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Abstract
Development of angiotensin II (Ang II)-dependent hypertension involves microglial activation and
proinflammatory cytokine actions in the hypothalamic paraventricular nucleus (PVN). Cytokines
activate receptor signaling pathways that can both acutely grade neuronal discharge and trigger
long-term adaptive changes that modulate neuronal excitability through gene transcription. Here,
we investigated contributions of PVN cytokines to maintenance of hypertension induced by
infusion of Ang II (150 ng/kg/min, SC) for 14 days in rats consuming a 2% NaCl diet. Results
indicate that bilateral PVN inhibition with the GABA-A receptor agonist muscimol (100 pmol/50
nL) caused significantly greater reductions of renal and splanchnic sympathetic nerve activity
(SNA) and mean arterial pressure (MAP) in hypertensive than normotensive rats (P<0.01). Thus
ongoing PVN neuronal activity appears required for support of hypertension. Next, the role of the
prototypical cytokine tumor necrosis factor alpha (TNF-α) was investigated. Whereas PVN
injection of TNF-α (0.3 pmol/50 nL) acutely increased lumbar and splanchnic SNA and MAP,
interfering with endogenous TNF-α by injection of etanercept (10 µg/50 nL) was without effect in
hypertensive and normotensive rats. We next determined that although microglial activation in
PVN was increased in hypertensive rats, bilateral injections of minocycline (0.5 µg/50 nL), an
inhibitor of microglial activation, failed to reduce lumbar or splanchnic SNA or MAP in
hypertensive or normotensive rats. Collectively, these findings indicate that established Ang II-salt
hypertension is supported by PVN neuronal activity, but short term maintenance of SNA and ABP
does not depend on ongoing local actions of TNF-α.
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Introduction
Low dose systemic infusion of angiotensin II (Ang II) combined with a high salt (2% NaCl)
diet leads to development of neurogenic hypertension maintained by sympathetic nerve
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activity (SNA)1–3. Circulating Ang II and elevated plasma sodium are known to act at
forebrain circumventricular organs to recruit sympathoexcitatory neurons of the
hypothalamic paraventricular nucleus (PVN)4–6 and their downstream targets in autonomic
control areas in the brainstem and spinal cord7, 8.

Cellular mechanisms through which systemic Ang II and high salt intake elevate SNA and
arterial blood pressure (ABP) have not been fully elucidated. Available evidence indicates
that centrally acting Ang II promotes development of hypertension and other cardiovascular
diseases4, 9, 10 through induction of pro-inflammatory cytokines (PICs) in the PVN11–13. Of
particular importance for the present study is that PICs have two well established modes of
action14–18. Activation of PIC receptors and their downstream signaling cascades can
acutely and chronically enhance neuronal activity by modulation of ion channel gating and
by transcriptional regulation of gene expression, respectively14–18.

Tumor necrosis factor alpha (TNF-α), a PIC that is elevated in the PVN of rats with Ang II
hypertension12, 19, can acutely increase neuronal activity through mechanisms that include
stimulation of L-glutamate release20 and positive modulation of voltage-gated sodium
channels16. In addition, TNF-α driven nuclear factor kappa B (Nf-κB) signaling, can
transcriptionally modify expression of numerous genes that lead, in the longer term, to
enhanced neuronal activity/excitability14, 17, 21.

To date, studies have directly interfered with PVN expression of PICs19 and have indirectly
interfered with PIC induction by activated microglia via minocycline12. Both approaches
were shown to abrogate the development of Ang II dependent hypertension12, 19. However,
it remains unclear if anti-hypertensive effects are attributable to interruption of acute PIC
actions that continuously drive neuronal discharge or to interruption of a critical triggering
phase of PIC-induced transcriptional adaptation that is required in order for hypertension to
develop. The present study sought to differentiate between these possibilities. We focused
on TNF-α as a prototypical PIC and tested the hypothesis that acute blockade of TNF-α in
PVN and acute PVN delivery of minocycline would each reduce SNA and ABP more in rats
with established Ang II-salt hypertension than normotensive controls.

Materials and Methods
Animals

Male Sprague-Dawley rats (225–250 g, Charles River Laboratory, Wilmington, MA) were
housed in a temperature controlled room (22–23°C) with a 14:10 hour light-dark cycle. Tap
water and laboratory chow were available ad libitum except where otherwise noted. All
surgical and experimental procedures were approved by the Institutional Animal Care and
Use Committee of the University of Texas Health Science Center at San Antonio.

Induction of Ang II-Salt Hypertension
Rats in the normotensive (NT) group consumed a normal salt diet (0.4% NaCl), and rats in
the hypertensive (HT) group were placed on a high salt diet (2% NaCl). Diets were
otherwise identical in calories from fat, protein, and carbohydrates (Research Diets, New
Brunswick, NJ). Radio telemetry was used to record ABP and monitor the development of
Ang II-salt hypertension in conscious rats as described previously9, 22. Ang II or saline was
infused via osmotic mini-pump for 14 days in the HT and NT groups, respectively, prior to
performing microinjection studies.
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Experimental Preparation
On the day of experiments, rats were anesthetized with an intraperitoneal injection of a
mixture of urethane (750 mg/kg) and α-chloralose (75 mg/kg). Catheters (PE-50 tubing)
were implanted in a femoral artery and vein for recording ABP and administration of drugs,
respectively. Because the role of PVN cytokines on various regional sympathetic outflows in
Ang II-salt hypertension has not been previously investigated, rats in the present study rats
were prepared for recording of renal (RSNA), splanchnic (SSNA), or lumbar (LSNA) SNA
as previously described by our laboratory23–25. Animals were artificially ventilated with
oxygen-enriched room air, paralyzed with gallamine triethiodide (20 mg/mL, 0.25 mL/h, IV)
and end tidal CO2 was monitored and maintained between 4–5%. An adequate depth of
anesthesia was determined by lack of a limb withdrawal reflex to noxious pinching of the
foot prior to paralysis. Thereafter, adequacy of anesthesia was determined by lack of a
pressor or sympathoexcitatory response to noxious foot pinch. Supplemental anesthesia
(10% of initial dose) was given as needed. Body temperature was maintained at 37±1°C.
Recorded variables were allowed to stabilize for ~1 h after surgery before an experiment
began.

Contribution of PVN Neuronal Activity to Maintenance of Ang II-Salt Hypertension
PVN microinjections were performed as previously described24, 25. Unless otherwise noted,
only the specified compound was microinjected into the PVN of each animal. To determine
the contribution of PVN neuronal activity to maintenance of established Ang II-salt
hypertension, NT (n=7) and HT (n=7–14) rats were prepared as described above. Following
a 10 min baseline period, the GABA-A receptor agonist muscimol (100 pmol/50 nL) or
vehicle aCSF (50 nL) was bilaterally microinjected into PVN. Variables were recorded for
an additional 30 minutes.

Involvement of TNF-α in PVN Maintenance of Ang II-Salt Hypertension
Experiments were performed to determine doses of the TNF-α antibody etanercept and the
microglial activation inhibitor minocycline that blocked responses to TNF-α. Following a 10
minute baseline recording of LSNA, SSNA, ABP and HR, TNF-α (0.3 pmol/50nL) or aCSF
(50 nL) was bilaterally microinjected into PVN to elicit a sympathoexcitatory response. In
separate groups of rats (n=5/group), either etanercept (10 µg/50 µL) or minocycline (0.5 µg/
50 nL) was microinjected into PVN and responses to TNF-α were tested again 5 minutes
later.

To determine effects of etanercept and minocycline in PVN on maintenance of SNA and
elevated ABP in Ang II-salt HT rats, separate groups of HT and NT rats were prepared as
described above. Following a 10 minute baseline period, the TNF-α antibody etanercept or
the inhibitor of microglial activation minocycline was bilaterally microinjected into PVN.

Histological Verification of Microglial Activation in PVN
A separate group of rats was deeply anesthetized (5% isoflurane) 14 days after the start of
Ang II (HT, n=4) or saline (NT, n=4) infusion and perfused transcardially with 200 mL of
0.1 M phosphate-buffered saline (PBS) followed by 200 mL of 4% paraformaldehyde (PFA)
in 0.1 M PBS. As a positive control for microglial activation, naïve rats (n=6) received
unilateral PVN microinjections of lipopolysaccharide (LPS, 10 mg/1 mL, 200 nL). 2 h prior
to undergoing transcardiac perfusion as described above fixed brain tissue that included the
PVN was sectioned at 30 µM and three serial sets of sections were placed in vials of
cryoprotectant and stored at −20°C.

For microglial immunostaining, sections were incubated with a monoclonal mouse anti-rat
OX-42 primary antibody (1:100) and a biotinylated goat anti-mouse secondary antibody
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(1:200) (Vector Laboratories) (see data supplement online at http://hyper.ahajournals.org for
detailed methods).

PVN sections were examined using an Olympus IX50 microscope. Images were captured
with a Spot digital camera (Diagnostic Instruments, Inc.). ImageJ software (http://
rsbweb.nih.gov/ij) was used to quantify staining density.

Data Analysis
Summary data are expressed as mean ± SEM. Responses of integrated SNA are expressed
either as a percent of baseline or percent change from baseline as indicated in specific
figures. In all cased responses were quantified after subtraction of background noise, which
was determined as the signal remaining 5–10 minutes after treatment with the ganglionic
blocker hexamethonium (30 mg/kg, IV). For all variables, the average value of a 2 minute
data segment was obtained at baseline and compared to a similar average obtained 10, 20
and 30 minutes after each PVN microinjection. Data were analyzed by 1- or 2-way
ANOVA, with repeated measures as appropriate. Post hoc tests were performed with
independent or paired t tests, with a layered Bonferroni correction. P<0.05 was deemed
statistically significant.

Results
Ang II-Salt Hypertension

Telemetric recordings from conscious Ang II-salt HT and NT rats (n=7/group) revealed that
mean arterial pressure (MAP) was increased by day 2 of Ang II infusion and remained
significantly elevated throughout the remainder of the 14 day infusion period compared to
NT rats (P<0.05). Throughout the infusion, HR did not differ between groups. Summary
data are shown in Figure 1. During acute experiments under anesthesia, MAP was reduced
in HT rats (113±3 mmHg), but remained significantly elevated compared to NT (97±2
mmHg) controls (total ANOVA n=19, P<0.0001).

PVN Neuronal Activity Maintains Ang II-Salt Hypertension
A major goal of this study was to determine the contribution of PVN neuronal activity to
maintenance of SNA and elevated MAP in Ang II-salt HT rats. Figure 2A shows
representative responses to bilateral PVN microinjections of the GABA-A receptor agonist
muscimol in separate Ang II-salt HT rats with RNSA (left) or SSNA (right) recording.
Figure 2B shows summary data of peak reductions of RSNA (left, n=7), SSNA (center,
n=7), and MAP (right, n=14) among HT and NT rats. Note that muscimol significantly
reduced RSNA, SSNA, and MAP in HT rats (P<0.05), but was without affect in NT
controls.

TNF-α in PVN Increases SNA but TNF-α Inhibition Does Not Change SNA or MAP in Ang II-
salt HT Rats

Initial experiments were performed to assess the SNA response to PVN-microinjected TNF-
α and to determine a dose of the TNF-α antibody etanercept that was able to prevent the
response. Figure 3A shows representative responses to PVN microinjection of aCSF vehicle
(left), TNF-α alone (center), and etanercept followed by TNF-α (right) in an NT rat. Group
data are summarized in Figure 3B and indicate that TNF-α significantly increased LSNA
and SSNA compared to aCSF over 30 minutes (P<0.05) and this response was prevented by
prior treatment with etanercept.

Another goal of this study was to determine the role of endogenous TNF-α in PVN in
maintaining Ang II-salt hypertension. Figure 3C shows representative responses of an NT
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(left) and an HT (right) rat to PVN microinjection of the same dose of etanercept that
blocked SNA responses to PVN TNF-α (see Figure 3A). Summary data in Figure 3D reveal
that PVN etanercept did not significantly alter LSNA, SSNA, or MAP among HT rats but
slightly increased LSNA in NT rats.

Microglial Activation in Ang II-Salt Hypertensive Rats
Given that selective inhibition of endogenous TNF-α had no effect on SNA or MAP in Ang
II-salt HT rats and previous reports that Ang II-dependent hypertension elevates PVN
microglial activation12, we sought to confirm that PVN microglia were in fact activated in
our HT rats. Figure 4A shows representative PVN photomicrographs of OX-42 staining
from an NT and HT rat as well as from control rats injected with LPS in PVN with (bottom
left) and without (bottom right) inclusion of 1° antibody. A comparison of staining density
across groups is shown in Figure 4B. Both Ang II + salt treatment and LPS microinjection
significantly increased OX-42 staining above that of NT controls. Of note, staining was not
localized to the area of PVN but was elevated in HT rats throughout the hypothalamus,
including the PVN. Unilateral microinjection of LPS caused localized staining. There was
no significant difference in density between HT and LPS positive controls. As expected,
PVN sections processed without 1° antibody showed only minimal background staining that
was significantly below that of NT controls.

Minocycline in PVN Does Not Effect SNA or MAP in Ang II-Salt HT Rats
To investigate the role of microglial in PVN support of SNA and MAP in HT rats,
experiments first determined a dose of PVN minocycline that abrogated the
sympathoexcitatory response to TNF-α. Figure 5A shows representative responses to PVN
microinjected aCSF (left), TNF-α alone (center), and minocycline followed by TNF-α
(right). Note that similar to studies with etanercept (see Figure 3A), TNF-α alone increased
LSNA and SSNA compared to aCSF and this response was blocked by prior treatment with
minocycline. Summary data are shown in Figure 5B. Next, minocycline alone was
microinjected bilaterally into PVN of NT and HT rats. Figure 5C shows representative
responses to minocycline microinjected into PVN of an NT (left) and an HT (right) rat.
Group data are summarized in Figure 5D. Minocycline did not significantly change LSNA,
SSNA, or MAP over 30 min in HT compared to NT rats. It did increase LSNA in NT rats
and SSNA in HT rats from baseline.

Histology
Injection sites marked with rhodamine microspheres were confined to an area encompassing
the PVN as previously described by our laboratory24 (Figure 1S).

Discussion
Chronic infusion of Ang II in rats consuming a high salt diet elevates whole body
norepinephrine spillover2 and results in neurogenic hypertension1, 4, 9. Brain regions
contributing to the development of Ang II-salt hypertension include the subfornical organ
(SFO)26 and median preoptic area27 of the forebrain. Here we show that ongoing PVN
neuronal activity is also necessary to maintain SNA and elevated ABP in anesthetized rats
with established Ang II-salt hypertension. Furthermore, although cytokines in PVN have
been reported to contribute to specific cardiovascular disease models28, 29, we demonstrate
here that although TNF-α delivered into PVN promptly increases SNA, acute blockade of
local TNF-α actions did not acutely reduce SNA or elevated MAP. And although microglial
activation was significantly increased in the PVN of Ang II-salt hypertensive rats, PVN
injection of minocycline, an inhibitor of microglial activation that blocked acute
sympathoexcitatory responses to TNF-α, also did not change ongoing levels of SNA or
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MAP. It should be emphasized that although PVN minocycline blocked acute
sympathoexcitatory responses to PVN injection of TNF-α, it may not have effectively
reversed microglial activation within the time course of these experiments. Taken together
with literature evidence12, 19, our findings suggest that involvement of PVN cytokines in
neurogenic Ang II-salt hypertension is likely attributable to their capacity to induce stable
transcriptionally driven adaptive responses that enhance neuronal excitability and/or efficacy
of excitatory synaptic transmission rather than their acute signaling mechanisms that directly
regulate neuronal activity. An important caveat to this interpretation is that experiments
were performed under anesthesia, which reduced the magnitude of the hypertension.
Consequently, it is possible that failure to observe an acute effect of etanercept or
minocycline in PVN could reflect anesthesia-induced blunting of neuronal responsiveness to
cytokines.

A number of diseases and physiological challenges drive sympathetic outflow by
mechanisms that involve PVN neuronal activation. These include heart failure30, essential
hypertension31, chronic intermittent hypoxia25, and water deprivation24. Sympathetic
regulatory PVN neurons receive mono- and poly-synaptic input from forebrain regions that
include the organum vasculosum of the lamina terminalis (OVLT) and SFO, which detect
changes in body fluid osmolality, as well as circulating Ang II5, 6, 32, 33. Here we provide the
first evidence that acute inhibition of PVN by microinjection of muscimol reduces SNA and
MAP in rats with established Ang II-salt hypertension. One caveat is the possibility that
drug microinjections spread outside of PVN. However, this is unlikely because of the small
volume (50 nL) used and evidence from dye diffusion experiments which show that a
volume as large as 100 nL does not spread appreciably beyond the lateral most boundaries
of PVN34.

When taken together with recent reports5, 26, 27, the present findings begin to elucidate key
components of a possible pathway supporting the neurogenic component of Ang II-salt
hypertension. Elevated Ang II and salt activate neurons in the SFO and OVLT which lack a
complete blood brain barrier. Activating a projection from MnPO to PVN35 in turn activates
sympathetic PVN neurons projecting to the RVLM and intermediolateral cell column
thereby elevating SNA and MAP36, 37.

Although crosstalk exists between Ang II and cytokines, little is known about the specific
role of TNF-α in linking Ang II treatment with neuronal activation. A multifunctional
cytokine, TNF-α plays key roles in inflammation, cell growth, differentiation, and
apoptosis38. Interestingly, TNF-α knockout mice do not develop Ang II-dependent
hypertension39. Moreover, treatments such as intracerebroventricular minocycline or
etanercept that preclude the increase of central TNF-α also prevent the hypertensive
response to chronic Ang II infusion12, 19. While studies provide evidence to support the
concept that central TNF-α plays a critical role in the development of hypertension,
experiments have yet to establish a role for TNF-α in the sustained drive of PVN neurons
and sympathetic outflow. Here we demonstrated that TNF-α microinjected directly into
PVN elevates LSNA, SSNA, and MAP. This extends a recent study by Shi et al.40, which
reported that TNF-α in PVN acutely increases RSNA and MAP.

Mechanisms through which TNF-α in the PVN elicits sympathoexcitation are not known,
but TNF-α has been reported to stimulate release of L-glutamate in hippocampus20 and to
increase NMDA receptor insertion into the plasma membrane41. Furthermore, TNF-α
enhances current through voltage-gated sodium channels in dorsal root ganglion neurons16

and disinhibits GABAergic neurons42 while increasing spontaneous EPSC frequency and
decreasing spontaneous IPSC frequency in spinal neurons43. In the present study,
sympathoexcitation by PVN TNF-α was blocked by local delivery of either a TNF-α
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antibody (etanercept) or an inhibitor of microglial activation (minocycline). Minocycline
directly inhibits activation of p38 mitogen activated protein kinase (MAPK)44, 45 and
NFκB46, both major downstream signaling molecules activated by TNF-α47, 48. Additional
studies are needed to investigate the mechanism(s) of action of TNF-α in PVN in order to
determine whether excitatory or disinhibitory actions predominate and whether TNF-α alone
is capable of increasing microglial activation.

In light of our findings that TNF-α in PVN increased LSNA and SSNA and our
demonstration that microglial activation was increased in PVN of Ang II-salt rats, we
anticipated that TNF-α blockade or minocycline would significantly decrease SNA and
MAP in hypertensive rats. However, these effects were not observed. As noted above, a
possible explanation is the effect of anesthesia. Although MAP of anesthetized HT rats was
significantly elevated above that of NT controls, it was significantly decreased relative to the
pre-anesthesia level. We consider this explanation unlikely given that muscimol
significantly lowered SNA and ABP even under anesthesia. In specific regard to the lack of
effect of minocycline, it is possible that our study did not allow sufficient time for reversal
of microglial activation to occur. Additional studies are needed to determine the time course
and mechanisms of minocycline-induced inhibition/reversal of microglial activation.

Upon initial inspection, our findings appear to conflict with those of Shi et al.12 and
Sriramula et al.19, who reported that the developmental phase of Ang II-dependent
hypertension was significantly attenuated by pre-treatment of rats with
intracerebroventricular minocycline and etanercept, respectively. There are several possible
explanations for these disparate results. First, PICs have been reported to initiate the onset of
rheumatoid disease, but their role in maintenance is less clearly established49, 50. It is
possible that their etiology in hypertension could be similar such that cytokine signaling is
necessary for initiation/development of hypertension but perhaps not for its maintenance. It
should be stressed that because we recorded SNA and ABP for only one hour after PVN
microinjection of minocycline or etanercept we might have failed to detect slow onset
effects to lower SNA and/or ABP51. It is also important to bear in mind that there are key
differences in the design of the present and previous studies. Here, we investigated acute
effects of etanercept and minocycline on SNA and ABP in hypertension. Whereas, previous
studies used chronic ICV infusions of minocycline or etanercept throughout the 14 day Ang
II infusion period to ascertain the role of TNF-α and microglial activation on hypertension
development. Another possible confound is that in previous studies, all rats consumed a
normal salt diet (0.3–0.4% NaCl), whereas in our study they consumed a high salt diet (2%
NaCl) for 14 days before and throughout the 14 day Ang II infusion period. Possible pro-
inflammatory interactions of Ang II and salt need further study to determine if a high salt
diet precludes or abrogates the ability of TNF-α/microglial activation to drive increased
PVN neuronal discharge.

Perspectives
Predicting which individuals will become clinically hypertensive is not currently possible.
As a result, it is important to improve treatments for already established hypertension. Doing
so, while minimizing unwanted side effects, requires identification and selective targeting of
specific mechanisms that actively sustain the hypertension. The present study is an effort
toward this goal. Previous studies have revealed a strong correlation between circulating
Ang II, inflammatory signaling in the brain and elevated ABP11, 12, 19. However, the neural
circuitry impacted by inflammation that actively maintains neurogenic hypertension has not
been fully elucidated. Here, we provide evidence that neuronal activity in the hypothalamic
PVN is required for support of SNA and ABP in Ang II-salt hypertensive rats. Although
exogenous TNF-α in PVN acutely increased SNA, blockade of endogenous TNF-α in PVN
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did not acutely lower ongoing SNA or ABP in hypertensive rats. Likewise, although
microglial activation in PVN is elevated in Ang II-salt hypertensive rats, ongoing SNA and
ABP were unaffected by PVN injection of minocycline, a prototypical inhibitor of
microglial activation. So while the present results highlight the importance of PVN in the
sympathoexcitatory circuit that supports established Ang II-salt hypertension, additional
studies are needed to fully elucidate neural mechanisms that underlie cytokine and microglia
involvement in neurogenic hypertension.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

1. What is new?

➢ PVN neuronal activity maintains ongoing SNA and elevated MAP in Ang II-
salt hypertensive rats.

➢ TNF-α microinjected into PVN increases lumbar SNA, splanchnic SNA, and
MAP.

➢ Maintenance of SNA and elevated MAP in Ang II-salt hypertensive rats does
not depend on actions of TNF-α in the PVN.

2. What is relevant?

➢ Consumption of a high salt (2% NaCl) diet together with systemic infusion of
Ang II results in sustained hypertension that is largely reversed by inhibition
of PVN neuronal activity.

➢ Although Ang II dependent hypertension is associated with systemic and
central inflammation, acute inhibition of TNF-α in PVN does not affect
ongoing SNA or maintenance of MAP.

3. Summary

We conclude that PVN neuronal activity maintains SNA and MAP in Ang II-salt
hypertension, and although central cytokines are hypothesized to play a crucial role in the
development of Ang II dependent hypertension, maintenance of elevated SNA and MAP
in rats with Ang II-salt hypertension does not acutely depend on actions of TNF-α in the
PVN.
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Figure 1.
Summary data of MAP and HR in NT and Ang II-salt HT rats at baseline and during 14
days of Ang II or saline infusion. Baseline MAP and HR were similar across groups despite
HT rats consuming a high salt (2% NaCl) diet. Within 2 days of Ang II infusion, MAP
increased significantly and remained elevated throughout the infusion period. HR did not
change in either group throughout the infusion. *P<0.05 vs. NT.

Bardgett et al. Page 13

Hypertension. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
(A) Representative examples of RSNA (left), SSNA (right), and ABP responses during PVN
microinjection of muscimol in separate HT rats. (B) Peak changes in RSNA, SSNA, and
MAP after bilateral microinjection of muscimol into the PVN of NT and HT. Note that PVN
muscimol caused significantly greater reductions of RSNA, SSNA, and MAP in HT than NT
rats. *P<0.05 vs. NT.
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Figure 3.
(A) Representative LSNA, SSNA, and ABP responses to PVN microinjection of aCSF (left),
TNF-α alone (center), and etanercept followed by TNF-α (right). (B) Corresponding
summary data. Note that prior injection of etanercept significantly blunted
sympathoexcitatory responses to TNF-α. *P<0.05 vs aCSF. (C) Representative LSNA,
SSNA, and ABP responses to PVN microinjection of etanercept alone in an NT (left) and an
HT (right) rat. (D) Corresponding summary data. *P<0.05 vs. NT, #P<0.05 vs baseline.
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Figure 4.
(A) Digital photomicrographs of OX-42 staining of PVN sections from an NT (left, top) and
an HT rat (right, top). Also shown is a section from a positive control rat in which LPS was
injected unilaterally into PVN (left, bottom) and a control for non-specific staining (no 1°
Ab, right, bottom). Scale bar = 25 µM. Note: Higher magnification (400x) images in NT and
HT panels show characteristic morphology of activated microglia. (B) Quantification of
relative OX-42 staining across NT, HT, PVN LPS and PVN LPS without 1° Ab. *P<0.05 vs.
NT. 3V, third ventricle.
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Figure 5.
(A) Representative LSNA, SSNA, and ABP responses to PVN microinjection of aCSF (left),
TNF-α alone (center), and minocycline followed by TNF-α (right). (B) Corresponding
summary data. Note that minocycline significantly blunted the sympathoexcitatory
responses to TNF-α. *P<0.05 vs. aCSF. (C) Representative LSNA, SSNA, and ABP
responses to PVN microinjection of minocycline alone in an NT (left) and an HT (right) rat.
(D) Corresponding summary data. *P<0.05 vs. NT, #P<0.05 vs baseline.
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