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Abstract: Sex hormones including estrogens affect brain areas involved in mood and cognition in addition to directly 
controlling reproduction and reproductive behavior. We studied the effect of pregnancy and puerperium on the concentra-
tions of cholecystokinin (CCK), neuropeptide Y (NPY), substance P (SP) and galanin in tissue extracts from the rat stria-
tum, frontal cortex and the hippocampal formation by means of radioimmunoassay. The most profound effects were found 
in the frontal cortex. Thus, cholecystokinin-like immunoreactivity (CCK-LI) was increased by 40 % during late pregnancy 
(p<0.01) compared to estrous whereas SP-LI and galanin-LI decreased 25 % and 10 %, respectively. Postpartum, CCK- 
LI decreased by 26% compared to pregnancy (p<0.05) whereas SP-LI and galanin-LI were increased to a level above es-
trous (SP, P<0.01; galanin, P<0.05). No significant effect was observed in NPY-LI in this area.  In the striatum during late 
pregnancy the concentrations of cholecystokinin-LI increased by 29 % (p<0.05), NPY-LI by 22% (p<0.05) whereas SP-LI 
slightly increased (not significant). Postpartum, cholecystokinin-LI decreased by 25 % (p<0.01) compared to pregnancy 
and NPY by 16 % (p<0.01). SP continued to increase postpartum by 33 % (p<0.05) whereas no effect was observed on 
galanin-LI concentration. Surprisingly, we did not observe any changes in any peptide or groups measured in the hippo-
campal formation.  The complex hormonal adjustments occurring during pregnancy and in the puerperium induce pro-
found changes in the concentrations of several neuropeptides in regions of the rat brain involved in the control of mood 
and motor control.  
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INTRODUCTION 

Gonadal steroids exert pronounced effects on brain areas 
involved in mood and cognition in addition to directly con-
trolling reproductive behavior and control of reproductive 
functions [1-3]. During maternity, overall neuroendocrine 
activity is different from activity in females during other 
periods of the reproductive cycle. It has been shown that 
differences in sex steroid exposure are related to changes in 
neuropeptide levels in the extra-hypothalamic areas of the rat 
brain that are involved in the control of mood [4-9] . Neu-
ropeptides co-exist with classical neurotransmitters [10] and 
are found to play important roles in modulating brain func-
tion [11]. 

Cholecystokinin, Galanin, Substance P and Neuropeptide 

Y 

Cholecystokinin (CCK) [12-16] is widely distributed in 
the brain with the highest concentrations in cortical regions 
and one of several peptides implicated in behavioral and 
physiological function and also in mood disorders [17-19]. It 
has been suggested that there is a CCK projection from  
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cortex to striatum [14] and that endogenous release of CCK  
influences motor behavior [18]. CCK has been found to be 
influenced by estradiol in both frontal cortex and hippocam-
pal formation [4,6,20].  

The neuropeptide Galanin is present in noradrenergic af-
ferents from the locus coeruleus with widespread projections 
in the brain including the hippocampal formation and cortex 
[21] and is implicated in the regulation of mood [22]. 
Galanin is also a peptide influenced by both short- and long- 
term exposure to 17 -estradiol. Thus, administration of 17 -
estradiol to ovary ectomized rats increases the concentration 
of Galanin-like immunoreactivity (LI) in the hippocampal 
formation and frontal cortex [8]. In addition, the tissue con-
centration of Galanin-LI during pro-estrous is higher in fe-
male cycling rats than during the diestrous and estrous 
phases [9]. 

Substance P (SP) [23] is another peptide suggested as 
playing a role in mediating behavioral and physiological 
function and in being involved in the regulation of mood in 
rodents. Thus, stressful stimuli and major depression have 
been found to induce increased levels/release of SP [23,24]. 
Indeed, SP antagonists have emerged as a novel type of drug 
with antidepressant efficacy that has also been shown to be 
promising in clinical trails [25].  

The neuropeptideY (NPY) [26] is very abundant in the 
rodent brain [27-29] and induces potent anxiolytic effects in 
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both rats [30] and mice [31] when centrally administered. 
This peptide has been shown to be implicated in depressive-
like behavior - evidence that comes from - amongst others 
[32,33] - the findings of differential NPY expression in a 
genetic animal model of depression [34].  

On the basis of the assumption that gonadal steroid-
sensitive neuropeptides might be involved in behavioral 
changes and mood-related behavior, the objective in the pre-
sent work was to study the effects of pregnancy and parturi-
tion on the concentration of CCK, NPY, Galanin and SP-like 
immunoreactivity (LI). These four selected peptides were 
studied in the frontal cortex, hippocampal formation and 
striatum in near-term pregnant as well as puerperal rats and 
in a control group at estrous by means of radioimmunoassay 
(RIA).  

MATERIALS AND METHODS 

Animals and Test Procedure 

The experiments were performed on 36 female Sprague 
Dawley rats (BK Universal, Uppsala, Sweden), all animals 
on the average 4 months of age at the beginning of the ex-
periment. The experimental group with pregnant rats con-
sisted of 22 rats, 8 days pregnant on arrival and the control 
group of 14 non-pregnant rats. They were all housed 2-4 in 
each cage at a constant room temperature (21 + 1 °C), with 
free access to water and standard rat chow, and with 12h 
light/dark cycles. The study was approved by the local ani-
mal research ethics committee and found to be in accordance 
with the guidelines issued by the Central Committee for 
Animal Research in Sweden. 

The animals in group 1 (n = 10), (pregnant), were sacri-
ficed on day 17 – 18 of pregnancy (verified by autopsy). The 
animals in group 2 (n = 12), (puerperal), were sacrificed 2 
days after delivery. The control animals in group 3 (n = 14), 
(estrous), showed 4- or 5-day regular estrous cycles on the 
basis of examination of vaginal smear on a daily basis, on 
the same time schedule and checked for two cycles. The 
smear was examined by means of light-microscopy to estab-
lish the phase and the animals were sacrificed at estrous. 

Blood-samples for the analysis of estradiol were taken 
from the femoral vein under general anesthesia (isoflurane) 
just before sacrifice. All rats were decapitated using a guillo-
tine and the brains dissected [35,36] with particular reference 
to the frontal cortex, hippocampal formation and striatum 
(caudate and putamen). The tissues were removed, immedi-
ately weighed and frozen on dry ice. 

Extraction of Tissue Samples  

All tissues were cut into small pieces on ice, and 10 mL 
of 1 mol/L acetic acid (MERCK, Darmstadt, Germany) were 
added per gram tissue and boiled for 10 min. The tissues 
were homogenized with a polytron (CAT X520D, Scientific 
Industries, New York, NY, USA) and centrifuged at 1,500 x 
g in 4°C for 10 min. Immediately after collection, a second 
extraction was performed in 10 mL of distilled water per 
gram tissue. The supernatants from each sample were com-
bined, lyophilized and stored at -70ºC. All samples were 
extracted and analyzed in randomized order. 

Extraction of Plasma in Preparation for Analysis of 17 -

Estradiol  

Two mL diethyl ether was added to 100 L plasma in 
glass tubes and vortex-mixed for 30 sec. The tubes were sub-
sequently frozen in 95% ethanol containing dry ice, and after 
freezing of the aqueous fraction the supernatant were de-
canted into another glass tube. The ether was evaporated at 
40°C. The extracted samples were dissolved in 0.05 mol/L 
phosphate buffer pH 7.4, containing 0.2% BSA and 0.1% 
Triton X-100 and kept at 40°C for 30 min before vortexing 
and cooling to room temperature.  

Radioimmunoassay of SP - Galanin and NPY-LI and 

CCK 

The RIA used in measuring SP- Galanin and NPY-LI has 
been shown by reverse-phase HPLC to overwhelmingly 
measure the intact peptides in extracts of rat brain [37,38]. 
The lyophilized samples were reconstituted in 1 mL of phos-
phate buffer (0.05 mol/L, pH 7.4), and 100 L of each sam-
ple, antibody, and standard were mixed. The concentrations 
of SP- Galanin and NPY-LI were measured using, respec-
tively; a rabbit anti-rat Galanin antiserum, RatGal4 which 
does not cross-react with neurokinin A, neuropeptide K, SP, 
neurokinin B, neuropeptide Y, gastrin, pancreatic polypep-
tide, glucagon or neurotensin [37]; a rabbit anti-porcine NPY 
antiserum which cross reacts 0.1% with avian pancreatic 
polypeptide, but not with other peptides [38]; an SP antise-
rum, SP2 reacting with SP and SP sulfoxide, but not with 
other tachykinins. CCK was analyzed using a commercial 
radioimmunoassay kit (Euria-CCK, RB 302, Euro-
Diagnostica, Medeon, SE-20512, Malmö, Sweden) reacting 
134% with CCK-33 but only 0.5% cross reactivity for gas-
trin. The detection limit of Galanin and NPY were 11 
pmol/L, of SP 8 pmol/L and of CCK 0.3 pmol/L. Intra- and 
interassay coefficients of variation for Galanin and NPY 
were 7 and 12%, respectively, for SP 7 and 11% and for 
CCK 6% and 14%.  

HPLC–purified, 125I-labeled rat SP - Galanin and por-
cine NPY (4000 cpm) using chloramine-T were prepared in 
our laboratory and subsequently used as radioligands. Rat 
Galanin(1-29) and rat NPY(1-36) were used as calibrators 
(all from Neosystem, Strasbourg, France). All samples were 
extracted and analyzed in random order.  

Samples and calibrators were measured on a Gamma-
Master 1277 (LKB Wallac, Turku, Finland).  

RIA of 17 -Estradiol 

 7 -estradiol was analyzed using a commercially avail-
able radioimmunoassay kit (Estradiol Double Antibody kit 
KE2D, Diagnostic Products Co, Los Angeles, CA, USA) and 
measured on a GammaMaster 1277 (LKB Wallac). The in-
tra- and inter-assay coefficients of variation were 6% and 
8%, respectively. 

STATISTICS 

For neuropeptides and estradiol, medians and quartiles 
were used to display the central tendency and variation re-
spectively. Multivariate analysis of variance (SYSTAT ver-
sion 10, SPSS, Inc., 2000) was used for the initial test of 
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effects (estrous, pregnant and postpartum states) in the ex-
periment. In case of significance (p<0.05) in the multivariate 
ANOVA, Kruskal-Wallis one-way nonparametric 
“ANOVA” with multiple comparisons was used for signifi-
cance testing due to the non-normality of the results in sev-
eral of the groups. 

RESULTS 

Frontal Cortex 

In the frontal cortex, the concentration of CCK-LI in-
creased by 40% during pregnancy (p<0.05) followed by a 
decrease of 26% (p<0.05) from pregnancy to postpartum Fig. 
(1). In contrast, SP-LI was also found to be significantly de-
creased by 21% in this area during pregnancy (p<0.05) but 
increased by 48% postpartum (p<0.05). This increase was 
not an increase of SP back to the levels found during estrous. 
Thus, there was a significant difference between estrous and 
postpartum (p<0.01). The tissue concentrations of Galanin-
LI also decreased in this area by 10% during pregnancy 
(p<0.05) and increased by 39% (p<0.05) postpartum. NPY-
LI concentration was, however, not altered in this brain re-
gion. 

Striatum  

During late pregnancy the tissue concentration of CCK-
LI in the striatum was 29% higher during pregnancy 
(p<0.05) and then decreased by 25% postpartum (p<0.01). 
Similarly, the tissue concentrations of NPY-LI were in-
creased by 22% (p<0.05) in the striatum (caudate and pu-
tamen) during pregnancy compared to estrous and then de-

creased by 16% (p<0.01) two days after delivery Fig. (2). 
SP-LI, showed in contrast a slightly increased pattern in the 
striatum during pregnancy (not significant) and a continuing 
increase of 33% postpartum compared to pregnancy 
(p<0.05). The SP-LI levels increased in post partum group 
versus those of estrous by 24% and this increase was signifi-
cant (p<0.01).  

Hippocampal Formation 

In the hippocampal formation no effect on NPY, CCK, 
Galanin or SP-LI concentrations was observed during late 
pregnancy or postpartum on Fig. (3). 

Plasma 17 -Estradiol  

The concentrations of 17 -estradiol in plasma were 41% 
higher during pregnancy (p<0.001) and subsequently de-
creased by 35% from pregnancy to postpartum (p<0.001)  
Fig. (4). No significant differences were observed in 17 -
estradiol concentrations between estrous and postpartum. 

DISCUSSION 

The present study provides evidence that pregnancy and 
parturition differentially influence the levels of CCK, SP, 
NPY and Galanin in rat brain areas implicated in the regula-
tion of behavioral function, stress and mood. The greatest 
change of neuropeptide concentrations two days after deliv-
ery and during sex-hormone withdrawal was observed in the 
frontal cortex and striatum, respectively. Surprisingly, no 
effects on the concentration of any of these four peptides 
were observed in the hippocampal formation – an area 
known to be sensitive to sex-hormones – especially estrogen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Box plots displaying the concentrations of neuropeptide Y (NPY), cholecystokinin (CCK), galanin and substance P (SP) – like im-
munoreactivity-(LI) in extracts from rat frontal cortex during estrous, the 17 – 18th day of pregnancy and two days postpartum.  
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[2]. We have previously shown in several studies that estra-
diol does induce effects on concentrations of Galanin, CCK 
(unpublished data) and NPY in the hippocampal formation 
of both female rats and mice [4,5,8,9].  

As mentioned above, we found profound changes be-
tween pregnancy and parturition in neuropeptide concentra-
tion in the frontal cortex, especially of SP, CCK and Galanin 
- LI. The prefrontal cortex is involved in the control of 
higher brain functions such as control of shifting behavioral 
demands, and is highly connected with amygdala [39]. In 
addition, prefrontal cortex projects to the hypothalamus and 
the brain stem nuclei mediating neuroendocrine and autono-
momic responses to stress and has reciprocal connections to 
the hippocampus and the ventral and dorsal striatum as well 
as the dorsal raphe serotonergic neurons [40].  

In the present study, SP-LI increased 48% postpartum as 
compared with pregnancy. Through its receptor NK1 located 
on noradrenergic cells in the LC, SP has been found to con-
trol the release of noradrenalin in the medial prefrontal cor-
tex [41]. Galanin-LI, in line with the effect on SP-LI, was 
decreased during pregnancy and then increased by 39% 
postpartum. This peptide, present in both dorsal raphe and 
locus coeruleus projecting to the frontal cortex and hippo-
campus has been implicated in both stress-related behavior 
as well as anxiety [22] e.g. from studies of the bed nucleus of 
stria terminalis located immediate adjacent to the central 
nucleus of amygdala [42]. On the contrary, we found that 
CCK-LI concentration was reduced in the frontal cortex 
postpartum by 26%. CCK is a peptide that has been impli-
cated in mood disorders based on studies showing anxiety 
symptoms and the properties of CCK receptor 2 agonist to 
provoke panic attacks [19,43]. We found, however, no effect 
on NPY-LI concentration in the control group (estrous), dur-
ing pregnancy or postpartum in this area.  

In striatum (caudate/putamen), SP-LI increased during 
pregnancy and continued to increase postpartum by 33%. 
SP-LI in striatum has been found to be markedly changed in 
an animal model of depression [32]. In contrast, we found a 
significant decrease of NPY-LI in striatum, 16% lower post-
partum than during pregnancy. Previous studies on correla-
tions between anxiety and changed levels of NPY-LI con-
centration in caudate-putamen have found NPY-LI levels to 
be associated with changed levels of NPY [31,33,34,44]. 
CCK-LI concentration was also decreased in this area post-
partum by 25%.  

Withdrawal of estrogen has been extensively investigated 
in rodents and found to produce depressive-like symptoms 
[45-47]. For example, depression-like behavior is decreased 
in the third trimester when plasma levels of estradiol are high 
[48] and increased postpartum [46]. Since several neuropep-
tides are sensitive to estrogen there is a possibility that neu-
ropeptides are involved in the regulation of brain function 
and affecting mood through their modulation of classical 
neurotransmitters. However, it is important to note that there 
are other hormones whose concentrations are dramatically 
changed during this period, for example the pituitary hor-
mone prolactin [49].  

CONCLUDING REMARKS 

In summary, the present results support our hypothesis 
that the neuropeptidergic system is influenced during preg-
nancy and postpartum, which perhaps contributes to the eti-
ology of the change in mood-related behavior in rodents af-
ter withdrawal of ovarian hormones. However, these mecha-
nisms are as yet unrevealed and likely to be very complex 
and will have to be investigated in combinations with behav-
ioral analysis. Nonetheless, taking all our findings together, 
this study show that pregnancy and puerperium are tempo-
rally linked to changes in SP, CCK, NPY and Galanin con-

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Box plots displaying the concentrations of neuropeptide Y (NPY), cholecystokinin (CCK), galanin and substance P (SP) – like im-
munoreactivity-(LI) in extracts from striatum during estrous, the 17 – 18th day of pregnancy and two days post- partum.  
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centrations in rat brain areas highly connected to the regula-
tion of mood-related behavior.  
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Fig. (3). Box plots displaying the concentrations of neuropeptide Y (NPY), cholecystokinin (CCK), galanin and substance P (SP) in extracts 
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Fig. (4). Box plots displaying the concentration of 17 -estradiol in plasma during estrous, the 17-18th day of pregnancy and two days post-
partum.  
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