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There are well-recognized sex differences in many pituitary endo-
crine axes, usually thought to be generated by gonadal steroid im-
printing of the neuroendocrine hypothalamus. However, the recog-
nition that growth hormone (GH) cells are arranged in functionally
organized networks raises the possibility that the responses of the
network are different in males and females. We studied this by di-
rectly monitoring the calcium responses to an identical GH-releasing
hormone (GHRH) stimulus in populations of individual GH cells in
slices taken from male and female murine GH-eGFP pituitary glands.
We found that the GH cell network responses are sexually dimorphic,
with a higher proportion of responding cells inmales than in females,
correlatedwith greater GH release frommale slices. Repetitivewaves
of calcium spiking activity were triggered by GHRH in some males,
but were never observed in females. This was not due to a per-
manent difference in the network architecture between male and
female mice; rather, the sex difference in the proportions of GH
cells responding to GHRH were switched by postpubertal gonad-
ectomy and reversed with hormone replacements, suggesting
that the network responses are dynamically regulated in adult-
hood by gonadal steroids. Thus, the pituitary gland contributes
to the sexually dimorphic patterns of GH secretion that play an
important role in differences in growth and metabolism between
the sexes.
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In most species, males and females display a marked phenotypic
divergence in body size, with increased growth rate and body

mass being a predominantly masculine trait. Furthermore, in all
species examined to date, the growth hormone (GH) axis dem-
onstrates sex-specific differences in hormone contents, secretory
outputs, and secretory patterns (1) and their effects on gene ex-
pression (2–4). The secretion of GH is controlled by hypothalamic
GH-releasing hormone (GHRH) and somatostatin, and there is
good evidence for sex-specific imprinting on hypothalamic hypo-
physiotropic neurons exerted by gonadal steroid exposure early in
life (5), with ongoing effects during puberty (6). This has led to the
conclusion that the sexually dimorphic control of GH patterns
reflects sex differences in GHRH and somatostatin inputs to the
pituitary gland. Acute changes in gonadal steroid environment
drastically alter the patterns of GH pulsatility in adulthood (7, 8);
however, although they receive sexually dimorphic inputs (9, 10),
GHRH neurons do not display sex-specific electrical character-
istics (9, 11). We have previously shown that GH cells in the male
mouse pituitary gland form an extensive homotypic cell network
with an architecture that exhibits marked plasticity during sexual
maturation and that can be altered by gonadectomy (12). Thus, it
was important to determine whether male and female pituitary
glands would show different responses to the same stimulus in the

absence of any hypothalamic influence. To explore this, we as-
sessed the functional activity of multiple GH cells within the net-
work by monitoring calcium spikes (13, 14) in identified pop-
ulations of individual GH cells in pituitary slices taken from male
and female GH-eGFP transgenic mice (15), intact or following
gonadectomy, with or without acute gonadal steroid replacement.
Our results show that the sameGHRH challenge elicited strikingly
different patterns of activation of GH cells from male and female
glands. This effect was not due to a permanent alteration in GH
cell network architecture, and it was not observed when GHRH
responses were monitored in populations of isolated male or fe-
male GH cells studied in vitro or in vivo. However, the sexually
dimorphic responses could be switched back and forth by gonad-
ectomy and steroid hormone replacement, respectively. Thus, the
functional organization of the pituitary makes a significant con-
tribution to the sexually dimorphic responses in the GH axis.

Results
Monitoring of the functional activity of GH cells in slices
loaded with calcium indicator taken from male and female GH-
eGFP mice revealed no differences in the proportion of cells
showing spontaneous activity (59.9% of active cells in males
and 60% in females; n = 815 and 426 cells, respectively). In
contrast, striking differences were seen in their responses to a
GHRH stimulus (Fig. 1). In males, ∼60% of GH cells
responded to GHRH with coordinated increases in cell activity
(n = 16 pituitary slice fields). In some slices, a single GHRH
exposure generated repetitive waves of calcium spikes that
persisted for long periods even after cessation of secretagogue
application (e.g., Fig. 1Aa; ref. 12). Interestingly, a relationship
was noted between the incidence of calcium waves and the
location of GH cells recorded. No GHRH-induced repetitive
trains of calcium spikes were observed in medial regions of
coronal pituitary slices, as we reported previously (12); how-
ever, GHRH triggered a cyclical increase in spike firing in the
lateral wings of the pituitary, with increased prevalence in
regions closer to the medial strip (six of nine recorded fields;
n = 9 animals; Fig. 1Aa) versus those at the wing extremity (two
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of seven recorded fields; n = 5 animals). Fig. S1 shows a rep-
resentative example of a noncycling calcium response observed
in a male animal.
In females, only ∼35% of GH cells responded to GHRH (P <

0.05 compared with males). Unlike in males, the nature of these
responses was similar irrespective of the location of recorded
GH cells, with rapid diminution of calcium spiking activity fol-
lowing withdrawal of stimulus. No waves of calcium spikes were
observed in slices taken from females (seven recorded fields;
n = 7 animals) (Fig. 1Ba).
The GH network activity in males and females is depicted in

Fig. 1 Ab and Bb as the likelihood of positive correlation in ac-
tivity between identified pairs of GH cells, with “heat maps”
indicating the strength of correlation between pairs. Movie
stacks showing these heat maps at a larger scale, provided in
Movies S1 and S2, clearly illustrate the repetitive waves of co-
ordinated activity observed in some male slices and demonstrate
that the same pairs of cells tended to be cyclically responsive to
a single activation of GHRH. Although females did not display
this cyclic response, providing repeated GHRH stimuli to fe-
male glands caused the majority of GH cells that responded to
the first GHRH stimulus to respond to the second stimulus as
well (72% ± 3%; n = 4) (Fig. S2). Interestingly, although a
similar total number of cells responded to the second stimulus,
some previously responding cells did not respond a second time,
whereas others responded only to the second stimulus. We also
found that GHRH receptor expression in GH-eGFP cells, as
measured by quantitative PCR (qPCR), did not differ between the

sexes (relative expression, 2.95± 0.86 formales and 2.16± 0.47 for
females; n = 3 for each condition; P > 0.05).
To test for sex differences in secretory output of GH from

pituitary slices, we took advantage of the fact that in GH-eGFP
mice, the eGFP fusion product is targeted to GH secretory
vesicles and is cosecreted with endogenous GH in a calcium-
dependent manner (15). As measured using an online fluores-
cence detector coupled to a slice perfusion chamber containing
a GH-eGFP pituitary slice, the eGFP fluorescence secretory
responses to GHRH were significantly larger (peak values, P <
0.05) and their time-to-peak more prolonged in males than in
females (10.9 ± 0.7 min vs. 7.3 ± 1.0 min; P < 0.05; n = 6 slices
for each condition) (Fig. 2).
We tested the possibility that these sex differences in response

might be explained by a morphological difference in the GH
network architecture between adult males and adult females.
Both female and male mice (Fig. S3, Upper) exhibited GH cell
clusters interlinked with cell strands. As reported previously (12,
16), GH cell clustering, as reflected in the volume/surface ratio
of the GH cell network, increased transiently at puberty in males.
We were not able to show a similar increase in females during
sexual maturation (Fig. S3, Lower). This indicates a difference at
puberty between males and females, but no persistent structural
differences in the GH cell network architecture in adult males
and adult females.
To test whether sex differences are intrinsic to individual GH

cells, we examined calcium activity and responses to GHRH in
identified GH cells isolated from male or female pituitary glands.

Fig. 1. GHRH triggers differential calcium responses in male and female pituitary slices. (Aa and Ba) Monitoring of calcium responses to GHRH (10 nM) in GH-
GFP cells in male (A) and female (B) pituitary slices loaded with the fluorescent calcium dye fura-2. (Ab and Bb) Correlation maps, calculated at 5-min intervals,
identifying significantly correlated GHRH-responsive GH-GFP cell pairs (Pearson R). Red dots show the location of all GHRH-responsive GH cells. Significantly
correlated cell pairs are connected with a straight line, the color of which represents the correlation strength; the bottom bar provides the color code.
Recorded fields were located in the lateral regions of the pituitary gland close to the median strip.
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We observed asynchronous, variable GHRH calcium response
profiles in male and female GH cells, with no sex difference in
the proportion of responsive isolated cells (16% of GHRH-re-
sponsive cells in males and 13% in females; n = 217 and 272
recorded cells, respectively; P > 0.05) (Fig. 3 A and B). To test
whether this also holds true for cells isolated in situ, we used
a double-transgenic model that maintains small numbers of iso-
lated, GHRH-responsive GH-eGFP cells in the pituitary gland
(17) in a GHRH-deficient background (GHRH-M2) (18). Fig. 3
C and D shows calcium responses to GHRH in single GH cells in
slices from these male and female GHRH-M2 × GH-eGFP
mice. Although the GH cells displayed spontaneous calcium
spikes and prolonged increases in spike frequency in response to
GHRH, there was no evidence of coordinated cell–cell activity

and no evident sex differences (22% of GHRH-responsive cells
in males and 30% in females; n = 89 and 63 recorded cells,
respectively; P > 0.05). Taken together, the results from these
two experimental approaches suggest that the sex differences
observed in male and female pituitary GH responses to GHRH
in situ require an intact GH cell network.
What might cause these sex differences at the pituitary level?

One obvious factor is the differing sex steroid environments in
adult males and adult females, given the known capacity of go-
nadal steroids to alter GH patterns in adult animals (19). To in-
vestigate whether sex steroids could regulate these sexually
dimorphic responses, we performed experiments on slices taken
from male and female gonadectomized mice, with or without sex
hormone replacement. Slices from 60-d-old males (castrated 15 d
earlier) exhibited fewer (∼20%) GHRH-responsive cells com-
pared with control sham-operated males; testosterone supple-
mentation in castrated males restored the proportion of GHRH-
responsive cells back to that seen in normal males (Fig. 4A, Left).
In gonadectomized males, the initial responses to GHRH still
showed cell–cell coordination at the onset of GHRH application
(Fig. 4B). The waves of activity detected in intact males following
GHRH exposure (Fig. 1Aa) were lost after gonadectomy (Fig.
4B), and were not restored in animals given replacement therapy
(Fig. 4D).

Fig. 2. GHRH triggers differential secretory responses in male and female
GH-eGFP pituitary slices. Online fluorescence monitoring of eGFP release
from pituitary slices from male (red trace) and female (blue trace) transgenic
mice expressing eGFP specifically targeted to the GH secretory vesicles.
GHRH was introduced into the perfusate at 10 nM, as indicated by the
horizontal bar. Data shown are the average from six slices for each sex.

Fig. 3. GH cell network disruption precludes the sexually dimorphic trait of
GHRH calcium responses in GH-eGFP cells. (A and B) Asynchronous calcium
responses to GHRH (10 nM) in GH-eGFP cells enzymatically isolated from
male (A) and female (B) pituitary glands and dispersed onto coverslips. (C
and D) Asynchronous calcium responses to GHRH (10 nM) in single GH-eGFP
cells in situ in male (C) and female (D) GH-GFP x GHRH-M2 mice. In both
cases, the correlation (R) value after application of GHRH was no different
from that observed under control conditions.

Fig. 4. GHRH calcium responses in the GH cell network are amenable to sexual
hormone manipulation in adulthood. (A) Proportion of GHRH-responsive cells
in sham-operated and gonadectomized male (Left) and female (Right) mice,
treated with and without hormone replacement. Data are mean ± SD. ***P <
0.001; *P < 0.05; ns, nonsignificant. (B and C) Representative calcium traces
of GH-GFP cell responses to GHRH in pituitary slices obtained from gonadecto-
mized male (B) and female (C) mice. (D and E) Representative calcium traces of
GH-GFP cell responses to GHRH (10 nM) in pituitary slices obtained from a cas-
tratedmale supplemented with testosterone (D) and an ovariectomized female
supplemented with ethinyl estradiol (E).
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Conversely, slices from 60-d-old females ovariectomized 15
d earlier demonstrated a significant increase in the proportion of
GH cells responding to GHRH (∼80%), and estrogen re-
placement reversed this effect (Fig. 4A, Right). In ovariectomized
females, GH cells showed coordinated activity in response to
GHRH, but no repetitive calcium waves were observed with or
without estrogen replacement (Fig. 4 C and E).
In gonadectomized males with testosterone supplementation,

the initial responses toGHRHstill showed cell–cell coordination at
the onset of GHRH application, but the prolonged waves of cal-
cium spiking activity observed post-GHRH application in some
intact males could not be reproduced by this acute hormone re-
placement protocol, even when cytosolic calcium fluctuations were
monitored in lateral regions of the pituitary gland (Fig. 4D). It has
been shown that androgen replacement in gonadectomized males
can fail to restore some characteristic features of male GH pulses,
such as prolonged duration (20, 21). Thus, we decided to test
whether a male-like response pattern could be obtained by mas-
culinizing ovariectomized females using acute testosterone sup-
plementation. Indeed, this has been demonstrated to be highly
effective in promoting male-like GH pulse patterns in female
rodents (8). Under these conditions, ∼60% of GH cells responded
toGHRH, similar to thefindings in intactmales (n=8 slices). Even
more striking, cells located in the lateral regions close to themedial
strip were able to generate bouts of coordinated calcium spiking
activity, albeit with shorter durations than these observed in intact
males (5/8 recorded fields) (Fig. S4).

Discussion
Our findings demonstrate that the pituitary GH network responses
toGHRHare sexually dimorphic in adulthood.When challenged by
the same GHRH input, responsive GH cells in males and females
differ substantially in the extent of coordinated firing and GH out-
put (as inferred from their GFP output). Because we did not see
these differences when we tested GH cells in isolation, we conclude
that they are a property of the network that GH cells form in the
pituitary gland. The major sexual dimorphic feature is that the
proportion of responsive GH cells differed significantly between the
sexes. The resolution of our methods allowed us to identify the in-
dividual responding cells, and demonstrated that our results did not
reflect a random population of cells or a strictly defined subset of
responsive GH cells. Indeed, a consecutive GHRH challenge failed
to elicit a second response in some cells, but did elicit a response in
some initially nonresponsive cells. This is entirely consistent with
earlier observations on variable responses in individual GH cells,
and also with the finding of greater secretion in response to GHRH
in individual male GH cells compared with female cells (22). The
proportion of responsive cells was sensitive to the prevailing gonadal
steroid environment; it could be switched by gonadectomy and re-
versed by acute hormone replacement. This suggests dynamic reg-
ulation of the GH cell network response by gonadal steroids in both
males and females.

GH Cells in an Intact Network Show Sex-Specific Organized Patterns
of Response to GHRH. There is much evidence indicating that in-
dividual GH cells isolated from their tissue context display sto-
chastic cell signals due to spontaneous electrical activity (23). In
situ, the GH cell network largely retains the stochastic nature of
spontaneous calcium signals under basal conditions. We have
previously shown that only a few neighboring GH cells are tightly
synchronized in the absence of a GHRH input (12, 24). Strikingly,
following challenge with GHRH, GH cells responded in a tightly
coordinated manner. The GH cell network structure was essential
for this temporally correlated response, as evidenced by the sto-
chastic behavior of dissociated GH cells even in the presence of
GHRH. This was not simply the result of harsh isolation con-
ditions; GH cells in transgenic mice with a severely disrupted GH
cell network (17, 18) also did not exhibit coordinated responses

to exogenous GHRH. These results illustrate that the presence
of a topologically arranged network is critical for the propagation
of information among the GH cells. We suggest that the network
serves to amplify the secretory response of the GH cell population
by coordinating a coherentGHpulse in response toGHRH.When
cells respond as individual isolated units, this potentially can ac-
tivate pathways that compromise cell activity and survival (25).
What is the mechanistic link between the coordinated trains of

calcium spikes induced by GHRH and GH secretion in vivo?
GHRH-induced GH secretion depends on calcium entry (15, 26,
27), which in endocrine cells occurs during action potential firing
(12, 23, 28). Trains of calcium spikes, as induced by GHRH in both
male and female pituitary slices, are considered one of the most
effective patterns of episodic calcium entry in triggering exocytosis
in various neuroendocrine/endocrine tissues (29, 30), including
pituitary cells recorded in situ (31). In our study, eGFP (GH) re-
lease in response to GHRH stimulus was greater in slices from
male pituitary glands than in slices from female glands. Given the
higher proportion of GH cells responsive to GHRH in males,
simple summation of the ensuing calcium-dependent exocytotic
responses would account for the observed differences in GH se-
cretion (32–34). Finally, a remarkable feature of GH responses in
males was that a single application of GHRH could trigger re-
petitive waves of calcium spiking activity that persisted well beyond
the cessation of GHRH exposure. This effect, which was not seen
in females, might contribute to the delayed time to peak of the
secretory response detected in males. Rhythmic calcium waves
may trigger other functions as well, such as gene expression (35),
because cell calcium spiking activity influences a wide range of
downstream processes depending on the amplitude of the calcium
spikes, as well as their frequency and patterns of discharge (13, 14).
Further studies are needed to investigate how and why only

a portion of the GH cell network, spatially restricted within the
lateral pituitary wings, is able to generate repetitive trains of cal-
cium spiking activity in response to GHRH input. One possible
explanation is that an enhanced information flow exists close to the
medial portion of the pituitary gland due to increased cell–cell
connectivity/communication. It also should be noted that our
results reflect only those GH cells responding to GHRH with
calcium spikes. Most, if not all, GH cells express GHRH receptors
(36), and we found that some initial nonresponders were res-
ponders to a secondGHRHpulse. The cells that do not respond to
GHRH with a calcium spike might activate other pathways, such
as cAMP (37).

GH Cell Network Activity Is Regulated by Gonadal Steroid Hormones
in Adulthood. Despite the fact that adult males and adult females
exhibited no permanent difference in the organization of GH cell
network architecture, their GH cells generated markedly dif-
ferent activity in response to GHRH in situ. Furthermore, this
activity could be manipulated by changing the gonadal steroid
levels. These effects of gonadal steroids on GH network per-
formance in adulthood are entirely consistent with the results of
previous in vivo studies of GH pulsatility (19, 38). Sex-specific
traits are controlled by both genetic (39) and endocrine (gonadal
steroid) mechanisms (40, 41), and include sex-specific effects on
transcription in the pituitary gland (42). It seems unlikely that
this sexual dimorphism of GH cell network responsiveness is
mediated by sex-determination genes independently of gonadal
steroid environment (40, 43–45), given that the female GH cell
network can be readily induced to display male-like proportions
of responding cells, and vice versa, simply by manipulating the
sex steroid environment. Moreover, a fine balance of sex hor-
mones is likely required for the generation of repetitive waves of
calcium spikes in response to a GHRH challenge, given that such
recurrent waves were observed only in postpubertal ovariecto-
mized females treated with testosterone, an experimental con-
dition known to profoundly “masculinize” GH pulse rhythms in

Sanchez-Cardenas et al. PNAS | December 14, 2010 | vol. 107 | no. 50 | 21881

PH
YS

IO
LO

G
Y

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1010849107/-/DCSupplemental/pnas.201010849SI.pdf?targetid=nameddest=SF4


adult female rodents (8). Finally, we do not believe that these sex-
specific responses reflect ultra-rapid effects of steroids, because
slices from both males and females maintained their differential
responses for several hours when isolated in media lacking ste-
roids. Further investigation of how the sex hormone environment
alters the likelihood of GHRH responsiveness or coordinated
activity in vivo is needed.
In invertebrates, such as fruit flies, male courtship depends on

the concerted activities of sexually dimorphic neuronal networks
in both themushroom body (46) and peripheral tissues (39, 47). In
higher organisms, gonadal hormones are known to exert organi-
zational effects on brain circuits (48). The sex determination of
both behavioral and somatic features has been attributed to sex-
ually dimorphic nervous system circuits, such as the vomeronasal
system for male or female behaviors (40), the sexually dimorphic
nucleus in the rodent hypothalamus for control of gamete release
and body growth at sexual maturation (40, 49), and the spinal
nucleus of the bulbocavernosus, which innervates the striated
muscles mediating reflex erectile function (50). Classical studies
in rats (20, 21, 49, 51) have shown that exposure to androgens and
estrogens during a critical perinatal window permanently imprints
a specific neuronal architecture that subsequently drives sex-
specific behavioral and somatic traits. Along with these “organi-
zational effects” are reversible changes induced by steroids in
adulthood (“activational effects”) (52, 53). Gonadal steroid reg-
ulation of GH patterns has largely been attributed to effects on
the hypothalamic pulse generator, although it is well recognized
clinically that sex steroid “priming” in prepubertal children radi-
cally alters the pituitary responsiveness to GH stimulation tests
(54). Although some of these activational effects may reflect di-
rect effects on GH or GHRH gene expression, our data indicate
that gonadal steroids also regulate the pattern and magnitude of
the GH response in adulthood at the pituitary level.
In summary, mice express a sexually dimorphic GH cell pitu-

itary network that contributes to the shaping of highly ordered
sex-specific GH pulses generated in response to physiological
demands. The hypothalamic somatostatin and GHRH systems
generally considered responsible for generating sexually di-
morphic GH secretory patterns signal to target GH cells, which
respond in a sexually dimorphic manner during adulthood.

Materials and Methods
Animals. Male and female 2- to 3-mo-old GH-eGFP mice were generated and
used as described previously (15). Some animals were crossed with GHRH-M2
mice (18), and their double-transgenic progeny were used. For gonadectomy
experiments, 45-d-old mice were anesthetized by an i.p. injection of a ket-
amine (1%)/xylazine (0.1%) mixture. Three groups of animals were studied:
sham-operated, gonadectomized, and gonactomized with hormone re-
placement (testosterone propionate, 1.2-mg pellet, or ethynylestradiol, 0.03-
mg pellet; Innovative Research of America) (55, 56). Experiments were car-
ried out 15 d after surgery. All animal studies were conducted in compliance
with the animal welfare guidelines of the European Community and/or the
United Kingdom Home Office, as appropriate.

Multiphoton Imaging, eGFP Release Assays, Calcium Recording, and Real-Time
qPCR. In paraformaldehyde-fixed pituitaries, two-photon excitationmicroscopy
wasusedto imagethe locationofGH-eGFPcells in threedimensions,asdescribed
previously (12). Volume/surface ratios of 3D GH cell network structures were
quantified using the Imaris surface rendering tool (Bitplane). GH release from
perfused pituitary slices was monitored by continuous real-time monitoring of
the secretion of vesicle-targeted eGFP (15). Using an adapted Zeiss upright
microscope equipped with a photomultiplier tube, fluorescence outflow was

measured directly as it passed through a reflective perfusate chamber. For
multicellular cytosolic calcium measurements, GH-eGFP cells loaded with the
fluorescent calcium dye fura-2 AM (Molecular Probes) were identified as de-
scribed previously (15). Usually one, and rarely two, planar slices per pituitary
gland were used, and calcium measurements were made no more than 2–8 h
postmortem. Ratiometric cytosolic calcium fluctuations were monitored using
a fluorescent stereomicroscope (StereoDiscovery; Zeiss) equipped with a water-
immersion Zeiss objective (W Plan-Apochromat, 20×, 1.0 NA). Fluorescence
excitationwas alternately delivered at 360 nm and 380 nm by a Lambda LS 300-
W xenon arc lamp (Sutter Instrument) fitted with a fast-rotating filter wheel
(27-ms lag) and linked to the stereomicroscope with an optical fiber. Fluores-
cence emissions were captured (360/380 nm) with a Hamamatsu C9100EM-CCD
camera (512 × 512 pixels) and acquired with Metafluor software (Molecular
Devices). Custom-made IGOR Pro software (WaveMetrics) was used to analyze
calcium data (12, 28). Recurrent motifs of calcium spikes in response to GHRH
were determined as described previously (12).

For real-time qPCR experiments, GH-positive cells were isolated from the
other cell types (GH-negative) by FACS (FACSAria; BD Biosciences) as de-
scribed previously (57). In brief, pituitary glands were dissected from 70-d-old
male GH-eGFP mice (n = 10), and the neurohypophysis and intermediate
lobe were removed. Cells were dissociated enzymatically by trypsin (0.5%)
and mechanically by repeated gentle trituration using Pasteur pipettes.
Three independent experiments were performed.

Total RNA was extracted from GH-positive and GH-negative cells and
treated with DNase I using the RNAeasy Extraction Kit (Qiagen). RNA was
reverse-transcribed using SuperScript III reverse transcriptase (Invitrogen).
qPCR analyses of GHRH-R and 18sRNA, used as the internal standard, were
performed using SYBR Green PCR Master Mix (Applied Biosystems) as
described previously (57). Primers for GHRH-R and 18sRNA were as follows:
GHRH-R forward, 5′-ACCCGTATCCTCTGCTTGCT-3′; GHRH-R reverse, 5′-AG-
GTGTTGTTGGTCCCCTCT-3′; 18sRNA forward, 5′-GTAACCCGTTGAACCC-
CATT-3′; 18sRNA reverse, 5′-CCATCCAATCGGTAGTAGCG-3′. Expression of
GHRH-R was normalized to the expression level of 18sRNA, according to
the formula GHRH-R/18sRNA = (2−(Ct[GHRH-R] − Ct[18sRNA])) × 1,000, where Ct
is the threshold cycle.

Statistical Analysis. The effects of age and sex on the volume/surface ratio of
the GH cell network were assessed using a disproportional replication test to
achieve balanced group numbers. Two-way ANOVA was then performed on
the resultant means, followed by Bonferroni’s post hoc test to make pairwise
comparisons betweenmales and females of the same age. Calcium recordings
were subjected to empirical mode decomposition (EMD) to retrieve the
baseline trend (58), allowing comparison of the control and drug application
periods. Under all physiological states, a GHRH response was categorized as
a 25% positive deflection from the baseline value under control conditions.
EMD analyses were performed using Matlab and an open-source algorithm
(http://perso.ens-lyon.fr/patrick.flandrin/emd.html), which was adapted to
suit the requirements of the present study. Custom-made software was used
to measure the linear correlation (Pearson’s R) between all pairs of GHRH-
responsive GH-eGFP cells as described previously (12). The effects of sex, go-
nadectomy, and hormone replacement on cell activity under basal and
stimulated conditions were compared using amultiple equality of proportion
test, followed by a Tukey-type post hoc test to make multiple pairwise
comparisons. Cell pair correlation indexes were performed using the
Pearson’s R. For the eGFP secretion studies, the times to peak and maximum
peak amplitude values were calculated. A nonparametric Mann–Whitney
U test was then used to assess the effect of sex on both parameters. In all
cases, differences between groups were considered significant at P < 0.05.
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