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SHORT COMMUNICATIONS

Extraction of AZT and dideoxynucleosides by rat prostate but not testis

(Received 9 May 1988; accepted 18 July 1988)

Azidothymidine (3’-azido-3'-deoxythymidine; AZT or
zidovudine [Retrovir]) is a nucleoside analogue that inhibits
the replication of the human immunodeficiency virus
(HIV), the etiologic agent of the acquired immuno-
deficiency syndrome (AIDS) [1]. Likewise, the dideoxy-
nucleosides  2',3'-dideoxycytidine (DDC) and 2',3'-
dideoxyadenosine (DDA) are being studied as antiviral
agents in the treatment of AIDS [2-4]. HIV has been
isolated from semen of infected males and is the proposed
vehicle of sexual transmission among males, or from male
to female partners [5-7}. AZT has been found in semen of
treated AIDS patients [8] and is presumed to penetrate into
prostate and testis, the major organs from which seminal
plasma is derived. The ability of AZT, DDC, or DDA to
cross the prostate cell membrane or seminiferous tubule
may be dependent on organ specific permeability
properties. The prostate epithelial cell membrane and the
microvascular surface are potential sites of restrictive influx
of compounds into prostate. The testis has a unique selec-
tive partition, the blood-testis barrier [9], which is formed
by epithelial-like tight junctions between adjacent Sertoli
cells. The blood-testis barrier thus segregates the semi-
niferous tubule from the surrounding microvascular and
interstitial space {10].

The present studies were undertaken to examine prostate
cell and seminferous tubule extraction of AZT, DDC, and
DDA in the rat, utilizing an in vivo, single injection tissue
sampling technique.

Materials and Methods

Materials. The radiolabeled drugs were obtained from
Moravek Biochemicals Inc. (Brea, CA). The manufacturer
specific activities were: [PHJAZT, 10 Ci/mmol; ["H]DDC,
5Ci/mmol; and [PH]DDA, 30Ci/mmol. [*H]NaBH,,
11.5 Ci/mmol, and n-[1-**C]butanol, 0.88 Ci/mmol, were
obtained from the New England Nuclear Corp. (Boston,
MA). The radiochemical purity of the isotopes was 99% as
assessed by thin-layer chromatography with radio-
chromatogram scanning (Packard model 7230 radio-
chromatogram scanner, Packard Instrument Co., Downers
Grove, IL). Bovine albumin was tritiated by reductive
methylation using [*H]NaBH, to a specific activity of
0.3 uCi/ug [11].

Arterial injection technigue. A tissue sampling, single
injection technique was utilized to quantitate tissue uptake
[12]. Abdominal aortic injections, just proximal to the
origin of the spermatic artery, were made in adult male
Sprague-Dawley rats (175-275 g body wt) under ketamine/
xylazine anesthesia (ketamine 235 mg/kg, i.m.; xylazine
2.3 mg/kg,i.m.). Approximately, 200 ul volumes were rap-
idly injected as a bolus into the aorta via a 27-gauge needle.
The injection solution contained 12-16 uCi/ml of the test
isotopes {[*H]AZT, [*H]DDC, [PH]DDA, or 5-10 uCi/ml
of [*H]albumin) along with 1-2 uCi/ml of {**C]butanol, a
highly diffusible reference compound. The radioisotopes
were mixed in an injection solution of 10 mM N-2-hydroxy-
ethylpiperazine-N’-2-ethanesulfonic acid (HEPES)-buf-
fered Ringer’s solution, pH 7.4, containing 0.1% bovine
albumin.

At 15sec after injection, the animals were killed by
transection of the aorta, and the testis and prostate were
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removed quickly. Testicular or prostate tissue was solu-
bilized in 2.0 ml soluene-350 (Packard Instrument Co.) at
50° for 90 min. An aliquot of the injection solution was
similarly treated, and testis or prostate and the injection
solution were analyzed by double isotope (°H and 'C)
liquid scintillation counting. The percent prostate uptake
index (PUI), or testis uptake index (TUI), was calculated:

3H/'C dpm prostate or testis «
3H/"C dpm injectate

The PUI or TUL = E+/Ey, where Er and Ej represent the
organ extraction of the test compound and the reference
compound respectively. The Ervalues were computed from
the Er = PUI or TUI x (Ejy) product, where Ep values for
butanol are 82 + 5 and 81 + 2% for the prostate and testis
respectively [12]. For both prostate and testis the extraction
of butanol reached maximal values at 15 sec {12}, indicating
complete passage of the injection bolus through the
microvasculature.

For the prostate, the percent cellular extraction (E) of a
test compound by the prostate can be calculated if the
extractions of vascular and interstitial markers is known.
Albumin is an example of a compound that can traverse
prostatic capillaries and enter the interstitial space, but is
excluded from the prostate epithelial cell [13]. Therefore,
the percent extraction (E), due to prostate cell uptake of
the drug, was computed as follows:

PUlor TUI =

E hormone — E ralbumin
100 — Eralbumin

Data presented are mean * SEM. Statistical significance
was assessed by analysis of variance.

Results and discussion

For the prostate, the PUI values were: ["HJAZT =
90.8 + 7.7, PHIDDC = 109 + 4.3, P"H]DDA = 912 =
2.9, and {*H]albumin = 48.0 = 2.8%. The E;, values for
these compounds are shown in Fig. 1. The extractions of
AZT, DDC, and DDA were significantly higher than that
for albumin (P < 0.01). DDC was found to have the highest
prostatic extraction of the three nucleosides (P < 0.05).
The prostatic cellular extractions (E) for AZT, DDC, and
DDA were 58 + 10.4,82.6 + 5.8, and 58.4 + 3.9% respect-
ively (Fig. 2). The E value for DDC was significantly greater
than for AZT or DDA (P < 0.05).

For the testis, the TUI values were: [PHJAZT =
18.3 = 1.9, [PH|DDC = 26.4 = 3.8, ["H|DDA = 26.3 =
4.8, and [*H]albumin = 43.3 £ 1.7%. The E; values for
these compounds are shown in Fig. 1. The extractions of
AZT, DDC, and DDA were not significantly different
from each other, but were significantly lower than albumin
(P <0.05).

The present studies indicate that AZT, DDC, and DDA
are readily extracted by the rat prostate cell, but not by the
seminiferous tubule, i.e. across the blood-tubular barrier.
Prostatic capillaries are permeable to large plasma proteins,
such as albumin and transferrin [12], which necessitates
conversion of Evalues, which represent total organ extrac-
tion, to E values which represent prostate cell extraction,
i.e. unidirectional clearance across the prostate epithelial
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Fig. 1. Percent prostatic or testicular extraction (Eq) of

[PHJAZT, [*HIDDC, [*H]DDA, and [Hlalbumin. E;=

(PUI or TUT) X E, where Ej for the butanol reference is

0.82 (prostate) or 0.81 (testis). Data are means = SEM

(N = 4-7 rats); Fisher’s LSD comparison: * P <0.01 and
P <0.05

cell membrane (see Materials and Methods). AZT, DDC,
and DDA showed marked extraction (£) by the prostate
cell (Fig. 2). The microvascular permeability of the prostate
is similar to the liver capillary wall [14]. Terasaki and
Pardridge [15] have reported first pass hepatic extraction
in the rat for AZT, DDC, and DDA to be 88, 26 and 88%
respectively.

Neither AZT, DDC, nor DDA was extracted by the rat
seminferous tubule, i.e. across the blood-tubular barrier.
All nucleosides tested were found to have testicular extrac-
tions (Ey) less than albumin, and, therefore, AZT, DDC,
and DDA appear confined to the microvascular and poss-
ibly a portion of the interstitial space. The exclusion of
AZT, DDC, and DDA by the blood-tubular barrier was
similar to that by the rat blood-brain barrier [15]. The
differential extraction of AZT, DDC, and DDA by the
prostate but not seminiferous tubule may be important in
organ specific efficacy of these agents. Additionally, the
prostate cell may be susceptible to potential adverse effects
of these nucleoside analogs, whereas the selective imper-
meability of the blood-tubular barrier may be protective
for Sertoli cells and developing spermatozoa.
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Fig. 2. Percent prostatic cellular extraction (E) of {["H]AZT.
[’HIDDC, and [*'H|DDA. Data are means = SEM (N =
5-6 rats). Key: (*)P < 0.0S.
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Inhibition of dopamine S-hydroxylase by captopril

(Received 26 April 1988; accepted 13 September 1988)

The exact mechanism of action of captopril is still unclear.
The original supposition that its antihypertensive effect is
the result of the sole inhibition of angiotensin converting
enzyme has been questioned by several authors (see Refs.
1-3 for reviews). Convincing evidence has accumulated
that captopril acts also through a reduction of the sym-
pathetic tone, an effect in part unrelated to converting
enzyme inhibition [3]. For example, Antoniaccio and
coworkers showed that captopril, but not saralasin or other
converting enzyme inhibitors, such as tetprotide and enal-
april, causes prejunctional inhibition of noradrenaline
release [4] and inhibition of the pressor responses to sym-
pathetic nerve stimulation [5] in pithed spontancously
hypertensive rats. These results were confirmed in vitro by
Collis and Keddie [6] and Clough er al. [7] who, using
the model of isolated rat mesenteric arteries, showed that
captopril, at concentrations of 100-300 uM, markedly
attenuates, by an angiotensin-independent mechanism, the
vasoconstriction induced by sympathetic nerve stimulation.
It was suggested that the sulfhydryl moiety of captopril is
responsible for such effects, since enalapril, that contains
no sulfhydryl groups, was found devoid of any effect on
sympathetic function [5]. Sulfhydryl compounds have long
been known to inhibit, both in vitro and in vive, dopamine
B-hydroxylase (DBH; 3,4-dihydroxy-phenylethylamine,
ascorbate: oxygen oxidoreductase (B-hydroxylating), EC
1.14.17.1) the enzyme that converts dopamine to nor-
adrenaline [8-10]. Inhibition of DBH has been shown to
result in decreased sympathetic activity and marked hypo-
tensive effects (see Ref. 10 and references therein). We,
therefore, tested the effect of captopril on this enzyme and
investigated its mechanism of inhibition. Enalalprilic acid,
the pharmacologically active species of enalapril [1], was
also tested in order to assess the relevance of the sulfhydryl
group to the observed effects.

Materials and methods

Bovine adrenal dopamine S-hydroxylase and all com-
ponents of the reaction mixtures were obtained from Sigma.
Enzyme activity was determined with tyramine as substrate
by a modification [9] of the spectrophotometric method of
Pisano et al. [11]. The kinetic properties of the enzyme
preparation used proved to be quite similar to those of the
other currently used preparations (pH optimum 5.2; K,,
values for tyramine and ascorbate 1.4 and 0.9 mM,
respectively). Except when otherwise specified, reaction
mixtures contained, in a final volume of 0.5 ml, 100 mM
phosphate buffer pH 5.2, 3 mM ascorbate, 4 mM tyramine
and sufficient catalase (1000-1500 units) to give maximal
stimulation of enzyme activity. After thermal equilibration
of the incubation medium at 37°, the reaction was started
by the addition of 1-1.5 ug of enzyme and stopped after
10 min by the addition of 0.1 ml of 50% trichloroacetic
acid. It was verified that product formation was linear with

time also in conditions of maximum substrate depletion,
which was never allowed to exceed 5%. Initial enzyme
velocity at saturating substrate concentrations was about
3 umol per min per mg of protein. Protein concentration
was determined according to Lowry ef al. [12]. All data
presented are the mean of three to four experiments per-
formed in duplicate. The interassay error was less than 8%
coefficient of variation. Regression lines were determined
by a weighed least square method.

Results and discussion

From a dose-response curve, the captopril concentration
giving 50% inhibition of DBH activity (ICs,) was determined
to be 140 uM. Enalaprilic acid had no effect on the enzyme
activity up to 2mM. The inhibitory effect of captopril
was found fully reversible upon dilution. In addition, the
inhibition was found to be independent of time when the
time of incubation was varied from 2 to 20 min. These
results are indicative of a truly reversible interaction
between enzyme and inhibitor. The effect of captopril on
DBH kinetics is shown in Fig. 1 in the form of a reciprocal
velocity plot vs the reciprocal of the concentration of
ascorbate. This plot indicates noncompetitive inhibition
with respect to ascorbate, according to the definition of
Cleland [13]. The double-reciprocal plot of Fig. 2 shows
that captopril behaved as a noncompetitive inhibitor also
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Fig. 1. Plots of reciprocal of initial velocity vs reciprocal of
ascorbate concentration in the absence and presence of
captopril. Ascorbate concentration was varied from 0.4 to
10 mM, whereas tyramine concentration was held constant
at 4mM. The numbers above the lines indicate captopril
concentrations in micromolar units.



