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The AIDS Clinical Trials Group Study 850 (ACTG 850) evaluated the penetration of zi-
dovudine (ZDV), lamivudine (3TC), and amprenavir (APV), given alone and in combination
with the 2 nucleoside analogues, into the male genital tract, because these factors may affect
human immunodeficiency virus (HIV) type 1 suppression and transmission. Nineteen men
receiving APV monotherapy and 12 men receiving triple therapy donated blood plasma (BP)
and seminal plasma (SP) during therapy. Paired SP and BP were used to calculate compart-
mental concentration ratios. APV SP concentrations were consistently lower than BP con-
centrations, ZDV SP concentrations approximated BP concentrations early but became
greater later in the dosing interval, and 3TC SP concentrations were substantially greater than
BP concentrations throughout. Observed SP concentrations plotted with population BP con-
centration-time curves confirmed these findings, suggesting that passive diffusion (APV),
slowed elimination (ZDV), and either active accumulation and/or inhibition of elimination
(3TC) are responsible for SP concentrations of these agents. The antiretroviral effect of APV
monotherapy was related to APV concentrations.

The level of human immunodeficiency virus (HIV) type 1
shed from the male genital tract is likely to correlate with the
risk of transmission associated with sexual contact with an
infected man [1–4]. The male genital tract is a separate com-
partment, isolated from the systemic circulation by anatomic
and physiologic barriers (reviewed in [5]). Some antiretroviral
agents that effectively suppress HIV-1 replication systemically

Received 16 January 2002; revised 22 March 2002; electronicallypublished
26 June 2002.

Presented in part: 8th Conference on Retroviruses and Opportunistic In-
fections, Chicago, 4–8 February 2001 (abstract 749).

Informed consent, approved by institutional review boards at each site,
was obtained from all patients, and human experimentation guidelines of
the US Department of Health and Human Services and of the participating
institutions were followed in the conduct of the clinical trial.

Financial support: National Institute of Allergy and Infectious Diseases
AIDS Clinical Trials Group (AI25868, AI32775, AI25915, AI38858,
AI46386, RR-00046, 96VC006, AI07151, 9P30-AI50410, NIO7001, and
DK49381); GlaxoSmithKline.

Drs. Eron and Gulick are ad hoc consultants to GlaxoSmithKline.
Reprints or correspondence: Dr. Joseph J. Eron, Jr., University of North

Carolina School of Medicine, Div. of Infectious Diseases, 547 Burnett-
Womack Bldg., CB 7030, Chapel Hill, NC 27599-7030 (joseph_eron@
unc.edu).

The Journal of Infectious Diseases 2002;186:198–204
� 2002 by the Infectious Diseases Society of America. All rights reserved.
0022-1899/2002/18602-0007$15.00

may be impeded from entering the genital compartment; others
may attain effective concentrations there. Antiretroviral agents
active in the male genital tract may effectively suppress HIV-
1 replication in that potential reservoir and may contribute to
a decrease in sexual transmission and in transmission of resis-
tant variants in a given population.

Seminal plasma (SP) concentrations of antiretroviral drugs
have been reviewed recently elsewhere [6]. SP concentrations
of the nucleoside analogues zidovudine (ZDV) [7–9] and la-
mivudine (3TC) [7, 10] are greater than blood plasma (BP)
concentrations. Concentrations of stavudine are similar in BP
and SP, but low [10]. Concentrations of the nonnucleoside re-
verse-transcriptase inhibitors nevirapine and efavirenz in SP are
consistently measurable, although lower than in BP [10–13]. In
contrast, SP concentrations of protease inhibitors (PIs) relative
to blood vary by drug, seeming in part to parallel the level of
protein binding. Saquinavir and ritonavir, both highly protein-
bound, are difficult to detect in SP [14, 15]. Indinavir, which
has more-limited protein binding, is readily detectable in SP
[15, 16]. SP concentration of PIs may also be affected by the
P-glycoprotein transporter (P-gp), an exit pump present in cells
of the male genital tract [17, 18]. The SP concentrations of
amprenavir (APV), which binds to plasma protein at a level
intermediate to indinavir and the other PIs [19, 20], have yet
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to be described. To our knowledge, the relationship between
PI concentrations and antiretroviral effects in seminal fluid is
unexplored. AIDS Clinical Trials Group Study (ACTG) 850,
a substudy of ACTG 347 [21], was designed to study the an-
tiretroviral activity, pharmacokinetics, and pharmacodynamics
of APV monotherapy and APV/ZDV/3TC combination ther-
apy in the male genital tract. The antiretroviral activity results
of this substudy have been described elsewhere [22]; the phar-
macokinetic and pharmacodynamic results are presented here.

Subjects, Materials, and Methods

Study design and study subjects. The study design and the entry
criteria for ACTG 347 have been described elsewhere [21]. Subjects
were 3TC and PI naive, were 113 years old, and had HIV-1 RNA
levels of 15000 copies/mL and CD4 cell counts of 150 cells/mm3.
Subjects in the parent study were randomly assigned to receive
either 1200 mg APV (Agenerase; Vertex Pharmaceuticals,
GlaxoSmithKline [formerly GlaxoWellcome]), 300 mg ZDV (Re-
trovir; GlaxoSmithKline), and 150 mg 3TC (Epivir; Glaxo-
SmithKline), given twice a day; or 1200 mg APV given twice a day
as monotherapy.

Subjects in ACTG 850 were men willing to donate timed SP
samples at baseline (for HIV-1 RNA analysis) and at weeks 8 and
24 (for RNA and pharmacokinetic analyses) [21]. The protocol
specified that SP and BP samples obtained during therapy be col-
lected 6 h after an observed medication dose. The times of most
recent medication dose, semen sampling, and blood sampling were
recorded. Subjects were asked to abstain from sexual activity for
48 h before semen donation

Quantifying HIV-1-RNA, APV, ZDV, and 3TC in SP and BP.
Concentrations of ZDV and 3TC were measured in SP and BP by
using validated high-performance liquid chromatography (HPLC)–
mass spectroscopy (MS)/MS methods described elsewhere [23, 24].
Lower limits of quantification of these drugs were 5 ng/mL in both
SP and BP. APV concentrations in SP and BP were determined by
using a validated HPLC-MS/MS method with stable, isotopically-
labeled 13C6-APV as the internal standard. The lower limit of quan-
tification was 10 ng/mL in both matrices [25].

HIV-1 RNA concentrations in SP and BP were determined by the
NucliSens assay (Organon-Teknika), as described elsewhere [22]. The
lower limit of quantification was 400 HIV-1 RNA copies/mL.

Statistical analysis. Despite stipulation in the study protocol
that specimens be obtained 6 h after a dose, sample collection
during therapy occurred over a wide range of times, allowing for
basic pharmacokinetic assessments in BP and SP. SP:BP drug com-
partmental concentration ratios were calculated only with matched
paired samples, which were semen and blood specimens collected
within 1 h of each other (inclusively). These ratios were grouped
according to the time at which the BP donation occurred during
the 12-h dosing interval. Matched paired samples obtained within
0–2 h of drug administration were considered to be representative
of the absorption phase of drug distribution. Those collected after
2 h were assumed to be representative of the elimination phase of
systemic drug. These samples were collected predominantly 8–12
h after a dose, during the drug-elimination phase. In addition, to
take advantage of the scatter in the timed SP collections from study

subjects over the dosing intervals, BP concentration-time points
for the 3 drugs were simulated for comparison with SP concentra-
tions. The ADAPT II package of programs (Biomedical Simula-
tions Resource, University of Southern California, Los Angeles)
was used to conduct the simulations [26]. In brief, pharmacokinetic
parameters for each drug were taken from the literature and used
to simulate plasma concentration-time data, following the same
doses used in this study [27–29].

Statistical analyses were predominantly descriptive. Distribu-
tions of drug concentrations in each compartment were summa-
rized with medians and interquartile ranges (IQRs). Semen:blood
concentration ratios were calculated among matched pairs. Rank-
based (Spearman) correlations were used to describe the association
between SP and BP concentrations among matched pairs. Distri-
butions of matched SP and BP concentrations were compared by
means of the Wilcoxon signed rank test. Distributions of SP and
BP concentrations (or ratios) were each compared for early versus
late phase with the Wilcoxon rank sum test.

Positive virologic response was defined as either a 1-log10 decrease
from baseline in HIV-1 RNA level or an HIV-1 RNA level of !400
copies/mL at first study follow-up (week 8). Compartmental (SP
and BP) responses were determined, and concordance and discor-
dance in virologic response between the 2 compartments were re-
corded for each study arm. For each study arm, the Wilcoxon rank
sum test was used to determine whether a significant difference in
the distribution of SP APV concentrations existed either between
those who achieved a positive response in SP (responders) and those
whose SP HIV-1 RNA level remained 1400 copies/mL (non-
responders), or between those who responded in BP and those who
did not respond in that compartment. To evaluate whether time
elapsed since dosing was a confounding factor, we also compared
this variable between compartmental responders and nonrespon-
ders by the Wilcoxon rank sum test.

Results

Thirty-seven of the 81 men enrolled in ACTG 347 agreed to
participate in ACTG 850; baseline characteristics of the study
participants have been reported elsewhere [22]. The 31 men who
returned to donate samples for pharmacokinetic analysis dur-
ing the follow-up period (participating in the study) constitute
the study population reported here. Participants were predom-
inantly (61%) white, non-Hispanic, with a median age of 37
years. Baseline median BP RNA level was 4.2 log10 copies/mL
(IQR, 3.7–4.7 log10 copies/mL), SP RNA level was 3.5 log10

copies/mL (IQR, !2.6–4.08 log10 copies/mL), and CD4 cell
count was 304.5 cells/mm3 (IQR, 169–402 cells/mm3), with no
significant difference between the 2 treatment groups. Twelve
of the 31 men received APV/ZDV/3TC, and the remaining 19
received only APV. All 31 subjects donated BP, and 30 subjects
donated SP at the first follow-up visit, with 1 sample missing
from a subject in the triple-therapy study arm. Despite early
discontinuation of the APV monotherapy arm in the parent
study, 14 subjects also donated SP and/or BP samples at a
second follow-up visit, which occurred on or before the 24th
week of the study. In all, 41 BP and 43 SP samples were collected

 at Pennsylvania State U
niversity on Septem

ber 16, 2016
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

http://jid.oxfordjournals.org/


200 Pereira et al. JID 2002;186 (15 July)

while subjects were receiving study medications. Fourteen
matched paired samples were collected from each study arm:
17 in the absorptive (early) phase and 11 in the elimination
(late) phase.

All APV concentrations in BP were above the lower quan-
tification limit; one in SP was below the limit. All 3TC con-
centrations in both SP and BP were above the lower quanti-
fication limit. One concentration in SP and 2 concentrations in
BP for ZDV were below the lower quantification limit. Values
below the limit of quantification were set to the lower limit for
calculations.

The median absorptive-phase SP and BP APV concentra-
tions were 741.2 ng/mL ( ) and 5212.7 ng/mL ( ),n p 20 n p 18
respectively, and median elimination-phase concentrations were
217 ng/mL ( ) and 339.3 ng/mL ( ), respectively.n p 23 n p 23
Median SP and BP ZDV concentrations were 459.4 ng/mL
( ) and 476.7 ng/mL ( ), respectively, in the earlyn p 9 n p 10
phase and 127.4 ng/mL ( ) and 5.1 ng/mL ( ), re-n p 10 n p 8
spectively, in the late phase. Median 3TC concentrations were
2305.8 ng/mL in SP ( ) and 880.5 ng/mL in BP ( )n p 9 n p 10
early and 2497.7 ng/mL in SP ( ) and 168.4 ng/mL in BPn p 10
( ) late (figure 1A). All samples collected during the studyn p 8
were used to calculate these values.

When we compared the concentrations in BP and SP for each
agent, using matched paired samples, SP concentrations were
significantly lower than BP concentrations for APV ( ),P p .002
significantly higher for 3TC ( ), and not significantlyP p .002
different for ZDV ( ). Using only first follow-up matchedP p .76
paired samples (11 from the APV monotherapy arm and 8 from
the APV/ZDV/3TC arm), median SP:BP drug-concentration ra-
tios were 0.14 ( ), 2.16 ( ), and 3.16 ( ) for APV,n p 19 n p 7 n p 7
ZDV, and 3TC, respectively. These values were similar when all
matched paired samples were considered. There was a positive
correlation between paired APV and ZDV semen and blood
concentrations ( , , and ; and ,r p 0.53 P p .004 n p 28 r p 0.70

, and , respectively). A correlation could not beP p .006 n p 14
demonstrated for 3TC ( ; ; ).r p 0.046 P p .88 n p 14

Matched paired samples were used to calculate early and late
SP:BP drug-concentration ratios (figure 1B). The median early
and late ratios for APV were both !1, as concentrations de-
clined over time in both compartments (figure 1A). There was
a positive correlation between paired early APV SP and BP
concentrations ( ; ; ). The SP:BP con-r p 0.81 P p .0001 n p 17
centration ratios for ZDV and 3TC were higher in the elimi-
nation phase, compared with the absorption phase (P p .09
for ZDV; for 3TC) (figure 1B), predominantly because,P p .02
during the elimination phase, BP concentrations were substan-
tially lower for both agents ( for ZDV, and forP p .09 P p .01
3TC for the comparison of BP concentrations between ab-
sorption and elimination phases). SP concentrations decreased
less or not at all ( for both the ZDV and 3TC absorptionP p .61
vs. elimination comparisons) (figure 1A). In all but one of the
late matched paired samples, SP ZDV concentrations were

greater than the corresponding BP concentrations. All late 3TC
SP concentrations were higher than matching concentrations
in BP (figure 1C).

Simulated BP concentration-time profiles of APV, ZDV, and
3TC generated from published pharmacokinetic data [27–29]
were plotted beside measured SP concentrations of APV, ZDV,
and 3TC (figure 2). Measured BP levels of all 3 drugs varied
but fell within the range of the simulated curves (data not
shown). The simulations demonstrated that the 3 drugs exhibit
early BP peaks ∼2 h after a dose, followed by an extended
elimination phase. The measured SP APV concentrations were
similar to or less than the simulated BP APV concentrations
throughout the dosing interval. The measured SP ZDV con-
centrations approximated simulated BP concentrations early
but were higher than the simulated BP concentrations toward
the end of the dosing interval. In contrast, the measured SP
3TC levels demonstrated a flat concentration-time relationship
that was substantially higher than the simulated BP concen-
trations throughout the dosing interval.

Responses to antiretroviral therapy in BP and SP were com-
pared with APV concentrations in each compartment. All men
receiving combination therapy had an HIV-1 RNA response
in the seminal compartment. In the APV monotherapy group,
8 subjects responded in both BP and SP, 3 subjects did not
respond in either compartment, and 8 subjects responded in
SP but not BP. The median SP APV concentration in responders
( ) was 626.6 ng/mL; in nonresponders, it was 77.7 ng/n p 16
mL ( ; ). The median BP APV concentration inn p 3 P p .31
responders ( ) was 4664.2 ng/mL; in nonresponders, it wasn p 8
576.8 ng/mL ( ; ). Sample collection times weren p 11 P p .05
not significantly different between responders and nonrespon-
ders in either compartment. Results were similar when median
APV concentrations and HIV-1 RNA responses BP from both
the monotherapy and combination therapy arms were com-
pared. The comparison between distributions of SP APV con-
centrations in responders versus nonresponders (medians, 741.2
vs. 77.7 ng/mL) when both arms were considered was still not
significant ( ). In the 8 men who received APV aloneP p .16
and responded in SP but not BP, the median seminal fluid
concentration was 419 ng/mL, and the median BP APV con-
centration was 597.2 ng/mL. However, the SP:BP concentra-
tion ratios in matched paired samples from the men with dis-
cordant responses ( ) did not significantly differ from thosen p 5
with concordant responses ( ; for the comparisonn p 6 P p .86
of distribution of ratios).

Discussion

ACTG 850 was the first study to assess the pharmacokinetics
of APV, ZDV, and 3TC in both SP and BP. The use of APV
monotherapy, a strategy under study in 1997 but now not rec-
ommended for the treatment of HIV-1 infection [30], provided
the opportunity to assess the pharmacodynamics of treatment
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Figure 1. A, Drug concentrations in seminal plasma (SP) and blood plasma (BP). SP and BP samples are paired together for each drug and
separated into early and late collections, as displayed in box-and-whiskers plots on a logarithmic scale. The ends of the whiskers designate the
5th–95th percentiles, the sides of the box represent the 25th and 75th percentiles, and the horizontal line within the box is the median. B, Median,
interquartile range, and 5th–95th percentile range of calculated compartmental ratios for matched paired samples are shown. The median early
and late amprenavir (APV) concentration ratios were 0.14 ( samples) and 0.21 ( samples), respectively. The median early and laten p 17 n p 11
zidovudine (ZDV) concentration ratios were 1 ( samples) and 33.8 ( samples), respectively. The median early and late lamivudinen p 9 n p 4
(3TC) concentration ratios were 2.39 ( samples) and 15.7 ( samples), respectively. C, Concentrations of APV, ZDV, and 3TC in matchedn p 9 n p 5
paired semen and blood samples collected early (0–2 h after dosing; �) and late (12 h after dosing; �) in the dosing interval are shown. The
solid line represents the line of agreement between SP and BP concentrations.

response to this PI in the systemic and genital tract compart-
ments without the confounding effects of other antiretroviral
agents.

Each of these drugs appears to have different seminal phar-
macokinetic profiles relative to blood. Evidence presented here
suggests that the entry of APV into SP is likely driven by con-
centration-dependent passive diffusion. This evidence includes
a relatively constant ratio of APV SP to BP concentrations

throughout the dosing interval (figure 1B) and the fact that
APV SP concentrations over time follow the shape of the sim-
ulated APV concentration-time curve in BP (figure 2) [29].
These data would not support the hypothesis that PI influx and
efflux from the male genital tract may be governed by active
transport pumps, such as P-gp [18]. The hypothesis that the
degree of penetration of PIs into the male genital tract is more
dependent on the degree of PI BP protein binding, with less-

 at Pennsylvania State U
niversity on Septem

ber 16, 2016
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

http://jid.oxfordjournals.org/


202 Pereira et al. JID 2002;186 (15 July)

Figure 2. Simulated blood plasma (BP) concentration-time profiles and measured seminal plasma (SP) concentrations for amprenavir (APV),
lamivudine (3TC), and zidovudine (ZDV). Simulated BP concentration-time profiles were generated on the basis of population BP pharmacokinetic
data taken from the literature [27–29]. Measured SP concentrations for APV, 3TC, and ZDV collected 0–12 h after dosing are also plotted (�)
on the graph.

bound drugs (APV and indinavir) having higher concentra-
tions, is supported by these results and by the work of others
[6, 14, 16]. Median SP APV concentrations approached or ex-
ceeded estimated protein-binding corrected concentrations re-
quired to inhibit wild-type virus. Of note, the 3 nonresponders
in SP had a median concentration well below the estimated
inhibitory concentration [31]. The extent of protein binding of
any PI in SP is not known.

In contrast to APV, ZDV SP concentrations are similar to
or higher than concentration in BP (figure 2), with concentra-
tions diverging over time, suggesting extended ZDV elimination
from SP. These results are consistent with a recent small study
of 4 HIV-1–infected men receiving ZDV, in which SP concen-
trations increased rapidly and were followed by a long elimi-
nation phase [8]. ZDV may enter the genital compartment by
passive diffusion, but either active transporters [32, 33] or the
chemical properties of ZDV (reviewed in [5]) may enhance ac-
cumulation or slow elimination.

The pharmacokinetics of 3TC in the male genital tract dem-
onstrate that this agent reaches high levels in SP, and the shape
of 3TC SP pharmacokinetic curve appears flat, with no iden-
tifiable peak or trough (figures 1A and 2), although sampling
was sparse over the middle range of the dosing interval. Con-
centrations of 3TC in SP are consistently greater than corre-
sponding blood concentrations, strongly suggesting that there
is active transport, potentially by nucleoside transporters,
against a concentration gradient and/or sequestration of this
compound in the male genital tract.

Our pharmacokinetic data show that higher APV concen-
trations were associated with virologic response in the mono-
therapy arm in both compartments, though statistically signifi-
cant only in blood. APV clearly penetrates the male genital
tract and, when adequate concentrations are reached, virologic
responses are observed. Discordant compartment responses
were seen, but in each example there was an HIV-1 RNA re-
sponse in SP but not in BP. In general, SP virus loads are lower
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than BP virus loads [34–37]. The numbers of infected cells pro-
ducing virus are likely to be lower, resulting in a greater like-
lihood of suppression. However, there are examples of men with
very high levels of HIV-1 RNA in semen [38], which may be
more difficult to suppress with antiretroviral therapy. If in some
circumstances antiretroviral penetration into this potential
sanctuary site is not adequate, then HIV-1 replication in the
genital tract might contribute to preservation of HIV reservoirs
or might be a source of resistant virus. Given that APV con-
centrations in semen appear to reflect those in blood, enhance-
ment of APV BP concentration with ritonavir might lead to
more complete suppression of virus replication in the genital
tract. Seminal mononuclear cells with replication-competent
HIV-1 have been demonstrated, despite suppression of HIV
RNA levels in blood and semen by antiretroviral therapy [39].
Whether higher drug concentration in SP could lead to decay
in the size of this pool of infected cells should be further studied.

There are limitations to the observations presented here. Semen
formation is dynamic, and seminal fluid is composed of distinct
secretions from organs such as the seminal vesicles and prostate
gland. Drug concentrations may vary among these different se-
cretions, as shown for indinavir and nevirapine [12]. Further-
more, ejaculation may temporarily deplete the seminal fluid of
drug, affecting drug concentrations or virus load in subsequent
ejaculations. Our data may not reflect SP pharmacokinetics of
men with a higher frequency of ejaculation. In addition, tradi-
tional frequent pharmacokinetic sampling of this compartment
in humans is not possible. In this study, timed SP concentrations
were plotted beside population-based BP concentration-time
curves to obtain a reasonable estimate of the relationship of blood
and semen drug concentrations over time because the number
of paired samples was somewhat limited. Protein binding of any
drug in SP is likely to be difficult to measure; therefore, the free
fraction of APV in semen and the relationship between free con-
centrations in blood and semen remains unknown, although the
antiviral effect seen in SP with APV monotherapy suggests an
adequate free fraction of APV.

In summary, this study describes 3 different patterns of an-
tiretroviral distribution over time into the male genital tract,
including the marked accumulation and limited fluctuation of
3TC concentrations in this compartment. This study clearly
documents penetration of the PI APV into the male genital
tract over a broad range of concentrations—typically lower but
correlated with systemic concentrations. Antiretroviral re-
sponses in semen were observed in the majority of men who
received APV monotherapy and in all men who received com-
bination therapy. Overall, significant progress has been made
toward understanding penetration of antiretrovirals into the
male genital tract. However, additional well-designed studies
are needed to explore the associations between total and free
drug concentrations in SP and antiretroviral responses, per-

sistent HIV-1 replication, and emergence of resistant virus in
this compartment.

Acknowledgments

We would like to recognize the technical support and guidance of
Jody Schock, John Dunn, Joe Woolley, and Roger Tung. We also ac-
knowledge the work of the study coordinators at each site and the
patients who participated.

References

1. Cohen MS, Hoffman IF, Royce RA, et al. Reduction of concentration of
HIV-1 in semen after treatment of urethritis: implications for prevention
of sexual transmission of HIV-1. AIDSCAP Malawi Research Group.
Lancet 1997;349:1868–73.

2. Vernazza PL, Eron JJ, Fiscus SA, Cohen MS. Sexual transmission of HIV:
infectiousness and prevention. AIDS 1999;13:155–66.

3. Royce RA, Sena A, Cates W Jr, Cohen MS. Sexual transmission of HIV. N
Engl J Med 1997;336:1072–8.

4. Chakraborty H, Sen PK, Helms RW, et al. Viral burden in genital secretions
determines male-to-female sexual transmission of HIV-1: a probabilistic
empiric model. AIDS 2001;15:621–7.

5. Kashuba A, Dyer J, Kramer L, Raasch R, Eron J, Cohen M. Antiretroviral
drug concentrations in semen: implications for sexual transmission of
human immunodeficiency virus type 1. Antimicrob Agents Chemother
1999;43:1817–26.

6. Taylor S, Pereira AS. Antiretroviral drug concentrations in semen of HIV-1
infected men. Sex Transm Infect 2001;77:4–11.

7. Pereira AS, Kashuba ADM, Fiscus SA, et al. Nucleoside analogues achieve
high concentrations in seminal plasma: relationship between drug con-
centration and virus burden. J Infect Dis 1999;180:2039–43.

8. Anderson PL, Noormohamed SE, Henry K, Brundage RC, Balfour HH Jr,
Fletcher CV. Semen and serum pharmacokinetics of zidovudine and zi-
dovudine-glucuronide in men with HIV-1 infection. Pharmacotherapy
2000;20:917–22.

9. Henry K, Chinnock BJ, Quinn RP, Fletcher CV, de Miranda P, Balfour H
Jr. Concurrent zidovudine levels in semen and serum determined by ra-
dioimmunoassay in patients with AIDS or AIDS-related complex. JAMA
1988;259:3023–6.

10. Taylor S, van Heeswijk RP, Hoetelmans RM, et al. Concentrations of nev-
irapine, lamivudine and stavudine in semen of HIV-1–infected men. AIDS
2000;14:1979–84.

11. Reddy S, Kim J, Eron J, et al. Efavirenz (EFV)–containing antiretroviral (ARV)
therapy effectively reduces HIV RNA in the seminal plasma of HIV-1–in-
fected men [abstract 750]. In: Program and abstracts of the 8th Conference
on Retroviruses and Opportunistic Infections (Chicago). Alexandria, VA:
Foundation for Retrovirology and Human Health, 2001:328.

12. van Praag R, Repping S, Vries JWAd, Lange JMA, Hoetelmans RMW, Prins
JM. Pharmacokinetic profiles of nevirapine and indinavir in various frac-
tions of seminal plasma. Antimicrob Agents Chemother 2001;45:2902–7.

13. Taylor S, Reynolds H, Sabin CA, et al. Penetration of efavirenz into the
male genital tract: drug concentrations and antiviral activity in semen and
blood of HIV-1–infected men. AIDS 2001;15:2051–3.

14. Taylor S, Back DJ, Workman J, et al. Poor penetration of the male genital
tract by HIV-1 protease inhibitors. AIDS 1999;13:859–60.

15. Taylor S, Back DJ, Drake SM, et al. Antiretroviral drug concentrations in
semen of HIV-infected men: differential penetration of indinavir, ritonavir
and saquinavir. J Antimicrob Chemother 2001;48:351–4.

16. van Praag R, Weverling GJ, Portegies P, et al. Enhanced penetration of

 at Pennsylvania State U
niversity on Septem

ber 16, 2016
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

http://jid.oxfordjournals.org/


204 Pereira et al. JID 2002;186 (15 July)

indinavir in cerebrospinal fluid and semen after the addition of low-dose
ritonavir. AIDS 2000;14:1187–94.

17. Stewart PA, Beliveau R, Rogers KA. Cellular localization of P-glycoprotein
in brain versus gonadal capillaries. J Histochem Cytochem 1996;44:
679–85.

18. Choo EF, Leake B, Wandel C, et al. Pharmacological inhibition of P-gly-
coprotein transport enhances the distribution of HIV-1 protease inhibitors
into brain and testes. Drug Metab Dispos 2000;28:655–60.

19. Livington DJ, Pazhanisamy S, Porter DJ, Partaledis JA, Tung RD, Painter
GR. Weak binding of VX-478 to human plasma proteins and implications
for anti–human immunodeficiency virus therapy. J Infect Dis 1995;172:
1238–45.

20. Lazdins JK, Mestan J, Goutte G, et al. In vitro effect of a1-acid glycoprotein
on the anti–human immunodeficiency virus (HIV) activity of the protease
inhibitor CGP 61755: a comparative study with other relevant HIV pro-
tease inhibitors. J Infect Dis 1997;175:1063–70.

21. Murphy RL, Gulick RM, DeGruttola V, et al. Treatment with amprenavir
alone or amprenavir with zidovudine and lamivudine in adults with human
immunodeficiency virus infection. AIDS Clinical Trials Group 347 Study
Team. J Infect Dis 1999;179:808–16.

22. Eron JJ Jr, Smeaton LM, Fiscus SA, et al. The effects of protease inhibitor
therapy on human immunodeficiency virus type 1 levels in semen (AIDS
clinical trials group protocol 850). J Infect Dis 2000;181:1622–8.

23. Kenney KB, Wring SA, Carr RM, Wells GN, Dunn JA. Simultaneous de-
termination of zidovudine and lamivudine in human serum using HPLC
with tandem mass spectrometry. J Pharm Biomed Anal 2000;22:967–83.

24. Pereira AS, Kenney KB, Cohen MS, et al. Simultaneous determination of
lamivudine and zidovudine concentrations in human seminal plasma using
high-performance liquid chromatography and tandem mass spectrometry.
J Chromatogr B Biomed Sci Appl 2000;742:173–83.

25. Pereira AS, Kenney KB, Cohen MS, et al. Determination of amprenavir
concentrations in human seminal plasma using high performance liquid
chromatography and tandem mass spectrometry. J Chromatogr B Biomed
Sci Appl 2002;766:307–17.

26. D’Argenio DZ, Schumitzky A. A program package for simulation and pa-
rameter estimation in pharmacokinetic systems. Comput Programs Bio-
med 1979;9:115–34.

27. Moore KH, Yuen GJ, Hussey EK, Pakes GE, Eron JJ Jr, Bartlett JA. Pop-
ulation pharmacokinetics of lamivudine in adult human immunodefi-
ciency virus–infected patients enrolled in two phase III clinical trials. An-
timicrob Agents Chemother 1999;43:3025–9.

28. Acosta EP, Henry K, Page LM, Erice A, Balfour HH, Fletcher CV. Phar-
macokinetics and safety of concentration-controlled oral zidovudine ther-
apy. Pharmacotherapy 1997;17:424–30.

29. Sadler BM, Gillotin C, Lou Y, Stein DS. Pharmacokinetic and pharmaco-

dynamic study of the human immunodeficiency virus protease inhibitor

amprenavir after multiple oral dosing. Antimicrob Agents Chemother

2001;45:30–37.

30. Carpenter CC, Cooper DA, Fischl MA, et al. Antiretroviral therapy in adults:

updated recommendations of the international AIDS society—USA

panel. JAMA 2000;283:381–90.

31. Condra JH, Petropoulos CJ, Ziermann R, Schleif WA, Shivaprakash M,

Emini EA. Drug resistance and predicted virologic responses to human

immunodeficiency virus type 1 protease inhibitor therapy. J Infect Dis

2000;182:758–65.

32. Chatton JY, Odone M, Besseghir K, Roch-Ramel F. Renal secretion of 3’-

azido-3’-deoxythymidine by the rat. J Pharmacol Exp Ther 1990;255:

140–5.

33. Bendayan R, Georgis W, Rafi-Tari S. Interaction of 3’-azido-3’-deoxythym-

idine with the organic base transporter in a cultured renal epithelium.

Pharmacotherapy 1995;15:338–44.

34. Vernazza PL, Gilliam BL, Dyer J, et al. Quantification of HIV in semen:

correlation with antiviral treatment and immune status. AIDS 1997;11:

987–93.

35. Gupta P, Mellors J, Kingsley L, et al. High viral load in semen of human

immunodeficiency virus type 1–infected men at all stages of disease and

its reduction by therapy with protease and nonnucleoside reverse tran-

scriptase inhibitors. J Virol 1997;71:6271–5.

36. Dyer JR, Kazembe P, Vernazza PL, et al. High levels of human immuno-

deficiency virus type 1 in blood and semen of seropositive men in sub-

Saharan Africa. J Infect Dis 1998;177:1742–6.

37. Coombs RW, Speck CE, Hughes JP, et al. Association between culturable

human immunodeficiency virus type 1 (HIV-1) in semen and HIV-1 RNA

levels in semen and blood: evidence for compartmentalization of HIV-1

between semen and blood. J Infect Dis 1998;177:320–30.

38. Eron JJ, Vernazza PL, Johnston DM, et al. Resistance of HIV-1 to antiret-

roviral agents in blood and seminal plasma: implications for transmission.

AIDS 1998;12:F181–9.

39. Zhang H, Dornadula G, Beumont M, et al. Human immunodeficiency virus

type 1 in the semen of men receiving highly active antiretroviral therapy.

N Engl J Med 1998;339:1803–9.

 at Pennsylvania State U
niversity on Septem

ber 16, 2016
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

http://jid.oxfordjournals.org/

