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Chapter 3 

A b s t r a c t 

Background Limited data are available on antiretroviral drug concentrations 
in seminal plasma (SP) during a dosing interval. Further, since human 
ejaculate is composed of fluids originating from the testis, the seminal vesi
cles and the prostate, all having different physiological characteristics, drug 
concentrations in total SP do not necessarily reflect concentrations in the 
separate compartments. 

Methods Five HIV-1 infected patients on NVP (200 mg bid) and/or IDV (800 
mg bid + ritonavir 100 mg bid) containing regimens used a split ejaculate 
technique to separate SP in 2 fractions, representing fluids from tes-
tis/prostate (first fraction) and fluids from the seminal vesicles (second frac
tion). Split ejaculate samples were provided at 0, 2, 5 and 8 hours after drug 
ingestion, on separate days after 3 days of sexual abstinence. 

Results NVP and IDV showed time-dependent concentrations in SP, with 
peak concentrations in both fractions 2 and 2-5 hours, respectively, after 
drug ingestion. The NVP concentrations were not significantly different be
tween the first and second fraction of the ejaculate at all timepoints meas
ured, and were in the therapeutic range, except for the pre-dose concentra
tion in 2 patients. The median (range) pre-dose IDV concentration in the first 
and second fraction of the ejaculate was 448 (353-1015) ng/mL and 527 (240-
849) ng/mL, respectively (P=0.7). 

Conclusion NVP and IDV concentrations in SP are dependent on the time af
ter drug ingestion. Furthermore, our data suggest that NVP and IDV achieve 
therapeutic concentrations in both testis/prostate and seminal vesicles 
throughout the dosing interval. 
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Introduction 

Penetration of antiretroviral drugs into all body compartments is important 
in the treatment of HIV. The central nervous system and the male genital 
tract are considered anatomical reservoirs for HIV, as the blood-brain barrier 
and the blood-testis barrier may prevent antiretroviral drugs from entering 
these organs. Sub-optimal antiretroviral drug concentrations in the male 
genital tract could allow continuing production of HIV-1 and the emergence 
of drug-resistant HIV-1 strains.1 4 

Data available on drug concentrations in semen show that the penetration of 
the protease inhibitors (PI) nelfinavir, ritonavir (RTV) and saquinavir is 
poor.5'6 The nucleoside analogues zidovudine (ZDV), stavudine (d4T) and 
lamivudine (3TC), the non-nucleoside analogue nevirapine (NVP) and the Pis 
indinavir (IDV) and amprenavir penetrate well into the male genital tract.3'7" 
10 It is largely unknown whether drug concentrations in seminal plasma vary 
during the dosing interval.79 '11 

Further, human ejaculate is composed of secretions from the testis (10% of 
ejaculate volume), the prostate (20-30% of ejaculate volume), and the seminal 
vesicles (50-70% of ejaculate volume), all of which have their own physiologi
cal characteristics.12 Therefore, the final concentration of a drug in the 
ejaculate does not necessarily reflect the concentration of the drug in the 
various compartments of the male genital tract. Drug concentrations in the 
various parts of the male genital tract can be studied using the so-called split 
ejaculate technique.13 The testicular and prostate fluids are discharged first 
during the ejaculatory process, whereas later during the ejaculatory process 
mainly fluids originating from the seminal vesicles are released. 

We evaluated the pharmacokinetic profile of NVP and IDV in seminal 
plasma during the dosing interval. By using the split ejaculate technique, we 
investigated the penetration of NVP and IDV in fluids originating from the 
testis/prostate and from the seminal vesicles. 

Methods 

Patients and study design 

Five HIV-1 infected men, who used NVP and IDV as part of their antiretrovi
ral regimen for at least four weeks, participated in this study. Semen sam
ples were obtained by masturbation. The patients were instructed to collect 
the ejaculate in such a way that the first fraction of the ejaculate was 
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collected into a first sterile container (representing the testis/prostate frac
tion of the ejaculate), and the remaining part of the ejaculate (second frac
tion) into a second container (representing the seminal vesicles fraction). In 
both fractions the concentrations of fructose and spermatozoa were meas
ured. The testis/prostate fraction is characterised by a high spermatozoa con
centration and a low amount of fructose, while the seminal vesicles fraction is 
characterised by a low spermatozoa concentration and a high amount of fruc
tose.13 The patients ejaculated prior to drug ingestion (t=0h) and at 2, 5, and 
8 hours after drug ingestion, on separate days. Patients were instructed to 
have at least 3 days of sexual abstinence before each semen sample was ob
tained. Patients had no signs or symptoms of a genital infection. 
In all patients, several random heparinised blood samples were obtained, al
lowing for comparison with plasma population pharmacokinetics. Plasma 
was isolated by centrifugation for 10 minutes at 1200g, and samples were 
stored at -70 °C until analysis. The study was approved by the local Medical 
Ethics Committee and informed consent was obtained from all patients. 

Assays 

Fructose and spermatozoa concentrations in ejaculate fractions 
All semen samples were processed within one hour after ejaculation. After 
liquefaction, concentration and motility of spermatozoa were assessed in both 
fractions using a Makler counting chamber (Sefi-Medical Instruments, Haifa. 
Israel) and computer-aided sperm analysis equipment (Hobson Tracking Sys
tems, Sheffield, UK). Subsequently the two fractions were centrifuged at 
1200g for 10 minutes to isolate seminal plasma, and 100 uL was used for 
fructose analysis. Fructose concentration was determined using an auto
mated spectrophotometer (Hoffman-La Roche, Basel, Switzerland) at a 
wavelength of 340 nm. Seminal plasma was stored at -20°C until analysis. 

Bioanalysis of NVP and IDV in blood plasma and seminal plasma 
The NVP and IDV concentrations in blood plasma and seminal plasma were 
measured using a high-performance liquid chromatographic (HPLC) proce
dure.1 4 1 5 NVP and IDV concentrations in seminal plasma were assessed after 
1:1 dilution with blank human heparinised plasma. The within- and be
tween-day precision of the NVP assay was less than 4.5% and of the IDV as
say less than 6.2%. 

HTV-1 RNA in blood plasma and seminal plasma 
In patients 027 and 028 the HIV-1 RNA concentration in EDTA plasma was 
measured using the quantiplex bDNA assay (Bayer Corporation, Diagnostics 
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Division Emeryville, CA, USA) with an LLQ of 50 copies/mL. In patients 010, 
014 and 021 the HIV-1 RNA concentration in EDTA plasma was measured 
using the NucliSens HIV-1 QT assay (Organon Teknika, Boxtel, The Neth
erlands). When HIV-1 RNA concentrations decreased to below 50 cop-
ies/mL,16 an initial input volume in the assay of 2 mL plasma was used com
bined with the ultrasensitive protocol adaptation, resulting in an LLQ of 5 
copies/mL. 

HIV-1 RNA concentrations in seminal plasma were measured using the Nu
cliSens HIV-1 QT assay. An input volume of 0.2 mL was used combined with 
the ultrasensitive protocol adaptation,16 resulting in an LLQ of 50 copies/mL. 

Pharmacokinetic analysis 

The seminal plasma concentration (C) versus time (t) data were analysed by 
noncompartmental methods.17 The highest observed concentration in seminal 
plasma was defined as peak concentration (Cmax), with the corresponding 
sampling time as tmax. The concentration in seminal plasma measured prior 
to drug ingestion was defined as trough concentration (Cmin). 

Statistical analysis 

Differences in concentrations of NVP and IDV between the first and second 
ejaculate fraction were tested with the Wilcoxon Signed Ranks test. Statisti
cal significance was defined as P< 0.05. Data were analysed using SPSS 9.0.0 
(SPSS Inc., Chicago, IL). 

Table 1 Patient and treatment characteristics at the time of semen sample 

Patient Therapy Time on this CD4 + T cells 

regimen 

(weeks) (cells/mm3) 

collection 

Blood plasma 

HIV-1 RNA 

(copies/mL) 

010 ZDV, 3TC, IDV, RTV 

014 ZDV, 3TC, ABC, NVP, IDV+, RTV 

021 d4T, 3TC, ABC, NVP, IDV, RTV 

027 d4T, 3TC, NVP, IDV, RTV 

028 d4T, 3TC, NVP, IDV, RTV 

160 

144 

64 

4 

10 

410 

360 

800 

1010 

490 

< 5* 

< 5 

< 5 

< 5 0 

<50 

ZDV, zidovudine 300 mg twice daily (bid); 3TC, lamivudine 150 mg bid; d4T, stavudine 40 

mg bid; ABC, abacavir 300 mg bid; NVP, nevirapine 200 mg bid; IDV, indinavir 800 mg bid; 

IDV+, indinavir 1000 mg bid; RTV, ritonavir 100 mg bid. 

* plasma HIV-1 RNA measured using the NucliSens HIV-1 QT assay (Organon, Teknika, 

Boxtel, The Netherlands)," plasma HIV-1 RNA measured using the quantiplex bDNA assay 

(Bayer Corporation, Diagnostics Division, Emeryville, CA, USA). 
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Resul t s 

The 5 patients had a median CD4+ T cell count of 490/mm3 (range 360-1010 
cells/mm3) and HIV-1 RNA levels in blood were below the LLQ at the time of 
semen sample collection. HIV-1 RNA levels in seminal plasma were below 
the LLQ in 4 patients, whereas the seminal plasma of one patient yielded an 
invalid test result despite repeated testing. Patient and treatment charac
teristics are described in Table 1. 

Split ejaculates 
The patients were able to provide split ejaculate samples at all required time 
points. The median (range) volume of the first and second fraction was 1.2 
(0.3-3.0) mL and 1.6 (0.5-3.1) mL, respectively. The concentrations of fructose 
and spermatozoa in the first and second ejaculate fraction are shown in Fig
ure 1. According to the concentrations of fructose and/or spermatozoa, all 
patients were able to split the ejaculate into a first fraction derived from the 
testis/prostate and a second fraction derived from the seminal vesicles. The 
split ejaculate samples of patient 010 showed no increase in fructose concen
tration, but the spermatozoa concentration decreased significantly between 
the first and second ejaculate fraction, indicating a reliable split-ejaculate 
technique. 

Nevirapine 
Twelve blood plasma samples and 32 split ejaculate fractions of 4 patients 
were available for NVP measurement. The NVP concentrations measured in 
random blood plasma samples of these patients were comparable to concen
trations normally observed in a reference population of HIV-1 infected pa
tients using NVP 200 mg bid (Figure 2a).18 

In both ejaculate fractions we observed NVP peak concentrations in samples 
collected at 2 hours after drug ingestion (Figure 2a). At all timepoints con
centrations in the first and second fraction were not significantly different (in 
all cases P>0.1). 

Indinavir 
Seventeen blood plasma samples and 39 split ejaculate fractions of 5 patients 
were available for IDV measurement (one split ejaculate fraction contained 
insufficient material for analysis). The IDV concentrations measured in ran
dom blood plasma samples of these patients were comparable to concentra
tions normally observed in a reference population of HIV-1 infected patients 
using IDV/RTV 800/100 mg bid (Figure 2b).19 
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Figure 1 Fructose and spermatozoa concentrations in split ejaculate samples at 0, 2, 5, or 8 

hours after drug ingestion. The left circle of each line represents the fructose or spermatozoa 

concentration in the first ejaculate fraction; the right circle represents the fructose or sper

matozoa concentration in the second ejaculate fraction. 
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In both ejaculate fractions we observed IDV peak concentrations in the sam
ples collected at 2 or 5 hours after drug ingestion (Figure 2b). The median 
(range) IDV trough concentration in the first and second fraction of the 
ejaculate was 448 (353-1015) ng/mL and 527 (240-849) ng/mL, respectively 
(Wilcoxon, P=0.7) (Figure 2b). At 2, 5, and 8 hours concentrations in the first 
and second fraction were also not significantly different (in all cases P>0.3). 

Discuss ion 

The results of this study demonstrate that concentrations of NVP and IDV in 
seminal plasma are dependent on the time after drug ingestion, with peak 
concentrations 2 and 2-5 hours after drug ingestion, respectively. This is in 
contrast with previously described relatively stable ZDV concentrations in 
semen.7'11 This pharmacokinetic profile of NVP and IDV indicates that, in 
contrast to cerebrospinal fluid where IDV concentrations are more stable,20 

the concentration of NVP and IDV in a semen sample cannot be used as a 
measure of exposure without taking into account the time of drug ingestion. 
We did not provide seminal plasma/blood plasma ratios as only the absolute 
concentrations of NVP and IDV in seminal plasma are clinically relevant. 

This study confirms previous data describing the good penetration of NVP 
into semen.9 A potential in vivo threshold concentration of NVP is in the 
range of 3.4 ng/mL.21-22 Given the lower protein concentration in seminal 
plasma (35-55 g/L),13 and assuming the same percentage of protein binding in 
blood plasma and seminal plasma (i.e. 60% bound), the free drug available 
for antiretroviral activity exceeded the therapeutic level at all timepoints ex
cept for the pre-dose concentration in 2 patients. 

The minimal effective trough concentration (MEC) of IDV in serum is at least 
100 ng/mL.23 The MEC in seminal plasma, assuming the same percentage of 
protein binding in both fluids (i.e. 60%24), is therefore also estimated to be at 
least 100 ng/mL. The median IDV concentration in both ejaculate fractions 
exceeded this MEC at least 4-5 fold during the whole dosing interval. We 
showed earlier that the addition of RTV to an IDV containing regimen is im
portant as it significantly increases IDV concentrations in seminal plasma, 
from IDV concentrations just above the MEC to IDV concentrations exceed
ing the MEC several fold.10 
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F i g u r e 2a Nevirapine (NVP) concentrations in blood plasma and seminal plasma during the 

dosing interval. 

All patients used NVP 200 mg bid; open triangles, NVP concentration in the first ejaculate 

fraction; black circles, NVP concentration in the second ejaculate fraction; asterix, NVP con

centration in a random blood plasma sample; solid hair line, median NVP concentrations 

measured in a reference population of HIV-1 infected patients using NVP 200 mg bid with 

interquartile ranges (IQR) represented as dotted lines;18 MEC, minimal effective concentra

tion of NVP in blood plasma (3.4 ug/mL).21-22 The lower limit of quantification of NVP in 

blood plasma and seminal plasma was 50 and 100 ng/mL, respectively.15 

Both drugs penetrated equally well in testis/prostate and seminal vesicles, as 
indicated by similar drug concentrations in the two ejaculate fractions. The 
split ejaculate technique does not distinguish between fluids derived from the 
testis (10% of total ejaculate volume) and fluids from the prostate (20-30% of 
total ejaculate volume).12 Theoretically, all NVP or IDV measured in the first 
fraction could originate from either the testis or from the prostate. If all NVP 
or IDV originated from the prostate, this would mean that the actual drug 
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F i g u r e 2b Indinavir (IDV) concentrations in blood plasma and seminal plasma during the 

dosing interval. 

All patients used IDV/RTV 800/100 mg bid, except for patient 014, who used IDV/RTV 

1000/100 mg bid; open triangles, IDV concentration in the first ejaculate fraction; black cir

cles, IDV concentration in the second ejaculate fraction; asterix, IDV concentration in a ran

dom blood plasma sample; solid hair line, median IDV concentrations measured in a refer

ence population of HIV-1 infected patients using IDV 800 mg twice daily (bid) plus ritonavir 

(RTV) 100 mg bid with IQR represented as dotted lines;19 MEC, minimal effective concentra

tion of IDV in blood plasma (100 ng/mL).23 The lower limit of quantification of IDV in blood 

plasma and seminal plasma was 25 and 50 ng/mL, respectively.14 
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concentration in the prostate, before dilution with fluids from the testis con
taining no drugs, must be higher than the drug concentrations in the seminal 
vesicles. This might be possible, if the weak bases NVP or IDV would accu
mulate in acidic prostate fluid (pH 6.5). However, the value of the dissocia
tion constant (pKa) of NVP (pKa 2.8) and IDV (pKa 6.2) provides a strong ar
gument against trapping of NVP or IDV in prostate fluid.12 Also, the fact that 
NVP and IDV concentrations are dependent on the time after drug intake 
suggests that accumulation of these drugs in the prostate is unlikely. On the 
other hand, preferential accumulation of these drugs in the fluid from the 
testis is also not very likely considering the presence of the blood-testis bar
rier and the continuous efflux of testicular fluids. Therefore, we hypothesize 
that NVP and IDV concentrations measured in the first ejaculate fraction 
represent actual drug concentrations in both testicular and prostate fluid. 

In conclusion, NVP and IDV concentrations in seminal plasma are dependent 
on the time after drug ingestion. It is therefore not justified to use drug con
centrations of NVP and IDV in a random semen sample as a measure of ex
posure without taking into account the time of drug ingestion. Furthermore, 
our data suggest that NVP and IDV achieve therapeutic concentrations in 
both the testis/prostate and the seminal vesicles. 
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