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Abstract-The effects of Zidovudine (AZT) on parameters of the reproductive and hematopoietic 
systems of male rats were evaluated and compared to those of the controls. Young male Wistar rats 
were divided into three groups. The control rats (Group 1) received no dru . AZT was administered 
via drinking water to rats in Groups 2 and 3 (0.1 mg/mL Group 2, and 1 .O mg B mL Group 3) for 4 weeks. 
Daily water intake and weekly body weight were monitored. Serum luteinizing hormone (LH), follicle- 
stimulating hormone (FSH), testosterone (T), prolactin (PRL) and intratesticukr T levels were deter- 
mined by specific ra~o~munoa~ays. Serum AZT was measured by HPLC. Bone-marrow toxicity was 
monitored by colony-fo~~g units of erythroid (CFU-E) and ~an~o~te-ma~ophage (CFU-GM) 
assays. The body weight of ali rats increased Zfold in four weeks, and no signifi~nt differences were 
observed between control and treated groups. Ventral prostate (VP) weight decreased si~ific~~y 
(P C 0.05) by 32% in Group 2 and 27% in Group 3 rats, compared to the control group. Seminal vesicle 
(SV) weight decreased by 20% in Group 2 (NS) and 30% in Group 3 (P C 0.05) rats. No significant 
differences were observed in testes weight or in the intratesticular sperm count between control and 
AZT-treated groups. Serum T levels (ng/mL) decreased significantly in Group 2 rats (2.8 2 0.4 in 
control to 1.7 + 0.2, P < 0.05) but recovered (2.6 -C 0.5) in Group 3 when compared to Group 1 
(control). Serum LH and PRL levels showed a significant increase (P C 0.05) in Group 3 compared to 
control or Group 2 rats. Serum FSH and intratesticular T levels showed no significant change. A 
significant (P < 0.05) dose-dependent decrease in CFU-E and in CFU-GM was observed in AZT-treated 
rats compared to controls. These results demonstrate that the effects of AZT on the reproductive system 
in the male rat are more subtle and complex, compared to its significant effects on bone-marrow. This 
suggests that important interactions may exist between the endocrine and hematopoietic systems. 

Zidovudine (AZT) is a throne analogue that 
suppresses human immunode~ciency virus (HIV) 
replication and is currently the only FDA-approved 
drug available for the treatment of patients with 
acquired immunodeficiency syndrome (AIDS) [l]. 
Administration of AZT, however, has led to 
significant dose-related effects in patients with AIDS, 
anemia and neutropenia being the most common 
toxicities observed [2-S]. Effects of AZT on the 
reproductive system have not been reported, 
although there is a high percentage (about 80%) of 
HIV-positive young men and women on AZT 
therapy who are both sexually active and in the 
reproductive age group. The Burroughs Wellcome 
Co. (the drug’s manufacturer) has recently shown 
the development of vaginal tumors in female mice 
and rats given high doses of AZT [6]. 

The involvement of the brain in the late stages of 
AIDS is now a well-known factor of the disease. 
Alterations in the hypothalamic-pituitary-gonadal 
(HPG) axis in HIV-infected men have been reported. 
although there have been conflicting findings [7,8]. 
The central nervous system, through complex 
networks of feedback control mechanisms, regulates 
endocrine, immune, and hematopoietic systems that 
are important, during normal development as well 
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as during disease, Since AZT affects both the 
hemato~ietic and the immune systems, its inter- 
actions on the reproductive axis may help in 
understanding the integrated communication 
between these components. 

Using the rat as an animal model, we have 
evaluated the effects of AZT on the male 
reproductive axis in comparison to the effects on the 
hematopoietic system. 

METHODS 

Animals. Normal male Wistar rats (40 days 
old, 17C-19Og) obtained from Charles River 
(Wilmin~on, MA) were used in these studies. The 
animals were given water and rat chow ad I&. and 
kept on a constant sleep-wake schedule throughout 
the study period. The daily water intake of all rats 
was monitored during the initial acclimatization 
period (1 week) and the 4 weeks of the study period. 

Drug administration. AZT was synthesized in our 
laboratory according to the published procedure [9], 
Rats were randomly divided into three groups (six 
rats in each group). Group 1 (control) received no 
drug, Group 2 received 0.1 mg/mL AZT, and Group 
3 received 1 mg/mL AZT in drinking water for 4 
weeks. This duration was selected in order to cover 
the pubertal period of the animals prior to 
sacrifice. These con~ntrations of AZT represented 
administered doses equivalent to appro~mately 
15 mg/kg per day in Group 2 and 150 mgfkg per day 
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in Group 3 based on an average water intake of were counted under an inverted microscope 
30 ml/rat per day. (Olympus Corp., Tokyo). 

At the end of 4 weeks, the animal was placed for 
1 min in a large beaker containing an ether- 
impregnated cotton ball and a blood sample was 
drawn by cardiac puncture and centrifuged. Testes, 
ventral prostate (VP) and seminal vesicles (SV) were 
excised and weighed. Serum samples were kept 
frozen at -20” until assayed for hormone and AZT. 
The testes were homogenized gently in 5 vol. (1:5, 
w/v) of 0.05 M Tris-HCl containing 0.25 M sucrose 
and 5 mM dithiothreitol, pH 7.4 [lo]. An aliquot 
(8pL) was used for counting intratesticular sperm 
concentration using a Makler chamber (Zygotec 
Systems, Springfield, MA), and the remaining 
homogenate was kept frozen for intratesticular T 
measurement. Bone-marrow cells were aseptically 
aspirated after removal of the femur and processed 
for colony-forming units of erythroid (CFU-E) and 
granulocyte-macrophage (CFU-GM) assays. 

CFU-GM assay. Methylcellulose solution (3%) 
w/v) was prepared in RPMI-1640 containing L- 
glutamine (2.0 mM), fetal bovine serum (15%), 2- 
mercaptoethanol (0.1 mM), penicillin (100 units/ 
mL), streptomycin (100 pg/mL) and L-cell con- 
ditioned medium (15%). Bone-marrow cells 
(1 x 106/mL) were diluted 1: 10 in the methylcellulose 
mixture. One milliliter of cell suspension 
(1 X lo5 cells) was plated in duplicate in 35-mm petri 
dishes and incubated in 5% CO? and 95% humidified 
air at 37” for 7 days. Colonies that contained 50 or 
more cells were counted under an inverted 
microscope as above. 

Data analysis. Statistical analyses between control 
and treated groups were done by one-way analysis 
of variance (ANOVA), and results were compared 
at the P < 0.05 level of significance. 

Measurement of hormones. Rat serum luteinizing 
hormone (LH), follicle-stimulating hormone (FSH), 
testosterone (T) and prolactin (PRL) levels were 
measured by specific radioimmunoassays (RIA) at 
the Hormone Assay Core Laboratory, UCLA 
Population Research Center, Torrance, CA. The 
reference preparations for RIAs of rat LH, FSH and 
PRL were rLH-RP-2, rFSH-RP-2 and rPRL-RP-3, 
respectively, supplied by the National Hormone and 
Pituitary Program. Serum and intratesticular T levels 
were determined by RIA procedures after extractions 
with 10~01. of hexane:ethylacetate (2:3, v/v). All 
samples were analyzed in duplicates at the same 
time in each assay and the intra-assay coefficient of 
variation was less than 6%. 

RESULTS 

Measurement of AZT. AZT was extracted from 
serum samples with 3 vol. of methanol. The 
methanolic extracts were filtered and the con- 
centration of AZT was determined by HPLC 
(Beckman model 340) using a reverse phase 
econosphere C-18 column (150 x 4.6 mm, 5 ,um) and 
15% acetonitrile and 85% 25 mM ammonium 
phosphate buffer, pH2.2, as the mobile phase. 
Retention time for AZT in this system at a flow rate 
of 1.5 mL/min was 8 min. The minimum detection 
limit of AZT under these conditions was 10 ng/mL. 

Preparation of bone-marrow cells. Femurs were 
aseptically removed at the time the animals were 
killed, and marrow was flushed with buffer using a 
25 X 5/8 gauge needle. A single cell suspension was 
made with a pipette after repeated aspirations. The 
cells were resuspended in RPMI-1640 medium at a 
final concentration of 1 X 106cells/mL. 

CFU-E assay. Methylcellulose solution (1.3%, 
w/v) was prepared in RPMI-1640 containing L- 
glutamine (2.0 mM), heat-inactivated fetal bovine 
serum (20%), 2-mercaptoethanol (0.1 mM), peni- 
cillin (100 units/ml), streptomycin (100 pg/mL) and 
erythropoietin (200 units/ml) [ 111. Bone-marrow 
cells (1 x 10b/mL) were diluted 1:lO in the 
methylcellulose mixture. One millilitre of cell 
suspension (1 X 10’ cells) was plated in duplicate in 
35 mm petri dishes and incubated in 5% CO2 and 
95% humidified air at 37’ for 48 hr. The plates were 
stained with 3,3_diaminobenzidine, and colonies 
containing eight or more benzidine-positive cells 

There were no significant differences in body 
weight (mean ? SEM) between control and AZT- 
treated groups at weeks 1, 2, 3 and 4. An 
approximately 2-fold increase in body weight was 
observed in the control and AZT-treated groups 
after 4 weeks of treatment (Table 1). Ventral 
prostate weight (VPW) decreased significantly 
(P < 0.05) by 32% in rats treated with the lower 
dose of AZT (Group 2). However, this decrease in 
VPW was not dose dependent, since the decrease 
in rats treated with the high dose of AZT (Group 
3) was not significantly different from the decrease 
in animals treated with the lower dose of AZT. In 
contrast, the decrease in seminal vesicle weight 
(SVW) was dose dependent; it was found to be 20% 
in Group 2 (NS) and 30% in Group 3 which was 
significantly (P < 0.05) different from the control. 
No significant differences were observed in testicular 
weight or in intratesticular sperm count between 
control and AZT-treated groups (Table 1). Serum 
T levels (ng/mL) decreased by 40% from 2.8 f 0.4 in 
control to 1.7 ? 0.2 (P < 0.05) in rats treated with 
low dose AZT but recovered to 2.6 & 0.5 in rats 
treated with high dose AZT. Serum LH and prolactin 
(PRL) levels (ng/mL) increased in a dose-dependent 
manner that was significant (P < 0.05) in rats treated 
with the high dose of AZT (Table 1). In contrast, 
serum FSH levels (ng/mL) showed no significant 
change between the control and AZT-treated groups, 
whereas intratesticular T (rig/g testis) levels showed 
a non-significant decrease in both low and high dose 
AZT-treated rats after 4 weeks. Serum AZT levels 
in both Groups 2 and 3 were found to be in a non- 
detectable range at the time of measurement, 
indicating lack of water intake during the preceding 
few hours before the animals were killed as plasma 
Ti,r of AZT in rats was approximately 50 min 
(unpublished observations). A dose-related decrease 
in the ability of the bone-marrow progenitor cells to 
form colonies (CFU-E and CFU-GM) was observed 
in AZT-treated rats (Table 1) and showed a 50 and 
60% decrease, respectively, after 4 weeks of high 
dose AZT administration (Fig. 1). 
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Table 1. Effect of AZT treatment on parameters of reproductive and hematopoietic systems 
in the male rat 

Parameter 

Body weight* (g) 
Reproductive system: 
Testis weight (g) Left 

Right 
VPW (mg) 
SVW (mg) 
LH (ng/mL) 
FSH (ng/mL) 
T (ng/mL) 
PRL (ng/mL) 
Ti (rig/g testis) 
Sperm count (x 106/g testis) 
Hematopoietic system: 
CFU-E (colonies/plate) 
CFU-GM (colonies/plate) 
Serum AZT (ng/mL) 

Control 

398 * 11 

1.6 -+ 0.06 
1.6 2 0.03 
362 ” 50 
417 -c 66 

0.98 a 0.1 
10.2 ” 0.8 
2.8 r 0.4 
8.6 rt 0.3 
361 r 97 
6423 

386213 
207 f 12 

0.1 mg/mL AZT 1 mg/mL AZT 

389 2 5 40223 

1.5 f 0.02 1.5 2 0.04 
1.5 -e 0.02 1.5 + 0.06 
250 -+ 17t 263 f 31t 
335 rt: 26 293 + lit 
1.1 2 0.1 1.7 * 0.2t 
9.8 ” 0.7 11.0 f 0.4 
1.7 “- 0.2t 2.6 * 0.5 
9.6 f 0.4 10.6 + 0.5i 
257 ?z 82 311 f 66 

58 r 5 56 + 6 

317 + 13t 193 f 13t 
1512 11t 82 + lot 

NDS ND 

AZT was administered via drinking water for 4 weeks. The results shown are means 2 SEM 
(N = 6) for each group. Abbreviations: VPW, ventral prostate weight; SVW, seminal vesicle 
weight; LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testerone; PRL, 
prolactin; Ti, intratesticular T; O-E, colony-forming units-erythroid; and CFU-GM, 
colony-forming units-granulocyte macrophage. 

* Average body weight at the beginning of the experiment was 190 2 4 g (N = 18). 
t P < 0.05, compared to control. 
P ND = not detectable. 

0 0.1 ma/ml Ul (Gnu, 2) 

0 l.omg/mlm(omup~) 

_a- b 

Porometers 

Fig. 1. Effects of AZT on the (a) hematopoietic and (b) 
reproductive axis in the male rat. AZT was administered 
via drinking water for 4 weeks. The data show percent 
change (mean f SEM, N = 6) from control for (a) CFU- 
E and CFU-GM and (b) serum LH, FSH, testosterone 
(T), prolactin (PRL), intratesticularT (Ti), ventral prostate 
weight (VPW) and seminal vesicle weight (SVW). An 
asterisk (*) denotes P < 0.05, compared to control when 
analyzed by ANOVA. The absolute values are shown in 

Table 1. 

DISCUSSION 

The results of this study demonstrate that oral 
administration of AZT at low (15 mg/kg per day) 
and high (150 mg/kg per day) doses for 4 weeks 
caused subtle complex effects on the hypothalamic- 
pituitary-gonadal (HPG) axis compared to well- 
recognized dose-dependent toxic effects observed 
on the hematopoietic system of young male rats. 

These effects of AZT suggest that significant 
interactions may be involved among the hemato- 
poietic, immune, and reproductive systems. 

The biochemical mechanisms responsible for 
the hematopoietic toxicity of AZT may include 
perturbations of deoxyribonucleotide pool [12], and 
incorporation of AZT into DNA [13]. However, the 
exact mechanism of the hematopoietic toxicity of 
AZT has not been determined. Inhibition of globin 
gene expression has been shown recently to play a 
role in the cytotoxicity of AZT to the erythroid cells 
and this may affect host cell toxicity [14]. The 
importance of hematopoiesis in maintaining the 
immune system, which is the primary target for HIV, 
has been well established in cancer patients receiving 
cytotoxic drugs and radiation therapy. Thus, 
understanding of the drug-induced interactions 
between hematopoietic and immune systems may 
help not only in delineating the potential stimulatory 
or inhibitory effects of AIDS therapy but also in the 
development of better treatment regimens. 

AZT has been shown to target rapidly proliferative 
erythroid hematopoietic cells by incorporating into 
DNA [13]. Spermatogenesis is also a rapidly 
proliferative phenomenon. However, we did not 
observe any reduction in sperm count during the 4 
weeks of the study period, even in the high dose 
(150 mg/kg per day) group. However, the possibility 
of a significant antispermatogenic effect cannot be 
ruled out over a longer treatment period. AZT is 
activated to phosphorylated metabolites in human 
bone-marrow cells [15]. It is not clear if the drug or 
its metabolites can cross the blood-testis barrier. 
AZT, by interacting with the immune system, could 
possibly exert these effects on the male reproductive 
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HEMATOPOIETIC SYm 

Fig. 2. Scheme representing interactions between hem- 
atopoietic, immune, and reproductive systems and the 
possible role of AZT. The effects of AZT as observed in 
the present study are depicted as (+) stimulatory, or (-) 
inhibitory. Key: LH, luteinizing hormone; FSH, follicle- 
stimulating hormone; Ez, estradiol; PRL, prolactin; and 

T, tesfosterone. 

system in a complex manner. The immune system 
has been shown to be regulated by gonadal steroids, 
and the circulating levels of these steroids can be 
affected by immune-system function [16]. Such 
interactions appear to be mediated, at least in part, 
through the hypothalamic-pituitary-gonadal-thymic 
axis. However, involvement of the thymus in 
hypogonadism induced by AZT in our studies has 
not been directly tested. Further studies, including 
the effects of AZT on thymectomized rats, may help 
to clarify these complex interactions between the 
reproductive and immune systems. 

Cytokines, specifically tumor necrosis-factor 
(TNF) and interleukin-1 (IL-l), have been shown 
recently to inhibit steroidogenesis in Leydig cells 
[17], in isolated rat adrenal glomerulosa cells [18], 
and in ovarian granulosa cells [ 191. These cytokines 
are produced by macrophages, mediate many 
inflammatory and cellular responses, and have been 
shown to exert broad hormone-like effects on various 
cells [20]. An increased release of LH and other 
pituitary hormones in response to IL-l has been 
shown in vitro [21]. An increased release of LH and 
decrease in serum T in response to AZT 
administration was observed in the present in uiuo 
study in the young rats. One possible explanation of 
these in viuo AZT effects on the HPG axis may be 
via release of the cytokines from macrophages (Fig. 
2). Measurement of these cytokines may determine 
their involvement and add to the growing evidence 
that a close relationship exists between the endocrine 
and the immune system. 

Our results also suggest, for the first time, a role 
of the hematopoietic system in these possible 
immune-endocrine interactions and that AZT or 
other nucleoside analogues can be used as probes to 
further investigate such relationships. The increase 
in LH (hypergonadotropic) and PRL (hyper- 
prolactinemia) by AZT in the present study appears 
to be dose-related and becomes significant in rats 
treated with high dose AZT. A significant 
decrease was observed in serum T in Group 2 rats, 

in addition to a decrease in ventral prostate weight 
in Groups 2 and 3 and in seminal vesicle weight in 
Group 3 (hypogonadal effect). No significant effect 
on intratesticular T or testicular weight was observed 
in any group. A recovery in serum T was noted in 
Group 3 rats. The hypergonadotropic effect in 
association with subtle hypogonadism as observed 
in our study can be explained as caused by feed- 
back followed by compensatory mechanisms present 
in the HPG axis [22]. Assuming that the elevated 
serum immunoreactive LH levels reflected com- 
parable elevations of bioactive LH, as is usually true 
in hypogonadism, the hormonal pattern implies 
primary testicular failure. However, the rise in serum 
T with increased LH after a larger dose of AZT 
explains this T secretory defect as being central and 
reversible. Serum FSH levels, testicular weight, and 
intratesticular sperm counts were not affected in the 
present study. It is possible that these changes in T 
levels may not be due to any direct central effects 
(on hypothalamus or pituitary) or peripheral effects 
(on gonads) (Fig. 2). Stress may also induce some 
of these hormonal changes [23]. We did not evaluate 
the hypothalamic-pituitary-adrenal axis to confirm 
this in the present study, although no significant 
body weight reduction was observed in any of the 
groups. The toxicity of AZT on the hematopoietic 
system, however, is well known [3, 11-151 and was 
also observed in the present study at both low and 
high doses. Fetal hepatotoxicity of AZT and other 
anti-HIV agents was only recently observed in uitro 
in murine fetal liver cells [ll]. Acute renal toxicity 
because of AZT at these dose levels was not apparent 
in the present study, as the rats in all the groups had 
a significant weight gain (2-fold) during the 4-week 
period of treatment. It seems likely that the duration 
of the treatment period in the present study may not 
have been long enough to observe profound effects 
on the male reproductive tract. Thus, a chronic 
exposure to AZT in a larger population for longer 
durations may be needed to determine possible 
deleterious effects on the reproductive system. 

It can be argued that the toxic effects of AZT on 
the reproductive tract may not be of basic concern 
to AIDS patients infected with HIV, since AZT 
therapy is the only hope of survival for them at 
present. However, considering the increase in the 
number of sexually active and reproductive age 
group patients, with the improved quality of life and 
life expectancy. any toxic effects of AZT when 
extrapolated to larger populations may have 
significant clinical implications for these sexually 
active young men and women undergoing long-term 
therapy for AIDS. In summary, these preliminary 
results demonstrate that the effects of AZT on the 
male reproductive axis under the present conditions 
are subtle and complex and suggest that important 
interactions may exist between the endocrine and 
hematopoietic systems, which warrant further 
investigation. 
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