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Abstract
During the lactation period mothers have a variety of adaptive changes in brain physiology and
behaviour to allow them to properly raise their pups. The exact circuitries and mechanisms
responsible for these changes are not fully understood. Recent evidence suggests that the
neuropeptide tuberoinfundibular peptide of 39 residues (TIP39) and its receptor, the parathyroid-
hormone 2 receptor (PTH2-R), contribute to these mechanisms. To further investigate this idea we
evaluated the growth rate of pups from dams with a non-functional PTH2-R (PTH2-R-KO) as well
as maternal behavioural and neuroendocrine parameters. We observed that PTH2-R-KO-reared
pups had a slowed growth rate. This was associated with a reduced volume of milk yielded by
PTH2-R-KO dams after 30-min suckling when compared with wild-type dams (WT) when pups
were returned after five hours separation. Our data suggests a reduced sensitivity of PTH2-R-KO
dams to pup stimulation. We also observed a significant reduction in suckling-induced c-Fos
expression in the paraventricular nucleus of the hypothalamus and signs of lower prolactin levels
in the PTH2-R-KO dams. Our data suggest that the reduced growth rate of PTH2-R-KO-reared
pups was likely the result of alterations in the milk-production pathway rather than modifications
in behaviour. Although PTH2-R-KO dams showed increased anxiety in the elevated zero-maze
test, no differences from WT dams in maternal behaviour were observed. Altogether, our findings
suggest involvement of the TIP39/PTH2-R system in the pathways involved in the successful
development of the pups.
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Introduction
Successfully raising pups requires behavioural and physiological adaptations and
interactions between these processes. Significant progress has been made toward identifying
the mechanisms underlying maternal behaviour and the neuroendocrine reflex responsible
for milk production (1, 2, 3). However, the critical circuitries are not fully elucidated.
Neuroendocrine and behavioural modifications that occur during the lactation period are
interdependent. For instance, the pathways that regulate milk production and ejection are
also involved in the modulation of maternal behaviour expression (4, 5, 6, 7, 8). It is thus
important to consider changes at the neuroendocrine and behavioural levels to fully
understand the pathways activated during the lactation period.
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Anatomical evidence suggests that tuberoinfundibular peptide of 39 residues (TIP39) and its
receptor (the parathyroid hormone 2 receptor – PTH2-R) may play a role in lactation-related
processes (9). TIP39-containing nerve fibers and PTH2-R-expressing cells and their fibers
are abundant in the hypothalamic para- and periventricular and arcuate nuclei (10, 11),
which are involved in several aspects of lactation (12, 13, 14). In lactating dams there is a
dramatic increase in TIP39 expression within TIP39 neurons that project to these regions
(15). Furthermore, acute block of the PTH2-R inhibits suckling-induced prolactin release in
rat dams (15). Thus, neuroanatomical and neuroendocrinological studies suggest a role of
TIP39 in stimulating prolactin release and in transferring sensory information into
neurohormonal inputs that influence milk production. However, its potential role in other
lactation-related events has not been addressed. The role played by prolactin in the
expression of maternal behaviour (16) and on the proper development and growth of the
offspring suggests that TIP39 signalling could be involved directly or indirectly in these
processes.

To date, the role of TIP39 signalling in lactation has only been investigated using acute
suppression of TIP39 signalling by intracerebroventricular administration of a PTH2-R
antagonist in rats. This approach does not permit assessment of the role of TIP39 signalling
in maternal behaviour or on offspring development over long periods of time. In the present
study, we used a mouse line with an inactivating mutation in the PTH2-R to further study
the role of the TIP39/PTH2-R system throughout the lactation period. Our goal was to assess
the involvement of the TIP39/PTH2-R system in the expression of maternal behaviour and
in the development of the offspring during the lactation period and in the pathways
regulating milk production.

Material and methods
Animals

Housing conditions—Animals were housed under a reverse light-dark cycle (lights off at
0800h) in polycarbonate cages (35.5 × 14 × 12.5cm) starting at least two weeks before the
beginning of the experiments. Wild-type (WT) females and PTH2-R mutant (PTH2-R-KO)
females were paired with PTH2-R-KO and WT males, respectively, to obtain litters of
heterozygous pups. When pregnant, females were housed individually until giving birth. The
day of birth was noted as post-natal day 0 (PND0). Litters were culled randomly to 6 pups at
PND1 and weaned at PND21. Animals had ad libitum access to food, water, bedding and
nesting material. All procedures were approved by the National Institute of Mental Health
Animal Care and Use Committee and strictly followed NIH/ILAR guidelines.

Production and characterization of PTH2-R knockout mice—Adult WT and
PTH2-R-KO female littermates (9 ± 1 weeks of age at the beginning of the experiment)
generated from HET x HET matings were tested. Development of this mouse line, general
characterization of males, and genotyping have been previously described (17). Briefly,
mice with a null mutation of the PTH2-R were generated by first introducing loxP sites into
intronic sequence flanking exon 5 of the receptor in 129S6 X C57BL6/N F1 ES cells. The
“floxed exon 5” mice were then bred with a “Cre deleter” line (that express Cre recombinase
in germ cells; Tg(Prm-cre)58Og). Mice with permanent deletion of exon 5 were identified
by PCR and then bred with C57Bl/6J mice, producing heterozygous exon 5 deleted mice.
Animals used in this study were backcrossed to C57Bl/6J for 4 generations. For this study
an observational battery measuring general health and neurological functions was performed
(modified from 18) on 10 WT and 10 PTH2-R-KO females. The general physical condition
of the mice was noted (body weight, missing whiskers, bald patches and piloerection). Gross
neurological function and reflexes were assessed as a percent of animals within each
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genotype approaching an object placed in their cage, eye blinking, ear and whisker twitching
and presenting normal postural reflex when their cage is moved up and down or left to right.
Motor co-ordination was assessed using the accelerating rotarod. Each mouse was placed on
a 3-cm diameter dowel that was accelerated at a constant rate of 8 r.p.m./min up to 40 r.p.m.
The latency to fall to the floor was automatically recorded by the apparatus with a maximum
cutoff latency of 5 minutes. General response to novelty was assessed by placing the animals
in new empty cages for 5 minutes. Wild-running, freezing and tremor were recorded as a
percent of animals within each genotype demonstrating these behaviours. The occurrence of
grooming and the number of feces dropped was used as an indicator of anxiety. Finally, the
total distance traveled (mm) and the velocity (mm/s) were analyzed from video records
(Topscan 2.0, Clever Sys, Inc., Reston, VA, USA). Data were analyzed using t-tests or Chi-
square tests. No gross abnormality or defect was found in the PTH2-R-KO females.
Although, 30% of the PTH2-R-KO mice were found with missing whiskers while no WT
mice were (p=0.066 – Table 1).

Assessment of pups weight and mortality
A total of 12 WT and 12 PTH2-R-KO female mice were used. Dams were weighed a first
time before pairing with the males. At PND0, the number of born-dead pups was noted and
thereafter, the number of dead pups throughout lactation was scored. Starting at PND1 and
until weaning (PND21), entire litters and dams were weighed daily. The average pup weight
was calculated by dividing the entire litter weight by the number of pups weighed (six).

Assessment of maternal behaviour
Seven WT and 6 PTH2-R-KO females were used. Until PND5 the dams were left
undisturbed. At PND2, 3 and 4 infra-red lights (Clover IR045, Clover Electronics, CA,
USA) and infra-red sensitive cameras (KPC-Ex20H, KT&C co., LTD, Korea) were placed
in front of the cages to record maternal behaviour. Videos were analyzed off-line using a
scan sampling method (1 scan every 6 minutes for each hour considered), starting at 0000h,
0400h, 0800h, 1200h, 1600h and 2000h (total of 60 scans/PND/dam). At each scan, the
location of the dam was noted as in or out of the nest and the behaviour was noted as active
nursing (the dam is over the pups with a dorsal arch posture), passive nursing (the dam lies
flat on top of the pups), licking/grooming the pups, self-grooming or non-nursing behaviour
(see 19 for a detailed description of these behaviours). Data were expressed as the percent of
scan spent performing each behaviour relative to the total of visible scans (in some case, the
behaviour could not be scored because of reduced visibility).

A pup retrieval test was performed at PND6 on 9 WT and 6 PTH2-R-KO females. Pups
were removed from the home cage for 5 minutes. They were then returned scattered about
the dam’s cage and retrieval of the pups to the nest site was recorded for 2 minutes. Pup
retrieval was quantified by measurement of the latency for the 1st and 3rd pup retrieved.

Assessment of anxiety in virgin and lactating females
Virgin (WT n=7, PTH2-R-KO n=9) and lactating dams (PND7; WT n=8, PTH2-R-KO n=7)
were tested in the elevated-zero maze (EZM) test to assess their anxiety level. Dams were
removed from their home-cage and individually carried to the testing room. The apparatus
consisted of a circular platform (outer diameter 46 cm, width 5.5 cm) that was elevated 40
cm above the floor and made of grey plastic. The EZM featured two open and two enclosed
(closed) segments. The closed segments were enclosed by walls extending 20 cm above the
surface of the maze, while there were no walls in the open segments. Each test session
started by placing the mouse in one of the two open sectors facing a close sector. The test
session lasted for 5 minutes. Performance was recorded using a video-camera placed above
the EZM and analyzed with TopScan video tracking software (CleverSys, Inc., VA, USA).
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Measurements of total path moved, percent of time spent in open and closed segments,
latency to enter the closed segment and number of open segment entries were used for
further analysis. In addition, the number of feces was counted at the end of the 5-min test
session. The mouse was then returned to its home cage and the EZM was cleaned with a
70% alcohol solution.

Assessment of milk volume production
The milk volume was assessed in 2 groups of lactating dams at PND8. At 0800h, mothers
were separated from their pups by being placed in a new cage. Pups were weighed and
carried in their home-cage to an adjacent room to avoid ultrasonic communication between
the dam and the litter during the separation. After a separation period of 5 hours, pups were
weighed and reunited with their mothers by placing the dam back in its home-cage. For the
first group (WT n=7; PTH2-R-KO n=11), pups were weighed again after a suckling period
of 30-min. For the second group (WT n=7; PTH2-R-KO n=9), pups were weighed again
after a suckling period of 90-min. The difference in the litters’ body weight before and after
the reunion was measured as an indicator of the milk yield obtained (20).

Assessment of basal prolactin levels in serum
To measure the basal prolactin level in the serum of lactating dams, blood samples were
taken from lactating dams not previously separated/reunited from their pups, but present in
the nest with the pups. Blood was taken by tail incision at PND 5 (WT n=4; PTH2-R-KO
n=6), PND 10 (WT n=5; PTH2-R-KO n=5) and PND19 (WT n=5; PTH2-R-KO n=6) at
1400h. For each sample, about 40 μl of blood was collected into prechilled ethylenediamine
tetraacetic acid (EDTA)-coated tubes (Microvette CB300, Sarstedt, Germany). Sampling
was finished within 3 min after the cage was first touched by the experimenter. All samples
were centrifuged (4 °C) and the plasma was stored at −20 °C until assayed. Prolactin in
serum was estimated using a commercial ELISA kit according to manufacturer’s instruction
(Catalog number: DY1445; R&D Systems, Inc., MN, USA).

Assessment of suckling-induced c-Fos activation
WT (n=4) and PTH2-R-KO (n=4) lactating dams were removed from their pups at PND9 for
24 hours. During this time, pups were placed in a new cage with nesting material and
sawdust and the cages were placed on a heating pad maintained at 30–33°C. After the
separation (at PND10), pups were placed back with their mothers and cages were left
undisturbed for 90 minutes. Dams were then anesthetized with isoflurane and perfused
transcardially with 50ml of 0.1M PBS (pH 7.4) followed by 50ml of fresh 4%
paraformaldehyde (PFA). Brains were removed and post-fixed overnight in PFA at 4°C,
placed in 30% sucrose until they sank, and then frozen on dry ice and sectioned at 35 μm
using a cryostat. Tissues were stored in cryoprotectant solution (21) at −20°C until c-Fos
staining was performed.

For immunohistochemistry, free floating sections were labeled with a rabbit anti-c-Fos
primary antibody (1:20000, Ab-5, Calbiochem/EMD, San Diegeo CA), detected using
Vectastain Elite ABC reagents (Vector Laboratories, Burlingame CA) with nickel
intensified diaminobenzidine, essentially as previously described (22). Images were captured
with a CoolSnap FX camera (Photometrics, Tucson AZ) using a 10X objective on an
Olympus IX-70 light microscope. Images were analyzed using ImageJ 1.42q software
(Rasband, W.S., ImageJ, U.S. National Institutes of Health, Bethesda, MD, USA.
http://rsb.info.nih.gov/ij/, 1997–2009). We used one section per animal for each area of
consideration and averaged the left and right side to obtain a single count. We selected the
section most similar to the area of interest based on the mouse brain atlas from Franklin and
Paxinos (23). The following regions were considered: the hypothalamic supraoptic nuclues
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(SON – Bregma −0.70mm), the paraventricular hypothalamic nucleus (PVN – Bregma
−0.70mm), the medial preoptic area (MPA – Bregma −0.10mm), the ventral bed nucleus of
the stria terminalis (vBNST – Bregma −0.46mm) and the arcuate nucleus (ArcN – Bregma
−1.94mm). The selected brain region was outlined and the “binary/find maxima” command
of the software was used, which allows the determination of local maxima and reports the
count of black objects, which corresponded to c-Fos immunoreactive cells. Figures for
illustration were assembled in Adobe Photoshop, cropped, and contrast adjusted. No
manipulation of individual image elements was performed.

Data analysis
Data were analyzed using Prism 4 software (GraphPad Software Inc., SanDiego, CA, USA).
Maternal behaviour was analyzed using a mixed-model ANOVA, with genotype being the
between-subject factor and PND and time-window the within-subjects factors (PND and
time-window being factors with repeated measures). The general model to analyze maternal
behaviour was 3 PND × 6 time-windows × 2 genotypes. The data from the EZM were
analyzed using a 2-way ANOVA with the genotype and the stage (virgin vs. lactating) as
independent variables. The mortality rate (as a percentage of pups dead) was analyzed using
a χ2 test and the litters and dams weight using an ANOVA with repeated measure for the
PND. The data from the pup retrieval test, the milk volume, the prolactin level and the c-Fos
studies were analyzed using t-tests. Statistical significance was set as p≤0.05 and trend as
p≤0.1. All data are presented as mean ± standard error of the mean.

Results
Females lacking the PTH2 receptor have smaller pups

The 12 WT females gave birth to a total of 98 pups while the 12 PTH2-R-KO females gave
birth to a total of 100 pups. The number of pups born dead (at PND0) was not different
between the WT and the PTH2-R-KO females (2.04% vs. 4%; p=0.428). The number of
pups dead after PND1 was higher in PTH2-R-KO females when compared to WT females
but without statistical significance (16.67% vs. 6.94%; p=0.089). The litter weight during
the lactation period was significantly affected by the genotype (F1=4.70, p=0.043), PTH2-R-
KO females raising smaller pups than WT (Figure 1a). We also observed a significant PND
effect (F20=707.0, p<0.001) and a significant PND x genotype interaction (F20= 3.12,
p<0.001 – Figure 1a). We noticed a similar genotype effect in the pups’ growth rate in two
additional cohorts of mice (data not shown). The weight of the dams was significantly
affected by the PND (F21=42.36, p<0.001) but no effects of the genotype or of the
interaction between the PND and genotype were found (F1=1.37, p=0.259; F21=0.72,
p=0.811, respectively – Figure 1b).

Maternal behaviour is not affected by the absence of the PTH2 receptor
No difference was observed between the maternal behaviour of WT and the PTH2-R-KO
females. The time spent in the nest (data not shown) was not affected by the PND (F2=1.25,
p=0.305) or the genotype (F1=0.45, p=0.514), but was significantly affected by the time-
window, dams spending more time in the nest during the light phase (F5=8.98, p<0.001).
The levels of active nursing and passive nursing were not affected by the PND (F2=0.89,
p=0.426; F2=1.15, p=0.337, respectively) or the genotype (F1=0.67, p=0.432; F1=0.02,
p=0.096, respectively), but were affected by the time window (F5=10.71, p<0.001; F5=2.47,
p=0.047, respectively). A non-significant trend for an interaction between the genotype and
the time-window was observed for the level of active nursing (F5=2.23, p =0.066 – Figure
2a and 2b). However, post-hoc analyses did not reveal any significant difference between
the WT and the PTH-2-R-KO dams at any particular time. The level of licking/grooming of
the pups was not affected by the PND (F2=0.32, p=0.733), the genotype (F1=2.23, p=0.166)
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or the time window (F5=0.86, p=0.512). Finally, the time spent performing non-nursing
behaviour was affected by the time window (F5=10.42, p<0.001) but not by the genotype
(F1=2.23, p=0.166) or the PND (F2=0.26, p=0.619) and no significant interactions were
found (Figure 2c and 2d).

In the pup retrieval test, WT and PTH2-R-KO dams showed a similar latency to retrieve the
1st pup (24.12 ± 3.24 sec vs. 30.66 ± 13.39 sec, respectively; p=0.578) and the 3rd pup
(61.19 ± 7.10 sec vs. 69.02 ± 17.16 sec, respectively; p=0.639).

Females lacking the PTH2 receptor showed increased anxiety
The data from the EZM are presented in the table 2. We observed that PTH2-R-KO females
spent more time in the closed segment of the EZM (main genotype effect: F1=10.05,
p=0.004), entered the closed segment sooner (F1=5.94, p=0.022) and tended to make fewer
entries into the open segment (F1=3.55, p=0.071) compared with WT females. The stage
(virgin vs. lactating) significantly affected most variables of the EZM: lactating females
travelled a shorter distance in the EZM (F1=55.16, p<0.001), dropped more feces (F1=18.51,
p<0.001), made fewer entries in the open segment (F1=30.99, p<0.001) and had a greater
latency to enter the closed sector (F1=7.84, p=0.009) compared with virgin females. No
significant genotype x stage interaction was found.

PTH2-R-KO females yield less milk and tend to have lower levels of prolactin
We observed that after a 30-min suckling period PTH2-R-KO dams yielded less milk than
WT females (t16=2.37, p=0.031 – Figure 3a). When evaluated after a suckling period of 90-
min, the milk yield by PTH2-R-KO dams was not significantly different from the yield of
WT dams (t14=0.97, p=0.350 – Figure 3a). The basal prolactin concentration in serum was
reduced in PTH2-R-KO dams when compared to WT dams but without reaching statistical
significance. This was especially true at PND 5 and 10 (t8=1.94, p=0.088; t8=1.91, p=0.093,
respectively) but not at PND19 (t9=0.53, p=0.607) suggesting that there may be a lower
level of prolactin in mice lacking the PTH2 receptor during the early and mid-lactation but
not late lactation (Figure 3b).

PTH2-R-KO mice show a different pattern of c-Fos activation in the PVN following a
suckling stimulus

We observed that the number of c-Fos positive cells in the MPA, the vBNST, the ArcN and
the SON of PTH2-R-KO and WT mice were similar after a 90-min suckling stimulus
(Figure 4 – t6=1.58, p=0.166; t6=0.98, p=0.365; t6=1.72, p=0.137; t6=0.31, p=0.773,
respectively). However we noted lower c-Fos activation in the PVN of PTH2-R-KO females
compared with WT (t6=2.48, p=0.047 – Figure 4 and 5).

Discussion
In the present study we examined the potential involvement of the TIP39/PTH2-R system in
lactation and maternal behaviour. We found that the pups of lactating females lacking a
functional PTH2 receptor gain weight at a reduced rate. The slowed pup development is
likely to result from neuroendocrine modifications leading to a reduced volume of milk-
yield rather than from impairment in maternal behaviour. The lower c-Fos activation in the
paraventricular nucleus of the hypothalamus following suckling and a trend toward a lower
basal prolactin level in PTH2-R-KO dams suggest an effect in the milk production
pathways.

We observed that pups of PTH2-R-KO dams have a slower growth rate than WT-reared
litters. This difference is not likely linked to any prenatal factor: there was no difference in
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the mortality rate or in the body weight one day after birth between the PTH2-R-KO-and
WT-reared pups. We produced heterozygote litters by crossing PTH2-R-KO and WT
females with WT and PTH2-R-KO males, respectively, to limit the effects of the pup
genotypes on the results. Thus, the slower growth throughout lactation in PTH2-R-KO-
reared pups is likely due to postnatal factors and to maternal factors rather than offspring
factors. However, since we did not use a cross-fostering design, we cannot fully rule out
possible long-term in utero effects on the pups. Based on the neuroanatomical distribution of
TIP39 fibers and of the PTH2-R, we hypothesised that TIP39 signalling could modulate the
expression of maternal behaviour. However, we did not observe any impairment in maternal
behaviour in PTH2-R-KO dams in comparison to the WT. This behavioural observation
correlates well with the results from the c-Fos study. The medial preoptic area and the
ventral bed nucleus of the stria terminalis together contribute to most maternal behaviours
and pup retrieval (1, 24). No differences in the c-Fos activation in these two brain regions
were observed between PTH2-R-KO and WT dams. This supports the idea that TIP39
signalling is not necessary for the development and the expression of maternal behaviour in
mice and that variations in maternal behaviour between WT and PTH2-R-KO dams do not
account for the slower growth rate observed in PTH-2-R-KO-reared pups.

Our data suggest that the slower growth rate of pups reared by dams lacking the PTH2-R
may be the result of changes in the milk-production or release pathways. Indeed, PTH2-R-
KO dams yield less milk than WT dams in a paradigm in which pup weight increase from
nursing is measured following a five-hour separation. The PTH2-R-KO/WT difference was
most obvious, and statistically significant, 30 minutes following pup return. Ninety minutes
after the return of the pups, this difference was no longer statistically significant. The larger
initial effect is consistent with the possibility of a lower sensitivity of the PTH2-R-KO dams
to nipple stimulation or of alteration in the transfer of sensory information into
neurohormonal inputs that are implicated in milk production. The significant activation
during lactation of TIP39 neurons in the thalamic region (15) known to integrate and
transfer sensory information (25) supports this idea. In rodents, the pathway by which the
suckling stimulation induces the production and ejection of milk, involves the release of
prolactin (26) by suppression of tuberoinfundibular dopamine neural activity in the
hypothalamic arcuate nucleus (27, 28, 29) and the release of oxytocin by neurons from the
supraoptic and paraventricular nuclei of the hypothalamus (30). In the present study, we did
not observe difference in c-Fos activation in the region of the arcuate nucleus (however, c-
Fos is thought not to report tuberoinfundibular dopamine neural activity (29)), but we
noticed a lower level of c-Fos activation in the paraventricular nucleus of the hypothalamus
of PTH2-R-KO dams after the suckling stimulus. The hypothalamic paraventricular nucleus
plays an important role in the regulation of both prolactin and oxytocin secretion and milk
production and ejection (31, 32, 33 and 34). Considering the abundance of PTH2 receptors-
expressing neurons in the PVN of the hypothalamus (10), a lack of TIP39 signalling in this
region during lactation might alter the pathways involved milk production and/or ejection.
For instance, we noticed some signs of lower basal prolactin level in PTH2-R-KO dams,
although the difference did not reach statistical significance. Since prolactin is the primary
neuropeptide involved in milk production (see 31 for a review), a reduced level of prolactin
in PTH2-R-KO dams would explain the reduced milk volume yield at the beginning of a
suckling session. However, the assessment of suckling-induced prolactin levels would be
necessary to confirm the potential role of TIP39 signalling in milk production pathways.

Another interesting observation in females lacking the PTH2-R was their increased anxiety
in the elevated-zero maze test as shown by more time spent in the closed segment and by the
shorter latency to enter the close segment of the maze. Studies in humans and animals show
that psychosocial stress or anxiety in postpartum females reduces prolactin secretion, which
leads to alterations in normal lactation mechanisms (35). Further studies demonstrated that
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stress induces a marked reduction in plasma prolactin when pre-stress prolactin levels are
high (e.g. during lactation – 36). It is thus possible that the increased anxiety of the PTH2-R-
KO dams contributes to the reduction of milk production and to the impairment in the pups’
development. Other studies have demonstrated that low prolactin level during pregnancy is
associated with increased anxiety postpartum (37). However, with the current data, we are
not able to demonstrate a direct correlation between the level of anxiety of dams lacking the
PTH2-R and the alterations in the milk-production pathways.

Altogether, our findings strongly suggest that the TIP39/PTH2-R system modulates some of
the pathways involved in the successful development of the pups. However, more work is
necessary to elucidate the exact mechanisms by which the TIP39/PTH2-R system modulates
the neuroendocrine changes that occur during the lactation period.
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Figure 1.
(a) Average pup body weight during the lactation period in litters reared by WT and PTH2-
R-KO dams. * main genotype effect; p= 0.043. (b) Average body weight of WT and PTH2-
R-KO dams before pregnancy and throughout the lactation period. PND: postnatal day.
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Figure 2.
Representation of the maternal behavior observed in WT and PTH2-R-KO dams as a
percentage of scans spent in active nursing (a and b) or spent in non-nursing behavior (c and
d). (a) and (c) the percentage of scans spent in each behavior over the 6 time-windows was
averaged to obtain one value per PND (post-natal day); (b) and (d) the percentage of scans
spent in each behavior over the 3 PND was averaged to obtain one value per hour. The black
bar represents the dark phase of the light/dark cycle.
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Figure 3.
Milk yield (in grams) by WT and PTH2-R-KO dams after a 30-min or a 90-min suckling
period (a) and basal serum prolactin level (ng/ml) of WT and PTH2-R-KO dams at postnatal
day (PND) 5, 10 and 19 (b). * p=0.031.
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Figure 4.
Number of c-Fos positive cells counted in the paraventricular nucleus of the supraoptic
nucleus (SON), the hypothalamus (PVN), the ventral bed nucleus of the stria terminalis
(vBNST), the arcuate nucleus (ArcN), and the medial pre-optic area (MPA) in WT and
PTH2-R-KO dams after a 90-min suckling stimulus. * p<0.05.
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Figure 5.
Representative micrographs showing the expression of c-Fos protein within the
paraventricular nucleus of the hypothalamus (PVN) of WT and PTH2-R-KO dams (a and b,
respectively) after a 90-min suckling stimulus. 3V: 3rd ventricule. The bar scale represents
100μm.
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Table 1

General health and neurological functions in WT and PTH2-R-KO females

WT PTH2-R-KO P value

Physical Characteristics

Body Weight (g) 18.5 ± .4 18.2 ± .5 .650

Missing Whiskers (%) 0 30 .066

Bald Patches (%) 0 0 1.000

Piloerection (%) 0 0 1.000

Empty Cage Observations

Wild Running (%) 0 0 1.000

Spontaneous Freezing (%) 0 0 1.000

Tremor (%) 0 0 1.000

Grooming 3.6 ± .7 4.8 ± 1.0 .331

Feces .6 ± .2 .8 ± .2 .511

Distance Traveled (mm) 15838.2 ± 977.9 13174.7± 1326.2 .123

Velocity (m/s) 26.4 ± 1.6 22.0 ± 2.2 .123

Neurological Functions and Reflexes

Approaching Object (%) 90 70 .264

Postural Reflex (%) 100 100 1.000

Eye Blink (%) 100 100 1.000

Ear Twitch (%) 100 100 1.000

Whisker Twitch (%) 100 70 .066

Motor Function

Rotarod latency (cs) 58.23 ± 10.91 70.89 ± 12.82 .462
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