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Abstract

Background: Decreased epinephrine (EPI) is an important underlying factor of bronchoconstriction in asthma. Exogenous
B,-adrenergic receptor agonist is one of the preferred options to treat asthma. We previously showed that this
phenomenon involved adrenal medullary chromaffin cell (AMCC) transformation to a neuron phenotype. However, the
underlying molecular mechanism is not fully understood. To further explore this, an asthmatic model with unilateral
adrenalectomy was established in this study.

Methodology/Principal Findings: Thirty-two rats were randomly into four groups (n=8 each) control rats (controls),
unilateral adrenalectomy rats (surgery-control, s-control), asthmatic rats (asthma), unilateral adrenalectomy asthmatic rats
(surgery-induced asthma, s-asthma). Asthmatic rats and s-asthmatic rats were sensitized and challenged with ovalbumin
(OVA). The pathological changes in adrenal medulla tissues were observed under microscopy. EPI and its rate-limiting
enzyme, phenylethanolamine N-methyl transferase (PNMT), were measured. Peripherin, a type Il intermediate filament
protein, was also detected in each group. The asthmatic rats presented with decreased chromaffin granules and swollen
mitochondria in AMCCs, and the s-asthmatic rats presented more serious pathological changes than those in asthmatic rats
and s-control rats. The expressions of EPI and PNMT in asthmatic rats were significantly decreased, as compared with levels
in controls (P<<0.05), and a further decline was observed in s-asthmatic rats (P<<0.05). The expression of peripherin was
higher in the asthmatic rats than in the controls, and the highest level was found in the s-asthmatic rats (P<<0.05).

Conclusion/Significance: Compared with asthmatic rats and s-control rats, the transformation tendency of AMCCs to
neurons is more obvious in the s-asthmatic rats. Moreover, this phenotype alteration in the asthmatic rats is accompanied
by reduced EPI and PNMT, and increased peripherin expression. This result provides further evidence to support the notion
that phenotype alteration of AMCCs contributes to asthma pathogenesis.
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Introduction

Asthma is a complex disorder of unknown etiology, character-
ized by increased bronchial smooth muscle contraction, airway
inflammation and tissue remodeling. Epinephrine (EPI), a Bo-
adrenergic receptor agonist, functions to relax bronchial smooth
muscle and is used extensively to treat asthma. Asthma patients
have been shown to have decreased levels of endogenous EPI,
which may explain why administration of exogenous EPI is such
an effective treatment [1,2]. EPI is secreted by adrenal medullary
chromaffin cells (AMCCs), which are derived from the same
sympathoadrenal precursor cells that produce neurons. For this
reason, AMCCs harbor the potential to transform to the neuron
phenotype, and m vitro exposure of AMCCis to nerve growth factor
(NGF) can produce this effect [3—-5]. NGF, one of the most
important neurotrophic factors involved in neuronal growth,
survival, and differentiation, has been clinically detected as
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increased in asthma patients. Moreover, NGI' expression ap-
peared to correlate with the degree of bronchial hyperreactivity;
although, the exact mechanism and physiologic implication
remained unknown [6]. In our previous studies involving
induction of AMCC transformation to neurons in asthmatic rats,
we observed decreased EPI and elevated NGF in these animals,
and noted that this phenomenon was inhibited by administration
of anti-NGF [7-9]. Thus, elevated NGI might promote AMCC
transformation to neuron, which, in turn, would inhibit the
synthesis and secretion of EPI and induced bronchoconstriction in
asthma.

Furthermore, our recent study indicated that asthma during
rodent pregnancy was able to promote AMCCs to differentiate
into neurons in the offspring rat pups and inhibited their ability to
synthesize EPI. This result suggested that asthma can affect the
development of the adrenal medulla i utero [10]. Interestingly, our
recent results also showed that when these offspring rats matured,
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their susceptibility to OVA-induced asthma was increased due to
the dysfunctional adrenal medulla (unpublished data). This
indicated that damage to the adrenal medulla could induce
asthma. Together, these data suggested that transition of AMCCis
might be a critical process in asthma pathogenesis. Further
investigation is required to confirm this. It is important to note that
unilateral adrenalectomy led to the dysfunction of adrenal
medulla, as evidenced by significantly reduced EPI [11]. This
effect has aggravated the asthma condition. However, it remained
unknown whether the reduction in EPI was related to the
transition of AMCCs. In the current study, unilateral adrenalec-
tomy was investigated for its effects on the structure and function
of AMCCs in asthmatic rats. In addition, we also tested whether
AMCC transformation to the neuron phenotype was significantly
correlated with development of asthma.

Results

Airway Responsiveness to Histamine in Asthmatic Rats

We showed that administration of increasing concentrations of
histamine was associated with gradual increases in airway
resistance in each group. When the concentration of histamine
reached 0.08 mg/mL, the airway responsiveness in asthmatic rats
became higher than that in control rats, and this pattern continued
for all higher concentrations. Slight increases were found in the s-
control rats compared with the control rats, but there were no
significant differences between these two groups. Even more
extensive increases in airway responsiveness were found in the s-
asthmatic rats (Figure 1).

Morphological Changes of Lung Tissue in Asthmatic Rats

We found that, compared with the control rats, the asthmatic
rats showed a significantly thicker airway wall (vs. control,
P<0.05), with increased mucosal folding and shedding of epithelial
cells. In addition, asthmatic rats had more hypertrophic goblet
cells, and the surrounding airway had been infiltrated by
cosinophils and lymphocytes. In general, the s-asthmatic rats
presented with the same histological findings but the extent was
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Figure 1. Changes in the airway resistance to histamine in each
group. Rats were treated with aerosolized saline or increasing doses of
histamine. Airway resistance was calculated as the index of percent
increase in airway resistance when compared with the peak of the
reaction with baseline. The values were expressed x=*s (n=8). *
indicates significant difference as compared with the control group
(P<0.05); # indicates significant difference between s-asthma and
asthma groups (P<<0.05).

doi:10.1371/journal.pone.0044586.9001
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greater, such as in airway wall thickness (vs. asthma, P<0.05).
Compared with the control rats, no obvious changes were found in
the s-control rats (Figure 2 A-D and M).

Alteration of Adrenal Medulla in Each Group

Compared with light microscope findings for the control rats,
asthmatic rats had greater amounts of vacuolar degeneration and
lipid droplets in AMCCs. Again, a similar but more extensive
deterioration was observed in the s-asthmatic rats, which included
disordered medullary structure and blood sinus expansion (Figure 2
E-H).

Electron microscope showed a regular morphology of AMCCs
in control rats, which was characterized by clear structure of
mitochondria and abundant chromaffin granules throughout the
cytoplasm. On the contrary, swollen cytoplasm and mitochondria
were observed in the s-control rats and the asthmatic rats, and the
changes in the asthmatic rats were more serous. Furthermore, the
s-asthmatic rats showed similar perturbed changes, but the extent
was greater than those in the asthmatic rats. Compared with the
control rats, the asthmatic rats presented with significantly
decreased densities of chromaffin granules (vs. control, P<<0.05);
even lower densities were found in the s-asthmatic rats (vs. asthma,
P<0.05) (Figure 2 I-L and N).

Phenylethanolamine N-methyl Transferase (PNMT) and

Peripherin Expression in Adrenal Medulla of Each Group
Immunostaining of PNMT was mainly localized to the
cytoplasm of healthy cells. In control rats, the density of PNMT
immunostaining was robust in the adrenal medulla. The PNMT
staining was much weaker in s-control rats and asthmatic rats (vs.
control, all P<0.05), indicating that PNMT expression was
reduced in these animals. Only a few cells in the s-asthmatic rats
stained for PNMT (5. asthma, P<0.05) (Figure 3A-D, I).
Immunostaining of peripherin was visualized by a brown
coloration mainly located in the membrane and cytoplasm.
Compared with the peripherin staining detected in control rats,
the density of peripherin was higher in s-control rats and the
asthmatic rats (5. control, all P<0.05), and was further enhanced
in s-asthmatic rats (ss. asthma, P<0.05) (Figure 3E-H, ]J).
Furthermore, the results indicated that the number of periph-
erin-positive ganglion cells were increased in the adrenal medulla
of asthmatic rats compared with the control rats (vs. control,
P<0.05), and even more in s-asthmatic rats than those in
asthmatic rats (vs. asthma, P<0.05) (Figure 3 E-H and K).

Peripherin Expression in Adrenal Medulla of Each Group

Compared with the control rats, significantly increased periph-
erin mRNA and protein were found in the s-control rats and the
asthmatic rats (all P<<0.05), as detected by RT-PCR and Western
blot, respectively. The s-asthmatic rats had even stronger
expressions of both the peripherin mRNA and protein than that
in the asthmatic rats (P<<0.05) (Figure 4).

EPI Level in Serum of Each Group

Compared with the control rats, the level of serum EPI was
slightly decreased in the s-control rats (8.91%1.43 s
9.54*0.76 ng/mL, P>0.05) and significantly decreased in the
asthmatic rats (7.28+0.56 vs. 9.54%0.76 ng/mL, P<0.05). The
EPI levels detected in the s-asthmatic rats was significantly lower
than that in the asthmatic rats (4.32+0.39 vs. 7.28%0.56 ng/mL,
P<0.05).
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Figure 2. Pathological changes in the lung and adrenal medulla of each group. Representative micrographs (H&E staining, 100 x) of lungs
from control rats (A), s-control rats (B), asthmatic rats (C), and s-asthmatic rats (D) were shown. Representative micrographs (H&E staining, 100 x) of
adrenal medulla in control rats (E), s-control rats (F), asthmatic rats (G), and s-asthmatic rats (H) were shown. Representative electron micrographs
(15000 x) of adrenal medulla in the control rats (I), s-control rats (J), the asthmatic rats (K), and the s-asthmatic rats (L) were presented. Arrows indicate
vacuolar degeneration (black), chromaffin granules (red), mitochondria (blue), and the sign of defluxion in chromaffin granules (green). The bar
graphs demonstrate the quantitative analysis of the airway wall thickness (M) and the densities of chromaffin granules (N). The values were presented
as X*s (n=8). * indicates significant difference as compared with the control group (P<0.05); # indicates significant difference between the s-asthma
and the asthma groups (P<<0.05).

doi:10.1371/journal.pone.0044586.9g002
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Figure 3. Immunostaining of PNMT and peripherin in adrenal medulla. The expressions of PNMT and peripherin in the adrenal medulla of
each group were detected by immunohistochemistry. A representative sample of PNMT immunostaining (DAB, 100 x) was presented for the control
rats (A), s-control rats (B), the asthmatic rats (C), and the s-asthmatic rats (D). A representative peripherin immunostaining (DAB, 100 x) was presented
for the control rats (E), s-control rats (F), the asthmatic rats (G), and the s-asthmatic rats (H). Arrows indicate the peripherin-positive ganglion cells. Bar
graphs demonstrate the average optical density of PNMT (1) and peripherin (J) and the number of peripherin-positive ganglion cells (K). The values
were presented as X=*s (n=38). * indicates significant difference as compared with the control group (P<0.05); # indicates significant difference
between the s-asthma and the asthma groups (P<<0.05).

doi:10.1371/journal.pone.0044586.g003
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Figure 4. Peripherin expression in adrenal medulla. Total RNA and cellular protein were isolated from adrenal medulla, and expressions of
peripherin (MRNA and protein) in each group were detected by RT-PCR and Western blot, respectively. The bar graphs on the right panels
demonstrated the densitometry results relative to expression in controls (1.0). The values were expressed as x=s. -actin and GAPDH were used as
internal controls. * indicates significant difference as compared with the control group (P<0.05); # indicates significant difference between the s-
asthma and the asthma groups (P<<0.05).

doi:10.1371/journal.pone.0044586.9g004
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Corticosterone Level in Serum of Each Group

The ELISA results indicated that there was no significant
difference in corticosterone levels between the asthmatic rats and
the control rats (484.38£26.94 wvs. 461.12%29.51 pg/mL,
P>0.05). A similar result was found between the s-control rats
and the control rats (479.62%20.28 vs. 461.12%29.51 pg/mlL,
P>0.05). However, a remarkable reduction in corticosterone level
was observed in the s-asthmatic rats, as compared with their
asthmatic counterparts (368.5019.76 vs. 484.38%+26.94 pg/mL,
P<0.05).

Serum NGF Level in Each Group

Compared with ELISA results from the control rats, serum
levels of NGF were increased in the asthmatic rats (89.38+£14.40
vs. 63.50%£13.63 pg/mL, P<0.05) and in the s-control rats
(84.87+16.96 vs. 63.50%13.63 pg/mL, P<0.05). Furthermore,
NGF level was significantly higher in the s-asthmatic rats than in
the asthmatic rats (131.75%16.37 ws. 89.38%=14.40 pg/mlL,
P<0.05).

Discussion

The adrenal medulla is a specialized endocrine organ that
originates during development from the neuroectoderm at a point
when the adrenergic nerves are also arising. Likewise, the AMCCs
and sympathetic neurons arise from a common sympathoadrenal
precursor cells. The ability of NGF to induce differentiated
AMCC to transform into sympathetic neuron is well-documented,
and is characterized by observable alterations in morphology and
endocrine function. One of the principal changes that mark the
phenotypic switch from AMCC to neuron is when EPI, which is
one of the principal secretary proteins of AMCCs, is no longer
expressed. Interestingly, studies found that glucocorticoid hor-
mones, which antagonize NGF, can block the NGF-induced
transformation of AMCCs [3,4,12-15].

Wang et al. reported that the levels of EPI and PNMT (the rate-
limiting enzyme of EPI) were commonly decreased in asthmatic
rats, whereas NGF expression was increased. Moreover, these
asthmatic rats also presented with significant changes in AMCC
ultrastructure, including decreased chromaffin granules, and
increased lipid. These studies also indicated that NGF-treatment
aggravated the AMCC lesions in asthmatic rats, as evidenced by
further decreases in EPI and PNMT levels and the numbers of
chromaffin granules [7,8]. These results suggested that there was
a tendency towards phenotype conversion from AMCC to neuron
in the asthmatic rats and that NGF played an important role in
this process.

In the study presented herein, lesions of the adrenal medulla
also accompanied asthma onset, and featured vacuolar degener-
ation, blood sinus expansion, and nucleolemma shrinkage.
Furthermore, more serious pathological changes in AMCCs after
unilateral adrenalectomy were observed by electron microscopy.
Significantly decreased densities of chromaffin granules were
observed, accompanied by swollen cytoplasm and mitochondria.
These ultrastructural changes (including increased lipids and
mitochondrial swelling) were found in chromaffin cells of the
asthmatic rats, which were considered as evidence of phenotype
switching [10]. A similar result had been reported in another study
that showed NGF-induced transdifferentiation in PC12 cells [16].
Both mitochondria and chromaffin granules have high lipid
content, which can be modulated by many factors [17]. Significant
modulation may trigger the process of cell death (e.g. apoptosis).
NGF, the most important growth factor for neuron differentiation,
is significantly elevated in asthma. In our study, we also observed
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elevated peripherin, another marker of neuron differentiation, in
AMCCs of asthmatic rats. Thus, the increased lipids and
mitochondrial swelling may be considered as the features of
AMCC transdifferentiation, rather than apoptosis, in our animal
study. Similar to the study reported by Bonini et al. [6], we also
found that the level of NGF expressed corresponds to the degrees
of bronchial hyperreactivity, lung lesions, and AMCC alterations.
Collectively, these results supported the notion that the lesions of
AMCCs observed in the asthmatic rats were strongly related to the
pathogenesis of asthma.

If one of the two glands is removed, the EPI level will decrease.
A compensatory mechanism may exist, in which the remaining
gland can provide overloaded epinephrine to maintain physiolog-
ical function; as a result, the decrease in EPI is slight in the s-
control group (s. control group, P>0.05). However, the compen-
satory function is limited, and the remaining gland can be
impaired easily during the second stress event (s-asthma group vs.
asthma group, P<0.05). In our study, the extent of AMCC
alteration that occurred in the remaining gland tissue of the s-
asthmatic rats was more remarkable than in the asthmatic rats. In
addition, we demonstrated that higher rates of AMCC. transition
to neuron were accompanied by lower rates of epinephrine
secretion. Thus, the aggravated AMCC alteration of the
“remaining gland” may have been another mechanism responsi-
ble for the decreased epinephrine levels that occurred in the s-
asthmatic rats. Certainly, the decreased EPI level is most likely
related to PNMT, which is one of the most important rate-limiting
enzymes of EPI, and is mainly expressed in AMCCs and not
expressed in neurons. Thus, the level of PNMT can be used to
assess endocrine function of AMCCs. In this study, we observed
a decrease in expression of PNMT in the asthmatic rats, which was
even further depressed in response to unilateral adrenalectomy. As
a result, the synthesis of EPI is expected to be reduced as well.
Indeed, the levels of EPI detected were concomitant with the
expression of PNMT in each group.

It has been reported that glucocorticoids can promote the
expression of PNMT in adrenal medulla, and that PNMT
catalyzes the conversion of norepinephrine to epinephrine [18
20]. Some in viwo studies have indicated that a sufficiently high
concentration of glucocorticoids in the adrenal medulla can
prevent fiber outgrowth from medullary chromattin cells; as such,
this process is presumed to contribute, at least partially, to
inhibiting spontaneous transformation of adrenal cells into
neurons [21-23]. To a certain extent, the choice of AMCC fate
1s determined by the balance of NGF and glucocorticoids present
in the milieu at any given time [21,24]. Thus, the reduced levels of
PNMT and EPI in our rats may have been a reflection of the NGF
levels, and may have been a principal underlying mechanism
guiding the transformation event from AMCC to sympathetic
neuron. In other words, the levels of corticosterone might not have
been enough to overcome the effects induced by NGF. These data
suggest that inhibiting AMCC transformation could be another
benefit of supplementing exogenous glucocorticoids in the
treatment of asthma patients.

The anti-inflammatory effect is a well-known mechanism of
glucocorticoids in the treatment of asthma; therefore, the features
of airway inflammation in asthmatic rats and s-asthmatic rats may
be related to the decreased corticosteroid levels. In this study,
although the corticosterone levels of the asthmatic rats are slightly
higher than those of the control rats (£>0.05), the extent of
inflammation and gland pathological alteration is more serious in
the asthmatic group than in the control group. However, it is
unlikely that corticosteroid reduction is the only mechanism
responsible for asthma pathogenesis; decreases in epinephrine
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induced by AMCC transdifferentiation might also be associated
with this process.

During the development and regeneration of nerve cells,
peripherin (a type III intermediate filament) plays an important
role in establishing cellular architecture by regulating axon
formation [25]. In fact, peripherin-siRNA depleted neurons
presented with significantly impaired initiation, extension, and
maintenance of neurites [25]. Cells reactive to peripherin only
actually constituted a specific sub-population of AMCCi; this idea
was supported by the fact that AMCCs, which highly expressed
peripherin, had a distinct shape that was resemble to nerve cells
[26]. AMCCs were implicated in active down-regulation of the
intermediate filament protein that occurred during embryonic
development [3]. Consistent with these results, Nie ¢ al. found that
the expression of peripherin in NGF-treated AMCCs i vitro was
significantly increased, as compared with that in the control cells
by proteomic analysis. This study also showed that asthmatic rats
exhibited higher expression of peripherin in adrenal medulla than
that the healthy controls, and that these asthmatic rats had AMCC
with decreased chromaffin granules [9].

In our asthmatic rats, peripherin expression was also increased,
while EPI and PNMT levels were significantly decreased. These
expression profiles were markedly aggravated by unilateral
adrenalectomy. Moreover, the fact that peripherin-positive gan-
glion cells presented in asthmatic and s-asthmatic rats, but little or
none in control rats, was consistent with our previous report [27].
Increased numbers of ganglion cells generally indicate an
alteration of innervations occurring in adrenal medulla, and this
phenomenon 1s considered to be a reflection of neural plasticity. It
is possible that this common process is responsible for maintaining
the balance of the sympathoadrenomedullary system (affecting
both structure and function), and this could be one of the
underlying causes for the results. Nonetheless, our experimental
results suggested that peripherin was closely related to the
transformation from AMCC to neuron.

More severe airway resistance and airway inflammation were
found in asthmatic rats with unilateral adrenalectomy than that in
the asthmatic rats with intact adrenal medulla, and the further
decrease in EPI might be an important reason for this. Unilateral
adrenalectomy has been shown to reduce the secretion of
hormones, such as EPI and corticosterone [11]. Interestingly,
a more apparent switch in phenotype of AMCC was observed in
asthmatic rats with unilateral adrenalectomy, as compared with
asthmatic rats with intact adrenal medulla, which might explain
the further decrease in EPI levels.

Together, this result indicates that unilateral adrenalectomy
exacerbates asthma, and this process is strongly associated with
AMCC transdifferentiation. These data may explain the physio-
pathological effects of decreased EPI and consequent broncho-
constriction in asthma, and imply potential mechanisms and
involved factors in the pathogenesis of asthma that need to be
further determined.

Materials and Methods

Experimental Animals and Preparation

All animals used in this study were conventionally-bred 6- to 8-
week-old male Sprague-Dawley rats (Experimental Animal Center
of Central South University, Changsha, China). This study was
carried out in strict accordance with the recommendations from
the Guide for the Care and Use of Laboratory Animals published
by the National Institutes of Health. The protocol was approved
by the Ethics Committee of Asthma Research Institute, Hunan
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Province (20100606). All surgeries were performed under chloral
hydrate anesthesia.

Thirty-two rats were divided among four groups by using
a random digits table (=8 per group): control rats (control),
unilateral adrenalectomy rats (surgery-control, s-control), asthmat-
ic rats (asthma), unilateral adrenalectomy asthmatic rats (surgery-
induced asthma, s-asthma). The rats were treated according to
a method described in a previous study [7]; briefly, on day 0, all
animals were anesthetized by intraperitoneal (I.P.) injection of
10% chloral hydrate (350 mg/kg) and the right adrenal gland was
excised via back incision from the rats in the s-control group and
the s-asthmatic group. The control and asthmatic rats were given
the same surgery without removal of the gland. On day 10 and 17,
the asthmatic and s-asthmatic rats were sensitized with an LP.
mjection of 1 mL sterile saline solution containing 100 mg
ovalbumin (OVA) (Sigma, USA), 200 mg aluminum hydroxide
(Sigma), and 6 x10” heat-killed Bordetella pertussis (Wuhan Institute
of Biological Products, China). The control rats and the s-control
rats were sham-sensitized by LP. injection of sterile saline
containing partes aequales aluminum hydroxide and heat-killed
Bordetella pertussis without OVA. The sensitized rats were exposed
to 1% OVA (wt/vol) aerosol for 30 min every day from day 24 to
day 38; the control rats and the s-control rats received aerosol of
sterile saline only.

Measurement of Bronchial Responsiveness

In vivo airway responsiveness to histamine was measured at
24 hr after the last OVA challenge using a whole-body plethys-
mography device (model PLY 3211; Buxco Electronics, USA).
Rats were treated for 2 min with aerosolized saline or increasing
dosages of histamine generated by an ultrasonic nebulizer, after
which airway resistance was measured. Histamine-induced
bronchoconstriction was considered as the index of percent
increase in airway resistance when the peak of the reaction was
compared with baseline airway resistance [27,28].

Tissue Preparation

After determination of bronchial responsiveness, all rats were
anesthetized using I.P. injection of 10% chloral hydrate (350 mg/
kg) prior to the sacrifice. The left adrenal glands were excised and
either snap-frozen at —80°C, fixed in 4% paraformaldehyde or
fixed in 2% glutaraldehyde, according to the subsequent usages.
Serum was obtained from each rat. After the pulmonary artery
was perfused, the right middle lung lobe was collected from each
rat and fixed in 4% paraformaldehyde.

Hematoxylin and Eosin (H&E) Staining of Lung and
Adrenal Medulla Tissues

Lung and adrenal medulla tissues were collected and fixed in
4% paraformaldehyde, and then embedded in paraffin. Tissue
sections (4 um) were stained with H&E, and the morphological
changes were observed under light microscope. The airway wall
thickness was quantified by pathological image analysis system.

Transmission Electron Microscopy

Adrenal medullas were fixed with 2% glutaraldehyde in 0.1 M
cacodylate buffer, pH 7.2. Three hours later, specimens were post-
fixed in buffered 1% OsOy for 1 hr, following by dehydration in
a graded ethanol series and embedding in Epon-Araldite.
Ultrathin sections (50 nm) were prepared from the different
specimens and stained with uranyl acetate and lead citrate.
Examinations of ultrastructure changes were carried out with an
H-7500 transmission electron microscope (Hitachi, Japan). All
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samples were assessed by two pathologists who were blinded to the
corresponding treatments. Using electron microscopy, the densi-
ties of chromaffin granules per gland (/um®) were assessed for
every rat. All samples were assessed by two independent
pathologists, who were blinded to the corresponding treatments

[29].

Immunohistochemistry

After being embedded in paraffin at 4°C overnight, tissues were
sectioned (4 tm) and mounted on slides. The tissue sections were
then deparaffinized in toluene and rehydrated in an ethanol series
of increasing concentrations of water. The endogenous peroxidase
was blocked with 3% HyO, for 10 minutes. The sections were
then incubated with polyclonal rabbit antibody against rat (anti-
PNMT, AB110, 1:2500; anti-peripherin, AB1530, 1:150; both
from Millipore, USA) at 4°C overnight, followed by 20 min
incubation with biotin labeled goat anti-rabbit immunoglobulin
(Ig)G (1:500; Zhongshan Goldenbridge Biotechnology, China).
The sections were then treated with streptavidin-peroxidase
reagents (Zhongshan Goldenbridge Biotechnology) and developed
with DAB substrate. After counterstaining with hematoxylin, the
sections were further incubated with non-immune rabbit sera for
use as a negative control. The results of staining were observed
under light microscope (100x), and the average optical density
was calculated by IPP6.0 software for statistical analysis. The
whole field of the adrenal medulla was chosen for every rat and we
counted the peripherin-positive ganglion cells under the micro-
scope, and all samples were assessed by two pathologists who were
blinded to the corresponding treatments [27].

Western Blot Analysis

Total proteins were extracted from tissue samples by RIPA
Lysis Buffer (Takara, Japan). Thirty micrograms of protein were
resolved by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and electrically transferred to a poly-
vinylidene fluoride (PVDF) membrane using 120 V for 1.5 hr. The
transfer membrane was sealed by incubation with 0.05 g/mL skim
milk at room temperature (20°C) for 2 hr. Rabbit anti-rat
peripherin polyclonal antibody was added (AB1530, 1:1000;
Millipore) and incubation was carried out at 4°C overnight. After
washing with PBST, the membranes were incubated at 37°C for
1 hr with secondary antibodies (1:5000; Sigma) and visualized by
the enhanced chemiluminescence system (Pierce Biotechnology,
USA). Band intensities were normalized to that of B-actin, which
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Enzyme Linked Immunosorbent Assay (ELISA)
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(EPI, 0100-0009, Serotec, USA; corticosterone, 500651-96,
Cayman, USA; NGF, BT555, BPB Biomedical, USA). The
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Statistical Analysis

Data are presented as mean®SD deviation (X*s). One-way
analysis of variance was used for multiple comparisons, followed
by the Fisher’s protected least significant difference test. A P-value
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Author Contributions

Conceived and designed the experiments: CPH XZL JTF. Performed the
experiments: CPH YQZ JTF. Analyzed the data: CPH XZL. Contributed
reagents/materials/analysis tools: CPH YQZ JTF XZL. Wrote the paper:
CPH XZL.

signal pathway. [Ph.D.Thesis]. Changsha: Central South University.(in Chinese
with English abstract).

10. Wu XM, Hu CP, Li XZ, Zou YQ, Zou JT, et al. (2011) Asthma pregnancy alters
postnatal development of chromaffin cells in the rat adrenal medulla. PLoS
ONE 6(5): ¢20337.

11. Fukuda T, Nishimoto C, Miyabe M, Toyooka H (2007) Unilateral adrenalec-
tomy attenuates hemorrhagic shock-induced analgesia in rats. J Anesth (3): 348—
353.

12. Huber K, Bruhl B, Guillemot F, Olson EN, Ernsberger U, et al. (2002)
Development of chromaffin cells depends on MASH1 function. Development
129(20): 4729-4738.

13. Dupin E, Calloni G, Real C, Goncalves-Trentin A, Le DNM (2007) Neural crest
progenitors and stem cells. C R Biol 330(6-7): 521-529.

14. Lillien LE, Claude P (1985) Nerve growth factor is a mitogen for cultured
chromaffin cells. Nature 317(6038): 632-634.

15. Lillien LE, Claude P (1985) Nerve growth factor and glucocorticoids regulate
phenotypic expression in cultured chromaffin cells from adult rhesus monkeys.
Exp Cell Res 161(2): 255-268.

16. Qin LY, Zhang XR, Ban JD, Zhang QL, Lai YL (2009) Observation on
differentiated ultrastructure behavior induced by NGF in cultured PC12 cells.
J Snake 21(4): 257-260.

September 2012 | Volume 7 | Issue 9 | e44586



20.

21.

22.

. Blaschko H, Firenark H, Smith A D, Winkler H (1967) Lipids of the adrenal

medulla. Biochem. J 104: 545-549.

. Yamaguchi-Shima N, Okada S, Shimizu T, Usui D, Nakamura K, et al. (2007)

Adrenal adrenaline- and noradrenaline-containing cells and celiac sympathetic
ganglia are differentially controlled by centrally administered corticotropin-
releasing factor and arginine-vasopressin in rats. Eur J Pharmacol 564(1-3): 94
102.

. Evinger MJ, Towle AC, Park DH, Lee P, Joh TH (1992) Glucocorticoids

stimulate transcription of the rat phenylethanolamine N-methyltransferase
(PNMT) gene in vivo and in vitro. Cell Mol Neurobiol 12(3): 193-215.
Kvetnansky R, Kubovcakova L, Tillinger A, Micutkova L, Krizanova O, et al.
(2006) Gene expression of phenyl ethanolamine N-methyltransferase in
corticotropin-releasing hormone knockout mice during stress exposure. Cell
Mol Neurobiol 26(4-6): 735-754.

Unsicker K, Krisch B, Otten U, Thoenen H (1978) Nerve growth factor-induced
fiber outgrowth from isolated rat adrenal chromaffin cells: impairment by
glucocorticoids. Proc Natl Acad Sci USA 75(7): 3498-3502.

Grumolato L, Louiset E, Alexandre D (2003) PACAP and NGF regulate
common and distinct traits of the sympathoadrenal lineage: effects on electrical
properties, gene markers and transcription factors in differentiating PC12 cells.
Eur J Neurosci 17(1): 71-82.

PLOS ONE | www.plosone.org

23.

24.

26.

27.

28.

Unilateral Adrenalectomy in Asthmatic Rats

Hodel A (2001) Effects of glucocorticoids on adrenal chromaffin cells.
J Neuroendocrinol 13(2): 216-220.

Anderson DJ, Axel R (1986) A bipotential neuroendocrine precursor whose
choice of cell fate is determined by NGF and glucocorticoids. Cell 47(6): 1079
1090.

. Helfand BT, Mendez MG, Pugh J, Delsert C, Goldman RD (2003) A role for

intermediate filaments in determining and maintaining the shape of nerve cells.
Mol Biol Cell 14(12): 5069-5081.

Derer M, Grynszpan-Winograd O, Portier MM (1989) Immunocytochemical
localization of the intermediate filament protein peripherin in adult mouse
adrenal chromaffin cells in culture. Neuroscience 31(2): 471-477.

Feng JT, Li XZ, Hu CP, Wang J, Nie HP (2010) Neural plasticity occurs in the
adrenal medulla of asthmatic rats. Chin Med J (Engl) 123(10): 1333-1337.
Jenkins CJ, Breslin AB (1987) Long term study of the effect of sodium
cromoglycate on non-specific bronchial hyperresponsiveness. Thorax 42(9):
664-669.

. LiuY, Ling YP, Yu Z, Wu ZQ, Zhong CS (2000) The relationship between the

chromaffin granule number and the granule calcium content in the adrenal
medulla of restrained rats. Acta Physiol Sin 52(1): 5-9.

September 2012 | Volume 7 | Issue 9 | e44586



