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Abstract. The interrelationship between the effects of prolactin and cyclosporine 
(CsA) appears to be very complex and until now poorly understood. The aim of the 
present work was to analyze whether chronic treatment with CsA could modify the 
episodic secretion of prolactin in male rats and whether the presence of an ectopic 
pituitary could counteract the effects of the drug on the pulsatile secretion pattern of 
this hormone. At 30 days of age, male rats were implanted with one anterior pituitary 
under the kidney capsule or where sham-operated. Both pituitary-grafted and sham- 
operated rats were injected sc for 30 days with the vehicle or CsA (5 mg/kg/day), 
beginning on the day of surgery. Pituitary grafting and/or CsA administration changed 
the pulsatile secretion pattern of prolactin. In pituitary-grafted male rats, mean serum 
prolactin levels, absolute pulse amplitude, and half-life of the hormone increased, 
while the pulse frequency decreased, compared with the values found in sham- 
operated rats. CsA administration to sham-operated rats increased the relative am- 
plitude of prolactin peaks and diminished the half-life of the hormone, compared with 
rats of the same group treated with vehicle. However, CsA treatment in pituitary 
grafted rats led to lower mean serum prolactin levels and absolute amplitude, while 
the frequency, duration, and relative amplitude of prolactin pulses were not modified. 
Plasma prolactin levels did not change in control animals, whereas a reduction in 
circulating values of the hormone was found in pituitary grafted animals. These data 
suggest that CsA modifies the pulsatile secretory pattern of prolactin in pituitary- 
grafted male rats. The different effects observed in the control and pituitary-grafted 
animals might be due to a direct effect of the drug on the ectopic lactotrophs that are 
submitted to local regulatory influences different from those of the in situ pituitary 
which are submitted to the regulatory influence of the hypothalamus. 
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yclosporine (CsA) is a potent immunosuppres- 
sive drug, widely used to improve the survival C of transplanted organs. This drug has been 

studied mainly in adults, while only scant evidence of 
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its effects during childhood or the prepubertal ages is 
available (1). Treatment with cyclosporine can lead to 
unwanted effects, which include alterations in the 
function of the hypothalamic-hypophyseal-gonadal 
axis (2, 3), although different neuroendocrine effects 
have been reported depending on the age of the patient 
and/or experimental animals ( 1 ) .  The best known 
mechanism for CsA effects involves the antagonism at 
the prolactin receptor level (4, 5 )  and/or the modifica- 
tion of the activity of second messengers in the lym- 
phocyte. The latter mechanism was confirmed by re- 
ports in which this antagonism was not observed in 
either mammary tissue (6) or the Nb-2 cell line (7). 
However, antagonism between prolactin and cyclo- 
sporine modulating hypothalamic activity has been 
demonstrated (8), suggesting that CsA might exert 

206 CYCLOSPORINE AND PROLACTIN PULSATILITY 



prolactin-mediated effects on the neuroendocrine 
system. 

Prolactin as well as other hypophyseal hormones 
are secreted following an episodic pattern (9, 10) 
which is influenced by the stage of the estrous cycle 
(1 1) in female rats. The pattern of prolactin and LH 
pulses was changed by CsA administration in female 
rats, suggesting the existence of an interrelationship 
between prolactin and CsA in modulating gonadal 
function (12). Prolactin pulsatility was also changed by 
high circulating levels of the hormone (10, 13). There 
are only few studies on the effect of CsA on prolactin 
secretion in male rats, and all of them were performed 
using single measurements of the hormone (3, 14). 

Previous studies by our group have demonstrated 
that administration of CsA to peripubertal female rats, 
for 8 days, prevented the augmentation in plasma pro- 
lactin levels that occurred following an ectopic graft of 
a litter-mate pituitary gland and increased prolactin in 
non-grafted rats (8). However, in transplant patients 
treatment with CsA is given for years. This treatment 
is followed by changes in circulating prolactin, which 
may explain the impaired gonadal function observed in 
those patients (15). Therefore, it was considered im- 
portant to elucidate whether chronic treatment with 
the immunosuppressor may affect prolactin secretion 
and thus exert prolactin-mediated effects on the neu- 
roendocrine and/or immune system in male rats as was 
previously demonstrated in female rats (8). 

The present study was designed to evaluate pos- 
sible neuroendocrine effects of chronic treatment with 
CsA, beginning during prepuberty in male rats. Spe- 
cifically, we have attempted to answer the following 
questions: (i) whether chronic treatment with CsA can 
modify the pulsatile prolactin secretion in male rats 
and (ii) whether the presence of an ectopic pituitary 
could counteract the effects of the drug on the pulsatile 
secretion of prolactin. 

Materials and Methods 
Animals. Male rats of the Sprague-Dawley strain 

were used. They were maintained in a room with con- 
trolled photoperiod (14 hr light110 hr darkness; lights 
on from 07:OO to 21:00), and temperature (22 * 2"C), 
with rat chow and water available ad libitum. 

Induction of Hyperprolactinemia and Cyclo- 
sporine Administration. Hyperprolactinemia was in- 
duced in 30-day-old male rats by implanting one pitu- 
itary gland of a brood sister rat under the kidney cap- 
sule of a recipient rat, following the technique of Mena 
et al. (16) as modified by Tresguerres and Esquifino 
(17). Host rats were anaesthetized with 2.5% tribro- 
moethanol(1 ml/l00 g body wt). Rats of the same age 
were sham-operated to serve as controls. These ani- 
mals weighed 250-280 g at the time of the bleeding 
period. 

Cyclosporine was generously delivered by Sandoz 
(Basel, Switzerland, and Barcelona, Spain). Fifty mil- 
ligrams of CsA were dissolved in 0.5 ml of absolute 
ethanol and were further diluted with olive oil to a final 
dilution of 1 g/l. Both pituitary-grafted and sham- 
operated rats were subcutaneously injected with CsA 
(5  mglkg body wt/day) or vehicle for 30 days, begin- 
ning on the day of surgery, as in previous studies from 
our laboratory (8). 

Cannula Implantation. Twenty-eight days after 
surgery and 40 hr before the day of the experiment, 
animals were anaesthetized with tribromoethanol and 
atrial cannulas were implanted through the external 
jugular vein according to procedures used in previous 
studies (10-1 1, 13). 

Experimental Design and Blood Sampling. 
Eight animals per group were used in this study. On 
the day of experiment, conscious and freely moving 
rats from each group (sham-operated treated with CsA 
or vehicle and pituitary-grafted rats with the same 
treatments) were continuously infused with 0.9% sa- 
line (0.5 ml/hr) for 4 hr, beginning at 9:30 hr. One hour 
after the beginning of the intravenous infusion of saline 
and 15 min after the administration of 350 IU of hep- 
arin, the rats were bled continuously through a peri- 
staltic pump at a flow rate of 50 pl, every 7 min. Blood 
samples were collected in Hamilton microliter sy- 
ringes every 7 min for 3 hr from 10:30 to 13:30 hr. The 
samples were collected into assay tubes kept on ice 
and containing phosphate buffer (0.01 A4) with 0.1% 
gelatin. Hematocrits remained stable with this bleed- 
ing protocol (43?6-38%). Samples were centrifuged at 
1500g for 15 min at 4"C, and the serum was kept frozen 
at -20°C until analyzed. 

Prolacti n rad ioi mmu noassay. Prolactin concen- 
trations in all series of samples from each rat were 
determined by a specific double-antibody radioimmu- 
noassay. The reagents were kindly supplied by the Na- 
tional Hormone and Pituitary Program (NHPP, Rock- 
ville, MD). Prolactin values are expressed in terms of 
rat NIADD PRL RP-3 reference preparation. The sen- 
sitivity of the assay was 5 pg/tube. To analyze the 
variability of the assay, a series of plasma of not less 
than 10 replicates at four different concentrations of 
prolactin standard curve were run. At the level of 1.5 
ng/ml the coefficient of variation (CV, n = 10) was 
9.2%, at 6.25 ng/ml it was 6.3%, at 12.5 ng/ml 5.9%, 
and at 25 ng/ml 4.8%. Samples were analyzed within 
the same assay to avoid interassay variations. 

Data Analysis. To identify and characterize 
pulses appearing in the hormonal profile of each rat, a 
computer program (Ultra-analy sis) described by Van 
Cauter (18) and reviewed by Richard et al. (19) was 
used. In this program, a pulse was defined as a signif- 
icant increase exceeding a multiple of the dose- 
adjusted coefficient of variance (CV), followed by a 
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significant decrease. The intraassay CVs were calcu- 
lated from values of five different concentrations of 
prolactin in its standard curve. Thus, the CV and the 
mean hormone level were determined for all hormone 
values that comprised the ascending and descending 
phases of each potential pulse. The pulse was defined 
when this CV was three times higher than that of the 
intraassay CV determined at a comparable mean pro- 
lactin level. To test the specificity of pulse detection, a 
series of 26 samples from a pool of serum was analysed 
using a threshold of three CVs for prolactin peaks. 
Extensive simulation studies using computer- 
generated series have indicated that for series that 
have large and frequent pulses, threshold of three CV 
minimizes both false positive and negative errors (20). 

Pulsatile prolactin secretion pattern was charac- 
terized by the mean hormone levels, absolute and rel- 
ative amplitudes of the peaks, their frequency, pulse 
duration, and the half-life of the hormone. The abso- 
lute pulse amplitude was defined as the difference be- 
tween the hormone level at the maximum of the peak 
and the hormone level at the preceding nadir. The rel- 
ative pulse amplitude was calculated as the quotient 
between absolute pulse amplitude and preceding nadir 
value. Pulse frequency was the number of pulses ob- 
served during the bleeding period. Pulse duration was 
the time between the beginning of the ascending phase 
of the peak and the end of the descending phase of the 
peak. The mean hormone level was calculated by the 
mean of all samples collected from each rat during the 
3-h period, and the average for the experimental group 
from the individual means. The half-life of the hor- 
mone was calculated by the tangent of the descending 
portion of the peak. The program calculates the arith- 
metic mean of the tangent values of the descending 
portion of all peaks during the bleeding period and this 
value is given as half-life. 

Comparison of values for the pulsatile parameters 
was done by analysis of variance followed by Dun- 
can’s multiple range test or Student’s t test depending 
on the number of groups. The results were considered 
significant at P < 0.05. All values represent the mean 
? SEM. 

Results 
Prolactin secretion in animals from all experimen- 

tal groups was pulsatile, and a representative profile 
from one rat of each experimental group can be seen in 
Figure 1. 

As expected, pituitary grafting significantly in- 
creased the mean levels of prolactin ( P  < 0.001), com- 
pared with sham-operated rats (Table I). CsA admin- 
istration significantly decreased mean values of pro- 
lactin in pituitary-grafted rats ( P  < 0.01) but not in 
sham-operated animals (Table I). 

The absolute amplitude of the prolactin peaks was 

significantly increased in pituitary-grafted compared 
with sham-operated rats treated with vehicle ( P  < 
0.001, Table I). CsA administration decreased the ab- 
solute pulse amplitude of the hormone in pituitary- 
grafted (P  < 0.05) but not in sham-operated animals 
(Table I). 

In pituitary-grafted rats mean half-life of prolactin 
was longer than in sham-operated animals ( P  < 0.05, 
Table I). Administration of CsA decreased this param- 
eter in sham-operated but not in pituitary-grafted rats 
( P  < 0.001, Table I). 

Pulse duration was not altered by the presence of 
ectopic pituitaries (Table I). Also, administration of 
CsA did not change the duration of prolactin pulses 
either in sham-operated or in pituitary-grafted animals 
(Table I). 

The number of prolactin peaks was significantly 
decreased in pituitary-grafted male rats ( P  < 0.05, Ta- 
ble I) compared with sham-operated controls. Admin- 
istration of CsA did not change the frequency of the 
prolactin pulses in either sham-operated or pituitary- 
grafted animals (Table I). 

The relative amplitude of the prolactin pulses was 
not altered by the presence of an ectopic pituitary (Ta- 
ble I), but the treatment with CsA increased this pa- 
rameter in sham-operated rats ( P  < 0.05, Table I). 

Plasma prolactin levels increased in pituitary 
grafted animals ( P  < 0.001, Table I) as compared to 
the values found in the control group. CsA adminis- 
tration did not modify plasma prolactin levels in con- 
trol animals but decreased them in pituitary grafted 
rats ( P  < 0.01, Table I). 

Discussion 
These results provide a detailed characterization 

of pulsatile secretory patterns of prolactin in normal 
and pituitary-grafted adult male rats treated with CsA 
and/or vehicle. Analysis of the prolactin pulsatile pat- 
tern in vehicle-treated male rats indicated that the oc- 
currence of prolactin peaks was markedly irregular, 
thus resembling our previous findings in females ( 1  1, 
12). This irregular pattern may be due to the existence 
of two pulse generators. One of them may originate in 
the hypothalamus, and depends on the dopaminergic 
activity (21), and the other is located within the pitu- 
itary and depends on the inherent pulsatile property of 
the lactotrophs (22) .  The lower number of prolactin 
peaks observed in male compared with female rats in 
diestrus may reflect the role of estrogen in generating 
prolactin pulses in females (1 1). The results obtained 
in this study are similar to those described by Lopez et 
al. (9), and the differences observed may be due to the 
use of different computer programs to calculate the 
parameters that define the pulsatile profile of prolactin 
and to the differences observed for plasma prolactin 
levels (over 1 ng/ml vs over 2 ng/ml in Ref. 9). 
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Figure 1. Individual pulsatile prolactin patterns in control rats (a); rats with pituitary grafts (b); CsA-treated rats (c); and CsA-treated 
pituitary-grafted rats (d). *A pulse. 

Pituitary-grafted rats also showed an irregular pro- 
lactin pattern and exhibited a decrease in the number 
of hormone peaks during the period studied. However, 
these peaks were of higher magnitude and longer du- 
ration than in control animals. The latter change ex- 

plained the increase in the mean plasma prolactin lev- 
els in pituitary-grafted compared with control rats ob- 
served in this study, which agrees with other reports 
using single sampling to measure the circulating values 
of prolactin (16, 23). These changes may be explained 

Table 1. Study of sham-operated and pituitary-grafted adult male rats treated with CsA or vehicle 

Plasma prolactin 
Half-life levels at sacrifice Re'ative Frequency Duration Mean serum Absolute 

am pl it u de 
(ng/m I ) 

(min) Group p rolact i n levels am p I it ude (pulsed3 hr) (min) 
( ng/m 1) (ng/m 1)  (Yo) 

~~ 

S ham-operated 

Pitu itary-g rafted 

Vehicle 0.96 It 0.12 0.83 * 0.13 3.72 * 0.62 5.43 * 0.37 24.85 k 1.40 9.38 k 0.55 3.02 k 0.58 
CsA 0.98 * 0.13 0.86 k 0.18 6.62 -+ 1.07a 4.86 k 0.77 24.15 * 1.72 5.53 * 0.32b 3.50 2 0.61 

Vehicle 12.5 * 1.03b 18.19 * 2.7gb 3.16 * 0.59 3.83 * 0.70a 28.33 k 3.74 13.22 2 1.4V 21.50k 2.50b 
CsA 6.98 -+ 0.9gc 12.22 * 1.38d 3.63 * 0.96 3.43 * 0.72 38.00k 5.70 15.90 k 3.67 13.50 * 1.5" 

Note: CsA (5 mg/kg weight per day) or vehicle, during 30 days, beginning on day 30 of life. Mean serum prolactin levels as an 
arithmetic mean of all samples obtained during the bleeding period. The relative pulse amplitude was calculated as the quotient 
between absolute amplitude and preceeding nadir value. Values are expressed as mean k SEM. Eight animals per group were used 
in this study. 
a p < 0.05 vs. sham-operated rats treated with the vehicle. 
b p  < 0.001 vs. sham-operated rats treated with the vehicle. 
" p  < 0.01 vs. pituitary-grafted rats treated with the vehicle. 
d p  < 0.05 vs. pituitary-grafted rats treated with the vehicle. 
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by the inhibition of the hypothalamic pituitary axis in 
grafted rats due to the well-known effect of hyperpro- 
lactinemia of increasing dopaminergic activity (24). 

Under these circumstances, most of the prolactin 
present in the circulation may mainly come from the 
ectopic gland, as was suggested earlier (8, 12, 25). 
Therefore, the pulsatile pattern of the hormone in pi- 
tuitary-grafted animals may be due to the persistence 
of the inherent pulsatile activity of the lactotrophs in 
the ectopic gland (22). The increase in the number of 
lactotrophs in the ectopic gland may also account for 
the higher mean values of the hormone during the pe- 
riod under study, as the number of these cells imme- 
diately increased after pituitary grafting (26; Es- 
quifino, unpublished observations). 

CsA had no effects on the mean concentration of 
prolactin in sham-operated rats, a finding similar to 
our previous observations (3). This may be explained 
by the significant reduction in the mean half-life of the 
hormone observed in this study. Under these circum- 
stances, prolactin disappears faster from the circula- 
tion in sham-operated rats treated with CsA than in 
animals of the same group but treated with the vehicle. 
These data suggest that CsA in male rats modifies the 
rate of metabolism of peripheral prolactin. 

However, in pituitary-grafted animals CsA treat- 
ment significantly decreased the absolute amplitude 
and the mean values of the hormone. These data sug- 
gest that CsA blunts the increase in plasma prolactin 
levels observed in nontreated animals after pituitary 
grafting (8). This effect could be explained by a direct 
effect of the drug on the ectopic pituitary gland as was 
shown in in vitro studies (8, 27). The latter may be 
explained by considering that CsA is decreasing the 
activity of the lymphocytes, which are infiltrating the 
ectopic gland (Esquifino et al. ,  unpublished observa- 
tions). These cells, when activated, can synthetize 
great amounts of prolactin, which may contribute to 
the increase in plasma levels of the hormone, observed 
immediately after pituitary grafting. The treatment 
with the immunosuppressor may reduce the secretion 
of prolactin by the activated lymphocytes. Also in 
vitro studies showed that CsA’s effects on the ectopic 
pituitary disappeared over time (27), thus explaining 
the moderate increase in plasma prolactin levels ob- 
served in pituitary-grafted animals treated with CsA. 
These changes may be considered evidence that the 
cells of the remaining pituitary are functional and sug- 
gestive of regulation (Esquifino, unpublished observa- 
tions). The effects are opposite to those observed in 
animals submitted to pituitary grafting during the 
adulthood (8); this suggests that the effects of CsA are 
dependent on the age of the animals under study and/ 
or on the length of the treatment with the immunosup- 
pressor (28). 

However, effects of the drug at hypothalamic level 
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cannot be excluded. Changes in the metabolism of hy- 
pothalamic catecholamines and serotonin have been 
previously demonstrated (8), and these neurotransmit- 
ters are known to be involved in the regulation of pro- 
lactin (12, 29) and other hypophyseal hormone secre- 
tion (29). The effect of CsA increasing dopamine turn- 
over at the hypothalamic level may counteract the 
effects of the drug on prolactin secretion in sham- 
operated animals. Further studies will allow us to bet- 
ter understand the interaction mechanisms between 
prolactin and cyclosporine regulating pituitary func- 
tion and the rate of the secretion of the hormone as 
well. 

In conclusion, CsA administration to male rats did 
not modify the pulsatile secretion pattern of prolactin 
in control animals but did increase its metabolism, 
perhaps by a direct effect of the drug on the kidney 
and/or the liver, although further studies need to be 
done to clarify the physiological relevance of these 
changes in prolactin metabolism. However, the differ- 
ential effects of CsA on prolactin pulsatility in grafted 
animals may reflect a direct effect of the drug on the 
ectopic pituitary gland, although a hypothalamic site 
of action potentiating the effects of the hormone on 
catecholamine metabolism cannot be excluded. These 
data may give new insight into the effects of the 
drug on the rejection reaction that occurs after organ 
transplantation. 

We are grateful to the National Institutes of Health (NHPP, 
Rockville, MD) for the gift of reagents for prolactin measurements. 
The technical assistance of Mrs. Aurora Salgado is gratefully 
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