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Abstract. Prolactin (PRL) and thyroid stimulating hormone (TSH) plasma concentrations were 
measured during the latter part of the dark period in early and mid-late pregnancy in the rat. 
On Days 4-5 and 7-8 of pregnancy, plasma PRL concentrations surged between 22:OO and 
06:OO hr and TSH values increased between 22:OO and 02:OO hr. While the TSH pattern was 
maintained during the second-half of pregnancy, surges in PRL release ceased and PRL levels 
remained at < 10 ng/ml. The effects of thyrotropin releasing hormone (TRH) administration on 
PRL and TSH secretion were then measured to determine whether the second-half of pregnancy 
is associated with a decrease in sensitivity to an agent that can stimulate PRL release. Injection 
(iv) of cannulated pregnant rats with a low dosage (20 ng) of TRH stimulated a twofold increase 
in plasma TSH during both early (Days 5-9) and later (Days 14-18) pregnancy but did not 
change plasma PRL levels. Treatment with a high dosage (2 gg) of TRH induced a sixfold rise 
in plasma TSH during both phases of gestation. The higher dose of TFW also stimulated elevations 
in plasma PRL during early and mid-late pregnancy; however, both the absolute increase in the 
amount of PRL in plasma and the percentage increase over baseline levels were greater from 
Days 5-9 than from Days 14-16 of gestation. These data indicate that the neuroendocrine 
sensitivity to factors that stimulate PRL secretion changes as pregnancy progresses, and suggest 
that nocturnal secretion of PRL and TSH during pregnancy may be regulated, in part, by a 
common trophic factor. 

The patterns and effectiveness of prolactin 
secretion are altered during pregnancy in 
many mammals. In rats, cervical stimulation 
during mating induces large diurnal and noc- 
turnal surges of prolactin in blood for the first 
8 to 10 days of gestation (1). From Day 1 1 of 
pregnancy until 1-2 days prior to delivery, 
prolactin concentrations remain low and no 
surges are evident (1, 2). The disappearance 
of these prolactin (PRL) surges is associated 
with the establishment of an endocrine pla- 
centa and the secretion of rat placental lac- 
togen (3-5). Recently, we have found that 
plasma thyroid stimulating hormone (TSH) 
concentrations also increase during the latter 
part of the dark phase during both early and 
late pregnancy in rats (6). Since it is established 
that thyrotropin releasing hormone (TRH) can 
cause the release of TSH and PRL in many 
mammals, including the rat (7-9), it seemed 
possible that the nocturnal increases in TSH 
and PRL might be regulated in part by a com- 
mon trophic signal. However, an explanation 
is required for the dissociation of the release 

of those two hormones during the night after 
mid-pregnancy . 

In the present study we examined the hy- 
pothesis that a differential shift in sensitivity 
to trophic stimulation of TSH and PRL release 
might occur between the early (prior to Day 
9) and later (Days 14- 1 8) phases of pregnancy. 
We proposed that the pituitary and/or neu- 
roendocrine systems regulating PRL release 
might be more responsive to trophic stimu- 
lation during early pregnancy when PRL 
surges occurred than during later pregnancy 
when these surges were absent. Our experi- 
mental approach involved the measurement 
of plasma concentrations of endogenous noc- 
turnal TSH and PRL during pregnancy in 
cannulated rats and the determination of the 
effects of different dosages of TRH on plasma 
PRL and TSH concentrations when the pro- 
lactin surges are evident (early pregnancy) and 
absent (mid-late pregnancy). 

Materials and Methods. Animals. Sprague- 
Dawley female rats purchased from Simonsen 
Laboratories (Gilroy, Calif.) were maintained 
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under controlled environmental conditions in 
our laboratory (lights on 05:OO- 19:OO hr; tem- 
perature 20-23°C). Food and water were s u p  
plied ad libitum throughout the study. Daily 
vaginal smears were taken from all animals 
beginning 2-3 weeks after their arrival in the 
laboratory. Females (2 15-250 g) exhibiting at 
least two consecutive 4day estrous cycles were 
housed with males on the afternoon of the 
next proestrus. The day sperm were found in 
the vaginal lavage was designated Day 1 of 
pregnancy. Females were then fitted with in- 
traatrial cannulas (10) on Days 2-3 of preg- 
nancy. A total of 23 pregnant rats were used 
in the two experiments in this study. 

Bleeding schedule and TRH treatment. In 
the first experiment a series of blood samples 
were collected at 4-hr intervals on each of three 
nights during pregnancy. Initial samples (0.7 
ml/sample) were taken at 22:OO hr k 10 min 
on Days 4,7, and 14 of pregnancy. Subsequent 
samples were obtained 4 and 8 hr later at 
02:OO and 06:OO hr on Days 5, 8, and 15 of 
gestation. These sampling points were selected 
to coincide with the reported time of the noc- 
turnal surge of prolactin during early gestation 
in rats ( 1,3,4). Blood samples were centrifuged 
immediately after collection for 10 min at 
2000 RPM and the plasma was refrigerated 
at -20°C until assayed for prolactin and TSH 
content. After centrifugation, red blood cells 
were suspended in 0.5 ml 0.9% saline and 
returned through the cannula to each rat. 

In the second experiment thyrotropin re- 
leasing hormone (TRH), a hormone capable 
of stimulating release of both TSH and PRL, 
was administered to 12 pregnant rats via in- 
traatrial cannulas. Each animal received 2 pg 
TRH (Beckman, lot No. 05706), 20 ng TRH, 
or saline vehicle (200 pl) at 09:30-10:30 hr 
on Day 5, 7, or 9 and again on Day 14, 16, 
or 18 of pregnancy. Each treatment was ad- 
ministered to each animal once during both 
early and later pregnancy. The sequence of 
treatments was randomized such that an a p  
proximately equal number of animals received 
each treatment on each bleeding day. Blood 
samples (0.3-0.4 ml/sample) were collected 
on ice prior to (0 min) and 5, 10, 30, and 60 
min after treatment. Samples were processed 
as described in the first experiment except that 
the red blood cells from the five sample points 

for each animal were pooled in 1.0 ml 0.9% 
saline and returned via the cannula after all 
blood sampling had been completed for the 
day. Plasma samples were later assayed for 
prolactin and TSH content. 

Hormone assays. Plasma prolactin and 
TSH concentrations were measured by ra- 
dioimmunoassay with the materials supplied 
with the prolactin and TSH assay kits dis- 
tributed by NIAMDDK (Dr. A. Parlow). Pro- 
lactin values represent the average of duplicate 
determinations at volumes of 10 or 20 pl 
plasma, while TSH values were assayed in du- 
plicate at volumes of 20 or 50 pl plasma. Pro- 
lactin is expressed in terms of NIAMDD-rat- 
PRL-RP-1, which has a biological potency 
equivalent to 1 1  IU/mg. TSH is expressed in 
terms of NIAMDD-rat-TSH-RP- 1, which has 
a biological potency equal to 0.22 USP TSH 
units/mg. The ranges of sensitivity of the pro- 
lactin and TSH assays were 0.1-0.2 and 4-8 
ng/tube, respectively. The upper limit of read- 
ability on the standard curves were 6 ng for 
PRL and 300 ng for TSH. The intraassay and 
interassay coefficients of variation were 9 and 
16% for prolactin samples and 7 and 13% for 
TSH samples. 

Statistical analysis. Data were analyzed with 
ANOVA, multiple t test comparisons, 
Scheffe’s test, the Mann-Whitney U test, and 
the Sign test. 

Results. The patterns of prolactin and TSH 
concentrations in pregnant rats bled during 
late night and early morning phases of the 
light-controlled day (experiment 1) are shown 
in Fig. 1. On Days 4-5 and 7-8 of pregnancy, 
prolactin concentrations increased signifi- 
cantly between the 22:OO and 02:00 hr sam- 
pling points, and then declined between 02:OO 
and 06:OO hr. In contrast to the high levels 
and surges in PRL found during early. preg- 
nancy, plasma concentrations of PRL at all 
three time points on Day 14 were less than 
the detectable limits ( 10 ng/ml) of the prolactin 
assay. The patterns of plasma TSH concen- 
tration found during early pregnancy were 
similar to those of prolactin at this stage of 
pregnancy. Plasma TSH levels rose in females 
between 22:OO and 02:OO hr on Days 4-5 and 
7-8 (P < 0.05) of pregnancy. TSH levels rose 
from about 250 to 400 ng/ml between 22:OO 
and 02:OO hr during these sampling periods. 
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FIG. 1. Plasma concentrations of TSH and prolactin 
during pregnancy in rats. Blood samples were collected 
through indwelling atrial cannulas at 22100, 02:00, and 
06:00 hr on Days 4-5 and 14-1 5 of gestation. Significant 
increases in plasma TSH were found on all sampling days, 
whereas prolactin concentrations surged on Days 4-5 and 
7-8 but not on Days 14- 1 5 of pregnancy. The values are 
expressed as means f SEM. The Ns for the three sampling 
periods were 1 1 (Days 4-3, 10 (Days 7-8), and 8 (Days 
14-15). 

However, in contrast to the shift in the pattern 
and levels of PRL concentration between Days 
7 and 8 and 14 and 15 of pregnancy, neither 
the levels nor the patterns of plasma TSH 
concentrations changed between Days 7 and 

14 of pregnancy. TSH concentrations on Days 
14- 15 of gestation rose (P < 0.05) from 283 
ng/ml at 22:OO hr on Day 14 to 403 ng/ml at 
02:OO hr on Day 15 of pregnancy (see Fig. 1). 

In the second experiment, baseline (0 min) 
plasma concentrations of PRL, but not TSH, 
changed during pregnancy (Table I). While 
TSH levels ranged from about 315-380 ng/ 
ml at 09:30 hr (0 min) from days 5-18 of 
pregnancy, plasma PRL levels decreased sig- 
nificantly (P -= 0.01) from 21 ng/ml on Day 
5 to 15 ng/ml on Day 9, and then were about 
10 ng/ml from days 14- 1 8 of pregnancy. Mean 
baseline levels of plasma prolactin, therefore, 
were significantly higher (P < 0.05) during 
early pregnancy (Days 5-9) than during later 
pregnancy (Days 14- 1 8). 

Prolactin and TSH responses to TRH ad- 
ministration during pregnancy are shown in 
Figs. 2 and 3. Treatment of pregnant rats with 
the higher dosage of TRH (2 pg) stimulated 
significant increases in plasma PRL concen- 
trations during both early (P < 0.05) and later 
(P < 0.05) pregnancy at both 5 and 10 min 
after TRH injection; PRL concentrations were 
highest at the 5-min sample point. The levels 
of PRL in plasma and the amount of increase 
in PRL concentration from baseline at 5 and 
10 min after 2 pg TRH treatment, however, 
were higher during early pregnancy. Neither 
the lower dosage of TRH (20 ng) nor the ve- 
hicle alone affected plasma PRL concentra- 
tions during either early or mid-late gestation 
(Fig. 2). 

The patterns and magnitudes of the TSH 
responses to both dosages of TRH are shown 
in Fig. 3. Plasma TSH levels increased sig- 
nificantly (P -c 0.0 1-0.00 1) in response to both 

TABLE I. BASAL PLASMA CONCENTRATIONS OF PROLACTIN AND TSH (0 min) IN PREGNANT RATS BLED 
BETWEEN 09130 AND 10130 hr' 

Early pregnancy Mid-late pregnancy 

Hormone Day 5 Day 7 Day 9 Day 14 Day 16 Day 18 

Prolactin 

THS 
(ng/ml) 20.8 f 1.1* 18.5 f 2.5** 14.7 f 0.8 10.3 f 0.6 9.8 f 0.5 10.9 f 2.1 

(ng/ml) 330.5 f 17.5 333.6 f 23.5 357.9 f 30.5 381.1 f 32.3 342.1 f 39.6 316.2 f 17.3 

' The values represent the means f SEM for 8-1 1 animals bled on each day. 

** P < 0.01 compared with Day 14, 16, and 18 of pregnancy. 
* P < 0.01 compared with Day 9, 14, 16, and 18 of pregnancy. 



530 TSH AND PRL SECRETION IN PREGNANT RATS 

70 

60- 

- 

2 

\E" 
$ 
% 40- 

8 30- 

T 

3 

3 20- 

a! 10- 

0- 

(10) (101 

05103060 05103060 05103060 05103060 05103060 0510306OM~ 

PUEGMNCY DAYS 5-9 PUEGNANCY DAYS 14 - /8 

FIG. 2. The effects of TRH treatment on plasma prolactin concentrations during early and later pregnancy. 
Plasma prolactin content was unaffected by the 20-ng dose of TRH. The 2-pg dose of TRH resulted in 
significantly elevated prolactin values at 5 and 10 min (P values < 0.05-0.01). The elevations in plasma 
prolactin at 5 and 10 min after 2 pg TRH were higher during early pregnancy (P < 0.05). Eleven samples 
were collected between 09:30 and 11:30 hr. 

dosages of TRH. The magnitudes of the rises 
in TSH concentration after the 2 pg and 20 
ng TRH treatment were about six- and two- 
fold, respectively, with peak concentrations 
found at 10 min. The TSH responsiveness to 
TRH did not differ between early and mid- 
late pregnancy. 

Discussion. The present data indicate that 
the dissociation of nocturnal TSH and PRL 
release after midpregnancy in the rat may re- 

sult in part from a shift in pituitary sensitivity 
to factors capable of stimulating PRL release. 
Although the mechanisms controlling the shift 
in pituitary sensitivity to PRL release are un- 
known, a number of possibilities exist. The 
larger PRL response to the 2-pg dose of TRH 
during early pregnancy when compared with 
later pregnancy may represent a diminished 
inhibition of pituitary prolactin release, an in- 
creased stimulation of pituitary PRL release 

PREGNAfiCY DAYS 5-9 PREGNANCY D4YS /4-18 

FIG. 3. The effects of TRH administration on plasma TSH concentrations during early and later pregnancy. 
A dose of 20 ng TRH stimulated a significant rise in plasma TSH at the 5- and 10-min sampling points 
(P < 0.01-0.001) during both early (Days 5-9) and later (days 14-18) pregnancy. The high dose of TRH 
(2 pg) stimulated large increases in TSH concentrations at 5, 10, and 30 min during both stages of gestation. 
Eleven samples were collected between 09:00 and 11:OO hr. 
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by a PRL-releasing factor, or both of these 
processes. Conversely, the suppression of PRL 
responsiveness during the second-half of preg- 
nancy may result from increased inhibition 
or decreased stimulation of PRL release. 

One attractive possibility that might account 
for this shift in PRL response involves a rise 
in dopaminergic activity during the course of 
pregnancy. Dopamine (DA) can inhibit PRL 
release (1 1) and may be a PIF under certain 
physiological conditions, such as during lac- 
tation in rats ( 12, 1 3). DeGreef and Neil1 ( 14) 
have found lower overall concentrations of 
DA in hypophysial stalk plasma in ovariec- 
tomized rats exhibiting nocturnal and diurnal 
surges. Recently, McKay et al. ( 15) found that 
dopamine concentrations in the anterior pi- 
tuitary gland of pregnant rats sacrificed at 
09:OO and 12:OO hr on Day 13 of pregnancy 
were about three times greater than the con- 
centrations present during early pregnancy 
(Days 2 and 6). In vitro studies have dem- 
onstrated that pituitary responsiveness to 
TRH-induced PRL release is attenuated by 
DA treatment ( 16), whereas the effectiveness 
of TRH in releasing PRL in lactating rats is 
increased when hypophysial portal DA levels 
are lowered prior to TRH administration ( 12). 
Therefore, it is feasible that the increased PRL 
responsiveness to TRH as well as the higher 
basal PRL concentration during early preg- 
nancy in the present study may have resulted 
from a decreased release of DA from the hy- 
pothalamus during the first 10 days of preg- 
nancy, i.e., the attenuation of an inhibitory 
agent. After Day 10 of gestation in rats it has 
been proposed that both basal and rhythmic 
components of PRL release are actively sup- 
pressed by placental lactogen (3-5) and/or a 
uterine factor other than placental lactogen 
(17, 18). Whether the suppressive effects of 
placental lactogen and/or uterine factors on 
prolactin secretion after midpregnancy involve 
a possible direct shortloop feedback of these 
factors at the pituitary level or an action at 
the CNS, perhaps at the level of the tubero- 
infundibular dopaminergic system, are the 
subjects of future inquiry. 

A second mechanism that might account 
for the increased release of PRL during preg- 
nancy is an enhanced secretion of prolactin 
releasing factor (PRF) into the hypophysial 

portal system during early gestation. This 
mechanism, however, would not likely ac- 
count for the decrease in responsiveness to 
TRH during the latter half of pregnancy. 

Our data demonstrate that during preg- 
nancy in rats the threshold dosage of TRH 
needed to cause a significant increase in 
plasma TSH levels is lower than that required 
to release prolactin. These differential respon- 
ses to the lower dose of TRH are consistent 
with earlier studies. Burnet and Wakerley ( 19) 
reported that 50 ng of TRH induced a rise in 
TSH, but not PRL, in lactating rats, whereas 
higher doses of TRH ( 1-25 pg) stimulated in- 
creases in both TSH and PRL (7, 8). 

The findings of the present study can be 
compared with those in other species. In preg- 
nant sheep as in pregnant rats, TRH-stimu- 
lated prolactin release is correlated with basal 
prolactin levels (20, 21). Fitzgerald et al. (20) 
found that the greatest release of TRH-induced 
PRL from the pituitary gland occurred when 
basal PRL levels were elevated. In humans, 
in contrast, there is no apparent change in 
prolactin responsiveness to TRH during preg- 
nancy, although basal levels do change (22). 
With respect to TSH responsiveness to TRH 
during pregnancy, our findings and those in 
humans are similar. In neither rats nor hu- 
mans have changes in sensitivity to TRH-in- 
duced TSH release been detected as a hnction 
of stage of pregnancy. 

The increase in plasma TSH levels that oc- 
curs between 22:OO and 02:OO hr throughout 
pregnancy (6) may be due to one or more 
physiological events. Whereas this increase in 
plasma TSH concentrations at 02:OO hr may 
result from an increase in trophic stimulation 
of TSH release from the pituitary gland, it is 
also possible that a suppressive influence upon 
TSH secretion and/or an increased rate of 
TSH clearance exists around 22:OO hr, effects 
which abate by 02:OO hr and then return later 
in the morning. The mechanism(s) responsible 
for the increased TSH levels in plasma at 02:OO 
hr remain(s) to be determined. 

Finally, it should be noted that although 
concurrent increases in plasma TSH and PRL 
occur at night during early pregnancy, and 
both can be released by TRH during early 
gestation in rats, we do not interpret our data 
to mean that the nocturnal surges in PRL and 
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TSH are necessarily stimulated by TRH itself. 
Rather, the data indicate that during the early 
light period and possibly at night in early 
pregnancy some factor which can stimulate 
TSH as well as PRL may be released into the 
hypophysial blood. Whereas this factor can 
stimulate PRL release during early pregnancy, 
it may be ineffective after Day 10 of gestation 
in overriding a postulated increase in PRL 
inhibitory activity. 
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