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Abstract This work was undertaken to assess if expo-
sure to cadmium related to puberty may a�ect the epi-
sodic pattern of prolactin. Male rats were submitted to
cadmium exposure, from day 30 to 60 or from day 60 to
90 of life respectively, at a dose of 50 ppm in the
drinking water. Control age-matched rats received cad-
mium-free water. Prepubertal cadmium administration
decreased mean serum prolactin levels and the absolute
amplitude of the prolactin pulses. Subchronic exposure
to cadmium of adult rats decreased mean serum pro-
lactin levels, the absolute amplitude of the prolactin
pulses and their duration, and the mean half-life of the
hormone. These results suggest that subchronic cadmi-
um exposure changes the secretory pattern of prolactin
in adult male rats in a puberty-dependent way.
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Introduction

Cadmium exposure a�ects reproductive function (Las-
key and Phelps 1991; Paksy et al. 1992; Piasek and
Laskey 1994) and developing organisms are more likely
than others to be damaged by cadmium (Clarkson et al.
1985). Interactions between cadmium and pituitary
hormones, such as prolactin and gonadotrophins, were
reported (Zylber-Haran et al. 1982; Paksy et al. 1989).
Cadmium exposure was reported to decrease (Lorenson
et al. 1983; Winstel and Callahan 1992; Lafuente et al.
1997) or increase prolactin release (Paksy et al. 1989).
Most results were obtained using single samples and

employing a wide variety of doses and ways of admin-
istration of cadmium (Zylber-Haran et al. 1982; Paksy
et al. 1989; Piasek and Laskey 1994; Lafuente et al.
1996a). We undertook the present study considering that
prolactin, similar to other pituitary hormones, is re-
leased in an episodic fashion (Shin and Chi 1979; Lopez
et al. 1989; Lafuente et al. 1992, 1993, 1994, 1996a, b).
Two questions posed were whether (1) subchronic cad-
mium exposure a�ects the episodic pattern of prolactin
and (2) cadmium e�ects are puberty-dependent.

Materials and methods

Animals and treatment

Prepubertal (30 days old) and adult (60 days old) male Sprague-
Dawley rats obtained from Animal Production of Santiago Uni-
versity, Spain were used in all experiments. Rats were maintained in
a room with a controlled photoperiod (14 h light/10 h darkness)
and temperature (22 � 2 °C), and were supplied with rats chow
(Panlab, Barcelona, Spain) and water ad libitum. Cadmium was
given at a concentration of 50 ppm of cadmium chloride (CdCl2) in
the drinking water (calculated daily dose per rat of 2 mg/kg body
weight, as water consumption is �20 ml per day and was not
modi®ed by cadmium addition). The dose was selected according to
previous work from the literature (Zylber-haran et al. 1982; Paksy
et al. 1989; Laskey and Phelps 1991; Piasek and Laskey 1994;
Lafuente et al. 1998). This dose modi®ed the pulsatile Leutinizing
hormone (LH) secretion in male rats (Lafuente et al. 1998), which
may lead to changes in prolactin release, as both secretory mech-
anisms are closely related (Lafuente et al. 1992).

Similar doses of cadmium induced prominent swelling and
thickening of the basement membane of the glomerulus (Imai et
al. 1995) and inhibited testicular microsomal Na+, K+-ATPase
activity and increased hydroxyl free radical formation (Shen and
Sangiah 1995). Also the incidence of prostatic proliferative lesions
increased (Waalkes and Rehm 1992). Male rats were submitted to
50 ppm of cadmium in the drinking water from day 30 to 60 of
life, and adults from day 60 to 90. Age-matched rats received
cadmium-free water as controls. The number of animals per
group was 6.

Cannula implantation

Forty hours before the day of the experiment, animals were an-
aesthetized with 2.5% tribromoethanol in saline (1 ml/100 g body
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weight) and atrial cannulas were implanted following procedures
previously described (Lafuente et al. 1992, 1993, 1994).

Experimental design and blood collection

On the day of experiment, conscious and freely moving rats of each
group were continuously bled and the samples were collected every
7 min as previously described (Lafuente et al. 1992, 1993, 1994).
The studies were conducted in accordance with the principles and
procedures outlined in the National Institutes of Health (NIH)
guide for the Care and Use of Laboratory Animals (National Re-
search Council 1996).

Prolactin measurements

Prolactin levels were determined by a speci®c double-antibody ra-
dioimmunoassay. The reagents were kindly supplied by the Na-
tional Hormone and Pituitary Programme (NHPP, Rockville, Md.,
USA) and Dr A. Parlow (Harbor UCLA Medical Center, Tor-
rance, Calif., USA).

Data analysis

To identify and characterize prolactin pulses appearing in the
hormonal pro®le of each rat, a computer program (Ultra-analysis)
described by Van Cauter (1990) and reviewed by Richard et al.
(1990), was used. The mean hormone levels, absolute and relative
amplitudes of prolactin peaks, their frequency and pulse duration
and mean half-life of the hormone were calculated.

Statistics

Statistical analysis of results was performed using Student's t-test.
The results were considered signi®cant at P £ 0.05.

Results

Prolactin secretion in animals from the four experi-
mental groups was episodic. A representative pro®le

from one animal of each experimental group is shown in
Fig. 1. Subchronic cadmium chloride administration,
from day 30 to 60 of life, signi®cantly decreased mean
serum prolactin levels and the absolute amplitude of the
prolactin pulses (Table 1; P £ 0.01, P £ 0.05 respec-
tively). Cadmium chloride treatment markedly increased
the relative pulse amplitude of prolactin peaks (Table 1,
P £ 0.05). However, no changes were observed in any
other parameter studied (Table 1).

Subchronic cadmium chloride administration, from
day 60 to 90 of life signi®cantly decreased mean serum
prolactin levels, the absolute amplitude of prolactin
pulses and their duration (Table 1; P £ 0.05, P £ 0.01
and P £ 0.001 respectively), and the mean half-life of the
hormone (Table 1, P £ 0.05). The pulse frequency was
not changed by subchronic cadmium administration
(Table 1).

Discussion

The observed decline in serum prolactin levels from 1030
to 1130 hours seemed to be a consequence of the exis-
tence of circadian variations of the hormone (Lafuente
et al. 1996a,b). Cadmium administration decreased the
absolute amplitude of prolactin peaks in both 60- and
90-day-old male rats. This change may explain the de-
crease in mean prolactin levels as was previously shown
using a single sample protocol (Lorenson et al. 1983;
Lafuente et al. 1996a). This e�ect is further supported by
the reduction in mean half-life of the hormone and the
duration of the prolactin peaks in older animals. These
later changes were not observed in 60-day-old male rats,
thus suggesting the existence of puberty-dependent ef-
fects of cadmium on prolactin secretion. More parame-
ters of prolactin pulsatility are changed in older animals

Fig. 1 Basal individual epi-
sodic prolactin (PRL-RP3)
patterns in a, c 60- and b, d 90-
day-old male rats treated with
cadmium-free water (a, b) or
with cadmium chloride (c, d)
at a dose of 50 ppm in the
drinking water (during 1
month) from day 30 or 60 of
life respectively. Asterisks in-
dicate the presence of a pro-
lactin pulse
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suggesting that the e�ects of cadmium are of a lesser
extent than in postpubertal rats. The results reported in
this work were obtained with an assumed cadmium dose
of 2 mg/kg per day, similar to that used in previous
studies reported in the literature (Zylber-haran et al.
1982; Das et al. 1993). It must be noted, however, that
higher doses of cadmium (10 or 15 mg/kg) may increase
serum prolactin levels in female rats (Paksy et al. 1989).

The present observations may be the result of a
multiple interactive mechanism of cadmium with regu-
latory factors involved in prolactin secretion at the hy-
pothalamic-hypophyseal axis (Das et al. 1993;
Andersson et al. 1997; Lorenson et al. 1983; Cooper et
al. 1987; Winstel and Callahan 1992). Cadmium may act
directly on the lactotrophs, via an interaction with a
disulphide group of the amino-terminal of the prolactin
molecule, which is sensitive to divalent metals (Lorenson
et al. 1983). However, previous studies have shown a
normal response of prolactin to thyrotrophin-releasing
hormone (TRH) in cadmium treated rats (Lafuente and
Esqui®no 1998), indicating that in vivo cadmium expo-
sure does not compete with calcium at the hypophyseal
level (Waalkes and Poirier 1984; Milos et al 1994), as
was suggested from in vitro studies (Winstel and Calla-
han 1992). All these data suggest that cadmium e�ects
on prolactin secretion may be exerted mainly at the
hypothalamic level.

Changes in episodic prolactin secretion after cadmi-
um administration may interfere with other functions,
such as the immune response (Esqui®no et al. 1991,
1996; Reber 1993; Arce et al. 1997) or gonadal function
(Del Pozo and Bownell 1979), which are regulated by
this hormone. In addition, cadmium may exert a pu-
berty-dependent e�ect on testosterone secretion, which
may di�erentially a�ect prolactin pulsatility, as testos-
terone is involved in the modulation of this pulsatile
pattern (Grosser and Robaire 1988). In conclusion, our
results con®rm that subchronic cadmium administration
inhibits the episodic release of prolactin. Moreover, a
puberty-dependent e�ect of cadmium on prolactin se-
cretion may be operative, as in other experimental sit-
uations (Esqui®no et al. 1987, 1997).
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