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Abstract
Cardiac sympathetic neurons stimulate heart rate and the force of contraction through release of
norepinephrine. Nerve growth factor modulates sympathetic transmission through activation of
TrkA and p75NTR. Nerve growth factor plays an important role in post-infarct sympathetic
remodeling. We used mice lacking p75NTR to examine the effect of altered nerve growth factor
signaling on sympathetic neuropeptide expression, cardiac norepinephrine, and ventricular
function after myocardial infarction. Infarct size was similar in wildtype and p75NTR−/− mice
after ischemia-reperfusion surgery. Likewise, mRNAs encoding vasoactive intestinal peptide,
galanin, and pituitary adenylate cyclase activating peptides were identical in wildtype and
p75NTR−/− cardiac sympathetic neurons, as was expression of the TrkA neurotrophin receptor.
Norepinephrine content was elevated in the base of the p75NTR−/− ventricle compared to
wildtype, but levels were identical below the site of occlusion. Left ventricular pressure, dP/
dtMAX, and dP/dtMIN were measured under isoflurane anesthesia 3 and 7 days after surgery.
Ventricular pressure decreased significantly 3 days after infarction, and deficits in dP/dtMAX were
revealed by stimulating beta receptors with dobutamine and release of endogenous norepinephrine
with tyramine. dP/dtMIN was not altered by genotype or surgical group. Few differences were
observed between genotypes 3 days after surgery, in contrast to low pressure and dP/dtMAX
previously reported in control p75NTR−/− animals. Seven days after surgery ventricular pressure
and dP/dtMAX were significantly lower in p75NTR−/− hearts compared to WT hearts. Thus, the
lack of p75NTR did not enhance cardiac function after myocardial infarction.
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Introduction
The sympathetic nervous system stimulates heart rate, cardiac conduction, and the force of
contraction through the release of norepinephrine (NE) and activation of β1adrenergic
receptors (β1AR). Myocardial infarction (MI) causes sympathetic dysfunction (Abe et al.,
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1997; Barber et al., 1983; Zipes, 1990) in addition to its effects on the myocardium. Cardiac
sympathetic drive is increased after MI (Graham et al., 2002; Karlsberg et al., 1979), but at
the same time there is a loss of sympathetic fibers in the infarct and peri-infarct myocardium
(Barber et al., 1983; Inoue and Zipes, 1988; Li et al., 2004; Minardo et al., 1988; Stanton et
al., 1989). The resulting chronic alterations in noradrenergic transmission contribute to
electrical remodeling and the development of ventricular arrhythmias (Cao et al., 2000a;
Cao et al., 2000b; Dae et al., 1997; Rubart and Zipes, 2005), but their effects on cardiac
physiology are less clear.

Nerve Growth Factor (NGF) supports sympathetic neuron survival, stimulates axon growth
into the heart during development (Crowley et al., 1994; Glebova and Ginty, 2004), and
plays an important role in sympathetic remodeling after myocardial infarction (Abe et al.,
1997; Hasan et al., 2006; Hiltunen et al., 2001; Oh et al., 2006; Wernli et al., 2009; Zhou et
al., 2004). In sympathetic neurons NGF acts through the TrkA and p75 neurotrophin
receptors (p75NTR)(Bamji et al., 1998; Birren et al., 1993; Zampieri and Chao, 2006). NGF
stimulates sympathetic axon outgrowth (Kohn et al., 1999), expression of tyrosine
hydroxylase (TH), NE synthesis (Max et al., 1978; Thoenen, 1972), and synapse formation
between pre- and post-ganglionic sympathetic neurons through trkA (Sharma et al., 2010).
NGF can also regulate sympathetic expression of neuropeptides (Shadiack et al., 2001).
p75NTR can functionally antagonize NGF-stimulated TrkA signaling in sympathetic
neurons (Hannila et al., 2004). Thus, NGF stimulates greater axon outgrowth (Kohn et al.,
1999), elevated TH expression and NE content (Habecker et al., 2008; Lorentz et al., 2010),
and additional synaptic inputs (Sharma et al., 2010) in sympathetic neurons that lack
p75NTR. NGF protects cardiac sympathetic nerves from acute dysfunction after ischemia-
reperfusion (Abe et al., 1997), but the longer term effects of NGF signaling on sympathetic
transmission and cardiac function are not known.

Mice lacking p75NTR (Lee et al., 1992; Lee et al., 1994) provide an interesting model to
examine the effect of enhanced TrkA signaling on cardiac NE content and ventricular
function after myocardial infarction (MI). Previous studies in these mice have identified
sympathetic innervation in the right ventricle that appears normal (Jahed and Kawaja, 2005),
but decreased innervation density in adult atria (Habecker et al., 2008) and left ventricular
subendocardium (Lorentz et al., 2010). The functional effects of altered innervation are
mixed, as heart rate is low in p75NTR−/− mice (Habecker et al., 2008), but stroke volume is
normal despite low left ventricular peak systolic pressure (LVP) and dP/dtMAX (Lorentz et
al., 2010). NGF is elevated in the heart after myocardial infarction (Abe et al., 1997; Hasan
et al., 2006; Hiltunen et al., 2001; Zhou et al., 2004), and sympathetic drive to the heart is
increased (Graham et al., 2002; Karlsberg et al., 1979). The effects of altered TrkA signaling
may be enhanced after myocardial infarction and may blunt the loss of function in the left
ventricle of p75NTR−/− hearts after myocardial infarction. Here we examine cardiac NE,
left ventricular pressure, and dP/dt in WT and p75NTR−/− mice after ischemia-reperfusion.

Materials and Methods
Animals and Experimental Group

Wildtype C57BL/6J and p75NTR−/− mice (B6.129S4-Ngfrtm1Jae/J) (Lee et al., 1992) were
obtained from Jackson Laboratories. Mice were kept on a 12h:12h- light dark cycle with ad
libitum access to food and water. Age and gender-matched male and female mice between
12–18 weeks old were used for all experiments. All procedures were approved by the
Institutional Animal Care and Use Committee and comply with the Guide for the Care and
Use of Laboratory Animals published by the United States National Institutes of Health
(NIH publication No. 85-23, revised 1996). The experimental groups used were sham-
operated animals and animals that underwent ischemia-reperfusion surgery. Six animals
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were assigned to each group for each experiment, but in some groups only 4 animals
survived the surgery and hemodynamic measurements.

Ischemia-Reperfusion Surgery
Anesthesia was induced with 4% inhaled isoflurane and maintained with 2% isoflurane.
Mice were then intubated and mechanically ventilated. Core body temperature was
monitored with a rectal probe and maintained at 37° C and two-lead ECG was monitored
throughout the surgery using a PowerLab data acquisition system (ADInstruments). A left
thoracotomy was performed in the 4th intercostal space and the pericardium was opened.
The left anterior decending coronary artery (LAD) was reversibly ligated with a 8-0 suture
for 30 minutes and then reperfused by release of the ligature. Occlusion was confirmed with
ST segment elevation, regional cyanosis, and wall motion abnormalities. Reperfusion was
confirmed by return of color to the myocardium distal to the ligation and disappearance of
ST elevation. The suture remained within the wound for identification of the ligature site,
and the chest and skin were closed in layers. After surgery, animals were returned to
individual cages and given regular food and water for 3 days or 7 days before euthanasia and
tissue harvest. Buprenex (0.1 mg/kg) was administered as needed to ensure the animals were
comfortable following surgery. All surgical procedures were performed under aseptic
conditions. Sham animals underwent the procedure described above except for the LAD
ligation.

Infarct/Area at Risk Analysis
24 hours after the onset of reperfusion, mice were anesthetized with 4% isoflurane,
intubated, and mechanically ventilated, and anesthesia was maintained with 2% inhaled
isoflurane. The chest cavity was re-opened and the LAD was re-occluded using the same
suture from the ischemia-reperfusion procedure. Fluorescent particles (4 mg/ml in deionized
water with 0.01% Tween 20; Duke Scientific no. 34 –1, 2- to 8-μm size) were infused
through a polyethelyne tube (PE10) with a 30-gauge needle tip in the left ventricle of the
heart. Microspheres were infused at a rate of 400μL/min for 4 minutes, or until the heart
stopped, in order to delineate the area at risk. The heart was then excised for infarct size
analysis and cut into transverse sections 1mm thick using a cutting block. Both sides of each
tissue section were photographed under ultraviolet light for measurement of area at risk. The
slices were then placed in 2,3, 5-triphenyltetrazolium chloride solution (TTC, Sigma
chemicals; 1% wt/vol in a sodium phosphate buffer at 37° C, pH 7.4) for 20 minutes. The
staining procedure was carried out in the dark to prevent break down of the TTC by the
light. The slices were then placed in 10% neutral buffered formalin overnight to increase the
contrast of the stained and unstained tissue. Myocardium that did not stain red was presumed
to be infarcted. Both sides of each 1mm section were photographed under white light and
total area, area at risk and infarct areas for each slice were traced in Photoshop. The volume
of myocardium at risk and infarcted myocardium were calculated from the measured areas
and slice thickness. Infarct size was normalized as a fraction of the area at risk. All analyses
were performed in a blinded fashion by two people. The data presented are the average of
the two independent determinations of infarct/risk.

Real-time PCR
All RNA and PCR reagents were from Applied Biosystems. Stellate ganglia, which contain
most of the sympathetic neurons that project to the heart, were removed and stored in
RNAlater®. RNA was isolated using the RNAqueous micro kit, cDNA was generated, and
real-time PCR was performed using ABI Taqman master mix and prevalidated Taqman gene
expression assays for mouse vasoactive intestinal peptide (VIP), galanin, pituitary adenylate
cyclase activating peptides (PACAP), TrkA and p75NTR. cDNA from a single ganglion was
used to quantify all genes in duplicate. Left and right stellates were used interchangeably
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since previous studies indicated that similar changes occurred in both ganglia (Habecker et
al., 2005). Peptide and TrkA mRNAs were normalized to GAPDH mRNA in the same
sample, while p75NTR was normalized to actin in the same sample. Standard curves were
generated for each gene tested. Differences between surgical groups within a genotype were
determined by one-way ANOVA with Newman-Keuls post-test using Prism 5.0 software.

Hemodynamics
Mice were anesthetized with 4% isoflurane (Minrad Inc., Bethleham, PA) and maintained
with 2–3% isoflurane. Mice were intubated and placed on a rodent ventilator. Body
temperature was monitored and maintained at 37±0.2 ºC. A microtipped pressure transducer
(1.0 French; Millar) was inserted into the right carotid artery and advanced into the left
ventricle for measurement of left ventricular pressure using a PowerLab data acquisition
system. A small polyvinyl catheter was placed in the left jugular vein for drug
administration. When the animal was stable, it was given hexamethonium chloride (5 mg/
kg; Sigma) to abolish ganglionic transmission. Previous experiments have confirmed that
this dose is sufficient to fully inhibit ganglionic transmission in mice (Parrish et al., 2009a).
Blockade of ganglionic transmission was required to assess basal function in the absence of
neuronal input, and to abolish the baroreflex prior to administration of dobutamine and
tyramine. After a new baseline was established, animals received a single bolus dose of the
beta agonist dobutamine (32 μg/kg; Hospira Inc.) to assess beta receptor sensitivity. After
the dobutamine washed out, another dose of hexamethonium was administered, followed by
a bolus dose of tyramine hydrochloride (200 μg/kg; Sigma) to assess the cardiac response to
release of endogenous NE. Left ventricular peak systolic pressure (LVP), dP/dtMAX, and dP/
dtMIN were analyzed using ChartPro software (ADInstruments).

HPLC Analysis of Norepinephrine
NE levels were measured by HPLC with electrochemical detection as described previously
(Parrish et al., 2009a). Hearts were excised and cut in 1–2 mm transverse cross sections,
excluding the area spanning the LAD ligation. The base was processed as a single sample
that included the top 2 mm of both ventricles. Below the site of LAD occlusion the left and
right ventricles (LV, RV) were separated and processed individually for NE analysis. Heart
tissue was homogenized in perchloric acid (0.1 M) containing 1.0 μM of the internal
standard dihydroxybenzylamine (Sigma) to correct for sample recovery. Catecholamines
were purified by alumina extraction before analysis by HPLC. Detection limits were ~0.05
pmol with recoveries from the alumina extraction >60%.

Results
Peptide mRNA expression

The ventricles are innervated by NGF-responsive sympathetic and sensory neurons whose
production of neuropeptides can impact infarct size and might be altered by the lack of
p75NTR (McMahon et al., 1995; Patel et al., 2000). Sensory neurons produce CGRP
(Calcitonin Gene Related Peptide) and Substance P (Ieda et al., 2006), while cardiac
sympathetic neurons express PACAP after ischemia-reperfusion (Alston et al., 2010). All of
these peptides are cardio-protective and can decrease infarct size (Gasz et al., 2006; Huang
et al., 2008; Li and Peng, 2002; Racz et al., 2008; Wang and Wang, 2005). Therefore, we
examined sympathetic neuropeptide expression and infarct size in WT and p75NTR−/−
mice. Sympathetic PACAP, galanin, and VIP mRNAs were essentially identical in sham
animals from both genotypes, and did not change following MI (Table 1). Infarct size was
measured in WT and p75NTR−/− mice and normalized to the area-at-risk within the same
heart. The infarct/risk ratio was identical in both genotypes (Fig. 1).

Lorentz et al. Page 4

Auton Neurosci. Author manuscript; available in PMC 2012 October 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Trk and p75NTR mRNA expression
To confirm that the absence of p75NTR did not alter expression of TrkA, we quantified
TrkA mRNA in WT and p75NTR−/− stellate ganglia after sham or ischemia-reperfusion
surgery. TrkA mRNA normalized to GAPDH was identical in both genotypes, and was not
changed by myocardial infarction (new Fig 2A). Analysis of p75NTR mRNA in WT ganglia
revealed that p75NTR expression was unaltered by ischemia-reperfusion (Fig. 2B).

Norepinephrine content
Norepinephrine content in the base of the ventricles above the coronary artery ligation was
significantly higher in p75NTR−/− hearts compared to WT in all surgical groups (Fig. 3A,
B). In contrast, NE levels in the lower left ventricle (Fig. 3C, D) were significantly lower in
p75NTR−/− sham hearts compared to WT 7 days after surgery (*p<0.05 WT sham vs.
p75NTR−/− sham, two-way ANOVA with Bonferroni post-test). NE content decreased
significantly in the lower left ventricle after MI compared to the same region in sham
operated hearts, and post-infarct levels were similar in both genotypes.

Hemodynamics
Basal left ventricular peak systolic pressure (LVP) and dP/dtMAX were similar in WT and
p75NTR−/− hearts 3 days after MI (Fig. 4A, B), although dP/dtMAX was low in p75NTR−/
− hearts after ganglionic inhibition. Myocardial infarction caused a decrease in LVP that
was significant after blockade of ganglionic transmission (Fig. 4), but there were no
significant decreases in dP/dtMAX in either genotype under basal conditions or after
ganglionic block. dP/dtMIN values were altered little by genotype or surgical group (Table 2)
at any of the time points examined. Heart rates were similar in WT and P75NTR−/− mice
under basal conditions and after ganglionic block.

Beta 1 adrenergic receptor (β1AR) expression is low in p75NTR−/− ventricles compared to
WT (Lorentz et al., 2010), while NE content in the base of the p75NTR−/− ventricle is
elevated (Fig. 3). We used the β1agonist dobutamine to directly assess cardiac responses,
and we used tyramine to provoke release of endogenous NE. Dobutamine stimulation of
β1AR resulted in similar LVP and dP/dtMAX in both genotypes three days after surgery (Fig.
4), despite decreased β1AR in p75NTR−/− hearts. LVP was not significantly lower after
infarction, but dP/dtMAX was decreased by MI. Stimulating release of endogenous NE with
tyramine led to similar LVP and dP/dtMAX in both genotypes, with both parameters
significantly lower in the post-MI hearts (Fig. 4). Heart rate was lower in p75NTR−/− mice
compared to WT following stimulation with dobutamine or tyramine, but myocardial
infarction did not alter dobutamine or tyramine-stimulated heart rate (Fig. 4).

A week after sham or ischemia-reperfusion surgery several significant differences were
observed between the genotypes, which was a striking change from the earlier time point.
Basal LVP and dP/dtMAX were significantly lower in p75NTR−/− hearts compared to WT
(Fig. 5). Myocardial infarction further depressed LVP in both genotypes, but did not alter
dP/dtMAX (Fig. 5). Differences between the genotypes persisted after ganglionic blockade,
with p75NTR−/− parameters low compared to WT. Dobutamine stimulation of β1AR
resulted in similar dP/dtMAX in both genotypes, but dobutamine-stimulated LVP was
significantly lower in p75NTR−/− hearts compared to WT and lower in the post-MI hearts
compared to shams. Given the low basal dP/dtMAX in p75NTR−/− sham hearts, we
calculated the difference after dobutamine and found that dobutamine stimulated a
significantly greater increase in dP/dtMAX in p75NTR−/− shams (5978±950 mmHg/s) than
in WT shams (2390±979 mmHg/s) (*p<0.05, two-way ANOVA with Bonferroni post-test).
Stimulating release of endogenous NE with tyramine resulted in LVP and dP/dtMAX that
were significantly lower in the p75NTR−/− genotype. Myocardial infarction significantly
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decreased the pressure generated by the left ventricle after tyramine administration, but dP/
dtMAX was not altered significantly by MI. Heart rate was not significantly different
between the genotypes or surgical groups a week after surgery (data not shown).

Discussion
Several studies have examined sympathetic transmission and function in p75NTR−/− mice,
and have identified effects on development, axon growth, and NE synthesis that might
impact cardiac function. The lack of p75NTR alters synapse formation in sympathetic
ganglia (Sharma et al., 2010), the excitability of post-ganglionic neurons (Luther and Birren,
2006; Luther and Birren, 2009), and increases cardiac NE content (Fig. 3)(Habecker et al.,
2008; Lorentz et al., 2010). The lack of p75NTR also delays sympathetic innervation of the
heart (Kuruvilla et al., 2004), which may alter myocyte development. In addition, the
p75NTR−/− left ventricular subendocardium has few sympathetic fibers while the
subepicardium has normal innervation density (Lorentz et al., 2010). Finally, arterial
pressure is low in p75NTR−/− mice (Lorentz et al., 2010), possibly due to decreased
sympathetic innervation of vascular smooth muscle (Long et al., 2009). Low arterial
pressure is consistent with the low LVP and dP/dtMAX observed in the p75NTR−/− left
ventricle. However, despite decreases in several hemodynamic parameters, stroke volume is
normal in the p75NTR−/− heart (Lorentz et al., 2010). Thus, p75NTR impacts many
different aspects of sympathetic cardiovascular control.

Sympathetic transmission to the heart is selectively stimulated following myocardial
infarction (Ramchandra et al., 2009; Rundqvist et al., 1997), and this adaptation may be
exacerbated in p75NTR−/− mice due to increased NGF signaling. First, transmission may
be enhanced due to increased synapse formation (Sharma et al., 2010), neuron excitability
(Luther and Birren, 2009), and NE content (Fig. 3)(Habecker et al., 2008; Lorentz et al.,
2010). Second, sympathetic transmission may be enhanced due to elevated NGF in the heart
following ischemia-reperfusion (Abe et al., 1997; Hiltunen et al., 2001), and increased Trk
signaling in p75NTR−/− sympathetic neurons (Hannila et al., 2004). Our data show that
TrkA expression is normal in p75NTR−/− cardiac sympathetic neurons, and that TrkA and
p75NTR expression are not altered by ischemia-reperfusion. One limitation of this study is
that we have not measured NGF levels in the p75NTR−/− ventricle after ischemia-
reperfusion. NGF stimulates cardiac myocyte survival (Meloni et al., 2010), however, so the
identical infarct/risk ratios in P75NTR−/− and WT hearts suggest that cardiac NGF levels
are similar in both genotypes.

Enhanced sympathetic transmission in the heart might result in greater contractility and
pressure generation, bringing p75NTR−/− left ventricular parameters up to the level seen in
wildtype hearts. Three days after surgery LVP and dP/dtMAX were similar in both
genotypes, consistent with enhanced sympathetic transmission, but that effect was transient
so that seven days after surgery the p75NTR−/− hearts exhibited decreased LVP and dP/
dtMAX compared to WT hearts. Comparison of the two time points revealed that WT hearts
exhibited greater functional recovery at seven days compared to the p75NTR−/− hearts. For
example, stimulation with dobutamine a week after MI generated an average LVP that was
15 mmHg higher in WT mice than seen 3 days after surgery, compared to a 6 mmHg
increase in p75NTR−/−. A similar trend was observed in the sham operated animals, so that
there were significant differences between genotypes in almost all ventricular parameters a
week after surgery – similar to what was previously observed in unoperated control animals
(Lorentz et al., 2010). The increased dobutamine responsiveness in WT hearts seven days
after MI is consistent with decreased expression of β1AR in p75NTR−/− hearts (Lorentz et
al., 2010). An important caveat is that LVP and dP/dtMAX are significantly affected by pre-
load and after-load, which are decreased in p75NTR−/− mice (Lorentz et al., 2010). A load-
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independent assessment of LV function in WT vs. p75NTR−/− mice awaits further
characterization, but measuring cardiac function by echocardiography revealed normal
stroke volume in control p75NTR−/− hearts (Lorentz et al., 2010). This suggests that the
decreased LVP and dP/dtMAX observed in p75NTR−/− hearts seven days after MI may not
result in significantly altered cardiac output.

Cardiac output is affected by heart rate in addition to stroke volume, and previous studies
indicate that heart rate is significantly lower in mice lacking p75NTR (Habecker et al., 2008;
Lorentz et al., 2010). The significant decrease in heart rate previously identified in conscious
p75NTR−/− animals was not apparent in this study, which showed only a trend toward
lower heart rate. The blunted change in heart rate was likely due to the use of isoflurane
anesthesia (Zuurbier et al., 2002). Heart rate is controlled by both sympathetic and
parasympathetic transmission, and a recent study showed that mouse cardiac
parasympathetic neurons express p75NTR (Hoard et al., 2008). However, analysis of the
p75NTR−/− atrial innervation suggests that parasympathetic innervation density is normal,
and blockade of cholinergic transmission with atropine raises heart rate to a similar extent in
p75NTR−/− and WT mice (Habecker et al., 2008). Thus, any changes in heart rate observed
in p75NTR null mice are likely due to altered sympathetic innervation.

Cardiac NE levels were also different between the genotypes, but there was regional
variation in NE, consistent with previous studies (Li et al., 2004; Parrish et al., 2008; Parrish
et al., 2009b). We expected that NE would remain similar after MI in the base of the
ventricles but decreased in the middle/lower ventricle below the ligation due to loss of nerve
fibers and depletion of TH. We hypothesized that increased TrkA signaling in the absence of
p75NTR would blunt the loss of NE. NE content in the p75NTR−/− atria and right ventricle
are higher than WT (Habecker et al., 2008; Lorentz et al., 2010), and NE content across the
entire LV is identical p75NTR−/− and WT mice, despite fewer nerve fibers in the p75NTR
−/− hearts (Lorentz et al., 2010). All of those data are consistent with enhanced NE
production in p75NTR−/− sympathetic neurons. However, NE content was similar to WT or
even decreased in the middle/lower p75NTR−/− ventricle after sham surgery and MI.
Interpretation of NE data in the left ventricle is complicated by the fact that the
subendocardial layer of muscle is essentially devoid of sympathetic nerve fibers (Lorentz et
al., 2010). Tissue from the middle and lower portion of the ventricle likely contains a larger
fraction of subendocardium than the samples collected from the base of the ventricle, and
that may account for the dramatic difference in NE content in the p75NTR−/− base
compared to lower in the heart. However, we cannot exclude the possibility that NE content
per nerve fiber is significantly different in distinct areas of the left ventricle.

We examined GAL, PACAP, and VIP mRNA because previous studies identified increased
expression of these peptides in cardiac sympathetic neurons (Alston et al., 2010; Habecker et
al., 2005), and because altered neurotrophin signaling in mice lacking p75NTR leads to
changes in peptide expression in sensory neurons (McMahon et al., 1995; Patel et al., 2000).
Peptide mRNA levels were identical in cardiac sympathetic neurons from sham animals of
both genotypes, suggesting that neurotrophin signaling is not a major regulator of peptide
expression in sympathetic neurons from the stellate ganglia. No peptide mRNAs were
increased significantly after MI in either genotype, which was surprising given the earlier
data. GAL mRNA is increased in rat sympathetic neurons after MI (Habecker et al., 2005)
but not in mouse (Alston et al., 2010), consistent with the lack of increased GAL mRNA in
the current study. However, we expected PACAP and VIP mRNA to increase in both
genotypes after MI since mouse studies revealed cytokine-induced increases in both peptides
(Alston et al., 2010). The current study used a 30 minute LAD ligation, while the earlier
work used a 45 min LAD ligation. The longer ligation time results in a significantly larger
infarct (Parrish et al., 2009b), and presumably a larger inflammatory response which is a
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major stimulus for peptide expression. In any case, the lack of p75NTR did not affect
sympathetic peptide expression after sham or myocardial infarction surgery

In summary, we used mice lacking p75NTR to determine if enhanced sympathetic
transmission would blunt the loss of ventricular function after myocardial infarction. The
lack of p75NTR did result in a transient “rescue” of ventricular parameters up to wildtype
levels three days after sham or ischemia-reperfusion surgery, in contrast to low LVP and dP/
dtMAX previously reported in p75NTR−/− unoperated control animals (Lorentz et al., 2010).
However, week after surgery LVP and dP/dtMAX were once again low in p75NTR−/−
compared to WT mice. The greatest differences were observed in sham animals when
ganglionic transmission was intact, suggesting that increased sympathetic transmission after
MI may continue to have a small effect. Nevertheless, high cardiac NE and enhanced
transmission in p75NTR−/− sympathetic neurons are not sufficient to compensate in a
sustained manner to restore cardiac function up to the levels seen in wildtype hearts.
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Figure 1. Infarct size compared to area at risk
Area at risk (A) and Infarct (B) are shown from a representative section 24 hours after
ischemia-reperfusion. The area at risk is devoid of fluorescent microspheres, while the
infarct is yellow/white following TTC staining. C) Infarct and risk were quantified in 4 WT
and 4 p75NTR−/− mice and the Mean ± SEM is shown.

Lorentz et al. Page 12

Auton Neurosci. Author manuscript; available in PMC 2012 October 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. TrkA and p75NTR mRNA expression
A. TrkA mRNA normalized to GAPDH in WT and p75NTR−/− stellate ganglia. TrkA
mRNA levels are identical in both genotypes and unchanged 3 days after myocardial
infarction (3d MI). Data are mean±sem, n=4 for all groups. B. p75NTR mRNA normalized
to actin in WT mice is similar after sham surgery (Con) or 24 hours (24h MI) or 3 days (3d
MI) after myocardial infarction. Data are mean±sem, n=4 except 3d post-MI n=3.
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Figure 3. Norepinephrine (NE) content in the ventricle
NE was quantified in the base of the ventricles (A, B) or in the portion of left ventricle
below the LAD ligation (C, D). NE from WT (open squares) and p75NTR−/− mice (filled
squares) was assayed 3 days (A, C) and 7 days (B, D) after sham or ischemia- reperfusion
surgery (MI). Differences between genotypes and surgical groups were analyzed by two-
way ANOVA; Sham vs. MI differences are noted with a horizontal line, *p<0.05, **p<0.01,
***p<0.001, Mean ± SEM, n=6.

Lorentz et al. Page 14

Auton Neurosci. Author manuscript; available in PMC 2012 October 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. LVP and dP/dtMAX 3 days after ischemia-reperfusion
LVP (A), dP/dtMAX (B), and heart rate (C) were measured in WT (open squares) and
p75NTR−/− (filled squares) mice 3 days after sham (Sh) or ischemia-reperfusion (MI)
surgery. Far left shows baseline values. LVP and dP/dtMAX decreased after ganglionic block
(5 mg/kg hexamethonium), with a smaller effect on heart rate. The β1 agonist dobutamine
(32 μg/kg) increased LVP and dP/dtMAX in both genotypes. After return to “blocked”
baseline, tyramine-induced (200 μg/kg) release of endogenous NE stimulated LVP and dP/
dtMAX. Dobutamine and tyramine stimulated increases in heart rate as well, but heart rate in
p75NTR−/− mice was lower than wildtype. Differences between groups were analyzed by
two-way ANOVA, and horizontal bars denote sham vs. MI differences, *p<0.05, **p<0.01;
Mean ± SEM, n=6.
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Figure 5. LVP and dP/dtMAX 7 days after ischemia-reperfusion
LVP (A) and dP/dtMAX (B) were measured in WT (open squares) and p75NTR−/− (filled
squares) mice 7 days after sham (Sh) or ischemia-reperfusion (MI) surgery. Far left shows
baseline LVP and dP/dtMAX, followed by ganglionic block (5 mg/kg hexamethonium). Both
parameters were lower in p75NTR−/− hearts than WT. The β1 agonist dobutamine (32 μg/
kg) increased LVP and dP/dtMAX in both genotypes, but LVP remained lower in p75NTR−/
−. After return to “blocked” baseline, tyramine (200 μg/kg) was infused to induce release of
endogenous NE, stimulating LVP and dP/dtMAX in both genotypes. Both parameters were
lower in p75NTR−/− hearts than WT after tyramine. Differences between groups were
analyzed by two-way ANOVA; horizontal bars in (A) denote sham vs. MI differences.
*p<0.05, **p<0.01, ***p<0.001; Mean ± SEM, n=6, except WT MI n=4. In addition to the
group differences that are shown, several subgroup differences were identified by a
Bonferroni post-test. p75NTR−/− shams were significantly lower than WT shams in all
conditions except LVP after ganglionic block, and dP/dtMAX after dobutamine. In contrast,
dP/dtMAX after tyramine was the only condition where p75NTR−/− MI was significantly
lower than WT MI.
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Table 1

Stellate ganglion peptide mRNAs normalized to GAPDH mRNA

GAL/GAPDH WT P75−/−

Sham 1.6 ± 0.3 1.9 ± 0.6

3d MI 1.5 ± 0.2 2.0 ± 0.5

7d MI 1.5 ± 0.1 1.8 ± 0.2

PACAP/GAPDH

Sham (n=6) 1.4 ± 0.2 1.5 ± 0.1

3d MI (n=6) 2.0 ± 0.5 1.9 ± 0.4

7d MI 1.6 ± 0.2 1.4 ± 0.2

VIP/GAPDH

Sham 0.9 ± 0.1 0.9 ± 0.1

3d MI 1.0 ± 0.1 0.7 ± 0.1

7d MI 1.2 ±0.03 0.6 ± 0.1

Values are mean±sem; n=4 except as noted.
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Table 2

dP/dtMIN (mmhg/s), mean±sem

3 Day WT Sham (n=6) WT MI (n=4) p75−/− Sham (n=6) p75−/− MI (n=6)

Basal −10458 ± 802 −7803 ± 1256 −8955 ± 1192 −7381 ± 621

Gang. Block −6394 ± 721 −4949 ± 502 −4965 ± 856 −4184 ± 381

Dobutamine −7723 ± 341 −7449 ± 704 −6792 ± 903 −6624 ± 313

Tyramine −8811 ± 1055 −7938 ± 914 8309 ± 757 5982 ± 475

7 Day WT Sham (n=6) WT MI (n=6) p75−/− Sham (n=7) p75−/− MI (n=6)

Basal −10587 ± 1400 −8666 ± 379 −9165 ± 1122 −9197 ± 843

Gang. Block −7790 ± 923 −6237 ± 484 −5620 ± 94 −5124 ± 397

Dobutamine −9831 ± 1016 −8746 ± 608 −7333 ± 868 −7968 ± 665

Tyramine −11335 ± 1321 −8268 ± 197 −8807 ± 753 −7667 ± 594
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