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Abstract

Objectives—The present study sought to determine the effects of decreased peripheral sensory
nerve function on skeletal development and bone metabolism in mice.

Methods—C57BL/6 neonatal mice were treated with capsaicin to induce peripheral sensory
nerve degeneration, and compared to vehicle-treated controls at 4, 8 and 12 weeks of age. Changes
in bone structure were assessed using micro-computed tomography, mechanical properties and
fracture resistance were assessed using three-point bending of radii, and bone turnover was
assessed using dynamic histomorphometry and serum biomarkers.

Results—Capsaicin treatment resulted in small but significant decreases in bone structure,
particularly affecting trabecular bone. Capsaicin-treated mice exhibited lower trabecular thickness
at the femoral metaphysis and L5 vertebral body compared with vehicle-treated mice. However,
capsaicin- and vehicle-treated mice had similar mechanical properties and bone turnover rates.

Conclusion—Neonatal capsaicin treatment affected trabecular bone during development;
however these small changes may not be meaningful with respect to bone strength under normal
loading conditions. It is possible that capsaicin-sensitive neurons may be more important for bone
under stress conditions such as increased mechanical loading or injury. Future studies will
investigate this potential role of peripheral sensory nerves in bone adaptation.

Keywords
Capsaicin; sensory nerves; bone turnover; skeletal development; mechanical testing

Introduction

Osteoporosis is characterized by decreased bone mass and increased risk of fracturel.
Common treatments for osteoporosis manipulate bone turnover primarily by inhibiting

Correspondence: Blaine A. Christiansen, Ph.D., UC Davis Medical Center, Department of Orthopaedic Surgery, 4635 ond Ave, Suite
2000, Sacramento, CA 95817, Phone: 916-734-3974, Fax: 916-734-5750, bchristiansen@ucdavis.edu.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Heffner et al.

Page 2

osteoclastic bone resorption23 but can also target osteoblastic bone formation®. However,
the mechanisms underlying age-related bone loss remain elusive. Degeneration of peripheral
nerves may be a contributing factor for age-related bone loss, as substantial changes in
peripheral nerve structure and function occur with aging®=. The reductions in axon number
and fiber size in aged subjects are associated with decreased peripheral nerve function, with
cutaneous thermal and tactile thresholds significantly increasedl. Further, there is now a
well-established link between peripheral nerve function and bone metabolism in vitrol-21,
In addition, denervation has been shown to cause bone loss in vivo?2-25, and peripheral
neuropathy has been identified as an independent predictor of low bone mass in the affected
limb of diabetic subjects28. Despite strong evidence of a link between the function of
peripheral nerves and bone metabolism, the potential role of decreased peripheral nerve
function in age-related bone loss has not been investigated.

Capsaicin treatment is a useful method for isolating the effects of decreased peripheral
sensory nerve function in animal models. Capsaicin treatment activates the TrpV1 receptor,
which is expressed by unmyelinated and small diameter myelinated sensory neurons, but not
by motor neurons, large diameter sensory neurons or sympathetic neurons?”:28. In this way,
capsaicin treatment is able to isolate the effects of peripheral sensory neurons without
disrupting normal mechanical loading, which is a confounding consequence of complete
denervation. Subcutaneous injection of capsaicin in neonatal animals destroys unmyelinated
and small-diameter myelinated sensory neurons for the lifetime of the animal2®. Neonatal
capsaicin treatment is a well-established model that has been used previously to investigate
pain in rats3? and itch in mice31:32, We are aware of only one study that used neonatal
capsaicin treatment for a study of bone metabolism in rats22. This study found that neonatal
capsaicin treatment in rats did not appear to alter normal bone growth and maintenance, but
that decreased sensory nerve function may decrease local bone remodeling following molar
extraction. However, this study did not investigate developmental changes resulting from
capsaicin treatment. Importantly, this previous study also did not quantify trabecular bone
structure, and did not investigate bone mechanical properties. We are unaware of any studies
that have used neonatal capsaicin treatment to investigate bone metabolism in mice.

In this study, we used neonatal capsaicin treatment in mice to investigate the effects of
decreased peripheral sensory nerve function on skeletal development and bone metabolism
in mice, and to establish a mouse model of decreased peripheral sensory nerve function in
vivo for future studies in bone. Using vehicle- and capsaicin-treated mice at multiple stages
of development (4, 8, and 12 weeks of age) we assessed bone structure using micro-
computed tomography, mechanical properties and fracture resistance using three-point
bending, and bone turnover rate using dynamic histomorphometry and serum biomarkers.
We hypothesized that decreased peripheral nerve function in capsaicin-treated mice would
result in decreased bone structure, decreased resistance to fracture, and decreased bone
turnover rate.
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Material and methods

Neonatal capsaicin treatment

A total of 42 male and female C57BL/6 neonatal mice were used in this study, from 7 timed
pregnant females (Harlan Laboratories, Indianapolis, IN). Neonatal capsaicin treatment was
performed as previously described 33, Briefly, neonatal mice were given subcutaneous
injections of capsaicin (50 mg/kg) or vehicle (10% ethanol, 10% Tween 80 in isotonic
saline) on day 2 and 5 after birth (n = 21 vehicle, 21 capsaicin). Following capsaicin or
vehicle treatment, neonatal mice were returned to normal cage activity until weaning (28
days). Mice were sacrificed 4, 8, or 12 weeks after birth, with a total of 7 vehicle- and 7
capsaicin-treated mice per time point (2-5 mice per age/sex/treatment group). We selected
these time points to observe developmental changes from weaning until skeletal maturity,
and to account for any possible recovery from sensory nerve inactivation by adulthood.
Mice were weighed 1-2 times per week from birth until sacrifice.

Hot-plate analgesia testing

Capsaicin- and vehicle-treated mice were subjected to hot-plate analgesia testing at 4, 8, and
12 weeks of age to determine response time to a constant thermal stimulus of 55 °C as
previously described 34. Mice were placed on a hot-plate (LE 7406, Coulborn Instruments,
Whitehall, PA) and removed after indication of discomfort, determined as twitching or
licking of a hind limb or jumping, or after a maximum of 30 seconds, and the latency time of
the response was recorded. Each mouse was tested twice at each time point, and the latency
times were averaged for each mouse/time point.

Micro-computed tomography analysis of bone structure

Right tibias, right femurs, and L5 vertebrae were removed post mortem and preserved in
70% ethanol. Bones were scanned using micro-computed tomography (SCANCO, uCT 35,
Bassersdorf, Switzerland); images were acquired at 6 um nominal voxel size (energy=55
kVp, intensity=114 pA, integration time = 900 ms). Trabecular bone was analyzed at the
metaphysis and epiphysis of the distal femur and at the L5 vertebral body using manually
drawn contours inside the cortical shell on two-dimensional slices. The metaphysis was
defined by a 900 um thick volume of interest beginning below the middle break of the
growth plate. Trabecular bone volume per total volume (BV/TV), trabecular number,
trabecular thickness (Th.Th), trabecular separation (Tb.Sp), and bone mineral density
(BMR) were determined using the manufacturer’s 3-D analysis tools. Cortical bone was
analyzed at the mid-diaphysis of the tibia and femur, using a 240 pm thick volume of
interest centered at the measured midpoint of each bone. Bone area (B.Ar), medullary area
(M.Ar), total cross-sectional area (Tt.Ar), cortical thickness (Ct.Th), and bone mineral
density (BMR) were determined using the manufacturer’s 3-D analysis tools.

Three-point bending

Bilateral radii were removed post mortem and preserved in 70% ethanol. Bones were
scanned using micro-computed tomography as described above, with a volume of interest
that included the entire bone. Average bending moment of inertia for the central 1.0 mm
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(100 slices) was determined using BoneJ analysis of the microCT images3®. Following uCT
scanning, radii were rehydrated for 25 minutes in phosphate buffered saline (PBS), then
mechanically tested in three-point bending to determine cortical bone material properties.
The lower supports had a span of 5.02 mm for 4 week samples, and a span of 7.45 mm for 8
and 12 week samples (Fig. 4A), and the center loading platen was driven at 0.2 mm/sec until
failure. Resulting force and displacement data were analyzed to determine stiffness and yield
force. Modulus of elasticity and yield stress were determined using Euler-Bernoulli beam
theory.

Dynamic histomorphometry

Mice received injections of calcein green (10 mg/kg; Sigma-Aldrich, St. Louis, MO) and
Alizarin-3-methlimino-diacetic acid (30 mg/kg; Sigma-Aldrich, St. Louis, MO) 10 days and
3 days prior to sacrifice, respectively. After scanning with uCT, the right tibias were
embedded in Technovit (Kulzer, Wehrheim, Germany) using standard techniques for
undecalcified bone36. Two sections were cut from each bone on a bandsaw (Model 310,
Exakt Technologies, Norderstedt, Germany) in the transverse plane at 40% of the length
from the proximal end. Sections were ground to an approximate thickness of 40 pm. Two
color fluorescent images were obtained at 10x magnification (Nikon Eclipse TE2000-E,
Tokyo, Japan). Dynamic histomorphometric analysis was performed using commercial
software (Bioquant, Nashville, TN) and the results were averaged for the replicate slides
from each bone. Mineral apposition rate (MAR), percent mineralizing surface (MS/BS), and
bone formation rate (BFR/BS) were quantified for the endosteal and periosteal surfaces.

Serum biomarkers

Statistics

Blood was collected from capsaicin- and vehicle-treated mice immediately prior to sacrifice
for quantification of systemic biomarkers of bone metabolism. Mice were anesthetized with
isoflurane and approximately 100-200 L of blood was collected retro-orbitally. Samples
were allowed to clot for 2—4 hours in an ice bath and then centrifuged at 1000 g for 5
minutes. The supernatants were collected and frozen rapidly to —80 °C until analyzed.
Serum was analyzed in duplicate to determine the concentrations of carboxy-terminal
collagen crosslinks I (CTX-1) and procollagen type 1 amino-terminal propeptide (P1NP)
using commercial mouse-specific ELISAs (Cusabio, Wuhan, China) per the manufacturer’s
instructions. CTX-1 is a common biomarker for bone resorption, while PLNP is a biomarker
for bone formation3’.

Hot-plate, UCT, three-point bending, histomorphometry and biomarker data were analyzed
using three-way ANOVA stratified by age, sex, and treatment (JMP, SAS Institute Inc.,
Cary, NC). Between-group differences were analyzed using an unpaired Student’s t-test of
capsaicin- vs. vehicle-treated mice at each time point. Data are reported as mean + SD.
Significance was defined as p<0.05.
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Results

Mouse body weights

Neonatal capsaicin treatment did not have a statistically significant effect on body weights
of male mice; there was no difference in body weight between capsaicin- and vehicle-treated
male mice for any time point from weaning through 12 weeks (Fig. 1). However, capsaicin
treatment significantly affected body weights of female mice at early time points. Female
mice treated with capsaicin had 8-13% lower body weights than vehicle-treated female mice
from weaning until 47 days of age (Fig. 1; p < 0.05 for both time points). There were no
significant differences in body weights for capsaicin- and vehicle-treated female mice from
8 to 12 weeks of age.

Hot-plate analgesia testing

Mice treated with capsaicin had significantly longer latency times when exposed to the
constant thermal stimulus than vehicle-treated mice at all time points examined (Fig. 2; p <
0.0001). For example, at 8 weeks of age, the average latency time of capsaicin-treated mice
was 63% longer than that of vehicle-treated mice (p = 0.0002), while at 12 weeks of age the
latency time was 67% longer for capsaicin-treated mice (p = 0.0007). This confirms that
mice treated with capsaicin had decreased peripheral sensory nerve function, which
persisted until at least 12 weeks of age. Age was also a main effect for latency time (p =
0.0052); latency times for both capsaicin- and vehicle-treated mice at 12 weeks of age were
significantly shorter than at 4 or 8 weeks.

Micro-computed tomography

Capsaicin treatment resulted in small but significant decreases in bone structure parameters
in trabecular bone of mice relative to vehicle-treated controls (Fig. 3). For example, we
observed a significant main effect of capsaicin treatment on Th.Th at the femoral metaphysis
and L5 vertebral body (p = 0.0002 and 0.0024, respectively). Female capsaicin-treated mice
had 5.2-9.5% lower Th.Th than vehicle-treated female mice at these sites at each time point
(p = 0.0056-0.049). However, we did not observe a significant effect of capsaicin treatment
on BV/TV or Th.Sp at the femoral metaphysis. At the femoral epiphysis, we observed a
significant treatment*sex interaction for Th.Th. (p = 0.026), with female mice being more
severely affected by capsaicin treatment than male mice. We also found a significant
treatment*sex*age interaction for BV/TV at the femoral epiphysis. For example, female
capsaicin-treated mice had 8.7% lower BV/TV at the femoral epiphysis than vehicle-treated
female mice at 8 weeks (p = 0.015), whereas male mice had similar BV/TV at this time
point.

We also observed significant effects of capsaicin treatment on cortical bone structure, with
significant main effects of capsaicin treatment on femur length, M.Ar, and Tt.Ar (p =
0.0094, 0.026, and 0.026, respectively). For example, femurs from female mice treated with
capsaicin were 6.0% and 2.3% shorter than femurs from female vehicle-treated mice at 4
and 8 weeks, respectively (p = 0.034, 0.0097). At 4 weeks, femurs from female capsaicin-
treated mice had 15% smaller M.Ar and 16% smaller Tt.Ar compared with vehicle-treated
mice (p = 0.042, 0.031). Capsaicin treatment also affected cortical bone of the tibia. There
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were significant treatment*sex interactions for tibia M.Ar and Tt.Ar (p = 0.025, 0.0032). At
4 weeks, the tibias from female capsaicin-treated mice had 16% smaller M.Ar and 15%
smaller Tt.Ar compared with vehicle-treated mice (p = 0.022, 0.029). We did not observe
any significant effects of capsaicin treatment on bone mineral density of either trabecular or
cortical bone. As expected, sex and age had significant effects for several measured bone
structure parameters.

Three-Point bending

Capsaicin treatment significantly decreased the mechanical properties of radii tested with
three-point bending. For example, we observed significant main effects of capsaicin
treatment on yield force and moment of inertia (p = 0.047, 0.0041). At 12 weeks, radii from
male treated mice yielded at 13.3% lower force compared with vehicle-treated male mice (p
= 0.022). Radii of male mice treated with capsaicin had 9.5% lower moment of inertia than
vehicle-treated male mice at 12 weeks (p = 0.028). However, calculations of yield stress and
modulus of elasticity revealed no significant differences between capsaicin- and vehicle-
treated mice (Fig. 4). Age was a main effect for all of the mechanical properties measured,
while sex was a main effect for yield force and moment of inertia.

Dynamic histomorphometry

Capsaicin treatment significantly altered bone formation parameters in the tibiae of treated
mice (Fig. 5). We observed significant treatment*sex*age interactions for MAR and BFR at
the endosteal surface (p = 0.023, 0.020) and for MAR and MS/BS at the periosteal surface (p
=0.035, 0.042). For example, at 4 weeks, female capsaicin-treated mice had 39% higher
MAR than female vehicle-treated mice at the endosteal surface of the tibia. At 12 weeks,
female mice treated with capsaicin had 23.4% lower MS/BS (p = 0.012) and 22.4% lower
BFR (p = 0.061) at the periosteal surface than female vehicle-treated mice. Age was a
significant main effect for MAR, MS/BS and BFR at the endosteal and periosteal surfaces.

Serum biomarkers

We did not detect any significant main effects of capsaicin treatment on serum
concentrations of CTX-I or PLNP (Fig. 6), although male capsaicin-treated mice at 8 weeks
of age had 37% lower CTX-I concentrations than vehicle-treated male mice of the same age
(p = 0.046). We also observed a significant effect of sex on concentrations of CTX-1 (p =
0.043), with female mice exhibiting lower concentrations of CTX-I than male mice. PANP
serum concentrations did not vary significantly by treatment, sex, or age.

Discussion

In this study, we investigated the role of peripheral sensory nerves in bone metabolism
during development in mice. We found that neonatal capsaicin treatment in mice led to
modest and significant decreases in bone structure parameters, but this effect was
inconsistent for mechanical properties and bone turnover rate. Capsaicin treatment had the
greatest impact on trabecular bone, with treated mice exhibiting lower trabecular thickness
at the femoral metaphysis and L5 vertebral body. However, contrary to our initial
hypothesis, mice treated with capsaicin did not exhibit reduced mechanical properties or
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resistance to fracture. Yield stress and elastic modulus were similar between treated and
untreated mice, suggesting that gross geometrical changes in the radii caused the lower yield
force of capsaicin-treated mice. Also in opposition to our hypothesis, capsaicin treatment did
not lead to substantial reductions in bone turnover rate, measured by dynamic
histomorphometry and serum concentrations of CTX-I and PLNP. Altogether, these data
indicate that decreased activity of peripheral sensory nerves has a small effect on the
trabecular and cortical bone of mice, but that these changes do not result in a meaningful
reduction in mechanical properties of whole bones.

In this study we observed only modest differences in bone parameters in capsaicin-treated
mice, despite a considerable and sustained decrease in sensory nerve activity. Physiological
adaptations during development may allow mice to compensate for the loss of peripheral
nerve function, leading to similar development between treated and untreated mice at 12
weeks of age. It is possible that while bone structure and basal metabolic rates are conserved
in capsaicin-treated mice as adults, adaptation of bone in response to mechanical loading or
injury may be altered, as observed in other mouse models. For example, in a study of adult
female mice lacking estrogen receptor—a, the ulnae were only 4% shorter yet demonstrated a
three-fold lower osteogenic response to mechanical loading than the ulnae of wild-type
littermates38. This is further supported by a previous study using neonatal capsaicin
treatment in rats, in which capsaicin treatment did not alter normal bone growth and
maintenance, but decreased the local bone remodeling response following molar
extraction?2. Future studies using this model will investigate the bone adaptation of
capsaicin-treated mice to conditions such as increased mechanical loading or injury.

The effect of neonatal capsaicin treatment on bone properties had a differential effect on
female mice versus male mice, although the power of this study was not sufficient to fully
determine sex-based differences. At 4 and 8 weeks, female capsaicin-treated mice
demonstrated the largest differences in bone structure, with shorter femurs with smaller
cross-sectional area and trabecular thickness. Male capsaicin-treated mice had significantly
lower trabecular thickness at the L5 vertebral body for the first time at 12 weeks of age, and
lower moment of inertia and yield force of the radii compared to vehicle-treated mice at this
time point. These potential sex-based differences may be related to hormonal fluctuations, as
mice reach sexual maturity at 8 weeks of age.

The mouse model used in this study overcomes critical limitations of previous models
investigating decreased peripheral nerve function in bone. Capsaicin treatment isolates the
effects of decreased sensory nerve function without requiring surgical procedures or
impairing motor function. Other studies utilizing capsaicin treatment in adult rats found that
capsaicin-sensitive neurons contribute to the maintenance of trabecular bone3, 49, However,
capsaicin directly interacts with bone cells*1:42, making it difficult to separate the primary
effect on bone cells from the secondary effect of decreased peripheral nerve function, as
both osteoclasts and osteoblasts express receptors for capsaicin®344, Treating mice as
neonates instead of at maturity allows time for recovery of normal bone metabolism, and
therefore isolates the effects of sensory nerve inactivation without the complication of direct
action on bone cells inherent in adult treatment.

J Muscul oskelet Neuronal Interact. Author manuscript; available in PMC 2015 March 01.
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In this study we were able to detect small but significant differences in trabecular and
cortical bone structure, but were unable to detect differences in bone mineral density or bone
mechanical properties. This suggests that peripheral nerve inactivation may influence bone
quantity, but not bone quality. If this is the case, differences in bone formation or resorption
would be expected. However, imprecise methods for detecting bone turnover rates may have
limited our observation of changes in capsaicin-treated mice. We were able to detect small
changes in bone structure because of the high precision of micro-computed tomography.
However, we were unable to detect small differences using lower resolution methods such
as dynamic histomorphometry and quantification of serum biomarkers. Both of these
techniques were further limited by scope: our histomorphometric analysis was limited to
cortical bone, and biomarker concentrations were measured from the serum of developing
mice. Similarly, three-point bending of radii may not have had adequate sensitivity to fully
capture changes in bone mechanical properties.

This study is limited because it did not directly investigate the effects of capsaicin treatment
on sensory neurons in bone. While we verified decreased peripheral sensory nerve function
using response to a thermal stimulus, we did not perform a direct quantification in bone,
such as counting neurons remaining after treatment or quantification of neuropeptides in
bone. It is well established that capsaicin treatment does not affect motor neurons, however
it is possible that the reduction in peripheral sensory nerve function could alter spontaneous
motor activity in mice. Quantification of activity levels in vehicle- and capsaicin-treated
mice could further establish that differences in bone structure are due to decreased sensory
nerve function rather than decreased mechanical loading of bone. This study also did not
investigate the response of bone to differing levels of sensory nerve inactivation. A more
thorough disruption of peripheral sensory nerve function could have a more dramatic effect
on bone metabolism than was observed in this study. Further, in this study we used neonatal
capsaicin treatment as a surrogate for age-related degeneration of peripheral nerves, but did
not directly make comparisons with aged animals. It is possible that aged mice demonstrate
a different pattern of neural degeneration than mice treated with capsaicin as neonates.
However, we were able to study the isolated effects of decreased peripheral sensory nerve
function in mice up to skeletal maturity.

This study further supports a role for peripheral sensory nerves in bone metabolism. Using
neonatal capsaicin treatment, we established a mouse model of decreased peripheral sensory
nerve function and observed resulting changes in bone structure. We observed only small
changes in bone structure with sensory nerve inactivation, with no notable changes in bone
metabolism or bone quality. Therefore age-related changes in sensory innervation may not
be clinically meaningful with respect to bone strength under normal loading conditions. It is
possible that capsaicin-sensitive neurons may become important for bone under stress
conditions such as increased mechanical loading or injury. Future studies will investigate
this potential role of peripheral sensory nerves in bone adaptation.
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Fig. 1.
Body weights of treated and untreated mice were recorded from weaning until 12 weeks of

age. Female mice treated with capsaicin had lower body weight than vehicle-treated female
mice from weaning until day 47. Body weights of male mice were unaffected at all time
points. * Capsaicin vs. vehicle; p < 0.05.
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Fig. 2.
Hot-plate analgesia testing of treated and untreated mice was performed to verify decreased

peripheral sensory nerve function. Treatment and age were main effects for latency time (p <
0.0001, p = 0.0052). Capsaicin-treated mice had significantly longer latency times than
vehicle-treated mice at all time points when exposed to a constant 55° C thermal stimulus. *
Capsaicin vs. vehicle; p < 0.05.
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Fig. 3.

M?cro-computed tomography of femoral cortical and trabecular bone. (A) Femur length and
total cross-sectional area (Tt.Ar) of the femoral diaphysis were significantly affected in
capsaicin-treated female mice. (B) Capsaicin treatment did not significantly affect trabecular
bone volume fraction (BV/TV) at the femoral metaphysis but reduced trabecular thickness
(Th.Th) at this location in female mice. (C) Capsaicin treatment significantly affected
BV/TV at the femoral epiphysis in female mice, but did not alter Th.Th at this location. *
Capsaicin vs. vehicle; p < 0.05.
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Fig. 4.
Mechanical properties of radii determined using three-point bending. A micro-computed

tomography reconstruction of a representative radius (A) showing the mechanical testing
setup. At 12 weeks of age, the moment of inertia (1) (B) and yield force (C) were
significantly lower in capsaicin-treated male mice. However, modulus of elasticity (D) was
not significantly different between treated and untreated mice. Age was a main effect for I,
yield force and modulus. * Capsaicin vs. vehicle; p < 0.05.

J Muscul oskelet Neuronal Interact. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyny vd-HIN 1duosnue N Joyny vd-HIN

1duosnuel Joyiny vd-HIN

Heffner et al.

Page 16

i,i/
/éapsaicin

i “2’

B Endosteal Surface C Periosteal Surface

B Vehicle-Male BCapsaicin-Male B Vehicle-Female BCapsaicin-Female

6.0 1 ~ 6.0 1
> * >
8 8404
24.0 =+
= =
<§( <
0.0 = 0.0
4 weeks 8 weeks 12 weeks 4 weeks 8weeks 12 weeks
100 +
— 80
X
5 60
= 40
= 20
-y 0
50 57 weeks 8 weeks 12 weeks 4.0 1 4 weeks 8 weeks 12 weeks
<4
£3.0 1 e
= =
"’EZ.O " “E
1.0 1 2
00 | =0
oM m
4 weeks 8 weeks 12 weeks 4 weeks 8 weeks 12 weeks
Fig. 5.

Dynamic histomorphometry was used to identify changes in bone formation rates in
capsaicin- and vehicle-treated mice. Fluorescent images (A) show cortical bone from the
tibias of 8 week old female vehicle- and capsaicin-treated mice. Mineral apposition rate
(MAR), percent mineralizing surface (MS/BS), and bone formation rate (BFR/BS) were
quantified for the endosteal (B) and periosteal surfaces (C). Age was a significant main
effect for MAR, MS/BS and BFR at the endosteal and periosteal surfaces. * Capsaicin vs.
vehicle; p < 0.05.
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Capsaicin treatment did not significantly affect serum concentrations of CTX-1 or P1NP,
which were measured using ELISAs. Sex was a main effect for serum concentrations of
CTX-I, while PLNP concentrations did not vary significantly by sex or age. * Capsaicin vs.
vehicle; p < 0.05.
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