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Bioequivalendee study of generic saquinavir 

Introductio n n 

Inn 2002, the Government Pharmaceutical Organization (GPO) in Thailand started with the 
developmentt of a generic version of saquinavir, a HIV protease inhibitor. GPO planned to 
introducee generic saquinavir to the Thai market for the treatment of HIV-1 infection. A 
genericc formulation of saquinavir is currently not available. The major advantage of generic 
saquinavirr wil l be cost reduction making the drug available to the HIV-infected population 
throughoutt Thailand. Three formulations of branded saquinavir are marketed, a soft gel 
liquid-filledd saquinavir capsule (Fortovase®, 200 mg) and 2 saquinavir mesylate 
formulationss (Invirase®), a hard gel capsule (200 mg) and a film-coated tablet (500 mg). 
Saquinavirr has been registered as an antiretroviral agent for the treatment of HIV-1 since 
1996.. HIV-2 strains are also sensitive to saquinavir.1 In addition to saquinavir, the class of 
HIVV protease inhibitors includes ritonavir, indinavir, nelfinavir, amprenavir, lopinavir, 
atazanavirr and tipranavir. The HIV protease inhibitors bind to the active site of the HIV 
protease.. Binding is reversible, competitive and selective, and leads to the inhibition of the 
formationn of viral core proteins and essential viral enzymes. By blocking the formation of 
thesee mature, infectious virus particles, replication of the HIV virus is inhibited. Long-term 
suppressionn of the HIV virus is an essential outcome of successful HIV therapy. 
Inn order to use generic GPO saquinavir in HIV-infected patients, first a study must be 
performedd in healthy subject to establish the bioequivalence of generic GPO saquinavir.2 

Thiss study was performed to evaluate the pharmaceutical equivalence and bioequivalence 
off  generic GPO saquinavir product compared to Invirase® 200 mg hard-gel capsules as the 
referencee drug. 

Materia ll  and methods 

Thee study consisted of two parts. Pharmaceutical evaluation of the physical characteristics 
andd dissolution profiles of the study drugs were investigated. The bioequivalence was 
performedd in healthy subjects. 

Laboratoryy assessments 

Thee test and reference product were assessed for physical characteristics, drug content, 
uniformityy of dosage unit and dissolution. Dissolution profiles were determined at 5, 10, 
15,, 30, 45 and 60 minutes of 12 individual units of the reference and test drug in an 
appropriatee solution.3 One unit was dissolved in 900 ml at C at 50 rpm (USP 
apparatuss II, VK 700 dissolution station, VanKel Industries, Carry, NC). The saquinavir 
concentrationss in the dissolved media were detected with a UV-1601 spectrophotometer 
(Shimadzuu Cooperation, Japan). Content analysis was performed of 6 individual tablets of 
thee generic and the reference drug from the batch that was used for the bioequivalence 
studyy (Shimadzu, HPLC model LC-10A, Shimadzu Cooperation, Japan). According to the 
USS Pharmacopeia/National Formulary (USP/NF) monograph the content of saquinavir 
shouldd be in a range of 98.5 to 101.5% of the labelled amount.3 

Forr the bioequivalence study, blood was collected in heparinized hard plastic tubes by 
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antecubitall  venepuncture to obtain time-plasma concentration data. Thirteen time-points 
sampledd right before intake of the study drug (t=0) and subsequently at 0.5, 1.0, 1.5, 2.0, 
2.5,, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0 and 24.0 h after drug-intake. Samples were centrifuged at 
15000 rpm. After plasma separation samples were stored at -80°C. The quantitative 
determinationn of saquinavir in plasma was performed by high-performance liquid 
chromatographicc assay (HPLC) method. The target concentration range for the calibration 
curvess was 0.045 to 30.000 mg/L plasma. Plasma concentrations below the LLOQ were 
countedd as zero. 

Thee specificity, reproducibility and linearity of the assays were demonstrated. The intra-

andd interday coefficients of variation (CV) did not exceed more than 10%. 

Bioequivalence e 

Thee bioequivalence study was a single-centre, open-label, randomized, single-dose, two-
sequence,, two-period crossover study. Subjects were randomized to receive treatment 
startingg with the generic drug followed by the reference drug (T»R), or in the reverse order 
(R*T).. The test drug was generic saquinavir, a oval shaped film-coated tablet containing 
4000 mg of saquinavir mesylate. The reference drug was saquinavir mesylate in green-
yelloww hard gelatin capsules equivalent to 200 mg of saquinavir. The washout period 
betweenn treatments was 7 days. Subjects received a single-dose of 1200 mg (3 tablets of 
testt drug or 6 capsules of reference drug) in the morning with breakfast. The breakfast 
consistedd of a standard Thai meal with 500 calories and approximately 12 grams of fat. The 
otherr meals during the study day (lunch, snacks, diner) were also standardized. 
Healthyy Thai male and female subjects between 18 and 45 years were included with body 
masss indices ranging between 18 and 24 kg/m2. Subjects were included if normal health 
wass established. To verify the health status subjects underwent a medical history, physical 
examinationn and blood analysis (biochemistry, hematology including HIV testing and 
counselingg and hepatitis B and C serology) and urinalysis. 

Subjectss were excluded if the aforementioned examinations were abnormal. Female 
subjectss were not allowed to be pregnant or breast-feeding. Subjects were also excluded if 
theyy had a history of sensitivity to the drug, compounds or excipients; a disease interfering 
withh drug absorption, distribution, metabolism or excretion; participated in a drug study 
withinn 60 days prior to the first dose; a febrile illness within 3 days before the first dose; 
concomitantt medication; presence of drug abuse, alcohol abuse (>2 units/day) or excessive 
smokingg (> 10 units/day). 

Subjectss were counselled to maintain their lifestyle (smoking/ consumption of alcohol/ 
exercisee level) throughout the study. Participation in strenuous exercise or changes in the 
levell  of stimulant consumption, alcohol or tabacco, during the study were discouraged. 
Safetyy was evaluated at each study visit by a medical history and a physical examination. 
Additionally,, blood was collected for hematology and biochemistry, and urine analyses. 
Sevenn days after the last study visit (day 16), subjects were contacted by phone to screen 
forr medical problems. In case of reported problems subjects were seen by a physician. 
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Thee study was performed at the HIV Netherlands Australia Thailand Research 
Collaborationn (HIV-NAT) , the Thai Red Cross AID S Research Center in Thailand. The 
protocoll  was approved by the institutional review board of the King Chulalongkorn 
Universityy Hospital. 

Statisticss and pharmacokinetics 
Thee uniformity of weight of the drugs was analysed by comparing the measured drug 
amountt to the labelled amount. The accepted variance by the USP for the content of the 
tablett is a relative standard deviation (RSD) of less than fT" . , ." . - > 

f1={[I|R«-T,|]/[lR»]>.100 0 
6%.. Difference factor (fi ) and similarity factor (f2) were *- t=i ' t=i 
calculatedd with the equations 1 and 2.4 The factors fi and r £. , AK » 
ff .  1 f u A-4V A *u f2=50-log{[1+{1/n)I{R t-T,)2)-°5.100} 
1212 are mathematical expression of the difference and the *  t=i * 
similarityy between the dissolution profiles. The acceptable range for fi is 0-15 and for ii 
50-100.. The lower fi and the higher f2, the more similar the profiles are. In the formula, R is 
thee dissolved percentage of the reference drug and T of the test drug, t is the sampling time 
pointt and n is the number of sampling time points. 
Dataa from 38 subjects were required to show bioequivalence with a power of 0.8 and 
significancee level of 0.05. The sample size was calculated taking into account the 
intrasubjectt and intersubject coefficient of variation, CVe and CVb respectively.5 Details of 
thee statistical basis of these calculations are elaborated in the indicated publication. CVb 
wass calculated using historical data of saquinavir AU C in Thai patients. 6 A t the t ime of 
testingg data on intrasubject variability was not available. The CVe was estimated at 30%, 
whichh is considered as an overestimation, because this is the same level as the reported 
intersubjectt variability in healthy volunteers with saquinavir hard gel capsules 600 mg three 
t imess daily.7 

Thee demographic data of the subjects are summarized as means with standard deviations or 
medianss with (interquartile) ranges. 
Pharmacokineticc parameters of the reference and test product were calculated using 
noncompartmentall  methods with WinNonlin (version 4 .1, Pharsight Corporation, Paola 
Alto ,, Ca, USA) software. According to the FDA, bioequivalence of the parameters that 
correspondd with systemic exposure (area under the concentration-time curve (AUC) and 
maximumm concentration (Cmax)) were identified. The AUC0-24 was calculated with the log-
linearr trapezoidal method. Cmax was defined as the maximum concentration in the time-
plasmaa concentration curve. Other pharmacokinetic parameters the Tmax (time at Cmax in hr), 
Cminn (concentration at C24 in mg/L), Tmi n (time at Cmin in h) and ti/2 (half-lif e of the 
terminall  elimination phase in hr), Vz/F (apparent volume of distribution over the terminal 
eliminationn phase in L ) and CL/F (apparent clearance over the terminal elimination phase in 
L/hr)) were also calculated. 
Too test bioequivalence 9 0% confidence interval (CI) of the geometric mean ratio (GMR) of 
thee log-transformed pharmacokinetic parameters were calculated. According to the FDA to 
provee bioequivalence the 9 0% CI of the GMR of AU C and Cmax has to fall within a range 
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off  0.80 to 1.25. The mean of the pharmacokinetic parameters AUC, Cmin, Cmax were also 
comparedd with a paired / test. Tmax, Tmin and t i : between the two groups were compared 
withh a nonparametric test Wilcoxon singed-ranks test with SPSS software (version 11.5.2, 
SPSSS Inc, Chicago, Illinois, USA). An effect of sequence, period or subject on the 
pharmacokineticc outcome was analysed using a Proc Mixed Model with SAS software 
(versionn 8.2, SAS Institute, Cary, NC) on the log-transformed data. 

Resul ts s 

Thirty-ninee healthy volunteers completed the study. Fifty-nine percent were male and 41% 
femalee subjects. The mean age was 24.0  3.0 (  SD) years. The mean body weight was 
56.22  9.0 kg. Baseline characteristics are summarized in Table 1. 

Tablee 1 Subject characteristics in medians [IQR] 

Characteristics s 
N N 

Age,, yr 
Gender,, F:M 
Weight,, kg 

Bodyy mass index, kg/m2 

IQRR interquartile range, yr year, F female, M Male 

Sevenn events were reported after intake of generic saquinavir and 10 events were reported 
afterr intake of the reference drug. All reported adverse events were mild. Most of the events 
weree related to gastrointestinal side-effects or headache. Changes in laboratory values from 
baselinee were not observed. Extra visits were not needed after the safety evaluation of day 16. 

Saquinavirr  content and dissolution 
Thee saquinavir weight per tablet of the generic drug was 395.15 mg. The reference product 

Figuree 1 Mean dissolution profiles of generic and reference saquinavir 
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amountt was 98.87% for generic saquinavir and 99.74% for the reference product. The RSD 
amongg the dose units was 0.73% for generic and 0.53% for the reference saquinavir. 
Thee mean dissolution profiles for both study drugs are given in Figure 1. After 30 minutes 
90%% of generic saquinavir was dissolved. Eighty-three percent of the reference product 
dissolvedd at 60 minutes. The RSD ranged from 5.6 to 9.5% for generic saquinavir, and 
6.5-24%% for the reference product. The difference factor, fi, was 46 between the dissolution 
profiles.. The similarity factor, f2, was 27. 

Pharmacokineticc parameters 

Thee saquinavir plasma concentrations of the generic and the reference product during the 
dosingg interval are illustrated in Figure 2. Plasma saquinavir concentrations after intake of 
thee generic drug were lower than the saquinavir plasma concentration after intake of the 
referencee product. Two subjects on the generic product had only one measurable 
concentrationn during the concentration-time profile from 0 to 24 hours. These subjects were 
excludedd from the analysis of AUC0-24, ti 2, Vz/F and CL/F, but included in the analysis of 
Cmaxx and Tmax. In 4 subjects, 3 on the generic and 1 on reference drug, a terminal 
eliminationn phase could not be identified. These subject were excluded from analysis of ti/2, 
Vz/FF and CL, but were included for analysis of AUC0-24, Cmax and Tmax. Paired data of a 
totall  of 37 subjects for AUC0-24, Cmax, Tmax and Tmjn, and 33 subjects for ti/2, Vz/F and CL/F 
weree available for analyses. 
Figuree 2 Time after intake - mean plasma concentration curve of generic and reference saquinavir 
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Thee mean AUC0-24 and Cmax ) of the generic product were lower than the 
referencee drugs: 7 mg.h/L and 6 mg.h/L versus 1 mg.h/L and 

88 mg.h/L, respectively. The generic drug reached Cmax faster than the reference 
productt (2.3 versus 4.1 hours). 
Thee concentrations at 24 hours (Cmin) were undetectable in all subjects who took the 
genericc drug. Two subject taking the reference product had detectable concentrations at 24 
hourss during the dosing interval. Subjects were longer exposed to the reference drug than to 
thee generic drug, 0 and 5 hours respectively. 
Thee apparent volume of distribution and clearance were higher for the reference product. 
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Thee pharmacokinetic parameters are summarized in Table 2. 
Highh variability was seen for all pharmacokinetic parameters for both study drugs. 

Tablee 2 Single-dose pharmacokinetic parameters of generic and reference saquinavir 

AUCV24(mg.h/L) ) 

CVV (%) 

Cmaxx ( m g / L) 

CV V 

Tmaxx (h) 

CV V 

Cminn (mg/L) 
CV V 

Tminn (h) 

CV V 

t'/ii  (h) 
CV V 

Vz/FF (L) 
CV V 

CL/FF (L/h) 
CV V 

Generic c 

0.611 7 

78 8 

6 6 
69 9 

2 2 
53 3 

4 4 
47 7 

0 0 
49 9 

1.6Ü.18 8 
75 5 

6 6 
84 4 

8 8 
83 3 

Reference e 

1 1 

66 6 

8 8 
64 4 

3 3 
32 2 

5 5 
56 6 

5 5 
47 7 

3 3 
117 7 

5 5 
87 7 

3 3 
60 0 

p-value e 

0.0000 r 

0.0001* * 

0.0001" " 

0.49* * 

0.0001" " 

0.001" " 

*pairedd t test; "Wilcoxon ranks-signed test; CV coefficient of variation (standard deviation/mean* 100%) 

Bioequivalence e 
Thee saquinavir AUCo-24 was 69% lower for the generic drug. The 90% confidence intervals 
off  the geometric mean ratio for AUCo-24 ranged from 0.24-0.41 (geometric mean ratio: 
0.31),, which shows that AUCs of the generic and reference drug were significantly 
different.. The saquinavir Cmax was 48% lower than the reference saquinavir Cmax with a 
90%% confidence interval of 0.42-0.63 (geometric mean ratio: 0.52). 
Influencee of period, sequence or subject were analyzed however an effect on the AUC or 

Cmaxx (p>0.1) was not seen. 

Discuss ion n 

Thiss study is the first study to evaluate the pharmaceutical equivalence and bioequivalence 
off  a generic formulation of saquinavir. For pharmaceutical equivalence the saquinavir 
contentt has to be positively identified, content and dissolution profiles have to fall within 
thee standard. Although saquinavir was positively identified in all generic formulations, with 
saquinavirr contents according to the USP standard, the dissolution profiles were different. 
Furthermore,, the total plasma exposure to generic saquinavir was lower than the reference 
drug.. Saquinavir AUC en Cmax were 69% and 48% lower, respectively. The time to reach 
maximumm concentration was shorter for the generic formulation but the peak was lower, 
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therebyy resulting in lower exposure. Our data demonstrated that the new formulation was 
nott pharmaceutical or bioequivalent to the reference brand drug. 
Thee dissolution profile of the generic formulation was more favourable, because the generic 
drugg dissolved faster than the reference product. Therefore, adequate bioavailability was 
expected.. However, there may have been pharmaceutical issues with the new formulation 
preventingg absorption. Another explanation may be that the total exposure was lower 
becausee of saturation of saquinavir uptake in the gastrointestinal system. A third 
explanationn might be low exposure due to high extensive first pass metabolism, because 
single-dosee saquinavir hard gel capsules dosed as 600 mg once daily have low oral 
bioavailabilityy (4% ).' The most plausible explanation for low exposure is lower overall 
absorptionn because of the formulation. For first-pass metabolism the drug needs to be 
absorbedd first. In this study, we did not measure saquinavir plasma concentrations after 
intravenouss injection, therefore the bioavailability (AUCpiasma/ AUCu.) cannot be 
calculated.. However intrasubject comparison was performed. Thus, the extent of the first-
passs metabolism is not different between the study subjects. Saturation of the uptake 
mechanismm of saquinavir is not likely. It is thought that saquinavir is taken up by the 
enterocytess by passive diffusion, however active drug influx has also been suggested.8 Both 
studyy drugs contained the same molecule, therefore equal uptake may be expected. 
Moreoverr because of intrapatient comparison, the extent of the effect of these processes on 
thee pharmacokinetics are similar. A new formulation of the generic saquinavir should have 
enhancedd characteristics for drug absorption. 

Thee present study was developed and conducted in collaboration with GPO to improve 
accesss to saquinavir in Thailand. After bioequivalence is shown, a study in HIV-infected 
patientss for therapeutic equivalence may be undertaken, however this is not necessary for 
thee approval of a new generic drug. Worldwide several generic drugs are used in 
developingg countries. With increasing use of antiretroviral drugs and efforts to expand 
accesss more generic agents will be necessary. An approved generic version of a HIV 
proteasee inhibitor is currently not available.9 After the bioequivalence of a (Thai) generic 
drugg has been demonstrated, the next step, to retrieve approval from international 
organizationn such as the WHO and continued monitoring of the quality of the generic drug 
shouldd be pursued. 
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