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Summary

The present study describes the deter-
mination of the bioavailability of a new

ial tablet formulation of lamivu-
dine (CAS 134678-17-4) compared with a
£ formulation. The ive

s for T were d ined from
| ion-time data. isti
cal tests were carried out at 90 % confid-
ence intervals using a parametric
hod (three-way ANOVA) for AUC and

P

bioequivalence of the test and a refer-
ence formulation (each 3 x 150 mg) was

d in 24 health . sby
means of a randomized two-way cross-
over design. Prior to the study both the
test and reference formulations were ex-
amined for conformation to chromato-
graphic purity and drug content. Each vo-
lunteer received the test (T) and the refer-
ence formulation (R) with a one-week
drug-free interval between administra-
tions. The plasma concentrations of T
‘were monitored over a period of 12 h
after drug administration using a sensi-
tive HPLC method. Pharmacokinetic

Cmeao and non-parametric method for
Tmex The present study showed that both
formulations were bioequivalent for the
geometric mean of AUC(_yz), AUCy_..,
Crnax and T, at the 90 % confidence in-
terval. The bioavailability of the test (%)
was 96.7, 93.3, 99.7, 100.3, respectively.
The T : R ratio was, in each case, well
within the acceptable range of 100

+20 %.

Zusammenfassung
Bioiiq zweier Lamivudin-Tablet-
tenformulierungen

Die voriogende Studie béschreiht die

Bestimmung der Bioverfiigbarkeit einer
im Handel erhiiltlichen neuen Tabletten-
f i ng von Lamivudin (CAS
. 134678-17-4) im Vergleich zu einer Refe-
formulierung. Die vergleichende Bio-
dquivalenz der Test- und der Referenzfor-
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mulierung wurde an 24 gesunden Pro-
hand, ittels eines randomisierten
Zweiweg-Crossover-Designs bewertet. Vor
der Studie wurden sowohl die Test- als
auch die Referenzformulierung in bezug
auf Konformitiit zu chromatographischer
Reinheit und Arzneistoffgehalt unter-
sucht. Jedem Proband wurde die Test-

(T) und die Referenzformulierung (R)
mit einem einwéchigen medik

Arzneim.-Forsch./Drug Res. 51 (I), 310-314 (2001)
© ECV - Editio Cantor Verlag, ‘Aulendorf (Germany}



freien Intervall verabreicht. Die Plasma-
konzentrationen von T wurden iiber eine
Zeitdauer von 12 h nach Verabreichung
mittels einer empfindlichen HPLC-Me-
thode {iberwacht. Pharmakokinetische
Parameter fiir T wurden aus den Daten
der Pl ) i Zeit-Daten be-
stimmt. Statistische Tests wurden mit

90prozentiger Vertrauensgrenze unter
Verwendung der parametrischen Me-
thode {dreiweg ANOVA) fiir AUC und
Cmax SoWie der nichtparametrischen Me-
thode fiir Ty, durchgefiihrt. Die vorlie-
gende Studie zeigte, daB beide F Lii

Cnmax im 90prozentigen Vertrauensinter-
vall zu betrachten sind. Die Bioverfiigbar-
keit der Tests (%) betrug 96,7, 93,3, 99,7
bzw. 100,3. Das T : R-Verhiiltnis war in je-
dem Fall deudich innerhalb des akzeptab-
len Bereiches von 100 + 20 %.

rungen als biosiquivalent fiir das geome-
trische Mittel von AUC(g_12, AUC(q )y

1. Introduction .

Lamivudine (CAS 134678-17-4), a negative enantiomer
of 2’-deoxy-3’-thiacytidine, is a second-generation het-
erocyclic nucleoside analog, in which the methylene
group at the 3’ carbon of the ribose ring is replaced by a
sulfur atom. This dideoxypyrimidine is a potent, highly
selective inhibitor of human immunodificiency virus
type 1 and type 2. Lamivudine was found to have activ-
ity against a wide range of retroviruses, including strains
of HIV which are resistent to zidovudine [1-4]. The rela-
tively higher anti-HIV activity of the negative enanti-
omer of lamivudine has been attributed to the resist-
ance to cleavage from the 3’ terminals of RNA/DNA
complexes by 3’ 5’-exonuclease. In vivo lamivudine is
phosphorylated intracellularly to the triphosphate de-
rivative, which inhibits HIV-1 reverse transcriptase and
acts as a chain terminator (5]. However, emerged resist-
ant virus has been observed for lamivudine in vitro [6,
71 and in vivo [8]. Monotherapy with selective human
immunodeficiency virus type 1 (HIV-1) inhibitors has
been rather limited by the appearance of drug-resistant
virus during therapy. This fact was particularly observed
in patients treated by long term zidovudine administra-
tion. Because of the rapid turnover of HIV and the con-
sequent emergence of resistant mutants following mo-
notherapy, combination chemotherapy has been inves-
tigated [9-12]. Clinical trials reveled a benefit of a com-
bined therapy of lamivudine and zidovudine in reduced
virus zidovudine resistance [13]. Potential advantages of
combined chemotherapy may include synergistic inter-
actions among agents, which may allow to diminish
doses of individual drugs and reduce their toxicity. Ac-
cording to the recommendations consensus statement
of antiretroviral therapy for HIV infections [12], com-
bination of stavudine and lamivudine is well tolerated,
particularly for patients with limited bone marrow re-
serve who are poor candidates for zidovudine-contain-
ing regimes.

This study presents a bioequivalence evaluation of a
new commercial tablet formulation of lamivudine com-
pared with a reference formulation. The bioequivalence
study was carried out by means of a randomized two-
way crossover design, based on the plasma concentra-
tion data obtained following oral administration of both
products to a group of 24 male healthy volunteers.
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2. Materials and methods
2.1. Institutional review and informed consent

The protocol and informed consent for this study were re-
viewed and approved by the Federal University of Pernambuco
President’s Committee on Ethics in Human Experimentation.
The volunteers received and approved a written informed con-
sent before accepting to participate in the study. They were
informed with details on the possible side effects of lamivud-
me.

2.2, Subjects selection

The subjects were selected from a cohort of healthy male drug-
free volunteers aged 19-37 years, with standard weight-to-
height ratio. Twenty-four subjects were initially entered, and
completed the study (Table 1). Chosen candidates were free of
cardiovascular, pulmonary, hepatic, renal, gastrointestinal, or
neurological diseases, as assessed by clinical examination. The
results of clinical laboratory tests (blood biochemistry, hema-
tology and blood pressure) were found to be within the normal

ric data of healthy male
for Lamivudina bioequiv

Table 1: Demographic and anthrop

volunteers and treatment
lence test.

1, AM.C. 22 © 720 167 TR
2,AJ.L 26 68.0 178 TR
3,AJS.P 25 70.0 174 TR
4, BEA. 23 67.1 171 TR
5, CAS.M. 23 68.0 180 TR
6, CR.N. 20 62.0 173 R T
7, CA.C.R. 23 85.0 174 R T
8, CLS.L. 20 740 174 R T
9,ELC. 25 78.0 164 TR
10, EAAN.S. 20 66.0 164 R T
11, EBM. 22 96.0 182 R T
12, GS.S.A. 21 79.0 178 R T
13, GWSA. 23 67.0 179 TR
14, HSA. 26 80.0 178 R T
15, ].C.E 24 70.0 167 TR
16, J.ES. 22 98.0 192 RT
17, JJAB.S. 21 713 170 TR
18, JW.T.S. 37 76.0 181 ‘R T
19, M.G.S. 26 78.0 173 TR
20, MRMM. 27 74.0 189 R T
21, RJM. 24 80.0 175 TR
22, R.O.RR. 19 60.0 171 R T
23, RRA. 21 87.0 180 R T
24, VIMJ. 25 67.2 167 TR
Mean (n = 24) 24 74.7 175
Min 19 60.0 164
Max 37 98.0 192
R = reference; T = test.
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range. All the volunteers were required to abstain from al-
coholic and caffeine-containing beverages 48 h prior to and
throughout the entire course of the study. The volunteers were
institutionalized 12 h before drug administrations until the
time when the last blood samples was collected. Food and bev-
erages were controlled during the study.

2.3. Study design, sample collection and handling

A list of random treatment assignments was computer gener-
ated, so as to ensure exactly equal treatment numbers. The
administration of the test (150 mg lamivudine tablets, pilot #2;
manufacturer: LAFEPE -~ Instituto Vital Brazil-IVB, Rio de
Janeiro, Brasil) and reference (150 mg tablets lot #W0628AB)
formulations to the volunteers was cdrried out by means of a
randomized two-way crossover design with a one-week drug-
free interval between administration (period 1 and period 2)
[14]. After an overnight fast, a blood sample of 5 ml was col-
lected for each volunteer in sodium heparin evacuated glass
tubes (Vacutainer®, 5 ml), as a blank control. The volunteers
were separated in two groups and each volunteer ingested
three 150 mg tablets of lamivudine with 240 ml of water, be-
tween 7:00 a.m. (group I) and 8:00 a.m. (group II). 1 h after the
drug administration, the volunteers received a standard break-
fast and two meals were offered at 12:00 p.m. and 18:00 p.m.
for group I and at 13:00 p.m. and 19:00 p.m. for group II, re-
spectively. Blood samples of 5 ml were collected at 0.5, 0.75,
1.0, 1.5, 2.0, 2.5, 3.0, 6.0, 8.0 and 12 h after administration of
the drug. The plasma was immediately separated by centrifu-
gation at 3,000 rpm for 15 min and stored at —20 °C until analy-
sis.

2.4. Analysis of plasma samples

Plasma samples were assayed for lamivudine content by a val-
idated sensitive modified HPLC method [15). The mobile phase
was consisted by a mixture of phosphate buffer solution (pH
5.6), methanol and acetonitrile (94:3: 3). Elution was per-
formed at a flow rate of 1.0 ml/min, using a reversed-phase
uBondaPak C;g, 10 pm, 4.9 x 300 mm column (Waters, USA).
Lamivudine peak was detected at 270 nm (0.005 AUFS). Ini-
tially, a set of calibration standard curves of lamivudine were
prepared in a concentration range of 300 to 7,000 ng/ml, and
in a sufficient quantity for the 24 volunteer sample analysis.
Lamivudine standard sclutions were aliquoted separately for
each concentration and stored at —20 °C. Daily, each concen-
tration of the test formulation standard curve was charged with
20 pl of zalcitabine solution (2,000 ng/ml) as an internal stand-
ard. During the analysis for each volunteer a standard curve
was placed between the plasma samples obtained from period
1 and period 2, in a randomized way. The stability of lamivud-
ine in the frozen plasma samples was evaluated by compara-
tive analysis of the area under the curve peak obtained with
fresh plasma standard curves. A plasma sample of 1.0 ml was
transferred into a 1.5 ml Eppendorf centrifuge tube and treated
with 200 pl of 20 % acid trichloroacetic solution. The centrifuge
tube was vortex-mixed and charged with 20 pl of zalcitabine
standard solution corresponding to 2,000 ng/ml. The tube was
vortexed again for 10 s and then centrifuged at 23,000 g for 5
min. After centrifugation, the supernatant was collected and
20 ul were injected.

2.5. Pharmacokinetic lamivudine analysis

The comparison between the absorption rates was essentially
carried out regarding both the maximum plasma concentration
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Cpax and its corresponding occurrence time Ty, These para-
meters were obtained directly from the experimental volun-
teer curves.

The relative extent of absorption, i.e. the amount of drug
reaching the systemic circulation, was expressed by the area
under the plasma concentration versus time curve, (AUCq
and AUC(—.;). AUC o_12) was determined by numerical integra-
tion using the linear trapezoidal rule with a 0.10 step, after a
smooting of the curve descendent part. The AUC(_., para-
meter was estimated by assuming an exponential profile kin-
etic after oral lamivudine dose, i.e.

AUC(gw) = AUC(o 1ty + Ciast / Ke»
where (Cy.s) refers to the last measurable point at the plasma
concentration-time curve [16). In order to calculate AUC a few
missed experimental curve points were obtained by the linear
interpolation method.

2.6. Statistical data analysis

The formal comparison between the two treatments was per-
formed on traditional bioequivalence assessments using the
parametric method for AUC and C,,, and non-parametric
method for Ty The parameter variances for the test and ref-
erence formulations were evaluated by the variance ratio test
(F). For bioequivalence purposes, effects of treatment, period
and intersubjects on the total variation for pharmacokinetic
relevant parameters were investigated by three-way analyses of
variance (ANOVA) [17]. The bioequivalence between the test
and reference formulations was also examined by two one-side
t-tests [18]. Statistical tests were carried out using a software
for bioequivalence study at a 90 % confidence level (a = 0.1).

3. Results

3.1. Lamivudine bioavailability and bioequivalence
Lamivudine tablets at 6.0 mg/kg average dose were rap-
idly absorbed after oral administration, and well toler-
ated by the subjects. No clinical side effect was ob-
served in any volunteer during the entire study.
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Fig. 1: Mean plasma concentration profile after a single oral dose
(3 X 150 mg tablet) of the test and reference formulations.
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The standard curves for lamivudine in plasma, based
on the peak area response, were linear over a wide con-
centration range of 300 to 7,000 ng/ml. Coefficients of
determination for adjusted experimental points were
r= 0.9938 for all volunteers, except one that presented
r = 0.9846. All the standard curve data indicated that the
proposed HPLC method had good precision and accu-
racy, and lamivudine maintained stability in plasma un-
der storage and assay conditions. Fig. 1 depicts the cor-
responding average plasma concentration-time curve
for the lamivudine test and reference formulations. A
remarkable curve balance is observed.

4. Discussion

A good agreement between test and reference mean
pharmacokinetic parameters is observed (Table 2). The
geometric means of C,, ., were 3,591 pg/ml (26.3 %) and
3,605 pg/ml (25.8 %) for the test and reference lamivud-
ine formulations, respectively. Geometric mean values
of Tpayx were 1.15 (38.3 %) and 1.13 (41.4 %) for the test
and reference products, respectively. These results con-
firm those of a previous lamivudine phas I study [19].
Coefficients of variation (CVs) below 30 % have been
obtained for all parameters, except for T,.,. The max-
imum lamivudine concentration was 3,6 pg/ml (T:R=
0.99), achieved about 1 h after drug administration.
The mean relative bioavailability of the test calculated

Table 2: Mean pharmacokinetic parameters for lamivudine and
relative bioavailability of the test and reference formulation. .

Test® (CV%) | 12208 (22.1) | 12425 (21.5) | 3591 (26.3) |1.15 (38.3)
Reference®

(CV%) 12679 (19.8) | 13291 (22.7) | 3605 (25.8) [1.13 (41.4)
Bioavailabi-

lity of the

Test %Y 96.7 93.3 99.7 100.3
T: R ratio® 0.962 0.936 0.993 1.028

n 23 23 23 .23

¥ Geometric mean. » Relative bioavailability based on arithmetic
mean.

as percentage T:R ratios for the arithmetic mean of
AUCg-12), AUC(g)s Cax and T o« values was found to
be within the range of 93.3-100.3 %.

Analysis of variance was variance was carried out
supposing normal-dsitributed parameters (Table 3).
ANOVA results of pharmacokinetic parameters indi-
cated that there were no significant effects of formula-
tion on any parameter. A wide intersubject variation
(large CV) was observed for all the pharmacokinetic
parameters. As expected, significant subject effects were
found on all the parameters (p < 0.002). Then the vari-
ation between periods and treatments was analyzed.
The null hypothesis Hy: pur = pg versus the alternative
hypothesis H;: pr#pgr was tested. Regarding the period,
the null hypothesis cannot be rejected at a significance
level of 90 % for almost all parameters, i.e., there was
no significant effect on any period or parameter except
in the case of T (p <0.05), which was a borderline
case by 95 %.

Concerning the difference of the test and reference
treatments, the H, hypothesis cannot be rejected at
90 % level for all parameters. AUC(_12), AUCp—y Crnax
and T« did not show any significant effect of the for-
mulation. No significant difference (probe value p > 0.1)
between T and R treatments was observed in these
parameters. .

Besides parametric statistical tests, a non-parametric
bioequivalence test at 90 % confidence intervals was ex-
amined for Ty, The asymmetric 90 % confidence
limits for the T : R ratio of lamivudine formulations with
log-transformed data were 90.96-114.90 % for T, ... The
confidence limits were narrow and confined in the 80—
120 % criterion of bioequivalence, surrounding the
ideal relative bioavailability (100 %).

The Hauck-Anderson distribution-free approach for
bioequivalence assessments was also examined (Table
4). The two formulations were found to be bioequival-
ent at p < 0.002. All values unequivocally indicated the
bioequivalence of both lamivudine formulations.

The present study clearly demonstrated that
pharmacokinetic parameters for lamivudine after oral
administration of the test and reference formulations
are comparable. ANOVA statistics indicated no signifi-
cant effect of formulation on any parameters. The non-

Table 3: Three-way analyses of variance (ANOVA): effects for subjects, periods and treatments on the total variation of pharmacokine-
tic parameters.

i
2210.0900 <0.0001

Subjects 22 4.0568 0.0011 22 3.6995 0.0020 22 5.8422 0.0001
Periods® 10.3687 >0.30 1 0.7324 >0.30 1 1.8004 0.1935 1 4.3343 0.0498
Treatments 11.5903 0.2271 1 2.8487 0.1062 1 0.0045 >0.30 1 0.0023 >0.30

Total 45 45 45 45

Residual variance coefficient® 8.75 13.48 16.89 21.33

2 n=11+12 R, T). ® % of reference mean.
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Table 4: Bioequival h hesis tests for lamivudi

pharma-

cokinetic parameters.

AUC o 12 < 0.0002 < 0.0001 < 0.0002
AUCp o) < 0.002 < 0.0001 < 0.002
Crnax < 0.0005 < 0.0001 < 0.0005
Timax < 0.005 < 0.0005 < 0.002

* Untransformed values.

parametric bioequivalence +20 % criterion was re-
spected for the test formulation. According to plasma
concentration levels, the bioequivalence of both prod-
ucts was established based on all parameters (AUC..
12)» AUC(0-w)» Cmax and Ty for a confidence interval
of 90 %.
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