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Abstract

This study used two mouse models with genetic manipulation of the melanocortin system to
investigate prolactin regulation. Mice with overexpression of the melanocortin receptor (MC-R)
agonist, a-melanocyte-stimulating hormone (Tg-MSH) or deletion of the MC-R antagonist agouti-
related protein (AgRP KO) were studied. Male Tg-MSH mice had lower blood prolactin levels at
baseline (2.9+0.3 vs 4.7£0.7 ng/ml) and after restraint stress(68 £6.5 vs 11722 ng/ml) versus WT
(p<0.05); however, pituitary prolactin content was not different. Blood prolactin was also
decreased in male AgRP KO mice at baseline (4.2+0.5 vs 7.6£1.3 ng/ml) and after stress (60+4.5
vs 86.1+5.7 ng/ml) vs WT (p <0.001). Pituitary prolactin content was lower in male AGRP KO
mice (4.3£0.3 vs 6.7+0.5 pg/pituitary, p <0.001) versus WT. No differences in blood or pituitary
prolactin levels were observed in female AgRP KO mice versus WT. Hypothalamic dopamine
activity was assessed as the potential mechanism responsible for changes in prolactin levels.
Hypothalamic #yrosine hydroxylase mRNA was measured in both genetic models versus WT mice
and hypothalamic dopamine and 3,4-dihydroxyphenylacetic acid (DOPAC) content were
measured in male AgRP KO and WT mice but neither were significantly different. However, these
results do not preclude changes in dopamine activity as dopamine turnover was not directly
investigated. This is the first study to show that baseline and stress-induced prolactin release and
pituitary prolactin content are reduced in mice with genetic alterations of the melanocortin system
and suggests that changes in hypothalamic melanocortin activity may be reflected in
measurements of serum prolactin levels.
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1. Introduction

Prolactin is a lactogenic hormone secreted by the anterior pituitary that normally increases
during pregnancy and lactation [8]. Although a number of different factors have been shown
to modulate prolactin release, the most critical factor is dopamine produced by
tuberoinfundibular dopamine (TIDA) neurons in the arcuate nucleus of the hypothalamus
[1]. These neurons project to the median eminence where dopamine is released into
hypophyseal portal blood and subsequently binds to dopamine-type 2 (D2) receptors in
lactotrophs and inhibits prolactin synthesis and release [1]. Although prolactin releasing
factors do exist, prolactin secretion is primarily under tonic inhibitory dopamine control
such that antagonism of D2 receptors causes a robust stimulation of prolactin release [1].
Prolactin is also regulated by a short-loop feedback system, in which prolactin inhibits its
own release by binding to prolactin receptors on TIDA neurons [17, 22]. Many factors can
regulate prolactin release via modulation of the TIDA system. The hypothalamic
neuropeptides a-MSH and AgRP are part of the brain melanocortin system and have been
shown to inhibit and stimulate prolactin release respectively when injected icv in rodents
and primates [13-15, 27, 38, 40, 47]. These peptides are produced by POMC and AgRP
neurons in the arcuate nucleus and play a critical role in regulating energy balance and
metabolism [21]. Proopiomelanocortin (POMC) is post-translationally processed to a-MSH
which is the agonist for MC3-R and MC4-Rs in the brain and promotes negative energy
balance, while AgRP is the antagonist for these receptors and promotes positive energy
balance [21]. The melanocortin system also has a number of neuroendocrine effects on the
thyroid, gonadal and adrenal axes [11, 19, 37]. With respect to prolactin secretion, acute
central injection of a-MSH suppresses basal blood prolactin levels as well as blunts
increases in prolactin due to stress, interleukin 1-a administration, estrogen treatment, or the
surge on the day of proestrus [15, 27, 38, 40]. Conversely, AgRP has been shown to increase
prolactin release and AgRP-induced increases in prolactin are blocked by a-MSH [47]. The
effects of a-MSH on prolactin release have been shown to be mediated by dopamine as a-
MSH cannot block dopamine-receptor antagonist induced increases in prolactin levels [15,
38]. Furthermore, icv a-MSH increases DOPAC and 3,4-dihydroxyphenylalanine (DOPA)
content specifically in the median eminence [23].

There is evidence that endogenous a-MSH may play a physiological role in prolactin
regulation as icv injection of an a-MSH antiserum has been shown to enhance basal and
stress-induced prolactin release in the rat [13]. There is also evidence of an anatomical
connection between POMC and TIDA neurons as revealed by electron microscopy showing
synaptic connections between POMC immunoreactive axon terminals and tyrosine
hydroxylase-immunopositive cell bodies and dendrites [10]. However, in contrast at the
pituitary level, there are some reports of stimulatory effects of a-MSH on prolactin
including stimulation from cultured mouse pituitary cells [25, 45, 46].

It was unknown how chronic changes in hypothalamic melanocortin activity would affect
pituitary prolactin content and release. Therefore, in this study, genetic models of increased
melanocortin signaling were employed to determine if chronic activation of the
melanocortin system by either increasing a-MSH or eliminating AgRP signaling would
suppresses prolactin levels. We used mice with overexpression of an N-terminal POMC
transgene (Tg-MSH) that includes a- and y3-MSH (but not ACTH or B-EP) which were
previously reported to possess a leaner phenotype, and mice with selective AgRP deletion,
which were reported to possess a metabolic phenotype similar to WT counterparts [20, 31,
36]. Although the metabolic phenotypes have been carefully described, the effects on
prolactin regulation are unknown. In both mouse models, we investigated blood prolactin
levels under both unstressed and stressed conditions and measured pituitary prolactin
content. Male mice were used in most experiments but these parameters were investigated in
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female AgRP KO mice as well. For comparison, basal and stress-induced corticosterone
levels were measured in parallel in several of these experiments. To investigate the
mechanism responsible for alterations in prolactin levels we measured mediobasal
hypothalamic (MBH) tyrosine hydroxylase activity and dopamine and DOPAC content, as
well as the effects of functional dopamine receptor antagonism.

2. Materials and Methods

2.1 Animals and treatment protocols

All animals were housed under barrier conditions with a 12-h light, 12-h dark cycle.
Animals had ad /ibitum access to water and rodent chow. Mice were handled regularly to
limit any stress while procedures were performed. All protocols were approved by the
Columbia University Institutional Animal Care and Use Committee and were conducted in
accordance with the NIH guide for the care and use of laboratory animals.

Tg-MSH—Transgenic mice were generated as described previously to overexpress NH2-
terminal POMC under the control of the cytomegalovirus (CMV) promoter [36]. The
transgene contained part of the 5"UTR, the signal sequence, the sorting sequence, y3-MSH,
the joining peptide, and a-MSH, including the COOH-terminal glycine necessary for
amidation. The transgene was expressed in multiple tissues, including the hypothalamus and
pituitary. Mice were backcrossed to a coisogenic C57BL/6J line, C57BL/6J-A%strain for
six generations, and used for the current studies. This is a white-bellied agouti-colored line,
which was used instead of black mice to visualize the darkening effect of MSH on coat
color. Studies were performed in transgenic homozygous mice with control mice being wild-
type (WT) animals generated from the backcross at the N6 generation.

AgRP KO—The AgRP KO mouse line was obtained from Dr. Van der Ploeg [31]. Mice
were backcrossed to a coisogenic C57BL/6J line, C57BL/6J-A strain for seven
generations. AgRP KO and WT mice were generated from homozygous matings and mice
were used in the experiments as indicated. Mice were genotyped using the following
primers: F1: 5 GCTTCTTCAATGCCTTTTGCS’, F2: 5'GCCAGAGGCCACTTGTGTAG
3, R:5'GTTTCGGAGCCAAATGGTTAS'.

Stress-experiments—Animals were placed under light restraint stress for 5 or 15
minutes using TV-150 (Braintree Scientific, Braintree, MA) and 25 ul of blood was obtained
after stress.

2.2 Experimental procedures

2.2.1 Experiment 1—Effects of transgenic MSH overexpression on blood and pituitary
prolactin levels. Experiment 1a: A trunk blood sample was obtained at sacrifice from non-
stressed male Tg-MSH and WT mice (n=40 or 43/group). Experiment 1b: A trunk blood
sample was obtained at sacrifice in male Tg-MSH and WT mice (n=9-10/group) after 5
minutes of restraint stress. Experiment 1c: At sacrifice, pituitary was collected from male
Tg-MSH and WT mice (n=8 or 10/group).

2.2.2 Experiment 2—Effects of AgRP deletion on blood and pituitary prolactin levels.
Experiment 2a.: A submandibular blood sample was obtained from non-stressed male AgRP
KO and WT mice (n=17 or 20/group) acclimated to handling. Experiment 2b: Trunk blood
was obtained at sacrifice from non-stressed male AgRP KO and WT mice (n=8 or 11/
group). Experiment 2c. Mice from Experiment 2arecovered and were subjected to restraint
stress. Measurements were obtained 5 and 15 minutes after stress (n=17-18/group).
Experiment 2d: Male AgRP KO and WT mice (n=16/group) were sacrificed and the
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pituitary was collected. Experiment 2e: Female AgRP KO and WT mice (n=9-10/group)
were utilized in this experiment. The stage of the estrus cycle was monitored by daily
vaginal smear. Blood samples were obtained on metestrus to minimize cyclic fluctuations in
prolactin [2]. After 5 and 15 minutes of restraint stress, a blood sample was obtained. Mice
were sacrificed approximately 1.5 hours later and the pituitary was collected.

2.2.3 Experiment 3—Effects of transgenic MSH overexpression or AgRP deletion on
MBH tyrosine hydroxylase mRNA levels. Experiment 3a: Male Tg-MSH and WT mice
(n=8/group) were sacrificed and an MBH dissection was obtained for RNA analyses.
Experiment 3b: Male AgRP KO and WT mice (n=7-8/group) were sacrificed and an MBH
dissection was obtained for RNA analyses.

2.2.4 Experiment 4—Effects of AgRP deletion on MBH dopamine and DOPAC content.
Male AgRP KO and WT mice (n=7/group) were sacrificed and an MBH dissection (~10 mg
tissue) was collected for high-performance liquid chromatography (HPLC) analyses.
Samples were homogenized in 0.1 N perchloric acid (PCA) with 50 ng/mL of 3,4
dihydroxybenzylamine (DHBA), which was utilized as an internal standard. Dopamine and
DOPAC content were determined by HPLC-EC and normalized to protein content in each
sample as previously described [26].

2.2.5 Experiment 5—Effects of AgRP deletion on serum prolactin levels after dopamine
receptor antagonism. Male AgRP KO and WT mice (n=9 or 11/group) were utilized in this
experiment. A submandibular blood sample was obtained from non-stressed mice. After two
weeks, mice received a subcutaneous metoclopramide injection (2 pg/g body weight), and a
blood sample was obtained after 30 minutes.

2.3 RNA and hormone measurements

2.3.1 Measurement of hypothalamic RNA levels—RNA isolation was performed
using the RNeasy Lipid Tissue Mini Kit (Qiagen USA, Valencia, CA) in conjunction with
the RNase-Free DNase set (Qiagen USA) under the manufacturer’s instructions and total
RNA was quantified using spectrophotometry. cDNA was synthesized using the Superscript
I11 First-Strand cDNA Synthesis Kit (Life Technologies Corporation/Invitrogen, Grand
Island, NY) and was analyzed using quantitative RT- PCR performed with Lightcycler 480
SYBR Green | Master (Roche Applied Science, Indianapolis, IN) in the Lightcycler 480
Real-Time PCR system (Roche Applied Science). Samples were normalized to B-actin.
Primer sequence: Tyrosine Hydroxylase: F5'CGAGGTGCCCAGTGGCGACC 3’ R
5'GGTCCAGGTCCAGGTCAGGG 3.

2.3.2 Blood and pituitary hormone measurements—Blood was collected as plasma
or serum and stored at —80° C. The pituitary was homogenized in 0.1 N HCI and used for
analyses. Prolactin levels were measured by a double antibody RIA with an antiserum to
mouse prolactin and reference preparations provided by the National Hormone and Pituitary
Program. Purified mouse prolactin was iodinated with 1-125 by the lactoperoxidase method
for use as tracer. Corticosterone levels were measured using a sensitive double antibody RIA
from MP Biomedicals (Irvine, CA USA) [30].

2.4 Statistical Analysis

Statistical analysis—Statistical analysis was performed with Student’s ftest. < 0.05
was considered statistically significant. Results are reported as mean values + SEM.
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3. Results

3.1 Experiment 1: Effects of transgenic MSH overexpression on blood and pituitary
prolactin levels

Three different groups of mice were used in this experiment. In the first group, male Tg-
MSH mice were found to have significantly lower baseline plasma prolactin levels at
sacrifice compared to WT mice (p<0.05, Fig 1A). A second set of mice were exposed to
restraint stress for 5 minutes and then sacrificed; plasma prolactin levels were also found to
be lower in these Tg-MSH mice versus WT mice (p<0.05, Fig 1B). Notably, plasma
corticosterone levels were not different in these mice (WT 22.8+2.4 vs Tg-MSH 20.7+1.0
ug/dl, p=0.40). In another cohort of mice, pituitary prolactin content was found to be similar
between Tg-MSH and WT mice (Fig 1C).

3.2 Experiment 2: Effects of AgRP deletion on blood and pituitary prolactin levels

3.2.1 Experiments 2a,b—Baseline serum prolactin levels obtained from a submandibular
bleed were significantly lower in male AgRP KO mice (p<0.05, Fig 2A). Serum
corticosterone levels were also measured in these mice and were found to be similar
between groups (WT 1.9+0.3 vs AgRP KO 1.6+0.3 ug/dl, p=0.64). In a separate cohort of
AgRP KO mice, plasma prolactin levels at sacrifice were also significantly lower (KO
3.4+0.5 vs WT 7.9£1.6 ng/ml, p<0.05).

3.2.2 Experiment 2c—Mice from Experiment 2a were subjected to restraint stress which
increased serum prolactin levels; however stress-induced prolactin levels were still
significantly lower in AgRP KO versus WT mice at both the 5 and 15 minute timepoints
(p<0.001, Fig 2B). Serum corticosterone levels were analyzed in a subset of these mice after
stress (n=9 or 11/group) and it was found that stress-induced corticosterone levels were not
significantly lower in AgRP KO versus WT mice at either the 5 or 15 minute timepoints
(data not shown).

3.2.3 Experiment 2d—In another cohort of male mice, pituitary prolactin content was
found to be significantly lower in AGRP KO vs WT mice (p<0.001, Fig 2C).

3.2.4 Experiment 2e—The estrous cycle of female AgRP KO and WT mice was
monitored daily and measurements were obtained on metestrus. Stress-induced serum
prolactin levels were not different between AgRP KO and WT mice after either 5 or 15
minutes of restraint stress. Pituitary prolactin content tended to be lower in AGRP KO versus
WT mice; however this did not reach significance (p=0.23) (Fig 3A,B).

3.3 Experiment 3: Effects of transgenic MSH overexpression or AQRP deletion on MBH
tyrosine hydroxylase mRNA levels

As tyrosine hydroxylase is the rate-limiting step in dopamine synthesis [5], we sought to
investigate mRNA levels in the MBH of AgRP KO and WT mice and Tg-MSH and WT
mice. Both the AgRP KO (p=0.29) and Tg-MSH (p=0.08) mice tended to have higher
tyrosine hydroxylase mMRNA expression compared to their respective WT counterparts;
however, this did not reach significance (Fig 4A,B).

3.4 Experiment 4: Effects of AgRP deletion on MBH dopamine and DOPAC content

MBH dopamine and DOPAC content were measured by HPLC from AgRP KO and WT
mice. Analyses revealed that dopamine and DOPAC content were not different between
groups (Fig 5).
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3.5 Experiment 5: Effects of AgRP deletion on serum prolactin levels after dopamine
receptor antagonism

Baseline serum prolactin levels were significantly lower in AgRP KO vs WT mice (p<0.05,
Fig 6A). Mice were injected subcutaneously with metoclopramide and prolactin levels were
measured 30 minutes later. Serum prolactin levels increased with metoclopramide treatment;
however, these levels were still significantly lower in AgRP KO mice (p<0.001, Fig 6B).
The fold-increase in prolactin levels from baseline was also similar between groups (Fig
6C).

4. Discussion

This study demonstrates that prolactin levels are lower with two different genetic
manipulations of the melanocortin system resulting in either overexpression of the MC-R
agonist a-MSH, or deletion of the antagonist AgRP. In male Tg-MSH and AgRP KO mice,
both baseline and stress-induced blood prolactin levels were significantly lower compared to
WT mice, and further, pituitary prolactin content was lower in male AgRP KO mice.
However, no differences in serum or pituitary prolactin levels were detected in female AgRP
KO mice. As dopamine is well recognized to inhibit prolactin secretion [1], dopamine
metabolism was also investigated. Tyrosine hydroxylase mRNA, the rate-limiting step in
dopamine synthesis [5], was measured in the MBH of both mouse models, and although a
trend for increased levels was evident, it did not reach significance in either group.
Hypothalamic dopamine and DOPAC content were also examined in male AgRP KO and
WT mice; however, no differences were detected. Finally, we used the D2 receptor
antagonist metoclopramide to investigate functional dopamine receptor antagonism and
found that prolactin levels were similarly increased in both groups after treatment.

Previous studies have shown that the melanocortin system can acutely regulate prolactin
secretion. Central injections of a-MSH can suppress prolactin levels [15, 27, 38].
Oppositely icv AgRP increases prolactin levels and these increases can be blocked by a-
MSH [47]. Furthermore, the mu-opioid receptor agonist p-EP, which is not part of the
melanocortin system per se, is also derived from POMC and interacts with a-MSH to
regulate prolactin secretion by modulating hypothalamic dopamine turnover [6, 9, 44].
There is evidence that endogenous a-MSH may play a physiological role in prolactin
regulation as icv injection of an a-MSH antiserum has been shown to enhance basal and
stress-induced prolactin release in the rat [14, 15]. In contrast, there are several reports
demonstrating stimulatory effects of a-MSH on prolactin. a-MSH has been shown to
stimulate prolactin release and DNA replication in cultured mouse lactotrophs and to
sensitize these cells to other secretagogues [25, 29]. This appears to be via stimulation of the
MC3-R that is expressed by lactotrophs [25]. There is also a report that an a-MSH
antiserum attenuates stimulation of prolactin by leptin [45]. Thus a-MSH may modulate
prolactin release at both the pituitary and hypothalamic level. Most studies have only
investigated the relatively acute effects of a-MSH on prolactin release. Our study is the first
to demonstrate that chronic altered melanocortin signaling can affect prolactin levels.

Several lines of evidence support a role for hypothalamic dopamine in mediating the effects
of a-MSH on prolactin secretion. For example, icv a-MSH can no longer inhibit prolactin
secretion in the presence of a dopamine-receptor antagonist [15, 38]. Anatomic studies have
also shown that POMC-immunoreactive terminals contact tyrosine hydroxylase-positive cell
bodies and dendrites in the hypothalamus of rats [10], showing a physical interaction
between these neurons. Although the MC3-R is highly expressed in the arcuate where TIDA
neurons are localized, it is at present unclear which MC-R mediates effects of a-MSH on
TIDA activity. In this study, we were unable to show that increased dopaminergic activity
was responsible for the suppression of prolactin levels in AgRP KO mice. We investigated
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tyrosine hydroxylase gene expression and dopamine and DOPAC content in the MBH of
AgRP KO and WT mice. Although we did not detect a change in tyrosine hydroxylase
MRNA levels, this does not preclude a change in enzyme activity as tyrosine hydroxylase
activity was not measured. Furthermore, it should be noted that the failure to detect changes
in static measurements of dopamine and DOPAC content does not preclude a role for
dopamine in mediating the observed effects on prolactin, as dopamine turnover was not
directly assessed. We also used a D2R antagonist metoclopramide to investigate if blocking
this receptor would yield a greater fold increase in prolactin release in AgRP KO mice
compared to WT mice. However, we found that prolactin levels were elevated to a similar
degree after D2R antagonism in AgRP KO and WT mice. It is possible that the chronically
lower pituitary prolactin content in these mice affected their response to metoclopramide.

It is of interest that despite similarly lower blood prolactin levels in male AgRP KO and Tg-
MSH mice, pituitary prolactin content was only lower in the AgRP KO mice. It should be
noted that Tg-MSH mice express the transgene in the pituitary as well and have higher
circulating levels of a-MSH [36]. It is possible that a-MSH acting at the pituitary level
prevented the fall in pituitary prolactin content in the Tg-MSH mice. This would be
consistent with the stimulatory effect of a-MSH on prolactin release reported /n vitroin
cultured lactotrophs[45]. However, given that basal and stress-induced prolactin release is
suppressed in Tg-MSH mice, the effects of a-MSH on the dopaminergic regulation of
prolactin appears to predominate.

In several experiments, we observed that while prolactin levels were suppressed at either
baseline or after stress in AgRP KO or MSH-Tg mice, corticosterone measured in the same
mice were not different between groups. This is important as it shows that the mechanisms
responsible for stress-induced prolactin and corticosterone release in these models are
distinct and only prolactin release was affected by these genetic manipulations. A sexually
dimorphic effect of AgRP deletion on prolactin levels was also noted in this study. Although
reproductive function was not formally assessed, AgRP KO and WT mice appeared to
reproduce with equal frequency and yield similar litter sizes. As prolactin levels are critical
for reproduction and nursing including maternal behavior, it is possible that there was
developmental compensation in females and hence lower prolactin levels were not evident
in female mice as they were in male mice [8]. Indeed, there is evidence for developmental
compensation in AgRP KO mice with respect to energy balance [31]. In this study, only
stress-induced prolactin release and pituitary content were measured in female AgRP KO
mice at one stage of the estrus cycle; however, there could be changes under other
conditions such as pregnancy or suckling that were not examined.

In addition to the data showing that a-MSH may regulate dopamine turnover in the
hypothalamus, there is evidence that dopamine may regulate POMC in the hypothalamus
[24, 33, 43]. Furthermore, a positive correlation was reported between Pomc mRNA and
tyrosine hydroxylase mRNA in the MBH of the rat suggesting coregulation or functional
interaction between these two neuronal systems [32]. Thus there is evidence for bidirectional
interactions between the hypothalamic dopamine system and melanocortin pathways that
play critical roles in maintaining energy homeostasis [4, 12, 18, 39, 42].

This study provides additional evidence to support functional interactions between the
hypothalamic melanocortin and dopaminergic systems that may be reflected by plasma
prolactin levels. Prolactin is known to affect energy balance and fuel metabolism and has
also been shown to stimulate AgRP [3, 7, 28, 35, 41]. There is some evidence that prolactin
is elevated in human obesity and it has been postulated that the elevations in prolactin may
result from decreased inhibitory input from hypothalamic dopaminergic neurons [16, 34]. It
may thus be that elevated prolactin levels are a marker for decreased brain dopaminergic
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activity which in turn reflects a decrease in hypothalamic melanocortin activity. The current
study shows that prolactin levels are reduced in genetic models of increased melanocortin
signaling and suggests that melanocortin induced changes in dopamine turnover may be
reflected in measurements of serum prolactin levels. The hypothesis that circulating
prolactin levels may serve as a biomarker of central melanocortinergic and dopaminergic
tone deserves further study.
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Abbreviations

ACTH Adrenocorticotropin

AgRP Agouti-Related Protein

B-EP B-Endorphin

CmMV Cytomegalovirus

D2R Dopamine Type-2 Receptor

DHBA 3,4 dihydroxybenzylamine

DOPA 3,4-dihydroxyphenylalanine

DOPAC 3,4-dihydroxyphenylacetic acid

MBH mediobasal hypothalamus

MC-R melanocortin receptor

a-MSH a-melanocyte-stimulating hormone

PCA perchloric acid

POMC proopiomelanocortin

Tg-MSH MSH-overexpressing mice

TIDA tuberoinfundibular dopaminergic
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Figure 1. Effects of transgenic M SH over expression on blood and pituitary prolactin levels

(A) Baseline plasma prolactin levels were significantly lower in Tg-MSH mice vs WT mice.
(B) Prolactin levels were significantly lower in Tg-MSH mice vs WT mice after 5 minutes
of restraint stress. (C) Pituitary prolactin content was similar between Tg-MSH and WT
mice. *p<0.05
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Figure 2. Effects of AQRP deletion on blood and pituitary prolactin levelsin male mice

(A) Baseline prolactin levels were significantly lower in male AgRP KO vs WT mice. (B)
Prolactin levels were significantly reduced after 5 and 15 minutes of restraint stress in male
AgRP KO vs WT mice. (C) Pituitary prolactin content was significantly lower in male
AgRP KO vs WT mice. *p<0.05, **p<0.001
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Figure 3. Effects of AQRP deletion on blood and pituitary prolactin levelsin female mice

(A) Prolactin levels were similar in female AgRP KO mice compared to WT mice after both
5 and 15 minutes of restraint stress. (B) Pituitary prolactin content was not different between
female AgRP KO and WT mice (p=.23).
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Figure 4. Effects of transgenic M SH overexpression or AgRP deletion on MBH tyrosine
hydr oxylase mRNA expression
(A) No significant difference in tyrosine hydroxylase mRNA was detected between AgRP

KO and WT mice (p=0.29). (B) Tyrosine hydroxylase mRNA was not significantly different
between Tg-MSH vs WT mice, however expression tended to be higher in Tg-MSH mice
(p=0.08).
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Figure5. Effects of AQRP deletion on mediobasal hypothalamic dopamine and DOPAC levels
Dopamine and DOPAC levels were measured in AGRP KO and WT mice and were found to

be similar between groups.
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Figure 6. Effects of AQRP deletion on serum prolactin levels after dopamine receptor antagonism
Serum prolactin measurements were obtained from AgRP KO and WT mice before and after
metoclopramide treatment. (A) Baseline prolactin levels were lower in AgRP KO vs WT
mice. (B) Thirty minutes after metoclopramide injection prolactin levels were still lower in
AgRP KO vs WT mice. (C) The fold-increase in prolactin levels after metoclopramide
treatment was similar between groups.*p<0.05, **p<0.001
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