101.89 9 

96.2-97.6 6 

90.59-101.46 6 
98.41-102.17 7 

97.89-101.27 7 
98.71-100.79 9 

94.70-107.68 8 
96.55-101.52 2 

94.4-96.9 9 
95.9-97.8 8 
93.7-96.9 9 

97.13-99.77 7 

Batch h 

W.460545 5 
W.460572 2 
W.460572 2 

W.470211 1 
W.460579 9 

S.470051 1 
W470212 2 

W.460521 1 
W.460491 1 

W.470227 7 
W.450129 9 

308656 6 

304189a a 

Manufact. . 

date e 

Jan-04 4 
Jan-04 4 
Jan-04 4 

Apr-04 4 
Jan-04 4 

Mar-04 4 
Apr-04 4 
Jan-04 4 
Dec-03 3 

Apr-04 4 
Oct-02 2 

Apr-03 3 

Expiryy da 

Jan-06 6 
Jan-06 6 
Jan-06 6 

Apr-06 6 
Jan-06 6 

Mar-06 6 
Apr-06 6 
Jan-06 6 
Dec-05 5 

Apr-06 6 
Oct-04 4 
Nov-05 5 

Apr-06 6 

tabl.. tablet; manufact. manufacturer; §From same batch/expiry date 

11 co-formulation: nevirapine 200 mg, stavudine 30 mg, lamivudine 150 mg; 2 co-formulation: nevirapine 200 mg, 

stavudinee 40 mg, lamivudine 150 mg; 3 nevirapine 200 mg; 4 nevirapine 200 mg 

Discuss ion n 

Thee objective of this study was to monitor the quality of generic nevirapine after it is 
marketedd and stored in the pharmacies. We showed that the tested batches of 3 different 
formulationss of generic nevirapine produced in Thailand meet the (general) USP and 
internationall  requirements. Penzak et al published data on the content of nevirapine in 
brandedd preparations in Africa (Zambia, South-Africa), Lithuania and Jamaica, and generic 
preparationss from India.14- 15 Tablets that were tested by these authors showed adequate 
nevirapinee content. To our knowledge this is the first time similar testing has been reported 
forr Thai generic nevirapine. 

Thiss project was designed to screen for pharmaceutical abnormalities, but not to trace the 
causee of the problem. Once a drug is offered for distribution in pharmacies there are 4 
potentiall  levels where the quality may be affected. The first level is the production process 
att the manufacturer's plant. The second level is during transport from the manufacturer to 
thee pharmacies. The third level is storage at the pharmacies. A fourth level, i.e. storage by 
thee patient, was not evaluated in this monitoring program. The strength of the 
measurementss as we performed is to signal for problems. A thorough examination of the all 
involvedd levels should take place in case abnormalities are observed. 
Contentt analysis alone is not sufficient. Therefore, dissolution testing is an essential 
investigationn when monitoring for quality. In a Tanzanian study the content of the drug was 
adequatee however dissolution of different formulations (of acetylsalicyclic acid, 
sulphadoxine/pyrimethamine,, paracetamol) were not.16 Climate conditions in tropical 
countriess such as humidity and temperature may also affect the quality. In 2 formulations of 
diclofenacc sodium, the dissolution after 3 and 6 months of storage in tropical conditions 
wass lower then at baseline. Again, in this case the content analysis was not influenced.17 
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Ann ideal monitoring plan would include a detailed assessment of storage conditions, 
assessmentt of the facility including environmental measurements such as temperature and 
climatee by skilled personnel. However in developing countries this option is usually not 
realisticc due to lack of resources in particular in smaller rural community-based settings 
withh limited facilities. In this study, we have presented an alternative method. We assume 
thatt any abnormalities in transportation or storing conditions will result in abnormal 
pharmaceuticall  properties such as altered physical properties, drug content or dissolution 
rate.. An example of altered physical properties is that of ritonavir capsules which may melt 
whenn kept in warm temperature (ritonavir product reference). A monitoring scheme should 
coverr all types of pharmacies ranging from hospital-based to licensed private pharmacies. 
Despitee many efforts a systematic scheme to monitor for the quality of antiretrovirals is 
lackingg in most countries. In March 2001, a prequalification project started in which 
antiretrovirall  drugs are assessed according to WHO's norms and standard.18 Antiretroviral 
drugs,, branded and generic, that meet the necessary requirements are included in the WHO 
Prequalificationn List. The prequalification project focuses on the approval of drug at the 
levell  of the manufacturer. At this time, unfortunately, none of the Thai generic antiretroviral 
aree listed yet on the WHO prequalification list. A system to ensure the quality of the drug 
afterr approval is not in place for generic antiretrovirals. This system could be developed on 
aa national or regional level. In Thailand, the FDA has the responsibility to monitor for post-
marketingg quality. However, independent research institutes such as HIV-NAT with similar 
researchh agenda may contribute by initial and ongoing quality monitoring of antiretrovirals, 
therebyy facilitating post-market monitoring of generic antiretrovirals (Figure 1). 

Figuree 1 Roles of different institutions 
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