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Abstract

Pseudo-unipolar cell bodies of somatosensory primary neurons are located in the dorsal root
ganglia (DRG). The somatic and peripheral domains of DRG neurons are often studied in

sensory pain research to understand molecular mechanisms involved in the activation of pain

and maintenance of inflammation. Adjuvant-induced arthritis (AlA) is an inflammatory model

that elicits a robust and rapid onset immune response with a maximal swelling period of 24-48
hours and persisting for several weeks. The AIA model in the hind paw of the rat elicits a potent
inflammatory response of the dermis and epidermis, leading to protein expression changes for
sensitization of many DRG neurons; however, it is unknown if the AIA model in the hind paw

of the rat induces DRG neuronal injury, necrosis, or apoptosis at the somatic level. Neuronal

nuclei (NeuN) antigen is a biomarker for post-mitotic neurons, neuronal identification, protein
alterations, injury, and loss. Calcitonin gene-related peptide (CGRP) is expressed in C and AS
DRG neurons, a subset of DRG neurons known to play a role in peripheral sensitization. The focus
of the is research was to evaluate the expression pattern of NeuN immunoreactivity, in size (soma)
and CGRP subpopulations of DRG neurons in naive and inflamed groups. Confirmed by both
immunofluorescence and immunoprecipitation, DRG neuronal expression of NeuN was localized
to nuclear and cytoplasmic subcellular compartments. NeuN increased within the nucleus of small
CGRP positive DRG neurons during inflammation, indicating a potential role for NeuN in a subset
of nociceptive neurons.
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Introduction

Primary sensory neurons of the somatosensory pathway project axons from the dorsal root
(or spinal) ganglia (DRG) over great distances and terminate in peripheral tissue as multiple
branched afferent nerve terminals. The complexity of pseudo-unipolar DRG neurons include
four main functional domains: the peripheral terminal (environmental sensory activation),
the DRG soma (gene and protein response), information conveyance (axon action potential),
and the relay of information to the central nervous system (synaptic transmission). Altered
action potential firing patterns and retrograde transport of neurotrophins during a severe
inflammatory event can lead to short- and long-term adaptations of DRG neurons [8, 10].
Inflammation caused by disease and injury can result in a malfunction of this complex
cellular processing, resulting in a maladaptation of neuronal plasticity and life-altering

pain disorders. The cell bodies of primary sensory neurons often are studied to understand
adaptive and maladaptive alterations during immune-regulated pain [15]. A common model
for inducing peripheral inflammation is intradermal injection of complete Freund’s adjuvant
(CFA), peak swelling at 24-48 hours and persisting for several weeks [15]. The AIA model
in the hind paw of the rat induces peripheral inflammation with increased mechanical
sensitivity and a peak inflammation of 48-hours [17].

We and others have shown that DRG neuronal cell bodies upregulate the production of
pro-sensitization proteins in the course of the CFA model [15, 16, 29]. During CFA-induced
inflammation in the rat hind paw, dermal axons and intra-epidermal nerve fibers (IENFs)
from the DRG are located within the inflammatory edema; however, it is unknown if the
DRG neuronal cell body becomes injured, necrotized, or apoptotic during the peak swelling
event.

To evaluate neuronal plasticity, injury, or loss, we chose Neuronal Nuclei (NeuN), a neuronal
biomarker involved in transcriptional regulation. The NeuN antigen is a 106 amino-acid
epitope mapped to the N-terminal of forkhead box (FOX)-3 protein [20] and is expressed

in the nuclei of post-mitotic neurons [27]. The function of NeuN/FOX-3 is a post-mitotic
splicing regulator using cell-specific alternative splicing in the nuclei of most neurons

[9, 20]. While the NeuN antigen was originally reported exclusive to neuronal nuclei,

it has since been determined to be in neuronal-cytoplasm, both, or completely absent

[11, 23, 35]. NeuN/FOX-3 expression is variable, including increasing, decreasing, or not
changing, in different experimental models. In rat hippocampal neurons and mouse motor
neurons, NeuN/FOX-3 expression can be stimulated to increase [2, 23, 30]. A loss of

NeuN antigenicity occurs in certain neuronal injury models, while neurons appear to be
functioning, with a reappearance of NeuN/FOX-3 immunoreactivity (IR) at later timepoints
[26, 34]. Alternatively, models causing neuronal injury or neuronal death often show a
decrease in NeuN/FOX-3 expression [4, 26, 31, 37].
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CGRP is a potent vasodilator, expressed in C and A8 neurons, and functions in the
transmission of nociceptive signaling and inflammatory wound healing [18]. While CGRP
positive (+) and CGRP negative (—) DRG neurons both play a role in nociception and
peripheral sensitization, they are functionally different [3]. Evaluation of CGRP in DRG
neurons was performed in the present study to examine subsets of DRG neurons involved
in the acute peripheral sensitization at a peak AlA time point. AIA was induced in the

rat hind paw and NeuN/FOX-3 IR in the nucleus and cytoplasm of L4 DRG neurons

was evaluated in CGRP (+) and CGRP (=) subpopulations. Nuclear and cytoplasmic
subfractionation of DRG neurons followed by NeuN/FOX-3 immunoblotting was used to
verify immunohistochemical data. To further investigate the integrity of DRG neuronal
nuclei in the AIA model, 4’,6-diamidino-2-phenylindole (DAPI) fluorescence was measured
for area, perimeter and mean grey intensity (MGI). We hypothesized that all DRG neurons
express NeuN/FOX-3 while retaining neuronal viability at the peak swelling point of the
AIA model. We expected an increase in NeuN/FOX-3 expression due to an increased
demand of RNA splicing during inflammatory conditions. However, if DRG neuronal
injury or loss occurs, NeuN/FOX-3 was expected to decrease, indicating a reduction of
transcription in some DRG neurons.

Male and female Sprague Dawley rats (Charles River; n=21 150-250 grams; 8 weeks of
age) were bred, maintained on-site, and used in IHC and Western blot experiments. All

rats were given food and water ad /ibitum and housed with a 12-hour on/off light cycle.

All methods and techniques utilized in these experiments were conducted in accordance

of the National Institute of Health (NIH, https://www.nchi.nlm.nih.gov/books/NBK43327/),
the International Association for the Study of Pain (IASP, https://www.ncbi.nlm.nih.gov/
pubmed/6877845), and approved by the Oklahoma State University Center for Health
Sciences Institutional Animal Care and Use Committee (2016-03). All efforts were made to
care for and minimize the total number of rats used in these experiments to reduce potential
suffering.

48-hour Adjuvant-Induced Arthritis Model

Complete Freund’s adjuvant (CFA) was emulsified in a 1:1 ratio with phosphate buffered
saline (PBS) and injected into the right hind paw of experimental animals to establish
unilateral adjuvant-induced arthritis. For IHC (n=9) and Western blot analysis (n=12), all
rats (n 21) were housed for 48-hours with food and water provided ad /ibitum. The AlA
group were anesthetized with isoflurane (1.5 liters’/minute oxygen, 2% isoflurane) and
injected with 150 pl emulsified CFA in the center of the right hind paw with a 26-gauge
needle, and allowed to recover. The metatarsal region of the right hind paw of all animals
was measured with a dial caliper shortly before transcardial perfusion [15].

Immunohistochemistry

After 48 hours, rats (n=9) were deeply anesthetized with Avertin, a tribromoethanol
anesthesia, diluted at 2.5% (v/i) in PBS (pH: 7.3) and administered intraperitoneally (IP)
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[15, 36]. To determine level of anesthesia, a three-point flinch test was performed on

the eye, tail, and hind paw. Once rats were determined unresponsive, 1.0 ml xylazine
(100mg/ml) was delivered IP and approximately 1 minute later rats were transcardially
perfused with 100 ml calcium-free tyrodes (pH:7,3), followed by fixative. Transcardial
perfusions were performed with a peristaltic pump at a rate of 37 ml/minute and a total
volume of 425 ml of fixative, per rat. Rats were perfused with a modified Zamboni’s
fixative: 0.75% (Ww/V) picric acid, 0.2% (w/v) paraformaldehyde (PFA), phosphate buffered
saline (PBS, pH: 7.3) [15]. This low aldehyde fixative has been shown to provide

optimal labelling in DRG neurons [15]. The right ipsilateral lumbar 4 DRG were

collected, and post-fixed for 3 hours at 4°C and transferred into PBS with 10% (w/,

pH 7.3) sucrose, overnight [5, 22]. DRGs were placed into a single mold with M1
embedding matrix and frozen with liquid nitrogen. Frozen DRG sections (12 pm) were

cut on a Leica cryostat and thaw-mounted on gelatin-coated glass slides. All slides were
dried for 60 minutes on a slide warmer (37°C) before antibody incubations and PBS
washing steps. Primary antibody were diluted in PBS with 0.5% (/v) bovine serum
albumin (BSA), 0.5% (w/v) polyvinylpyrollidone (PVP), and 0.3% (v/v) Triton-X100,

pH: 7.3. Chicken polyclonal NeuN antisera (Millipore, ABN91, RRID:AB_11205760)

was diluted to 0.5 pg/ml (1:1000). Mouse monoclonal antibody for CGRP was diluted

to 0.1 pg/ml (1:2000) (Santa Cruz, 57053, RRID:AB_2259462) [13]. Nuclear staining

was achieved by using DAPI at a concentration of 300 nM (ThermoFisherScientific

D3571, RRID:AB_2307445). Antibodies raised against NeuN and CGRP were combined
for multiplex labeling in PBS-BSA-PVP-Triton-X (pH, 7.3). Slide containers were sealed
with parafilm to prevent evaporation and placed on a rocker at 4°C for 96 hours. All

slides were were washed three times in PBS for 10 minutes each at room temperature

to remove unbound antisera. Tissue was incubated in secondary antisera with donkey
anti-chicken 488 (JacksonlmmunoResearchLabs, 703-545-155, RRID:AB_2340375) and
donkey anti-mouse Alexa Fluor 647 (ThermoFisherScientific, A-31571, RRID:AB_162542).
Secondary antibodies w ere diluted to 1 pg/ml (1:1000) in PBS with 0.3% (+v/v) Triton-
X100, combined for multiplex labeling, and incubated on a rocker for one hour at

room temperature. During secondary incubation, and subsequent incubation steps, all slide
containers were covered with aluminum foil to prevent fluorophore bleaching from ambient
light. Slides were washed three times in PBS, incubated in 300nM DAPI for 15 minutes, and
washed three times in PBS before cover-slipping in Prolong Gold anti-fade mounting media.

Images were collected on a BX51TRF Olympus epifluorescence microscope with a SPOT-
RT470 camera at a pixel resolution of 1024x1024, and saved in * tiff format. Camera
exposures used for experimental evaluation were determined before image acquisition for
data collection and unchanged throughout the imaging process. One image per channel was
taken, per field of view (FOV), with an Olympus UPlanFL 20%/0.50, 000.17 objective for
NeuN (exposure: 250 milliseconds (ms), gain: 2), CGRP (exposure: 2.5 seconds, gain: 2),
and DAPI (exposure: 400 ms, gain: 2). Sampling of the FOVs were randomly selected for
high density of DRG neurons and collected from different slides and sections. As in our
previous studies, a threshold for differentiating CGRP (+) from CGRP (=) DRG neurons was
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determined by the frequency distribution and smooth spline fitting of CGRP IR in all naive
DRG neurons [15, 16, 36]

Experimental Design: Manual Tracing

All images were manually hand traced in ImageJ version 1.48v [32], using a Wacom Cintiq
21UX monitor. DRG neuronal size is related to action potential conduction velocity and is
loosely correlated with function; accordingly, we measured and categorized all neurons as
small (<400 um?2), medium (400 — 800 um?), or large (>800 pm?) [12]. The ascending order
of CGRP IR was evaluated by frequency distribution and then smooth spline fitting, with 4
knots, to determine the threshold for CGRP (8-bit range of CGRP: 39-255) for classifying
DRG neurons as CGRP (+) or CGRP (-) [33].

Subcellular Fractionation

Right L4 and L5 DRGs were dissected from each rat (n=8) [22]. DRGs were immediately
minced and placed in 1.5 micro-centrifuge tubes with 200 pl STM buffer and 2 ul protease
inhibitor, then processed using a previously reported technique [7].

Immunoblot analysis

Subfractionated samples were measured with a BCA assay kit to standardize protein
concentration. All samples were processed for electrophoresis by adding 10 ul loading dye
(0.25 mmol/L Tris, 50% glycerol, 2% sodium dodecyl sulfate (SDS), 0.01% bromophenol
blue, and 50 pl/ml p-mercaptoethanol, pH: 6.8) to 40 pg protein, per sample, and

boiled at 100°C, for 10 minutes. Purified protein was loaded at a concentration of

40 g total protein per lane and processed with Bio-Rad 7.5% TGX acrylamide kit
(Bio-Rad, 1610171). Electrophoresis was performed in running buffer (191.8 mmol/L
glycine, 24.8 mmol/L Tris, and 3.5 mmol/L SDS) at 100 V for 15 minutes and

150 V for 40 minutes. Proteins were transferred onto nitrocellulose membranes, in

transfer buffer (191.8 mmol/L glycine, 24.8 mmol/L Tris, and 20% methanol), and
incubated in PBS-tween with 5% BSA. PBS with 0.3% tween was used in all steps.
Chicken polyclonal NeuN antiser a was diluted 0.5 pg/ml (1:1000). Mouse anti-lamin B
(ThermoFisherScientific, 33—2000, RRID:AB_2533106) normalized nuclear signals and was
diluted 2.5 ug/ml (1:200) (Invitrogen, 33-2000, RRID:AB_2533106). Rabbit anti-GAPDH
(Cell Signaling Technology, 2118S, RRID:AB_561053) normalized cytoplasmic signals
and was diluted 0.014 ug/ml (1:3000).Primary antibodies were visualized by donkey
anti-chicken 488 (JacksonlmmunoResearchLabs, 703-545-155, RRID:AB_2340375) and
donkey anti-mouse Alexa Fluor 647 (ThermoFisherScientific, A-31571, RRID:AB_162542)
secondary antibodies, diluted to 1 pg/ml (1:1000). Immunoblots were imaged on a Typhoon
Scanner 9410.and all channels were visualized at 500 V. Data for NeuN/FOX-3 protein
concentration were normalized by CTR lanes and analyzed in Graphpad Prism 8.

Statistical Analysis

Power analysis (a=0.05, power=0.80, mean 1=100, mean 2=120) indicated a sample size
of n=4 for each of our groups (https://clincalc.com/stats/samplesize.aspx), therefore n=4
for naive and n=4 for AIA, per IHC and WB techniques. Evaluation of NeuN/FOX-3

Neurosci Lett. Author manuscript; available in PMC 2022 August 24.
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IR, hind paw edema, and Western blots were processed in Graphpad Prism 8. Hind paw
edema was quantified by comparing the metatarsal means from naive CTR (n=4) and AlA
(n=4) conditions. The grand mean of NeuN/FOX-3 IR between naive and AlA groups were
compared with the Mann-Whitney test. Significance was determined when the p-value was
less than 0.05. Normality of the grand mean (CTR, n=4; AlA, n=4), f ~ one-way ANOVA
analysis, of NeuN/FOX-3 IR was analyzed by the Shapiro-Wilk test. Multiple comparisons
were statistically evaluated by parametric one-way ANOVA with Tukey post-hoc analysis.
Significance was determined when the p-value was less than 0.05. Cytoplasmic and nuclear
lanes of Western blots were normalized by GAPDH and lamin B lanes, respectively, and
plotted in Graphpad Prism 8. Data from the cytoplasm o naive rat three was removed due
to a faint, although visibly present, GAPDH band. Western blot data were analyzed for
normality by the Shapirio-Wilk test and statistically evaluated by parametric Student’s t-test.
Significance was determined when the p-value was less than 0.05.

Hind Paw Edema

Imaging

There was a significant difference (p=0.0286) in metatarsal thickness between naive

(IHC, n=4, mean=3.45 mm, standard deviation (SD)=0.5492; WB, n=4, mean=3.363 mm,
SD=0.3301) and AIA (IHC, n=4, mean=8.11 mm, SD=0.2839; WB, n=4, mean=7.5 mm,
SD=0.2839) rats for IHC and for subcellular fractionation/WB experiments, respectively.
The increase of hind paw thickness for rats in IHC experiments was 2.35-fold and 2.23-fold
in WB experiments.

All images were collected from 3-5 slides, 3-5 sections per L4 DRG, yielding 3-5 total
FOVs per rat. There were at least 135 neurons evaluated per group, except for rat 7 from

the AIA group (Table 1). Many FOVs from Rat 7 contained mostly axons, resulting in fewer
evaluated sections and measured neurons than other groups (Table 1). Evaluation of CGRP
IR in naive rats by frequency distribution and smooth spline fitting, with 4 knots, indicated
that an 8-bit mean grey intensity value of 39 as a reliable threshold, differentiating CGRP
(+) from CGRP (=) DRG neurons (Fig. 1).

NeuN/FOX-3 expression in DRG neurons

In both naive and AlA conditions, NeuN IR MGI was relatively consistent in total and
CGRP sub-populations, except for nuclei of CGRP (+) neurons (Table 1, 2; Fig 2). In
CGRP (+) neurons, NeuN IR MGI was greater in the cytoplasm and nuclei of medium-and
large-sized neurons than small neurons (Table 1; Fig. 3). In AlA rats, NeuN IR MGI was
larger in both the cytoplasm and nucleus of large CGRP (+) neurons than small CGRP (+)
neurons (Table 1; Fig. 3). Furthermore, no statistical differences were found within CGRP
(-) and CGRP (+) neurons, despite CFA-induced peripheral inflammation. (Table 2; Fig. 3).
Nuclear NeuN IR increased significantly, from naive to AIA conditions, by 27.3% in small
CGRP (+) nuclei, whereas there was no increase in the cytoplasm (Fig. 4). There was no
significant difference in the average number of CGRP (+) neurons between naive and AIA
groups. Qualitatively, DRG neurons from the naive group exhibited a larger range of IR

Neurosci Lett. Author manuscript; available in PMC 2022 August 24.
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(from light to intensely labeled) of NeuN/FOX-3 IR within the same size populations than

DRG neurons from the inflammatory group (intensely labeled) (Fig. 5, A, E). Furthermore,
many neurons in the AIA group which were positive for CGRP were also intensely labeled
for NeuN/FOX-3 IR (Fig. 5, D, H).

DAPI labeling in DRG Neuronal Nuclei

Previous reports haves shown that a reduction of nuclear area and nuclear perimeter,
defined by DAPI, is observed in apoptotic cell nuclei [24]. To evaluate neuronal integrity,
we measured DAPI labeled DRG neuronal nuclei between naive and AIA experimental
conditions for DRG neuronal nuclei for area, perimeter and MGI. There were no significant
differences of DRG neuronal nuclear DAPI MG, area, or perimeter between any groups.

Western Blots

Anti-NeuN labels Fox-3 gene products as a doublet, typically from 45-50 kDa, and often a
second doublet at ~70 kDa. The first doublet (45-50 kDa) are the NeuN antigens described
by Mullen et a/and the second doublet at 70 kDa was identified by Kim et a/as primarily
synapsin I [20, 27]. Two NeuN/FOX-3 doublets were observed at 46/48~ kDa and 64—66
kDa (Fig. 6, A, C). The cytoplasmic control, GAPDH, was exclusively present in the
cytoplasmic lanes at 40 kDa (Fig. 6, A). The nuclear control, lamin B, resulted in a specific
band at 70 kDa in the nuclear lanes (Fig. 6, C). The relative expression of NeuN/FoX-3
protein in cytoplasmic and nuclear CTR and AlA lanes determined for normal distribution
and statistically evaluated by parametric t-test, resulted in no significance, respectively (p=
0.5521, p = 0.0752, Fig. 6, B, D).

Discussion

The repeated activation of DRG nerve terminals during inflammation coerces DRG somatic
upregulation of CGRP and several pro-inflammatory (~6), pro-nociceptive (~16), and pro-
apoptotic (~8) factors [18, 19, 25], a genomic symphony of mMRNA transcription and protein
translation. NeuN/FOX-3 is a splicing regulator, a protein involved in transcription, and thus
we expected it to increase as neurons respond to peripheral inflammation. NeuN/FOX-3
expression is elevated in some central neurons, such as rat hippocampal neurons when
stimulated with IP3 and sigma receptor antagonists and telomerase increasing compounds
[6, 38]. NeuN/FOX-3 levels also rise in the cytoplasm of motor neurons in G93A SOD1
mice as the animals age [28]. In the current study, an increase of NeuN/FOX-3 IR occurred
in DRG neuronal nuclei of small diameter neurons, a size population of DRG neurons
responsive to inflammation. This is an indication that a subset of nociceptive neurons is
responding to peripheral inflammation through a NeuN/FOX-3 mechanism. NeuN/FOX-3
regulates pre-mRNA splicing by interacting with protein associated splicing factor (PASF)
and binding to the UGCAUG RNA element [21]. Future studies should involve evaluation
of the specific RNAs regulated by NeuN/FOX-3 and PASF in response to peripheral
inflammation.

We also considered that AIA might decrease NeuN/FOX-3 in some DRG neurons. The
AIA model produces a disruptive blister in the epidermis and dermis, but it is unknown
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Anderson et al.

Page 8

whether potential peripheral loss of axon and terminal DRG neuronal domains in the blister
region results in a loss of neuronal integrity or apoptosis. Models causing neuronal injury
or neuronal death often show a decrease in NeuN/FOX-3 expression, such as: peripheral
(facial) nerve crush rebounding at 28 days [26, 34], soman poisoning by 24-hours [4], blast
pressure [31], irradiation [37], and different ischemic models [6, 28, 34]. In the central fluid
percussion injury model in rats, however, NeuN/FOX-3 did not change at any timepoint

in the lateral neocortex [14]. A loss of NeuN immunoreactivity occurs in certain neuronal
assault models, while neurons appear to be functioning, with a later reappearance of NeuN/
FOX-3 IR after 2—-3 weeks [26, 34]. Based on these studies and considering its post-mitotic
functionality, NeuN/FOX-3 has become known as a reference for neuronal viability and
possibly a surrogate marker for irreversible nerve injury, but not as a strict marker for
apoptosis [1, 9, 34]. In the current study, there was no decrease in observed NeuN/FOX-3
IR with either immunohistochemistry or subcellular fractionation and western blotting. With
DAPI fluorescence, there were no signs of chromatin condensation or DNA fragmentation.
These data, therefore, indicate there are no signs of DRG neuronal injury at the 48-hour
timepoint of the AIA model.

In summary, CFA or the inflammation skin blister do not appear to cause a severe injury of
DRG neurons at 48-hours of AIA. Assessing NeuN/FOX-3 or other injury related proteins
at additional AIA time points or peripheral injury models may shed light on the reach on

of DRG neurons to peripheral trauma. NeuN/FOX-3, however, did increase in small CGRP
(+) neurons indicating a unique role for this transcription regulator in a subset of nociceptive
neurons. Evaluating the mechanism of action for NeuN/FOX-3 during acute inflammation
may provide a new therapeutic target for controlling pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Neuronal Nuclei (NeuN) protein is expressed in the nucleus and cytoplasm of
DRG neurons

. Increased NeuN/FOX-3 expression in DRG neurons indicates a robust
neuronal response at the peak swelling timepoint of CFA-induced acute
inflammation

. No morphologic signs of nuclear shrinking, chromatin condensation, or DNA
fragmentation were observed in DRG neurons of any inflammatory group

. These data suggest that there are no signs of DRG neuronal suffering or injury

at the 48-hour timepoint of the AIA model in the hind paw of the rat
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Figure 1:
Evaluation of CGRP IR in naive rats by frequency distribution and smooth spline fitting,

with 4 knots, indicated that an 8-bit mean grey intensity (0-255) value of 39 as a reliable
threshold, differentiating CGRP (+) from CGRP (=) DRG neurons.
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A, no significant differences found between naive and AlA cytoplasm (p=0.0571, A=17.96)
and nucleus (p=0.0571, A=39.47). B, no significant differences found between CGRP (-)
cytoplasm (p=0.1143, A=14.44) and nucleus (p=0.1143, A=14.44). C, significant differences
found between CGRP (+) cytoplasm (p=0.0286, A=17.35) and nucleus (0.0286, A=41.15).
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Figure 3: Evaluation of NeuN IR between condition (naive/AlA) and CGRP (=) and CGRP (+)
neurons.

A-B, no significant differences found in cytoplasm or nucleus of small neurons. C-D.
Significant differences were found in the cytoplasm (F(3, 12)=4.441, p=0.026) and nucleus
(F(3, 12)=4.60, p=0.023) of medium neurons-F, Significant differences found in cytoplasm
(F(3, 12)=36.09, p<.001) and nucleus (F(3, 12)=11.03, p<.001) of large neurons.
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Figure 4: Significant differences of NeuN-IR between size populations for naive and AlA groups
in CGRP (+) and CGRP (=) DRG neurons (D-F).

D, significant differences found in specific size populations and conditions for CGRP (+)
cytoplasm (F(5, 18)=9.530, p=0.0001). E, significant differences found in specific size
populations and conditions for CGRP (+) nuclei (F(5,18)=8.087, p=0.0004).
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Figure 5: Representative fields-of-view for naive and inflamed AIA conditions.
A, NeuN, B, CGRP, C, DAPI, D, naive composite; and AlA group: E, NeuN, F, CGRP, G,
DAPI, and H, AlA composite.
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Figure 6: Representative naive and AIA immunoblot of NeuN.
A, representative NeuN immunoblot from one naive rat and B, graph of NeuN cytoplasmic

fractions. C, representative NeuN immunoblot from one AlA rat and D, graph of NeuN
nuclear fractions.
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