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Aims: To investigate whether local administration of nerve growth
factor (NGF) decreases the mechanical threshold (MT) of putative
nociceptive masseter afferent fibers as part of its mechanism of
mechanical sensitization. Methods: Electrophysiologic recordings
were made from masseter afferents and a randomized, blinded
approach was used to test the effects of intramuscular injection of
NGF (2.5 or 25 ug/ml) into the rat masseter muscle on the MT of
masseter afferents (n = 65) and plasma protein extravasation.
Results: The plasma protein extravasation data and electrophysio-
logical recordings indicated that rat NGF injection was not
inflammatory and did not evoke afferent discharge or induce
mechanical sensitization (as reflected in a decreased MT) in mas-
seter afferents in either male or female rats. To investigate whether
the lack of effect of NGF injection might be due to differences
between human and rat NGF, additional experiments with human
NGF injection (25 ug/mL) were undertaken. Intramuscular injec-
tion of human NGF into the rat masseter muscle also failed to
evoke afferent discharges; however, it did decrease the MT of mas-
seter afferent fibers. Conclusion: The finding that neither rat nor
human NGF excited putative nociceptive masseter afferent fibers
is consistent with a previous report that intramuscular NGF injec-
tions are not acutely painful in human subjects. The ability of
human NGF injection into the rat masseter muscle to induce affer-
ent mechanical sensitization suggests that this experimental
approach may be useful for the study of peripheral mechanisms of
myofascial pain and tenderness associated with temporomandibu-
lar disorders. ] OROFAC PAIN 2006;20:325-336
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chronic craniofacial pain condition.! TMD are characterized

by pain in the temporomandibular joints (TM]) and/or mus-
cles of mastication, such as the masseter muscle.>?> TMD are more
prevalent among women than men,* and this difference is thought
to be partly due to biological factors, such as the sex hormone estro-
gen.’ Indeed, craniofacial pain sensitivity appears to vary across the
menstrual cycle.®” It has been speculated that local elevation of
nerve growth factor (NGF) may be another biological factor that
could contribute to TMD-related pain.® This idea has been bolstered
by the finding that intramuscular injection of human NGF (0.1

Temporomandibular disorders (TMD) are the most common
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pg/kg) into the masseter muscles of healthy men
resulted in a prolonged localized mechanical sensiti-
zation that was associated with pain during activi-
ties involving jaw movements, such as chewing and
yawning.” Thus, human NGF injection in the mas-
seter muscle produces symptoms similar to those
experienced by myofascial TMD sufferers; how-
ever, the mechanism that underlies this effect is not
yet understood.

NGF is a neurotrophic protein that exerts its
biological effects by acting on 2 different recep-
tors: tyrosine kinase receptor A (tropomyosin-
related kinase A [TrkA]) and p75 receptor.!? It is
thought that in the peripheral tissues, NGF is
responsible for maintaining the sensitivity of pri-
mary afferent fibers and that upregulation of NGF
can result in alterations in pain-related behavior.
Animal studies have shown that exogenous NGF
administration leads to hyperalgesia and sensitiza-
tion of spinal cord dorsal horn nociceptive neu-
rons.'1=15 In adult rats, systemic administration of
NGEF results in an early phase of thermal sensitiza-
tion starting 30 minutes after injection and a late
but longer-lasting phase of mechanical sensitiza-
tion starting several hours after NGF injection.!6:1”

The purpose of the present study was to investi-
gate whether local administration of NGF
decreases the mechanical threshold (MT) of mas-
seter afferent fibers as part of its mechanism of
mechanical sensitization. As it is not feasible to
record masseter afferent fibers in human subjects,
an acute, anesthetized rat model was used to assess
NGF-induced changes in the excitability of indi-
vidual masseter afferents.'® Plasma protein
extravasation into the masseter muscle after NGF
injection was also assessed to determine whether
NGF causes local tissue inflammation. It was
hypothesized that an intramuscular injection of
NGF would cause a decrease in the MT of primary
afferents in the masseter muscle in a sex-dependent
manner (females showing a greater degree and
duration of sensitization than males). Since no
gross signs of muscle inflammation were observed
after injection of NGF into the human masseter
muscle,” it was hypothesized that the injection of
NGF would not induce muscle inflammation.

Materials and Methods
Surgical Procedures
A total of 65 adult Sprague-Dawley rats (33 males

and 32 females) were used for rat NGF experi-
ments. In vivo single-unit recordings were con-
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ducted using electrophysiological recording tech-
niques; these techniques and the experimental setup
have been described previously.'® Briefly, for each
experiment a rat was weighed and then anes-
thetized with isoflurane. Following tracheotomy,
the rat was mechanically ventilated with a mixture
of isoflurane (2% to 2.5%) and oxygen (98% to
97.5%) at a steady rate. A rectal temperature probe
was used to monitor the core body temperature of
the rat. Electrocardiogram leads were used to mon-
itor the heart rate of the animal. In female rats, a
vaginal lavage was performed and a sample of epi-
dermal cells was collected. These samples were
examined on a glass slide with a microscope to
determine the estrus stage. The femoral artery was
catheterized to monitor the mean arterial blood
pressure of the rat throughout the experiment. The
blood pressure was maintained above 60 mm Hg
throughout the experiment and during recordings.
The mechanical ventilator rate and isoflurane levels
were adjusted accordingly to keep the blood pres-
sure between 60 to 80 mm Hg and end-tidal CO,
between 2.5% to 6.25%. The femoral vein was
also catheterized to administer fluids and Evans’
blue dye and to deliver pentobarbital at the end of
the experiment to sacrifice the rat. The rat’s head
was positioned in a stereotaxic frame, and a trephi-
nation was made on the right side of the skull so
that a recording electrode could be lowered into the
right trigeminal ganglion. A blunt dissection was
conducted to expose the caudal brainstem to per-
mit electrical stimulation of central endings of ipsi-
lateral masseter afferent fibers with a stimulating
electrode.

Recording Procedures

A parylene-coated tungsten recording electrode (2
MQ, A-M Systems) was lowered into the trigemi-
nal ganglion to record from the cell body of a sin-
gle primary afferent. The output from the record-
ing electrode was fed into a computer (Spike 2
software, Cambridge Electronic Design).!® A blunt
mechanical search stimulus was used to find and
activate a primary afferent fiber in the masseter
muscle. Then the skin overlying the afferent’s
mechanoreceptive field was pulled away from the
muscle and pinch and pressure stimuli were
applied to the skin to confirm that the putative
nociceptive field of the fiber was in the masseter
muscle. Also, the mandible was moved up, down,
and laterally to test whether the fiber fired in
response to jaw movement and to confirm that the
fiber was a masseter muscle afferent and not a
joint afferent. Previous anatomical studies have
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indicated that putative masseter muscle nocicep-
tors project to the ipsilateral subnucleus caudalis
of the trigeminal sensory nuclear complex.'-2! To
confirm the projection of the primary afferent fiber
to the subnucleus caudalis, a stimulating electrode
was lowered into the caudal brainstem to produce
an antidromically conducted action potential. The
projection of the fiber to the brainstem was con-
firmed by collision of orthodromic action poten-
tials evoked by mechanically stimulating the
mechanoreceptive field of the fiber in the masseter
muscle through the overlying facial skin with
antidromic action potentials (generated by directly
stimulating the caudal brainstem).

The baseline MT (minimum force required to
evoke a primary afferent fiber response) of the fiber
was recorded with an electronic von Frey hair (VF
hair; blunt polypropylene tip, diameter 0.5 mm,
Model 1601C, IITC) every minute for 10 minutes.
The jaw was opened to determine if the primary
afferent fiber responded to jaw opening, and the dis-
tance at which the fiber responded was recorded
and termed the effective jaw-opening distance. For
the fibers that did not respond to jaw opening, the
maximal jaw-opening distance was recorded.

Experimental Protocol

Prior to the beginning of the NGF study, 2 prelimi-
nary experiments were conducted in female rats
with 1 mol/L glutamate solution (10 pL injection,
pH 7.4, Sigma Chemical, St Louis, MO). These
experiments were done to test the sensitivity of the
technique to detect MT changes over a prolonged
period of time. Glutamate is already known to
evoke significant masseter afferent fiber discharge
and to induce a period of mechanical sensitization.!8

For the NGF study, each primary afferent fiber
was randomly assigned to 1 of the following 3
groups: vehicle control (10 pL of phosphate-
buffered isotonic saline and albumin, n = 20), 2.5
pg/mL rat NGF (~0.1 pg/kg, 10 pL, n = 20; Sigma
Chemical), and 25 pg/mL rat NGF (~1 pg/kg, 10
pL, n = 20; Sigma Chemical) dissolved in phos-
phate-buffered isotonic saline and albumin. The
concentration of rat NGF was matched to the dose
and concentration of human NGF used in human
experiments.’ All solutions were at physiological
pH (pH 7.3 = 0.1). The investigator conducting the
MT recordings was blinded to the injected solution.
A catheter (a 26-gauge needle connected to a
Hamilton syringe with polyethylene tubing) was
used to inject the solution into the mechanorecep-
tive field of the fiber. After inserting the needle into
the muscle, a 10-minute baseline recording was
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taken to assess any spontaneous firing activity
before the injection. At 10 minutes, the solution
was injected, and the evoked response was
recorded for 10 minutes. Sixty minutes after the
injection, 10 consecutive MT recordings were con-
ducted at 1-minute intervals. At the end of the 10-
minute recording period, the jaw was opened to
determine whether the primary afferent fiber
responded to jaw opening and the fiber distance at
which it responded. The response to jaw-opening
and MT were assessed every hour for a total of 6
hours.

At the end of the recordings, a blood sample was
collected to measure plasma estrogen levels with a
commercially available radioimmunoassay kit.
After blood sample collection, Evans’ blue dye (6
mg/kg) was injected into the left femoral vein (via
the venous catheter), and the catheter was flushed
with normal saline. After 15 to 20 minutes, the rat
was euthanized with an overdose of pentobarbital
(100 mg/kg) and immediately perfused with 120
mL of normal saline. Following saline infusion, the
part of the masseter muscle around the injection
site was isolated, weighed, and stored in the freezer
for Evans’ blue dye analysis. At the end of each
experiment, the distance between the recording and
the stimulating electrode was measured and divided
by the latency of the antidromic action potential to
estimate the central conduction velocity of the pri-
mary afferent fiber.

All experiments were approved by the UBC
Animal Care Committee and adhered to the guide-
lines of the Canadian Council on Animal Care.

Evans’ Blue Dye Absorbance Analysis

Each muscle tissue sample was placed in a test tube
and immersed in 2 mL of formamide. The test tube
was placed in a water bath at 60°C for 24 hours.??
The amount of dye extracted from the muscle tis-
sue sample was determined by measuring the
absorbance of the supernatant at 620 nm using a
spectrophotometer (8452A Diode Array
Spectrophotometer).?> The Evans’ blue dye concen-
tration in each muscle sample (pg/g) was calculated.

17B-Estradiol Radioimmunoassay Protocol

Plasma estrogen (17B-estradiol) levels were mea-
sured with a commercially available kit
(ImmuChem Double Antibody 178-Estradiol 1231
RIA Kit). A radioimmunoassay was conducted to
determine the plasma concentration of the uncon-
jugated form of estradiol according to the protocol
provided by the supplier (ICN Biomedical).

Journal of Orofacial Pain 327

COPYRIGHT © 2005 BY QUINTESSENCE PUBLISHING CO, INC.
PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Mann et al

Data Analysis

Evidence in human subjects suggests that mechani-
cal sensitization of the masseter muscle may occur
within 3 hours of NGF injection (Svensson et al,
unpublished data). Therefore, data analysis was
conducted on MT values recorded every hour for
the first 3 hours postinjection. The 10 MT values
for each time point were averaged. In order to
account for interfiber variability (ie, differences in
baseline MT) and compare different populations
of fibers, the mean MT for each time point was
divided by the baseline mean MT of each fiber to
calculate the relative MT. The evoked response of
each fiber was calculated by subtracting the total
number of the spikes during the 10-minute period
before the injection from the total number of
spikes during the 10-minute period after the injec-
tion. The evoked response of fibers in each group
(vehicle control and 2 treatment groups) was aver-
aged to calculate the mean evoked response.

Sample Size

Based on previous human results, it was decided
that a difference of at least 25% between the mean
mechanical threshold of control and treatment
groups was required for the results to be consid-
ered biologically meaningful.?? It was calculated
(using a 1-way Analysis of Variance, ANOVA,
sample size estimation, SigmaStat 3.0 software, «
= 0.05, power = 0.80) that a minimum sample size
of 10 was required in each group to see a differ-
ence of 25% (SD 18%) between the means of the
3 groups. Therefore, a total of 60 individual affer-
ent fibers (n = 60 rats) were examined: 10 males
and 10 females for each of the 3 solutions.

Statistical Analysis

A general linear model (GLM) repeated measures
3-way analysis of variance (ANOVA) with covari-
ates of baseline MT, conduction velocity, estrogen
levels, and Evans’ blue dye levels was used to
assess treatment, sex, and time (repeated) effects
on the relative mechanical threshold. A 1-way
ANOVA was conducted to determine estrus-stage
effects on baseline MT and any treatment effect
on the evoked response of fibers. The effect of
treatment and sex on the Evans’ blue dye concen-
tra-tion was analyzed with a 2-way ANOVA.
Student ¢ tests were conducted to determine sex
differences in body weight, plasma estrogen levels,
baseline MT, and conduction velocity. Paired ¢
tests were conducted to determine whether the
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blood pressure changed in response to the NGF
injections.

A log transformation was carried out to normal-
ize the distribution of baseline MT data, and a
square-root transformation was conducted on the
Evans’ blue dye concentration data. An inverse
transformation of rat body weight, a square root
transformation of estrogen levels, and a log trans-
formation of conduction velocity were required to
create a normal distribution of the data for assess-
ment of sex differences.

A log-linear regression analysis was used to
determine the relationship between conduction
velocity and baseline MT as well as between
plasma estrogen levels and baseline MT for slow
(conduction velocity = 10 m/s) A3 fibers.

The level of significance of all statistical tests was
set at P = .05. All values are reported as mean = SE.

Human NGF Experiments

The majority of previous studies to investigate the
effects of NGF on rats have actually employed
either human or mouse NGF.13:16:24.25 Therefore,
additional experiments were conducted on 7
female Sprague-Dawley rats with 25 pg/mL human
NGF (1 pg/kg, 10 pL; Sigma Chemical) to deter-
mine whether there were any differences in the
effects of human and rat NGF. The relative MT
prior to and for the first 3 hours after NGF injec-
tion was calculated as described previously. A
repeated measures 1-way ANOVA was used to
determine the effect of time on the relative MT
postinjection and a post-hoc Holm-Sidak method
was used for further comparisons.

Results

To establish that it was possible to conduct pri-
mary afferent fiber recordings over long time peri-
ods, 2 initial experiments were conducted with glu-
tamate. Recordings of masseter afferent fibers were
stable for at least 4 hours postglutamate injection.
The glutamate injection into the afferent
mechanoreceptive field evoked afferent activity that
lasted for approximately 5 minutes (Fig 1 inset).
MT decreased postinjection as compared to the
baseline (Fig 1a). Also, the fiber became responsive
to jaw opening 1 hour postinjection (Fig 1b).

For the NGF study, a total of 71 masseter muscle
afferent fibers were recorded from 635 rats, and base-
line properties of the fibers, which included conduc-
tion velocity, mechanical threshold, and response to
jaw opening, were collected. The vast majority of
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Fig 1 (a) Relative mechanical threshold (RMT) of an afferent fiber during baseline and at various time points postin-
jection. The inset is a histogram of the baseline activity during the 10-minute period before injection and the evoked
activity of the fiber in response to the glutamate injection. Note that there was a burst discharge of action potentials.
This was typical of responses to glutamate injection. (b) Jaw-opening distance (JOD) over time after a 10-pL injection
of 1 mol/L glutamate into the masseter muscle. This A3 fiber (conduction velocity = 2.53 m/s), recorded in a female rat,
was unresponsive to jaw-opening before the injection (white bars indicate the maximum distance the jaw was opened)
but began firing in response to jaw opening 1 hour after injection. The white bars indicate instances in which the A3
fiber did not respond; the dark bars indicate the effective JOD for activating the afferent.

these fibers had conduction velocities in the A3
range (2 to 30 m/s); however, recordings from 3 C-
fiber afferents (conduction velocities = 2.0 m/s;
4.2%) were also made. This percentage of mechani-
cally activated C fibers is similar to that reported
previously for uninflamed masseter muscle.?® Given
the small number of C fibers, the response proper-
ties of all recorded fibers were considered together,
and no attempt was made to examine the properties
of the C fibers independently. Sixty-five of these
fibers (33 in males, 32 in females) were also exam-
ined for their response to injection of rat NGF or
vehicle control into the masseter muscle.

Baseline Properties of Afferent Fibers

Males. Thirty-three of 71 afferent fiber recordings
were made in male rats (mean weight: 301.1 + 4.9
g; n = 33). The mean baseline MT of these afferent
fibers was 23.9 = 6.0 g, and the mean conduction
velocity was 7.3 = 0.6 m/s. Analysis of these data
revealed a significant inverse log-linear correlation
between conduction velocity and baseline MT (P =
.005, R = 0.473, Fig 2a). The mean plasma estro-
gen levels of male rats were found to be 22.8 = 3.1
pg/mL (n = 28). Since slowly conducting A3 fibers
(conduction velocities of = 10 m/s) are more likely
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Fig 2 (a) The relationship between conduction velocity and baseline MT for fibers recorded in male rats. The log-linear
correlation coefficient was calculated to be R = 0.473. (b) The relationship between plasma estrogen levels and baseline MT
for slow Ad fibers recorded in male rats is shown. The log-linear correlation coefficient was calculated to be R = 0.187.
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Fig 3 (a) The relationship between conduction velocity and baseline MT for fibers recorded in the metestrus, diestrus,
estrus, and proestrus stages of female rats. The log-linear correlation coefficient was calculated to be R = 0.07 for all fibers
recorded in female rats. (b) The relationship between plasma estrogen levels and baseline MT for slow A3 fibers recorded
in female rats is shown. The log-linear correlation coefficient was calculated to be R = 0.444.

to be nociceptive, the relationship between plasma
estrogen levels and baseline MT of this subgroup
of fibers was examined. There was no significant
correlation between the baseline MT and plasma
estrogen levels for slow A3 fibers (P = .43, R =
0.187, Fig 2b). During baseline recording, none of
the fibers responded to maximal jaw opening.

Females. Thirty-eight of 71 afferent fiber recordings
were made in female rats (weight: 257.5 = 3.1 g;n =
32). The mean baseline MT of all afferent fibers was
17.0 = 2.3 g, and the mean conduction velocity was
7.2 = 0.6 m/s. Unlike in males, the conduction
velocity and baseline MT of afferent fibers in
females were not log linearly correlated (P = .688, R
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= 0.07, Fig 3a). Of these 38 afferent fiber record-
ings, 6 were made during diestrus, 3 during
proestrus, 11 during estrus, and 18 during
metestrus. There were no significant differences
between the mean baseline MTs of fibers recorded
during the various estrus stages (P = .124). Baseline
MT was not correlated with conduction velocity in
any of the individual estrus cycle stages (Fig 3a).
The plasma estrogen levels of female rats were
found to be 59.0 = 7.2 pg/mL (n = 26). There was a
significant correlation between the baseline MT and
plasma estrogen levels for slow A3 fibers (P = .044,
R = 0.444, Fig 3b). During baseline recording, none
of the fibers responded to maximum jaw opening.
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Fig 4 (a) An example of a collision
between an orthodromic (activated by
mechanical stimulation of the masseter
muscle) and antidromic (activated by
electrical stimulation of the caudal brain-
stem) action potential (AP) is illustrated.
The asterisk (*) indicates where collision
resulted in the disappearance of the
antidromic spike. This method was used
to confirm the projection of the masseter
afferent fiber from the masseter muscle to
the caudal brainstem. (b) JOD over time

after a 10-pL injection of 25 pg/mL rat 2

NGF into the masseter muscle. This A8 2 20:

fiber (conduction velocity = 4.29 m/s) £ 15

recorded in a male rat was unresponsive b 5 1g
Q

to jaw opening before the injection (white 0
bars) but began firing in response to jaw
opening 2 hours after injection (black

bars). (c) The RMT of the same fiber dur- 20
ing baseline and at various time points 1517
post-injection. The inset is a histogram of 5 |
the baseline activity during the 10-minute 1.0
period before injection and the evoked 051
activity of the fiber in response to the rat c

NGF injection. Note that there was a 0.0

transient discharge of APs. This was typi-
cal when afferent fibers responded to
saline or NGF injections. (d) Sample
traces of MT recordings from the same
fiber at different time points and different
time scales during the experiment. The
bottom row of traces shows an increase
in the force applied with an electronic VF
hair to activate masseter muscle fibers
(top row of traces). The threshold of the
fiber at each time point was determined
by subtracting the baseline from the mini-
mum force required to activate the fiber.
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Rat NGF-Evoked Responses

Sixty afferent fibers were also examined for their
response to injection of vehicle (phosphate-
buffered saline) or rat NGF (2.5 or 25 pg/mL) into
their mechanoreceptive fields. There was no signif-
icant treatment effect on the evoked response of
fibers (P = .076). Also, there was no significant
change in the mean arterial blood pressure in
response to the injection.

In males, relatively few fibers fired 1 or more
action potentials in response to injection of vehicle
(40%), 2.5 pg/mL rat NGF (40%), or 25 pg/mL
rat NGF (10%). Similarly, in females, only 20% of
the fibers in each group (vehicle, 2.5 or 25 pg/mL
rat NGF) fired 1 or more action potentials in

response to the injection. No response outlasted
the injection time (~ 5 seconds).

Rat NGF-Induced Changes in Mechanical Properties

Only 1 fiber in the male group (3.3%) responded
to jaw opening (25 pg/mL rat NGF injection
group) (Fig 4). At 2 hours postinjection, the fiber
became responsive to 15 mm of jaw opening, and
this effective jaw-opening distance dropped to 13
mm at 3 hours postinjection (~ 24% decrease in
effective jaw-opening distance). After 3 hours, the
fiber was no longer responsive to maximal jaw
opening (Fig 4a). None of the fibers in the female
group responded to jaw opening.
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Fig 5 RMTs of fibers from (a) male and (b) female rats
for the first 3 hours after a 10-pL injection of phosphate-
buffered saline vehicle (n = 10), 2.5 pg/mL rat NGF (n =
10), and 25 pg/mL rat NGF (n = 10) into the masseter
muscle receptive field. The error bars represent the stan-
dard error of the mean.
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Fig 6 (a) An example of a collision between an ortho-
dromic (activated by mechanical stimulation of the
masseter muscle) and antidromic (activated by electri-
cal stimulation of the caudal brainstem) action poten-
tials (APs) is illustrated. The asterisk (*) indicates
where collision resulted in the disappearance of the
antidromic spike. (b) Example traces of MT recordings
conducted from the same fiber at 2 different time
points and 2 different time scales during the experi-
ment. The bottom traces show the force applied with
an electronic VF hair to activate masseter muscle fibers
(top traces). (c) The line graph illustrates the RMTs of
fibers from female rats at various time points after a
10-pL injection of 25 pg/mL human NGF (n = 7) into
the mechanoreceptive field. The error bars represent
the standard error of the mean. *P = .05 as compared
to the baseline RMT.
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Although the mechanical threshold of a few
afferent fibers was decreased after injection of NGF
(Fig 4c), there was no consistent effect of NGF
injections on afferent fiber mechanical threshold.
Overall, there was no significant treatment, sex or
time (repeated) effect on the relative MT, and there
were no significant interactions between any of
these factors (Fig 5). Also, it was found that there
was no correlation between fiber conduction veloc-
ity or baseline MT and mean postinjection MT of
fibers injected with 2.5-pg/mL or 25-pg/mL NGF.

Evans’ Blue Dye Analysis

There was no significant difference in the amount
of Evans’ blue dye between vehicle and rat NGF
treatment groups for either male or female rats,
and there was no significant interaction between
treatment and sex (P = .643 for treatment, P =
.886 for sex, and P = .165 for interaction between
treatment and sex). The concentration of Evans’
blue dye in vehicle injected muscles was 2.2 = 0.4
pgl/g, which was lower than the values reported
previously for normal saline and glutamate injec-
tions into the temporomandibular joint (4 hours
postinjection).?? The concentrations of Evans’ blue
dye in the 2.5-pg/mL and 25-pg/mL groups were
2.1 = 0.4 pg/g and 1.6 = 0.3 pg/g, respectively.

Effects of Human NGF

To determine whether there were differences
between rat and human NGF that could explain
the lack of effect of rat NGF on masseter afferent
fibers, additional experiments were conducted with
25 pg/mL human NGF in female rats (mean
weight: 250.1 = 6.1 g; n = 7). The plasma estrogen
level of these female rats was 91.1 = 23.5 pg/mL,
and the mean baseline MT and conduction velocity
of fibers recorded from these female rats were 23.0
+ 7.4 g and 8.9 = 1.4 m/s, respectively. The concen-
tration of Evans’ blue dye in human NGF injected
muscles (2.4 = 1.3 pg/g) was similar to that found
in muscles injected with rat NGF. None of afferent
fibers were spontaneously active during the human
NGF experiments. One of the 7 masseter fibers
fired 1 or more action potentials in response to
injection of human NGF into the masseter muscle,
and another became responsive to jaw opening at
30 minutes and 1 hour postinjection. In contrast to
rat NGF, injection of human NGF into the mas-
seter muscle significantly decreased the relative MT
(P =.009,n =7)at 1, 2, and 3 hours postinjection
relative to baseline MT (Fig 6).
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Discussion

The principal purpose of this blinded, randomized
study was to determine whether NGF significantly
alters masseter muscle afferent fiber MT as part of
the mechanism whereby it decreases pressure pain
thresholds (PPTs) in human subjects. It was also
speculated that the discovery that rat NGF injec-
tion induced masseter afferent sensitization in rats
might lead to the development of a useful animal
model to study mechanisms of masseter muscle
pain related to myofascial TMD. Injection of
either rat or human NGF into the rat masseter
muscle did not evoke any significant afferent fiber
activity, which is consistent with previous data
that injections of human NGF are not painful to
humans.’ Intramuscular injection of rat NGF (2.5
and 25 pg/mL) had no significant effect on the MT
of afferent fibers, whereas injection of human
NGF decreased the MT of a small population of
masseter muscle afferent fibers, which may indi-
cate that human NGF is a more potent sensitizing
agent than rat NGF. There was no indication that
either human or rat NGF produces these effects
indirectly through local muscle inflammation, thus
the peripheral effects of NGF are likely mediated
through a receptor mechanism, for example TrkA
receptor-mediated pathways.?”

Baseline Properties

Some novel sex-related differences in the baseline
characteristics of masseter muscle nociceptors were
identified in this study. In agreement with previous
studies, '8¢ it was found that there was an inverse
relationship between baseline MT and conduction
velocity. However, this relationship was only found
in the fibers recorded from male rats. Previous stud-
ies conducted on male mice and rat cutaneous affer-
ent fibers?®2° and female guinea pig dorsal root and
sural nerve afferents’? have reported an inverse rela-
tionship between baseline MT and conduction veloc-
ity, but these studies did not investigate any sex-
related differences. Very few studies on muscle
afferent fibers have been conducted, and these stud-
ies have also shown a similar trend toward an
inverse correlation in the relationship between MT
and conduction velocity.'®3! The results of this study
agree with these previous reports and also indicate
that there are sex-related differences in the relation-
ship between baseline MT and conduction velocity.
Another unexpected finding was that the plasma
estrogen levels of normally cycling female rats were
positively correlated with the baseline MT of slow
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A3 fibers. In contrast, previous studies in gonadec-
tomized rats have shown that 9 to 10 days of
exogenous estrogen administration increases the
excitability of facial cutaneous afferent fibers and
enhances nociceptive jaw-reflex responses,32-33
which may indicate that elevated blood levels of
estrogen are pronociceptive. The findings of the
present study suggest that under normal physiologi-
cal conditions, elevation of estrogen levels is associ-
ated with decreased excitability of putative mastica-
tory muscle nociceptors. Such an association may
provide a mechanistic basis for the observation of
increased TMD pain at menstruation (when estro-
gen levels are low) in some women with TMD.®

Evoked Responses

The responses evoked by rat or human NGF were
not significantly different from those evoked by
vehicle injection. Human subjects did not find injec-
tion of human NGF into the masseter muscle
painful.” Indeed, previous work has established a
relationship between chemically evoked masseter
afferent discharges of slower-conducting fibers (slow
A3 and C fibers) in rats and muscle pain in humans
upon injection of the same chemical algogen.!8:26:34
Therefore, the lack of responses of slow A3 and C
fibers in this study to rat NGF injection is consistent
with the interpretation that intramuscular injection
of rat NGF does not evoke muscle pain.

Mechanical Properties

This study was undertaken to investigate whether
intramuscular rat NGF injection significantly alters
masseter muscle afferent fiber MT as part of the
mechanism whereby it decreases PPTs in human
subjects. It has been reported that intravenous and
subcutaneous/intradermal administration of
human NGF results in dose-dependent muscle pain
symptoms in the craniofacial and trunk muscula-
ture as well as the masseter muscle that increased
with function.3*3¢ Further, men and women have
reported localized mechanical sensitization after
injection of human NGF into the masseter muscle
that lasts from 7 to 14 days; in women, the onset
of mechanical sensitization occurs within 3 hours
of NGF injection.’ Thus, the lack of effect of intra-
muscular injection of rat NGF on the MT of rat
masseter afferent fibers was unexpected. The addi-
tional experiments conducted with human NGF
showed that human NGF caused mechanical sensi-
tization that lasted for at least 3 hours, which sug-
gests that human NGF is more effective at sensitiz-
ing rat masseter muscle fibers than rat NGF. Rat
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and human NGF share only 90% amino acid
sequence homology,3”-38 so it is possible that struc-
tural differences might underlie the apparent dif-
ferences in efficacy and/or potency of these 2 neu-
rotrophic proteins. It is possible that nonspecific
mechanisms such as foreign protein reactions,
decreased degradation of human NGF by rat pro-
teases, slowed clearance from the muscle, modula-
tion of intracellular calcium concentration (cal-
cium uptake),3%40 or actions on bradykinin
receptors,*! capsaicin receptors,?*? or sodium
channels*>* might contribute to the observed dif-
ference. Particularly intriguing is a recent study
which found that NGF can enhance NMDA-
evoked currents in cultured murine and isolated
rat hippocampal neurons lacking TrkA recep-
tors,® since activation of peripheral NMDA recep-
tors can mechanically sensitize the masseter muscle
in humans and masseter afferent fibers in rats.!$:4¢

It may also be that species, differences in the
expression or density of TrkA and/or p75 recep-
tors on masseter muscle afferent fibers contribute
to the observed effects of NGF administration.
About 65% of the cell bodies of primary sensory
neurons of human peripheral ganglia and skin
express the TrkA receptor.*” In adult rats, only
40% and 50% of dorsal root ganglion neurons
(small- and medium-sized cell bodies) express the
high-affinity TrkA and low-affinity p75 receptors,
respectively,*8-52 and the expression of TrkA
receptors in putative nociceptive trigeminal gan-
glion neurons has been reported to be even
lower.*’ Only 10% of neurons innervating the
incisor and 15% of corneal neurons were found to
be TrkA positive in adult and neonatal mice.*’
These studies suggest that tissue and species-
related differences in the expression of NGF recep-
tors exist. Perhaps only a small percentage of mas-
seter afferent fibers express the TrkA receptor, and
thus only a few fibers would be sensitized by NGF.

Conclusions

The results of this blinded, randomized study sug-
gest that intramuscular injection of rat NGF at a
concentration equivalent to that which resulted in
mechanical sensitization in humans did not cause
any significant change in the MT of putative noci-
ceptive rat masseter muscle afferent fibers. The
reasons for the lack of effect of rat NGF on mas-
seter muscle afferent fibers are as yet unclear, but
it was demonstrated that human NGF is signifi-
cantly more effective than rat NGF as an inducer
of masseter muscle afferent sensitization in rats. In
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this regard, injection of human NGF into the rat
masseter muscle offers a better method for the
study of peripheral mechanisms associated with
the development of NGF-induced masseter muscle
sensitization in humans.
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