
Centrally Administered Resistin Enhances
Sympathetic Nerve Activity to the Hindlimb but
Attenuates the Activity to Brown Adipose Tissue

S. Kosari, J. A. Rathner, F. Chen, S. Kosari, and E. Badoer

School of Medical Sciences and Health Innovations Research Institute (S.K., F.C., S.K., E.B.) Royal
Melbourne Institute of Technology University, Melbourne, Victoria 3083, Australia; and Human
Bioscience Unit (J.A.R.), La Trobe Rural Health School, La Trobe University, Bendigo Campus, Victoria
3552, Australia

Resistin, an adipokine, is believed to act in the brain to influence energy homeostasis. Plasma resistin
levels are elevated in obesity and are associated with metabolic and cardiovascular disease. Increased
muscle sympathetic nerve activity (SNA) is a characteristic of obesity, a risk factor for diabetes and
cardiovascular disease. We hypothesized that resistin affects SNA, which contributes to metabolic and
cardiovascular dysfunction. Here we investigated the effects of centrally administered resistin on SNA
to muscle (lumbar) and brown adipose tissue (BAT), outputs that influence cardiovascular and energy
homeostasis. Overnight-fasted rats were anesthetized, and resistin (7 �g) was administered into the
lateral cerebralventricle (intracerebroventricular).The lumbarsympatheticnervetrunkor sympathetic
nerves supplying BAT were dissected free, and nerve activity was recorded. Arterial blood pressure,
heart rate, body core temperature, and BAT temperature were also recorded. Responses to resistin or
vehicle were monitored for 4 h after intracerebroventricular administration. Acutely administered
resistin increased lumbar SNA but decreased BAT SNA. Mean arterial pressure and heart rate, however,
were not significantly affected by resistin. BAT temperature was significantly reduced by resistin, and
there was a concomitant fall in body temperature. The findings indicate that resistin has
differential effects on SNA to tissues involved in metabolic and cardiovascular regulation. The
decreased BAT SNA and the increased lumbar SNA elicited by resistin suggest that it may
contribute to the increased muscle SNA and reduced energy expenditure observed in obesity
and diabetes. (Endocrinology 152: 2626 –2633, 2011)

Resistin is a newly discovered polypeptide, originally
identified in adipose tissue (1) but now known to be

expressed in smaller amounts in a variety of tissues in-
cluding the hypothalamus (2, 3). It belongs to a family of
cysteine-rich proteins capable of inducing insulin resis-
tance. The plasma levels of resistin are reported to be in-
creased with obesity and type 2 diabetes (1, 4–9), and
together with its influence on insulin sensitivity, it has been
suggested that resistin may be a potential link between type
2diabetesandobesity (1).Resistinmayalsohavearole in the
regulation of metabolism by decreasing food intake, and its
expression is influenced by dietary intake. Plasma levels of

resistin are reduced by fasting but are increased with feeding
(1). These dietary-induced changes in plasma resistin levels
are mediated by glucose and insulin (4).

It is believed that resistin can act within the central
nervous system, and it has been detected in cerebrospinal
fluid of humans (10). Injections into the cerebral ventricles
of rodents decreases food intake and alters the expression
of neurotransmitters such as neuropeptide Y and agouti-
related peptide, which are decreased, and cocaine- and
amphetamine-regulated transcript and proopiomelano-
cortin, which are increased, in the hypothalamus (11, 12).
The findings suggest this brain region may be an important
site of action of resistin (13).
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Resistin is associated with cardiovascular disease, in-
cluding heart failure and hypertension (4–9, 14–17). A
characteristic of both heart failure and hypertension is an
elevation of sympathetic nerve activity (SNA). SNA to the
skeletal muscle vasculature is also elevated in obese indi-
viduals and is correlated to abdominal visceral adiposity
(18). This may contribute to the cardiovascular compli-
cations observed in obesity, which is a recognized risk
factor for cardiovascular disease, hypertension, and type
2 diabetes.

Obesity is a complex condition in which there may be
metabolic dysfunction and an imbalance between energy
intake and expenditure. Brown adipose tissue (BAT) is
important in thermogenesis and energy expenditure, and
these can be dramatically influenced by alterations in SNA
to BAT. Resistin has important effects on energy metab-
olism (19) but its effects on SNA to BAT are not known.

Because the effects of resistin on SNA have not been
investigated to date, the primary aims of the present study
were to determine the acute effects of resistin on SNA to

the skeletal muscle vasculature (lumbar SNA) and to BAT
(BAT SNA), end organs that are important in cardiovas-
cular and energy homeostasis. Blood pressure and heart
rate as well as body core temperature and BAT tempera-
ture were also monitored. We also investigated the distri-
bution of the protein Fos, a marker of increased neuronal
activity, in the hypothalamus to gain an insight into the
potential central sites of action of resistin.

Materials and Methods

Animals
All experimental protocols were performed in accordance

with the Prevention of Cruelty to Animals Act 1986 (Australia).
These protocols conform to the Guiding Principles for Research
Involving Animals and Human Beings (2) and the guidelines set
out by the Australian Code of Practice for the Care and Use of
Animals for Scientific Purposes, 2007 (National Health and
Medical Research Council of Australia) and were approved by
the Royal Melbourne Institute of Technology University Animal
Ethics Committee. Male Sprague Dawley rats were obtained

from Monash Animal Services. Rats were
housed at 23 C with a 12-h light, 12-h dark
cycle and allowed free access to standard rat
chow and water.

Procedures

General
Rats were fasted overnight before the ex-

periment, because resistin reportedly acti-
vates more central neurons in the hypothal-
amus than in nonfasted rats, suggesting its
actions may be more pronounced in fasted
rats (20). On the day of the experiment, an-
esthesia was induced using isoflurane gas
(2.5–3%) in O2, and then a catheter was
inserted into the femoral vein, so that anes-
thesia could be maintained with iv urethane
(1–1.4 g/kg initially, followed by supple-
mental doses of 0.05 g/kg as required). The
depth of anesthesia was maintained to en-
sure the absence of corneal and pedal re-
flexes. The femoral artery was cannulated
for monitoring arterial blood pressure.
Mean arterial pressure and heart rate were
calculated from the arterial pressure pulse
using LabChart (ADInstruments, Bella
Vista, New South Wales, Australia).

SNA recording

Lumbar SNA
After a midline abdominal incision,

the left lumbar postganglionic sympa-
thetic nerve trunk was identified and dis-
sected free of surrounding tissue. With the
aid of an operating microscope, the nerve
was placed onto the bared tips of two Tef-

FIG. 1. Resting mean arterial pressure and heart rate before icv administration of resistin (7 �g;
n � 13) or control (artificial cerebrospinal fluid; n � 12) are shown in the bar graphs. The changes
in mean arterial pressure (MAP) and heart rate from resting levels over 4 h after administration of
resistin or artificial cerebrospinal fluid (control) are shown in the right panels.
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lon-coated silver wire electrodes, and the nerve-electrode junc-
tion was insulated electrically from surrounding tissue with a
sealant (Kwik-Cast Sealant; World Precision Instruments, Sara-
sota, FL).

BAT SNA activity
Interscapular BAT was exposed through an incision in the

nape of the neck. The fat pad was divided along the midline and
reflected laterally. The postganglionic sympathetic nerve to the
right interscapular BAT was identified and dissected free of sur-
rounding tissue under mineral oil and was placed onto the bared
tips of two Teflon-coated silver wire electrodes.

The SNA of either the lumbar or the BAT nerve was amplified
using a low-noise differential amplifier (models ENG 187B and
133; Baker IDI Institute, Melbourne, Victoria, Australia), fil-
tered (band pass 100-1000 Hz), rectified, and integrated (at 2.5-
sec intervals for the BAT SNA and 0.5-sec intervals for lumbar
SNA). The signal was recorded using a PowerLab data acquisi-
tion system (ADInstruments).

BAT temperature and body core temperature
Temperature within the interscapular BAT was recorded by

placing the tip of a thermistor probe into the interscapular BAT
(Fluke 73III; Fluke Australia, New South Wales, Australia). The
probe was calibrated in a water bath using a mercury thermom-
eter. Body core temperature was measured by a thermometer
placed in the rectum (Fluke 52II thermometer; Fluke, Castle Hill,
Australia).

Microinjections into the lateral brain ventricle
[intracerebroventricular (icv)]

Each animal was placed prone, and the head was mounted in
a Stoelting stereotaxic frame, such that bregma and lambda were
positioned on the same horizontal plane. For exposure of the
dorsal surface of the brain, a hole (4 mm diameter) centered 0.7
mm caudal and 1.8 mm lateral from bregma, was drilled into the
skull. After the drilling procedure, the hole was covered with
cotton wool soaked in normal saline to prevent drying of the
exposed surface. Resistin (7 �g in 7 �l) or artificial cerebrospinal
fluid (7 �l) was injected unilaterally using a fine glass micropi-
pette (50–70 �m tip diameter) inserted into the lateral brain
ventricle (stereotaxic coordinates were 0.7 mm caudal to
bregma, 1.8 mm lateral to midline, and 3.7 mm ventral to the
surface of the dura). After the microinjection, the micropipette
was left in place for 1 min. At the end of the experiment, a small
amount of pontamine sky blue was microinjected using the same
coordinates to confirm microinjection into the lateral ventricle.
Recombinant rat resistin was purchased from Sapphire Biosci-
ences (lot L16251/A). Artificial cerebrospinal fluid contained
124 mM NaCl, 3.0 mM KCl, 1.3 mM NaH2PO4 � 2H2O, 2.0 mM

MgCl2 � 6H2O, 26 mM NaHCO3, 10 mM glucose, and 2.0 mM

CaCl2 in Milli-Q water, buffered with carbogen.

Immunohistochemistry for Fos protein
On completion of the icv administration of resistin/vehicle

and lumbar SNA recording, the animals were euthanized with an
overdose of pentobarbitone (300 mg/kg, iv) and were decapi-
tated. The brains were removed and immediately immersed in
freshly prepared, ice-cold 4% paraformaldehyde in PBS (0.1 M,
pH 7.2), and stored for 4 h at 4 C. The brains were then trans-

ferred to a solution containing 20% sucrose in PBS. Serial cor-
onal sections (40 �m thick) of the brain were cut using a cryostat
(Leica, CM1900). One in five sections was collected, placed onto
gelatin-coated slides, dried for 2 h at room temperature, and then
processed immunohistochemically to detect Fos protein using
standard immunohistochemical procedures. In brief, endoge-
nous peroxidase activity was destroyed by incubating with 0.5%
H2O2 for 30 min. The sections were then incubated in 10%
normal goat serum for 60 min before 0.5% Triton X-100 (10
min) to facilitate antibody penetration. The sections were incu-
bated in anti-Fos primary antibody [rabbit polyclonal IgG, c-Fos
(K-25): sc-253; Santa Cruz Biotechnology, CA; dilution: 1:400]
for 24 h.

The sections were incubated for 1 h with 1) biotinylated sec-
ondary antibody (antirabbit raised in goat, B8895; Sigma-Al-
drich, Australia) and subsequently 2) Extravidin (1:400; Sigma-
Aldrich, Sydney, Australia) both at room temperature.

Then the sections were incubated in 0.05% 3,3�-diamino-
benzidine hydrochloride (Sigma-Aldrich, Australia) in Tris buf-
fer (0.05 M, pH 7.6) for 10 min. The reaction was initiated by
adding 5 �l of 17.5% hydrogen peroxide and terminated by
washes with fresh Tris buffer. Finally, the sections were allowed
to dry and were coverslipped with Depex.

FIG. 2. A, Screen capture of the raw recordings of lumbar SNA (LSNA)
and integrated lumbar SNA (ILSNA) before and after resistin (7 �g) or
vehicle (artificial cerebrospinal fluid) administered into the lateral brain
ventricle. �, horizontal bar � 2 sec; vertical bar � 100 mV (lumbar
SNA) and 10 mV � sec (integrated lumbar SNA). B, The percent changes
in lumbar SNA from resting levels over 4 h after administration of
resistin (7 �g; n � 6) or control (artificial cerebrospinal fluid; n � 7).
*, P � 0.05; F(1,176) � 11.85, resistin vs. control.
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Fos-positive nuclei were visualized using bright-field illumi-
nation and counted at �200 magnification.

Experimental protocols

Intracerebroventricular administration
In one series of experiments, the mean arterial pressure, heart

rate, body core temperature, lumbar SNA, and BAT temperature
were recorded. In these experiments, the animals were placed on
a constant temperature heating pad, but no attempt was made to
maintain body core temperature. In a separate series of experi-
ments, mean arterial pressure, heart rate, body core temperature,
and BAT SNA were measured. In these experiments, the animals
were placed on a heating pad and the body core temperature was
maintained constant by altering the temperature of the heating
pad. At normal body core temperature, BAT SNA activity is
virtually nonexistent. In the present work, we lowered the resting
body core temperature to approximately 35 C where it was main-
tained. At this body core temperature, resting BAT SNA was
clearly observable.

Intravenous administration
In three urethane-anesthetized rats, resistin was administered

iv via a femoral vein. Mean arterial pressure, heart rate, BAT
temperature, and lumbar SNA were recorded for 4 h.

In all experiments, resting levels were recorded for at least 10
min before the injection of resistin (7 �g, n � 5–8 per group for
icv; n � 3 for iv) or vehicle (artificial cerebrospinal fluid, n � 4–8

per group for icv). After the injections, all variables were mon-
itored continuously and recorded every 15 min over the next 4 h.
Due to technical difficulties, in each experimental series, some
variables could not be recorded in every animal.

Statistical analysis
The resting levels of mean arterial pressure, heart rate, body

core temperature, and BAT temperature before the injections
were compared between the resistin-treated and vehicle-injected
(control) groups using Student’s unpaired t test. The integrated
SNA was calculated over a period of 1–2 min at each time point
and expressed as a percentage of the resting level before the
injections. The resting mean arterial pressure and heart rate data
in the control groups from the two experimental series have been
combined because no differences were observed between the ex-
perimental series in these variables. Similarly, the mean arterial
pressure and heart rate data from the resistin-treated groups have
been combined. Changes in mean arterial pressure, heart rate,
body core temperature, BAT temperature, lumbar SNA, and
BAT SNA were compared between groups in each experimental
series by using two-way ANOVA with repeated measures. All
results are expressed as means � SE. P � 0.05 was considered to
be statistically significant.

Quantification of Fos-positive nuclei
Fos-positive cell nuclei were counted unilaterally in three sec-

tions containing the paraventricular nucleus (anterior, mid, and
caudal levels), two sections containing the
supraoptic nucleus (at the anterior and mid
levels of the paraventricular nucleus), two
sections containing the arcuate nucleus (lo-
cated within 0.5 mm caudal to the paraven-
tricular nucleus), and one section contain-
ing the subfornical organ. The overall mean
number of Fos-positive nuclei in each area
were calculated and compared between the
resistin-treated (n � 6) and the control
group (n � 6) using Student’s unpaired
t test.

Results

Cardiovascular effects of resistin

Effect of resistin on mean arterial
pressure and heart rate

The resting levels of mean arterial
pressure and heart rate before the icv
administration of vehicle and resistin
are shown in the bar graphs in Fig. 1.
There were no significant differences in
the resting levels of mean arterial pres-
sure or heart rate between the two
groups (Fig. 1).

After the administration of resistin,
mean arterial pressure fell by approxi-
mately 5 mmHg. Blood pressure ap-

FIG. 3. Temperature in BAT (TBAT) and the body core temperature (Tcore) before icv
administration of resistin (7 �g; n � 8) or control (artificial cerebrospinal fluid; n � 8; n � 6
for Tcore) are shown in the bar graphs. The changes in TBAT and Tcore from resting levels over
4 h after administration of resistin or artificial cerebrospinal fluid (control) are shown in the
right panels. *, P � 0.05; F(1,224) � 5.815, resistin vs. control.
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peared to fall a similar amount in the control group but
was variable. This effect was not statistically significant,
and its physiological relevance is questionable. Most im-
portantly, there was no difference between control and
resistin-treated animals (Fig. 1).

After the icv injection of resistin, the effect on heart rate
was quite variable over the 4-h observation period (Fig. 1).
After vehicle administration, heart rate was not markedly
affected. There was no significant difference in the heart
rate responses between the two groups (Fig. 1).

Effect of resistin on lumbar SNA
Original recordings of the lumbar SNA from represen-

tative animals treated with icv resistin or vehicle are shown
in Fig. 2A. The icv resistin increased lumbar SNA gradu-
ally over the observation period and reached a maximum
increase of 37 � 5% (Fig. 2B). This response was signif-
icantly different compared with the vehicle-treated group
(Fig. 2).

Effects of resistin on thermogenesis

Effects of resistin on BAT temperature and body core
temperature

Resting BAT temperatures before icv resistin or ve-
hicle treatments were not significantly different be-
tween the two groups. Similarly resting body core tem-
peratures before resistin or vehicle were not significantly
different (Fig. 3).

The icv administration of resistin induced a marked
reduction in BAT temperature, and this was signifi-
cantly different from the vehicle-treated group (Fig. 3).
The icv administration of resistin also elicited a gradual
steady fall in body core temperature (Fig. 3). This was
not observed in the vehicle-treated group (Fig. 3), al-
though the difference between the groups did not attain
statistical significance.

Effects of resistin on BAT SNA
Original recordings of BAT SNA from animals treated

with icv resistin or vehicle are shown in Fig. 4A. The icv
resistin reduced BAT SNA by over 50%. This occurred
within 2 h of the injection of resistin, and BAT SNA re-
mained reduced for the duration of the observation (Fig.
4B). This response was significantly different from the ve-
hicle-treated group in which BAT SNA was slightly ele-
vated over time (Fig. 4B). In these experiments, the body
core temperature was carefully maintained constant.

Effects of iv resistin
To determine whether leakage of resistin from the ce-

rebral ventricles into the systemic circulation could ac-
count for the changes described, we injected resistin iv at

the same dose (7 �g) as that administered icv. The iv re-
sistin did not significantly change mean arterial pressure,
heart rate, lumbar SNA, BAT temperature, and body core
temperature compared with resting levels recorded before
resistin (Fig. 5).

Effects of resistin on Fos, a marker of increased
neuronal activation

Central administration of resistin significantly increased
Fos production in most of the hypothalamic nuclei exam-
ined. In theparaventricularnucleus,Foswasdetected inboth
the magnocellular and parvocellular subnuclei (Fig. 6).
Overall, there was a 7-fold increase in the number of Fos-
positive cell nuclei counted in the paraventricular nucleus
after the administration of resistin compared with the ve-
hicle treatment (Fig. 7). Similarly, in the supraoptic nu-
cleus, resistin significantly increased Fos production by
7-fold (Figs. 6 and 7). In the subfornical organ, the num-
bers of Fos-positive nuclei were increased by 30-fold

FIG. 4. A, Screen capture of the raw recordings of BAT SNA and
integrated BAT (IBAT) SNA before and after resistin (7 �g) or vehicle
(artificial cerebrospinal fluid) administered into the lateral brain
ventricle. �, horizontal bar � 2.5 sec; vertical bar � 100mV (BAT SNA)
and 25 mV � sec (IBAT SNA). B, The percent changes in BAT SNA from
resting levels over 4 h after icv administration of resistin (7 �g; n � 5)
or control (artificial cerebrospinal fluid; n � 4). *, P � 0.05; F(1,112) �
6.211, resistin vs. control.
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with resistin treatment (Figs. 6 and 7), and this was
significantly different from the vehicle-treated group. In
the arcuate nucleus, there was no significant difference
in the numbers of Fos-positive cell nuclei counted in the
resistin-treated group compared with vehicle (Figs. 6
and 7).

Discussion

The present study is the first to directly measure the effects
of resistin administration on SNA. The key findings of the
study show that icv resistin increased lumbar SNA but
reduced BAT SNA. As a likely consequence of the latter,
the temperature of BAT decreased, and there was a de-
crease in body core temperature. We did not observe any
significant effects on blood pressure and heart rate.

In patients and animal models of type 2 diabetes and
obesity, SNA to the skeletal muscle and kidney vascular

beds is increased, and this has been sug-
gested to contribute to the incidence of
cardiovascular disease in patients with
those conditions. Resistin has been
linked to cardiovascular disease, and
there is emerging epidemiological evi-
dence showing that plasma resistin lev-
els are associated with the development
and severity of heart failure (14, 15, 21–
23). A correlation between plasma re-
sistin levels and hypertension has also
been highlighted (16, 17). Thus, resistin
may contribute to cardiovascular com-
plications, but the mechanisms in-
volved are unknown. In the present
study, we found that acute icv admin-
istration of resistin induced a signifi-
cant increase in lumbar SNA. Because
muscle SNA is elevated in obesity and
diabetes, the effect of resistin we have
observed may be a potential contribut-
ing factor to the cardiovascular com-
plications associated with resistin.

An increase in lumbar SNA has also
been observed with the adipokine lep-
tin administered into the cerebral ven-
tricles (24). Leptin also increased SNA
to other vascular beds and elicited a
concomitant rise in blood pressure. We
did not observe an increase in blood
pressure, suggesting there may not be a
generalized increase in SNA after cen-
tral administration of resistin. We in-

vestigated lumbar SNA because muscle SNA is increased
in obese patients (18), a condition in which plasma resistin
levels are elevated (6–9). Abdominal visceral adiposity, in
particular, is closely associated with increased muscle SNA
(18). Both lumbar SNA and muscle SNA are indicative of
SNA to the skeletal muscle vasculature.

The present work is the first to directly measure BAT
SNA after administration of resistin. We found there was
a significant decrease of over 50% in BAT SNA after re-
sistin. This indicates that resistin reduces thermogenesis,
and this is supported by our finding, in separate animals,
of a reduction in BAT temperature and a concomitant
decrease in body core temperature. The ability of resistin
to act centrally to reduce thermogenesis contrasts with the
actions of leptin, which increases BAT SNA (25, 26), an
action mediated via the hypothalamic arcuate nucleus
(26). Thus, leptin’s actions of reducing food intake and
increasing thermogenesis result in an increased energy out-
put and resultant weight loss. By contrast, it appears that

FIG. 5. Average mean arterial pressure, heart rate [beats per minute (b/min)], BAT
temperature, body core temperature, and lumbar SNA before and 4 h after iv resistin (7 �g,
n � 3). Lumbar SNA is expressed as percentage of the resting level.
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resistin can decrease food intake and thermogenesis, thus
counteracting the reduced dietary intake with mechanisms
designed for the preservation of energy. This could con-

tribute to the lack of effect on body weight reported after
resistin administration (20, 27).

There has been considerable discussion lately about the
role of thermogenesis and BAT in metabolic regulation in
humans. Until recently, BAT was believed to be present
only in infants; however, it is now recognized that BAT is
present and is metabolically active in adults (28). Stimu-
lation of thermogenesis in BAT may have dramatic effects
on energy expenditure because calculations show that ac-
tivation of 40–50 g of BAT in humans could result in a
20% increase in energy expenditure (29). This could have
dramatic effects on weight loss. Thus, antagonists to re-
sistin may elicit increases in BAT SNA, which could be an
efficient therapeutic mechanism to reduce body weight.

The effects observed after icv resistin were centrally
mediated because iv administration of the same dose of
resistin did not have marked effects. The central sites of
action of resistin are unknown. Previous studies using Fos
as a marker of increased neuronal activation suggested
that the arcuate nucleus may be a site in which neurons are
activated by resistin (20). This was only observed in fasted
rats (48 h). No other hypothalamic area showed increased
Fos immunoreactivity in that study (20). In mice, central
administration of resistin has been found to increase Fos
production in the hypothalamus, namely the arcuate,
paraventricular, and dorsomedial hypothalamic nuclei
(30). In our present work, we found increases in Fos im-
munoreactivity in the hypothalamic paraventricular, su-
praoptic, andsubfornicalnucleibutnosignificant increase in
the arcuate nucleus and dorsomedial hypothalamus (data
not shown). Our work in rats was performed in anesthetized
animals, and this could complicate interpretation of the re-
sults; however, our data are consistent with the findings that
activationof theparaventricular nucleus inhibits BAT SNA
(31) and that the arcuate nucleus is the site at which leptin
acts to increase BAT SNA (26). Species differences,
whether the animals were fasted, and the duration of fast-
ing may also account for some of the differences observed
between reports. Because the receptors for resistin have
not been identified as yet, unequivocal confirmation of the
sites of action of resistin in the hypothalamus awaits fur-
ther investigations.

In conclusion, the present findings indicate that acute
administration of resistin has differential effects on SNA
to tissues involved in metabolic and cardiovascular regu-
lation. The decreased BAT SNA and the increased lumbar
SNA elicited by resistin may contribute to the metabolic
and cardiovascular dysfunction observed in obesity and
diabetes.

FIG. 7. Fos-positive cell nuclei counted in the hypothalamic subfornical
(SFO), supraoptic (SON), paraventricular (PVN), and arcuate (ARC) nuclei
from brain of rats treated with resistin (7 �g; n � 6) or control (artificial
cerebrospinal fluid; n � 6). *, P � 0.05 to P � 0.005, resistin vs. control.

FIG. 6. Photomicrographs showing Fos-positive immunoreactivity in
hypothalamic nuclei from rats administered resistin (7 �g) (B, D, F,
and H) or vehicle (artificial cerebrospinal fluid) (A, C, E, and G)
administered into the lateral brain ventricle. ARC, Arcuate nucleus;
OT, optic tract; PVN, paraventricular nucleus; SFO, subfornical
organ; SON, supraoptic nucleus; III, third ventricle. Bar, 100 �m.

2632 Kosari et al. Resistin and Sympathetic Nerve Activity Endocrinology, July 2011, 152(7):2626–2633

D
ow

nloaded from
 https://academ

ic.oup.com
/endo/article/152/7/2626/2457153 by guest on 20 M

arch 2024



Acknowledgments

We thank Rexford Ahima, Mitchel Lazar (Division of Endocri-
nology, Diabetes, and Metabolism, Department of Medicine and
Institute for Diabetes, Obesity, and Metabolism, University of
Pennsylvania School of Medicine, Philadelphia, PA) and Philipp
Scherer (Touchstone Diabetes Center, Department of Internal
Medicine, University of Texas Southwestern Medical Center,
Dallas, TX) for helpful discussions, comments on the manu-
script, and provision of resistin for the initial preliminary
experiments.

Address all correspondence and requests for reprints to:
Professor Emilio Badoer, School of Medical Sciences, Royal
Melbourne Institute of Technology University, P.O. Box 71,
Bundoora 3083, Melbourne, Victoria, Australia. E-mail:
emilio.badoer@rmit.edu.au.

Disclosure Summary: The authors have nothing to disclose.

References

1. Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright
CM, Patel HR, Ahima RS, Lazar MA 2001 The hormone resistin
links obesity to diabetes. Nature 409:307–312

2. Morash BA, Willkinson D, Ur E, Wilkinson M 2002 Resistin ex-
pression and regulation in mouse pituitary. FEBS Lett 526:26–30

3. Yang RZ, Huang Q, Xu A, McLenithan JC, Eisen JA, Shuldiner AR,
Alkan S, Gong DW, Eison JA 2003 Comparative studies of resistin
expression and phylogenomics in human and mouse. Biochem Bio-
phys Res Commun 310:927–935

4. Rajala MW, Qi Y, Patel HR, Takahashi N, Banerjee R, Pajvani UB,
Sinha MK, Gingerich RL, Scherer PE, Ahima RS 2004 Regulation of
resistin expression and circulating levels in obesity, diabetes, and
fasting. Diabetes 53:1671–1679

5. McTernan PG, McTernan CL, Chetty R, Jenner K, Fisher FM, Lauer
MN, Crocker J, Barnett AH, Kumar S 2002 Increased resistin gene
and protein expression in human abdominal adipose tissue. J Clin
Endocrinol Metab 87:2407

6. de Luis DA, Gonzalez Sagrado M, Conde R, Aller R, Izaola O, Perez
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