Transsynaptic connections between the
hypothalamus and adipose tissue: relationship to
reproduction

K. Czaja

Department of Veterinary, Comparative Anatomy, Pharmacology, and Physiology, Washington State
University, Pullman, WA 99163-6520, USA

Neurophysiological mechanisms that control energy balance are
reciprocally linked to those that control reproduction. Neuromorphological
studies using retrograde tracing methods revealed that nerve cells within
the central (CNS) and autonomic (ANS)} nervous systems in different
species, including the pig, are transsynaptically connected to different fat
tissue depots. In the pig, neurons localised in the paraventricular nucleus,
supraoptic nucleus and arcuate nucleus were infected with pseudorabies
virus (PRV) 9 days after injections into both the perirenal and subcutaneous
adipose tissue depots. Infected neurons were in the ventromedial nucleus,
dorsomedial nucleus and preoptic area after injection of PRV into perirenal
adipose tissue, while infected cells in the lateral hypothalamic
area projected only to the subcutaneous adipose tissue depot.
Additionally, numerous centres of the ANS innervate adipose tissue depots
in the pig. Fast blue stained (FB*) neurons, which projected to the
subcutaneous adipose tissue overlaying the thoracolumbar area were
located in the thoraco-lumbar region of the sympathetic chain ganglia
(SChG). However, neurons supplying perirenal and mesentery adipose
tissue depots were found in both the SChG and prevertebral ganglia. The
vast majority of labelled neurons, in both the CNS and ANS, which
innervated adipose tissue depots, expressed leptin receptor (OBR)
immunoreactivity. The purpose of this brief review is to establish evidence
for a multisynaptic circuit of neurons, which innervate adipose tissue in
the pig and demonstrate that hypothalamic nuclei and sympathetic
ganglion neurons involved in reproductive processes are transsynaptically
connected to different adipose tissue depots.

Introduction

The physiological mechanisms that control energy balance are reciprocally linked to those that
control reproduction {Schneider 2004). Hormones and neuropeptides influence energy balance
and reproduction by acting on effector systems in the brain stem and hypothalamus. The central
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effector for control of the hypothalamic-pituitary-gonadal (HPG) system is the network of GnRH
neurons located in the anterior hypothalamus, preoptic area (POA) and medial basal hypothalamus
{MBH), including the arcuate nucleus (ARC) (Dufourny & Skinner 2002). The effectors for female
sexual behaviour include the ventromedial nucleus (VMN), paraventricular nucleus (PVYN), and
POA. The effectors for food intake include the areas for control of female sexual behaviour and the
lateral hypothalamic area {LHA) and dorsomedial nucleus (Snapir & Robinzon 1989; Magrani et al.,
2004). Metabolic sensory information reaches these hypothalamic areas, which are involved in the
HPG system, sex, and feeding behaviour, via the caudal brain stem (Palkovits 2003; Kalra & Kalra
2004), Hormones can influence central effectors via modulation of metabolic stimuli, or by direct
action on neurons in the hypothalamic areas (Schneider 2004).

The purpose of this brief review is to establish evidence for a multisynaptic circuit of neurons,
which innervate adipose tissue in the pig and demonstrate that hypothalamic nuclei and sympa-
thetic ganglion neurons involved in reproductive processes are transsynaptically connected to
different adipose tissue depots.

Leptin: a link between adipose tissue and the brain

The role of leptin, which is secreted mainly from adipose tissue and acts at the brain to increase
energy expenditure and alter endocrine activity, has been described in many physiological studies
{Magni et al., 2000; Barb & Kraeling 2004). A feedback regulatory loop with three distinct steps has
been identified. Leptin production by adipose cells signals the size of the fat tissue mass, and
hypothalamic centres receive and integrate the intensity of the leptin signal through leptin recep-
tors and effector systems, including the sympathetic nervous system, thus controlling energy intake
and energy expenditure (Schneider 2004). Leptin deficiency in rodents is associated with de-
creased energy expenditure, impaired thermoregulation, hypercortisol and diabetes (Friedman &
Halaas 1998). Leptin is a potent mediator of metabolic, neuroendocrine and immune responses to
fasting {Ahima & Hileman 2000), and has been implicated in reproduction and glucose and lipid
metabolism (Friedman & Halaas 1998; Schneider 2004). Regulation of energy balance and neu-
roendocrine function by leptin is thought to be mediated by differential expression of varicus
hypothalamic peptides (Friedman & Halaas 1998; Barb & Kraeling 2004). For example, the rise in
leptin associated with overfeeding and obesity likely inhibits appetite by decreasing expression of
orexigenic peptides (e.g. neuropeptide Y). In contrast, the fall in leptin associated with fasting
likely promotes feeding by increasing neuropeptide Y (NPY) and decreasing anorexigenic pep-
tides. Low leptin levels mediate fasting-induced suppression of thyroid and reproductive hor-
mones, and blunt the rise in glucocorticoids, at least in part, by regulating expression of
hypophysiotropic peptides, such as TRH, CRH, somatostatin, and GnRH (Ahima & Hileman 2000;
Barb & Kraeling 2004). While this feedback regulatory loop is well established in rodents, there are
many unsolved questions about its applicability to body weight and reproduction in breeding ani-
mals. Results from the studies mentioned above provide evidence that leptin is a link between
adipose tissue and the brain and indicate the importance of adipose tissue in regulation of energy
balance and reproduction. Furthermore, leptin receptors have been found in both the autonomic
ganglion neurons and the hypothalamic nuclei involved in reproductive processes and mecha-
nisms that control energy balance (Czaja et al.,, 2002b; Czaja et al., 2002c; Stepanyan et al.,
2003).

Transsynaptic neural tracing in the study of multisynaptic circuits

Until recently, the anatomical demonstration of the existence of a long, presumably multisynaptic
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with GnRH neurons {Leranth et al., 1988) and peptide products of the POMC precursor are
possible mediators of leptin action (Kalra & Kalra 1996). There are several other mechanisms by
which leptin could affect reproductive function, including effects on the hypothalamo—pitu-
itary-adrenal axis, namely secretion of CRH and/or glucocorticoids (Barb & Kraeling 2004),
which in turn, affect LH secretion.

Summary and conclusion

Evidence was presented, which strongly supports the concept of direct connections between
neural regulatory circuits controlling feeding behaviour and reproductive functions. A hypotha-
lamic regulatory network comprising a neural axis linking the ARC to the PVN, with additional
communication via the neighboring lateral hypothalamus and ventromedial hypothalamus, to-
gether integrate responses to and from peripheral visceral organs involved in energy balance
and reproduction (Berthoud 2002; Palkovits 2003; Barb & Kraeling 2004; Kalra & Kalra 2004;
Schneider 2004). Additional research is needed to develop a complete understanding of the
adipose tissue—brain—pituitary axis, which will lead to practical methods of controlling appe-
tite, metabolism and reproduction. Double-labelled transsynaptic tracing from both the adipose
tissue and the reproductive organs performed in the same animal may generate more detailed
and direct neuroanatomical data supporting the hypothesis that feeding and reproduction neural
circuits overlap.
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