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Abstract: Previous investigations have suggested the existence of a neural circuit that coordinates metabolic states 
between the lateral hypothalamus (LH) and cerebral cortex. Evidence suggests that MC4R-GFP neurons in the LH 
coexpress the leptin receptor, and some findings indicated an important physiologic role for the melanocortin-4 re-
ceptors (MC4R) in the regulation of renal sympathetic traffic by leptin. Our studies supported the melanocortinergic 
nature of the motor cortex by using a mouse line in which green fluorescent protein (GFP) is expressed under control 
of the MC4R gene promoter, and combining double immunohistochemistry and retrograde tracing technique. PRV-
614/MC4R double-labeled neurons were detected in the LH and motor cortex, suggesting that tight linkage between 
LH and cerebral cortex may be enabled by the melanocortinergic pathway. Motor cortex-lateral hypothalamus circuit 
may also produce autonomic disturbances characteristic in major renal disease by renal sympathetic responses.

Keywords: Lateral hypothalamus, motor cortex, melanocortinergic pathway, melanocortin-4 receptors, virally medi-
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Introduction

Understanding the neural basis of renal meta-
bolic response remains a fundamental goal of 
neuroscience, of as much importance to stud-
ies of renal processing as it is to clinical studies 
of the renal disorders. Sympathetic system is a 
neural mediator of the kidney to internal stimu-
li, e.g., blood volume, special circulating hor-
mone and blood glucose [1-4]. Previous report 
showed that mouse spinal, locus coeruleus, 
locus subcoeruleus, subthalamic nucleus, and 
pedunculopontine neurons retrogradely traced 
with PRV-614 from kidney expressed immuno-
histochemically detectable melanocortin-4 re- 
ceptors (MC4R) [5-13]. In addition, some inves-
tigations indicated an important physiologic 
role of the MC4R in the regulation of renal sym-
pathetic traffic to leptin [14, 15], the adipose-
derived hormonal signal of body energy stores 
[16-18], and the renal sympathoexcitatory 
responses to leptin were dependent on the 

MC4R [14, 19]. These findings thus revealed a 
major role for MC4R action in the modulation of 
renal sympathetic response, suggesting that 
there exist the importance of MC4R-expressing 
neurons in the regulation of renal sympathetic 
signaling that is crucial to leptin action and met-
abolic control.

Recent data suggests that the lateral hypothal-
amus (LH) is not merely regulating feeding, but 
also has many roles in regulation of the auto-
nomic and sympathetic nervous systems as 
well as in modulating motivated behavior [20]. 
Louis GW et al had reported that the leptin 
receptor-expressing neurons in the LH play 
important physiological and behavioral roles 
[21], and is a crucial integrator of energy bal-
ance and motivated behavior [20]. Previous 
investigations have suggested the existence of 
a neural circuit that coordinates metabolic 
states between LH and cerebral cortex, and 
when metabolites are inefficiently utilized dur-
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ing metabolic dysfunction with leptin resis-
tance, LH neurons can be activated by trigger-
ing sympathetic innervation to elevate compro-
mised catabolism [22]. Otherwise, evidence 
suggests that MC4R-GFP neurons in LH coex-
press the leptin receptor [23]. These studies 
indicate that the melanocortinergic activity of 
neurons between LH and cerebral cortex may 
influence renal metabolic states. However, the 
exact neurosubstrate between LH and cerebral 
cortex underlying the regulation of renal meta-
bolic states by the central melanocortin system 
has not been well defined.

The goal of this study was to use transneuronal 
retrograde tracing with PRV-614 [24-32], which 
is characterized by a reduced cytopathogenici-
ty, to trace the neural pathways that regulate 
renal activity and to identify the separate popu-
lations of neurons in motor cortex and lateral 
hypothalamus that are anatomically linked to 
the sympathetic innervations of the kidney.

Material and methods

Animal care

The transgenic MC4R-GFP mice were produced 
as described in detail previously [27, 28, 33, 
34]. All animal housing conditions, surgical pro-
cedures and postoperative care techniques 
were conducted according to the NIH guide-
lines for the Care and Use of Laboratory 
Animals, and approved by the Institutional 
Animal Care and Use Committee.

PRV-614 injection

PRV-614 was generated by the Enquist labora-
tory at Princeton University and was made 
available through the Center for Neuroanatomy 
with Neurotropic Viruses (NIH P40 OD010996). 
PRV-614 was injected into kidney in all animals 
using a previously described approach [9, 25, 
35, 36]. Briefly, a laparotomy was performed to 
expose the upper pole of the kidney. Six mice 
received a series of injections with PRV-614 
into the upper pole of the visualized left kidney 
(2×108 pfu/ml in a total of 1 µl per injection at 
five injection sites per kidney) using a 30-gauge 
needle connected to a Hamilton syringe (10 µl) 
under microscopic guidance. All surgical proce-
dures were performed using aseptic tech-
niques. After PRV-614 injection, they were 
housed individually. 

Immunohistochemistry

In preparation for immunohistochemistry the 
MC4R-GFP mice (8-10 weeks of age) were 
treated according to NIH guidelines in research. 
After a survival time of 5-6 d, the mice were 
deeply anesthetized with ketamine and xyla-
zine. Then, they were transcardially perfused 
with 0.9% saline and 4% paraformaldehyde-
borate fixative. The brains were removed, 
blocked and cut coronally in 30-μm sections, 
and consecutively mounted onto glass slides. 
As a note, our study focused on the LH and 
motor cortex.

The sections were washed with immunobuffer 
(0.4% Triton-X in Tris-PBS) for 3×10 min and 
blocked with 2% normal donkey serum in immu-
nobuffer for 1 h at room temperature. A band 
pass filter for Cy3 was used to identify cells 
infected by PRV-614. The sections were then 
incubated with a chicken polyclonal antibody 
against GFP (ab13970, 1:1,000; Abcam) for 24 
h at 4°C. Sections were then rinsed with 0.01 
M PBS (3×10 min), and followed by incubation 
with Alexafluor 488-conjugated donkey anti-
rabbit IgG (1:800; Molecular Probes, Eugene, 
OR) in 0.01 M PBS containing 0.4% Triton X-100 
for 1 h. All sections were mounted onto gelatin-
coated slides, air dried overnight, and cover-
slipped with mounting media.

Immunofluorescence was imaged using an 
Olympus IX81 photomicroscope connected to 
epifluorescence with a filter set for visualiza-
tion. PRV-614-expressing cells are identified 
with red fluorescence; MC4R-GFP-positive cells 
are recognized by green fluorescence; double-
labeled neurons are presented as yellow. The 
regions in which positive cells were located 
were defined with reference to the atlas [37].

Results

Specific expression of PRV-614 in the motor 
cortex and lateral hypothalamus

At 5 d survival time (n=5), PRV-614-labeled 
cells was located in the LH (5 d survival time, 
Figure 1). Additionally, three of the animals sur-
viving 5 d began to show PRV-614 labeling in 
the motor cortex. At 6 d survival time, PRV-614 
positive neurons were observed in the motor 
cortex (6 d survival times, Figure 2). From 5 d to 
6 d, the most substantial increase seen in the 
number of PRV-614-infected cells was in the LH 
and motor cortex.
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PRV-614 and MC4R-GFP co-expression in the 
motor cortex and lateral hypothalamus

We assayed MC4R-GFP expression in the fore-
brain, and observed a large number of GFP-
labeled cells in the motor cortex and LH. We 
found that PRV-614/MC4R-GFP dual labeled 

neurons were present in the LH and motor cor-
tex (6 d survival times, Figure 2).

Discussion

Our experimental approach using PRV recombi-
nants and MC4R-GFP transgenic mice provided 

Figure 1. PRV-614/MC4R-GFP dual labeled neurons in the lateral hypothalamus 5 d after PRV-614 injection into 
kidney. (A) MC4R-GFP expressing neurons (green); (C) PRV-614 expressing neurons (red) in same section as (A); (E) 
overlap of (A and C), depicting distribution of MC4R-GFP-IR and PRV-614-bearing neurons. (B, D and F) Amplified 
views of (A, C and E), respectively. Arrows indicate double-labeled neurons (yellow). LH, lateral hypothalamus. Scale 
bar: 200 µm for (A, C) and 100 µm for (B, D-F).



Motor cortex-lateral hypothalamus circuit and kidney

6290	 Int J Clin Exp Med 2016;9(3):6287-6294

a powerful method to define the identity and 
organization of central circuits, and phenotypi-
cally identified populations of neurons in the LH 
and motor cortex synaptically linked to kidney, 
which were in agreement with a previous immu-
nohistochemical study [38]. Our data suggest-
ed that PRV-614/MC4R-GFP neurons in the 
LH-cerebral cortex circuit may primarily involve 

in the sympathetic regulation of renal metabol-
ic state.

Previous studies in rat and mouse documented 
that neurons in the LH involved in the control of 
the sympathetic outflow to the kidneys [39, 40]. 
It’s well-known that LH has many neurochemi-
cal sources, including catecholaminergic-, mel-

Figure 2. PRV-614/MC4R-GFP dual labeled neurons in the motor cortex 6 d after PRV-614 injection into kidney. (A) 
MC4R-GFP expressing neurons (green); (C) PRV-614 expressing neurons (red) in same section as (A); (E) Overlap of 
(A and C), depicting distribution of MC4R-GFP-IR and PRV-614-bearing neurons. (B, D and F) Amplified views of (A, C 
and E), respectively. Arrows indicate double-labeled neurons (yellow). MC, motor cortex. Scale bar: 50 µm.
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anocortinergic-, orexinergic-, neurotensin-, lep- 
tin receptor-expressing neurons [20, 23, 41]. 
Though the melanocortinergic property of neu-
rons in cerebral cortex has been previously 
described [34], it is not clear that mouse cere-
bral cortex neurons retrogradely traced with 
PRV-614 from kidney also express immunohis-
tochemically detectable MC4R. The retrograde 
transsynaptic tracer pseudorabies virus (PRV) 
has been widely used as a marker for synaptic 
connectivity in the brain. With the development 
of PRV as an alternative to tract tracing tools, 
our understanding of complex neuronal circuit-
ry, particularly the innervations of kidney, has 
greatly advanced [42, 43]. By using a mouse 
line in which GFP is expressed under control  
of the MC4R gene promoter, we systemically 
investigated MC4R signaling in the LH and 
motor cortex by combining double immunohis-
tochemistry and retrograde tracing techniques 
of PRV-614 for direct visualization under fluo-
rescence microscope [6, 35, 36, 44]. We found 
that injections of PRV-614 into the kidney 

was in agreement with a previous immunohis-
tochemical detection showing that the cerebral 
cortex exhibited moderate to high levels of GFP 
immunoreactivity using adult male MC4R-GFP 
transgenic mice [34], suggesting that MC4R-
expressing neurons in the motor cortex may 
implicate in homeostatic regulation of renal 
energy balance. Our data showed that there 
existed a neural circuit that coordinates meta-
bolic states between LH and cerebral cortex 
(Figure 3), suggesting that tight linkage 
between renal metabolic states and cerebral 
cortex may be enabled by MC4R-expressing 
neurons in the lateral hypothalamus.

Conclusion

Based on our present findings, we hypothesize 
that the PRV-614/MC4R-GFP dual neurons in 
the LH and MC mediate renal sympathetic 
responses, suggesting that tight linkage be- 
tween LH and cerebral cortex may be enabled 
by the melanocortinergic pathway. Motor cor-

Figure 3. Summary diagram showed the motor cortex-lateral hypothalamus 
circuit regulating the sympathetic outflow to kidney by retrograde transsyn-
aptic transport. The kidney has become a model system in which to study 
sympathetic function. There is no evidence that between motor nerve and 
the parasympathetic nervous system provides any innervations to kidneys, 
so the neurotropic pseudorabies virus (PRV)-614 was injected into the left 
kidney. Injection of PRV-614 into the kidney resulted in retrograde infec-
tion of neurons in the motor cortex and LH, and PRV-614/MC4R-GFP dual-
labeled neurons were detected in the motor cortex and LH. LH, lateral hypo-
thalamus, MC4R, melanocortin-4 receptor.

resulted in retrograde infect- 
ion of neurons in the LH  
and motor cortex, respective- 
ly, at different postinoculation 
times, which was consistent 
with Cano G et al’s study show-
ing that LH areas labeled with 
PRV were infected at the inter-
mediate survival interval while 
cerebral cortex areas were 
infected at the late survival 
interval [40].

At the same time, PRV-614/
MC4R double-labeled neurons 
were detected in the LH (Figure 
1), which was in line with Cui  
H et al’s report showing that  
LH contained MC4R-positive 
neurons in which coexpressed 
neurotensin as well as the 
leptin receptor [23], suggest-
ing that MC4R-expressing neu-
rons in the LH mediate renal 
sympathetic response and 
may contribute importantly to 
the control of energy balance 
in the kidney. In addition, PRV-
614/MC4R dual-labeled neu-
rons were observed in the 
motor cortex (Figure 2), which 
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tex-lateral hypothalamus circuit may also pro-
duce autonomic disturbances characteristic  
in major renal disease by renal sympathetic 
responses.

Acknowledgements

PRV-614 was generated by the Enquist labora-
tory at Princeton University and was made 
available through the Center for Neuroanatomy 
with Neurotropic Viruses (NIH P40 OD010996).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jun Xiong, Hepato- 
biliary Surgery Center, Union Hospital, Tongji Medi- 
cal College, Huazhong University of Science and 
Technology, Wuhan 430022, Hubei, PR China. Tel: + 
86 27 85726114; E-mail: xjun1095@163.com

References

[1]	 Badoer E. Role of the hypothalamic PVN in the 
regulation of renal sympathetic nerve activity 
and blood flow during hyperthermia and in 
heart failure. Am J Physiol Renal Physiol 2010; 
298: F839-846.

[2]	 Meyer C, Schueller P, Balzer J, Lauer T, West- 
enfeld R, Schauerte P, Hennersdorf M, Steiner 
S, Kelm M and Rassaf T. Sympathetic hyperac-
tivity influences chemosensor function in pa-
tients with end-stage renal disease. Eur J Med 
Res 2009; 14 Suppl 4: 151-155.

[3]	 Coote JH. A role for the paraventricular nucleus 
of the hypothalamus in the autonomic control 
of heart and kidney. Exp Physiol 2005; 90: 
169-173.

[4]	 Mark AL, Agassandian K, Morgan DA, Liu X, 
Cassell MD and Rahmouni K. Leptin signaling 
in the nucleus tractus solitarii increases sym-
pathetic nerve activity to the kidney. Hyper- 
tension 2009; 53: 375-380.

[5]	 Liu C, Ye DW, Guan XH, Li RC, Xiang HB and 
Zhu WZ. Stimulation of the pedunculopontine 
tegmental nucleus may affect renal function 
by melanocortinergic signaling. Med Hypo- 
theses 2013; 81: 114-116.

[6]	 Xiang HB, Liu C, Ye DW and Zhu WZ. Possible 
mechanism of spinal T9 stimulation-induced 
acute renal failure: a virally mediatedtranssyn-
aptic tracing study in transgenic mouse model. 
Pain Physician 2013; 16: E47-E49.

[7]	 Xiang HB, Zhu WZ, Guan XH and Ye DW. 
Possible mechanism of deep brain stimulation 
for pedunculopontine nucleus-induced urinary 
incontinence: a virally mediated transsynaptic 

tracing study in a transgenic mouse model. 
Acta Neurochir (Wien) 2013; 155: 1667-1669.

[8]	 Xiang HB, Zhu WZ, Bu HL, Liu TT and Liu C. 
Possible mechanism of subthalamic nucleus 
stimulation-induced acute renal failure: A vi-
rally mediated transsynaptic tracing study in 
transgenic mouse model. Mov Disord 2013; 
28: 2037-8.

[9]	 Hao Y, Tian XB, Liu C and Xiang HB. Retrograde 
tracing of medial vestibular nuclei connections 
to the kidney in mice. Int J Clin Exp Pathol 
2014; 7: 5348-5354.

[10]	 Ke B, Liu TT, Liu C, Xiang HB and Xiong J. Dorsal 
subthalamic nucleus electrical stimulation for 
drug/treatment-refractory epilepsy may modu-
late melanocortinergic signaling in astrocytes. 
Epilepsy Behav 2014; 36: 6-8.

[11]	 Hong Q, Fang G, Liu TT, Guan XH, Xiang HB  
and Liu Z. Posterior pedunculopontine teg-
mental nucleus may be involved in visual  
complaints with intractable epilepsy. Epilepsy 
Behav 2014; 34C: 55-57.

[12]	 Hao Y, Guan XH, Liu TT, He ZG and Xiang HB. 
Hypothesis: The central medial amygdala may 
be implicated in sudden unexpected death in 
epilepsy by melanocortinergic-sympathetic sig-
naling. Epilepsy Behav 2014; 41C: 30-32.

[13]	 Feng L, Liu TT, Ye DW, Qiu Q, Xiang HB and 
Cheung CW. Stimulation of the dorsal portion 
of subthalamic nucleus may be a viable thera-
peutic approach in pharmacoresistant epilep-
sy: A virally mediated transsynaptic tracing 
study in transgenic mouse model. Epilepsy 
Behav 2014; 31C: 114-116.

[14]	 Rahmouni K, Haynes WG, Morgan DA and 
Mark AL. Role of melanocortin-4 receptors in 
mediating renal sympathoactivation to leptin 
and insulin. J Neurosci 2003; 23: 5998-6004.

[15]	 Tanida M, Yamamoto N, Shibamoto T and 
Rahmouni K. Involvement of hypothalamic 
AMP-activated protein kinase in leptin-induced 
sympathetic nerve activation. PLoS One 2013; 
8: e56660.

[16]	 Myers MG Jr, Munzberg H, Leinninger GM and 
Leshan RL. The geometry of leptin action in the 
brain: more complicated than a simple ARC. 
Cell Metab 2009; 9: 117-123.

[17]	 Morton GJ, Cummings DE, Baskin DG, Barsh 
GS and Schwartz MW. Central nervous system 
control of food intake and body weight. Nature 
2006; 443: 289-295.

[18]	 Hommel JD, Trinko R, Sears RM, Georgescu D, 
Liu ZW, Gao XB, Thurmon JJ, Marinelli M and 
DiLeone RJ. Leptin receptor signaling in mid-
brain dopamine neurons regulates feeding. 
Neuron 2006; 51: 801-810.

[19]	 Haynes WG, Morgan DA, Djalali A, Sivitz WI and 
Mark AL. Interactions between the melanocor-
tin system and leptin in control of sympathetic 

mailto:xjun1095@163.com


Motor cortex-lateral hypothalamus circuit and kidney

6293	 Int J Clin Exp Med 2016;9(3):6287-6294

nerve traffic. Hypertension 1999; 33: 542-
547.

[20]	 Leinninger GM. Lateral thinking about leptin: a 
review of leptin action via the lateral hypothal-
amus. Physiol Behav 2011; 104: 572-581.

[21]	 Louis GW, Leinninger GM, Rhodes CJ and 
Myers MG Jr. Direct innervation and modula-
tion of orexin neurons by lateral hypothalamic 
LepRb neurons. J Neurosci 2010; 30: 11278-
11287.

[22]	 Kim SW, Cho KJ and Lee BI. Compensatory ac-
tions of orexinergic neurons in the lateral hypo-
thalamus during metabolic or cortical chal-
lenges may enable the coupling of metabolic 
dysfunction and cortical dysfunction. Med 
Hypotheses 2013; 80: 520-526.

[23]	 Cui H, Sohn JW, Gautron L, Funahashi H, 
Williams KW, Elmquist JK and Lutter M. 
Neuroanatomy of melanocortin-4 receptor 
pathway in the lateral hypothalamic area. J 
Comp Neurol 2012; 520: 4168-4183.

[24]	 Qiu Q, Li RC, Ding DF, Liu C, Liu TT, Tian XB, 
Xiang HB and Cheung CW. Possible mecha-
nism of regulating glucose metabolism with 
subthalamic nucleus stimulation in parkin-
son’s disease: a virally mediated trans-synap-
tic tracing study in transgenic mice. Parkin- 
sonism Relat Disord 2014; 20: 468-470.

[25]	 Xiang HB, Liu C, Liu TT and Xiong J. Central cir-
cuits regulating the sympathetic outflow to 
lumbar muscles in spinally transected mice by 
retrograde transsynaptic transport. Int J Clin 
Exp Pathol 2014; 7: 2987-2997.

[26]	 Xiang HB, Liu TT, Tian XB and Zhu WZ. Thera- 
peutic mechanism of subthalamic nucleus 
stimulation for refractory epilepsy involved in 
melanocortin-4 receptor signaling. Molecular 
& Cellular Epilepsy 2014; 1: 13-18.

[27]	 Ye DW, Liu C, Liu TT, Tian XB and Xiang HB. 
Motor cortex-periaqueductal gray-spinal cord 
neuronal circuitry may involve in modulation of 
nociception: a virally mediated transsynaptic 
tracing study in spinally transected transgenic 
mouse model. PLoS One 2014; 9: e89486.

[28]	 Ye DW, Liu C, Tian XB and Xiang HB. Identi- 
fication of neuroanatomic circuits from spinal 
cord to stomach in mouse: retrograde trans-
neuronal viral tracing study. Int J Clin Exp 
Pathol 2014; 7: 5343-5347.

[29]	 Hao Y, Tian XB, Liu TT, Liu C, Xiang HB and 
Zhang JG. MC4R expression in pedunculopon-
tine nucleus involved in the modulation of mid-
brain dopamine system. Int J Clin Exp Pathol 
2015; 8: 2039-2043.

[30]	 Xu AJ, Liu TT, He ZG, Hong QX and Xiang HB. 
STN-PPTg circuits and REM sleep dysfunction 
in drug-refractory epilepsy. Epilepsy Behav 
2015; 51: 277-280.

[31]	 Xu AJ, Liu TT, He ZG, Wu W and Xiang HB. CeA-
NPO circuits and REM sleep dysfunction in 

drug-refractory epilepsy. Epilepsy Behav 2015; 
51: 273-276.

[32]	 Xu LJ, Liu TT, He ZG, Hong QX and Xiang HB. 
Hypothesis: CeM-RVLM circuits may be impli-
cated in sudden unexpected death in epilepsy 
by melanocortinergic-sympathetic signaling. 
Epilepsy Behav 2015; 45: 124-127.

[33]	 Pan XC, Song YT, Liu C, Xiang HB and Lu CJ. 
Melanocortin-4 receptor expression in the  
rostral ventromedial medulla involved in mod-
ulation of nociception in transgenic mice. J 
Huazhong Univ Sci Technolog Med Sci 2013; 
33: 195-198.

[34]	 Liu H, Kishi T, Roseberry AG, Cai X, Lee CE, 
Montez JM, Friedman JM and Elmquist JK. 
Transgenic mice expressing green fluorescent 
protein under the control of the melanocor-
tin-4 receptor promoter. J Neurosci 2003; 23: 
7143-7154.

[35]	 Ye D, Guo Q, Feng J, Liu C, Yang H, Gao F,  
Zhou W, Zhou L, Xiang H and Li R. Laterodor- 
sal tegmentum and pedunculopontine teg-
mental nucleus circuits regulate renal func-
tions: Neuroanatomical evidence in mice mod-
els. J Huazhong Univ Sci Technolog Med Sci 
2012; 32: 216-220.

[36]	 Ye DW, Li RC, Wu W, Liu C, Ni D, Huang QB, Ma 
X, Li HZ, Yang H, Xiang HB and Zhang X. Role of 
spinal cord in regulating mouse kidney: a vi-
rally mediated trans-synaptic tracing study. 
Urology 2012; 79: 745, e741-744.

[37]	 Franklin KB and Paxinos G. The mouse brain  
in stereotaxic coordinates. 3rd edition. San 
Diego, CA: Academic Press; 2007.

[38]	 Sly DJ, Colvill L, McKinley MJ and Oldfield BJ. 
Identification of neural projections from the 
forebrain to the kidney, using the virus pseudo-
rabies. J Auton Nerv Syst 1999; 77: 73-82.

[39]	 Zermann DH, Ishigooka M, Doggweiler-Wiygul 
R, Schubert J and Schmidt RA. Central auto-
nomic innervation of the kidney. What can we 
learn from a transneuronal tracing study in an 
animal model? J Urol 2005; 173: 1033-1038.

[40]	 Cano G, Card JP and Sved AF. Dual viral trans-
neuronal tracing of central autonomic circuits 
involved in the innervation of the two kidneys 
in rat. J Comp Neurol 2004; 471: 462-481.

[41]	 Leinninger GM, Opland DM, Jo YH, Faouzi M, 
Christensen L, Cappellucci LA, Rhodes CJ, 
Gnegy ME, Becker JB, Pothos EN, Seasholtz AF, 
Thompson RC and Myers MG Jr. Leptin action 
via neurotensin neurons controls orexin, the 
mesolimbic dopamine system and energy bal-
ance. Cell Metab 2011; 14: 313-323.

[42]	 Card JP, Kobiler O, Ludmir EB, Desai V, Sved  
AF and Enquist LW. A dual infection pseudora-
bies virus conditional reporter approach to 
identify projections to collateralized neurons in 
complex neural circuits. PLoS One 2011; 6: 
e21141.



Motor cortex-lateral hypothalamus circuit and kidney

6294	 Int J Clin Exp Med 2016;9(3):6287-6294

[43]	 Card JP, Kobiler O, McCambridge J, Ebdlahad 
S, Shan Z, Raizada MK, Sved AF and Enquist 
LW. Microdissection of neural networks by con-
ditional reporter expression from a Brainbow 
herpesvirus. Proc Natl Acad Sci U S A 2011; 
108: 3377-3382.

[44]	 Xiang HB, Liu C, Guo QQ, Li RC and Ye DW. 
Deep brain stimulation of the pedunculopon-
tine tegmental nucleus may influence renal 
function. Med Hypotheses 2011; 77: 1135-
1138.


