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Abstract
Serotonin (5HT) is a pronociceptive mediator in the periphery and evidence implicates
involvement in trigeminal pain processing. However, the mechanism(s) by which 5HT modulates
trigeminal nociceptors remains unclear. Trigeminal pain can be evoked by the transient receptor
potential V1 channel (TRPV1), which is expressed by nociceptive trigeminal neurons and induces
release of proinflammatory calcitonin gene-related peptide (CGRP). In our preclinical models,
5HT evoked thermal hyperalgesia and enhanced calcium influx and CGRP release from the
TRPV1 population of trigeminal nociceptors. Whether this occurs in humans is unknown. As
dental pulp is densely innervated by trigeminal nociceptors, routine tooth extractions offer a
unique opportunity to examine whether 5HT enhances CGRP release from human nociceptors.
Pulpal tissue was collected from 140 extracted molar teeth from men and women and basal release
samples were collected prior to treatment with saline or 5HT 100 μM. CGRP release was then
stimulated with the TRPV1 agonist capsaicin 1 μM and quantitated by enzyme immunoassay.
Additional samples were collected for western blots to examine 5HT receptor expression. We
report that 5HT induced a significant increase in capsaicin-evoked CGRP release and this
enhancement was observed only in female dental pulp, with no effect of 5HT on male dental pulp.
The greatest amount of CGRP release occurred in dental pulp from women in the luteal phase of
the menstrual cycle. These results indicate that 5HT enhances capsaicin-evoked CGRP release
from human trigeminal nociceptors in a sexually dimorphic manner providing a mechanistic basis
for prevalence of trigeminal pain disorders in women.
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1. Introduction
As approximately one in four people experience persistent craniofacial pain mediated by the
trigeminal system, such as toothache and temporomandibular joint disorder pain [31–32]
and approximately 10 million Americans experience migraine [41], craniofacial pain
represents a prevalent and problematic burden, especially to the higher proportion of patients
suffering from improperly controlled pain [6; 19]. Interestingly, trigeminal pain is more
prevalent in women compared to men. For instance, migraine is twice as prevalent in
women [30–31; 43] and varies across the menstrual cycle [42; 47]. However, it is unclear
whether this sex difference in prevalence is due to biological differences, psychosocial
differences, environmental differences, or to multiple factors.

The monoamine neurotransmitter serotonin (5HT) has been implicated in trigeminal pain,
including migraine and masseter muscle pain [13–14; 20; 23] and 5HT is known to evoke
hyperalgesia when injected into human tissues [4; 13–14]. Therapeutics targeting the 5HT
system have proven successful in treating some forms of trigeminal pain [2; 10; 16; 39].
However, it remains unclear how 5HT modulates human trigeminal nociceptors. Preclinical
animal models have provided insight into the mechanisms by which the trigeminal system
mediates pain and indicate that 5HT may regulate a subpopulation of trigeminal sensory
neurons that express the transient receptor potential (TRPV1) ion channel, which is critical
in transducing many noxious stimuli. TRPV1 is gated by thermal stimuli [7–8; 12; 46],
oxidized linoleic acid metabolites [35–36; 38] and inflammatory mediators [9; 37] to induce
calcium influx in nociceptors resulting in release of inflammatory peptides, such as
calcitonin gene-related peptide (CGRP). There is evidence in dorsal root ganglia sensory
neurons that 5HT potentiates TRPV1 functions [24; 34; 40] and prolongs nociceptor
excitation during inflammation [1; 22]. We recently reported that 5HT evokes calcium
influx in capsaicin-sensitive rat trigeminal sensory neurons with a corresponding
enhancement of CGRP release [27] and that 5HT2A and 5HT3A receptor antagonists and the
anti-migraine drug sumatriptan (5HT1B/1D agonist), attenuate 5HT enhancement of
capsaicin-evoked CGRP release in vitro and thermal hyperalgesia in vivo [26]. However,
due to limitations of readily available human tissues, translation of these mechanistic
findings into clinical relevance has been challenging.

Human dental pulp is composed of many of the same cells, fibers and nociceptors as other
human tissues, thus offering a readily available model for the study of human nociceptors
[21]. Nociceptors innervating human dental pulp express TRPV1 and contain the
nociceptive neuropeptide CGRP [15]. Using a recently developed in vitro superfusion
method to measure CGRP release from human dental pulp [15], we tested our hypothesis
that 5HT enhances capsaicin-evoked CGRP release from human nociceptors. We also
performed western blotting in human dental pulp to analyze the expression of 5HT receptors
known to be involved in peripheral pain processing (5HT1B, 5HT1D, 5HT2A and 5HT3A) in
aims of providing insight into 5HT’s ability to modulate human nociceptors.

2. Materials and Methods
2.1. Subjects

Fifty-five patients (22 males and 33 non-pregnant, post-pubertal, pre-menopausal females)
between the ages of 14 and 40 presenting to the clinics of the University of Texas Health
Science Center at San Antonio School of Dentistry consented to participate in this study. A
total of 140 teeth were collected from enrolled patients who had already elected to have one
to four third molars (“wisdom teeth”) extracted. Selected teeth were limited to a clinical
diagnosis of a normal pulp lacking caries or restorations with no periapical radiolucencies
upon radiographic evaluation and normal responsiveness to sensory testing. All teeth used in
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this study showed fully developed roots to ensure that the innervation of the pulp was
complete. All patients were anesthetized using nerve block injection consisting of 2%
lidocaine with epinephrine, with 78% of patients also receiving intravenous fentanyl and
midazolam (50–100 ug and 5 mg, respectively) during extractions. Patient data collected for
analysis included gender, age, ethnicity (Table 1), current medications, hormone-releasing
birth control usage and day since last menses. All studies were approved by the University
of Texas Health Science Center at San Antonio Institutional Review Board and patients
provided written informed consent to participate in the study.

2.2 Materials
Capsaicin (TRPV1 agonist; Sigma, St. Louis, MO) was dissolved in ethanol stock and stored
in aliquots at -20oC. A fresh aliquot was diluted for each experiment with final dilutions
containing <0.5% ethanol. Serotonin hydrochloride (5HT; Sigma) was dissolved in double-
distilled water and diluted immediately prior to each use. All experimental vehicles were
made at the same time and of the same constitution as the experimental drug.

2.3. In vitro superfusion of human dental pulp
Within 30 minutes of extraction, teeth were bisected and coronal pulp tissue was removed
and placed into wells containing Hanks buffered saline solution (pH 7.4; HBSS; Invitrogen,
San Diego, CA). Following an in vitro superfusion technique previously described [15],
capsaicin-responsiveness was determined by incubating the pulpal tissue (1 sample per well)
in HBSS buffer alone for 20 min (basal sample) followed by a 20 min exposure to vehicle or
capsaicin (1 μM, 10 μM or 30 μM; n=15–18 per group). To determine the effect of
pretreatment with 5HT, pulpal tissue was incubated for 20 min in vehicle or 5HT (100 μM),
a concentration shown to significantly enhance capsaicin-stimulated CGRP release in
sensory neuron cultures [27], prior to stimulation with capsaicin (1 μM; n=32–35 per
group). An additional group of 48 teeth from female patients were added to this group to
conduct secondary analysis of the effects of hormone-releasing birth control use or
menstrual cycle status on CGRP release. Upon completion of the superfusion experiments,
tissue samples were lysed to release total cellular stores of CGRP by freezing/thawing the
samples. Each superfusate sample (baseline, pretreatment and capsaicin stimulated) was
analyzed for CGRP levels by human-specific CGRP enzyme-linked immunoassay (SPI-
BIO, Montigny le Bretonneux, France). Data is expressed as % of basal release to account
for individual pulp variability and avoid artificial inflation.

2.4. Western Blot
Protein was extracted from the dental pulp of 7 male and 6 female human third molar teeth.
Teeth were cut on a sagittal plane and the pulp was extracted. The pulp was quickly placed
in ice cold PBS then transferred into ice cold homogenization buffer. Tissue homogenization
was performed at 50 oscillations/sec utilizing a Tissue Lyzer LT (Qiagen; Valencia, CA)
and a 5 mM stainless steel bead. The pulp/homogenization buffer solution was lysed in 2
minute intervals, for a total of 4 minutes to maintain cool temperature of solution. Protein
was then quantified utilizing a bicinchoninic acid (BCA) assay. Equal amounts of protein
were loaded and separated by polyacrylamide gel electrophoresis on a 12% SDS-PAGE gel
and transferred to a polyvinylidene difluoride (PVDF) membrane (Bio-Rad; Hercules, CA).
The membrane was then blocked with 5% milk in TBS-Tween 20 and 5HT receptors were
probed with selective antibodies for either goat anti-5HT1B receptor (1:500; 42 kDa; Santa
Cruz; Santa Cruz, CA), goat anti-5HT1D receptor (1:500; 43 kDa; Santa Cruz), rabbit
anti-5HT2A receptor (1:500; 53 kDa; Immunostar; Hudson, WI) or rabbit anti-5HT3A
receptor (1:1000; 53 kDa; Proteintech, Chicago, IL) and monoclonal mouse anti-β-actin
(1:1000; Santa Cruz) as control. Membranes were then treated with either donkey anti-goat
(1:2500; Santa Cruz), goat anti-rabbit (1:2500 or 1:5000) or goat anti-mouse (1:5000; Santa
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Cruz) secondary antisera linked to horseradish peroxidase for signal amplification and
detected with an enhanced chemiluminescence reagent kit (Amersham; Piscataway, NJ). To
confirm antibody selectivity, blots were pre-incubated in blocking peptides for the 5HT1B
(1:500; Santa Cruz), 5HT1D (1:500; Santa Cruz) and 5HT2A (1:500; Immunostar). A
blocking peptide was unavailable for the 5HT3A antibody; a lack of staining was confirmed
by omitting the primary antibody. Images were captured with an AlphaImager Gel
Documentation system (Cell Biosciences; Santa Clara, CA) and brightness/contrast values
were maximized for publication with Adobe Photoshop CS4.

2.5. Data analysis
Superfusion data are presented as mean ± SEM percentage of basal levels. Western blots
were analyzed by densitometry using Image J-64 (http://rsb.info.nih.gov/ij/). Each blot was
selected as a region of interest (ROI), sampled three times and analyzed for average gray
scale pixel value (sum gray values/number of pixels; 16-bit) following background
correction (set at ~150 pixels)[17]. Data are reported as percentage of β-actin controls.
Statistical analyses using GraphPad Prism software version 5 (GraphPad, San Diego, CA)
were conducted by unpaired t-test, or one-way or two-way analysis of variance (ANOVA)
and post-hoc individual group analyses were compared using Bonferroni post hoc test. The
statistical significance was tested at p<0.05. Error bars represent S.E.M.

3. Results
3.1. Capsaicin evokes significant, concentration-dependent CGRP release from human
dental pulp

Capsaicin alone evoked a concentration-dependent increase in CGRP release ranging from
28 ± 3 to 119 ± 12 fmol/pulp at 1–30 μM compared to vehicle controls (Figure 1A). When
analyzed as percent of basal CGRP release per pulp, this increase in CGRP release was
significant across all concentrations compared to vehicle [F(2,92)=4.04; p<0.05], with the
10 and 30 μM concentration more than doubling CGRP release (Figure 1B). The 10 and 30
μM concentrations produced significantly greater degree of CGRP release compared to the 1
μM concentration. The 1 μM concentration was chosen for the next set of experiments to
permit detection of a potential enhancement of capsaicin-evoked CGRP release.

3.2. Serotonin enhances capsaicin-stimulated CGRP release from female but not male
human dental pulp

Pretreatment with 5HT 100 μM significantly increased capsaicin-stimulated CGRP release
by ~50% [F(1,134)=14.88; p<0.05], while 5HT alone did not evoke CGRP release (p>0.05)
(Figure 2A). When these data were stratified by sex, there was no significant effect of 5HT
on capsaicin-stimulated CGRP release from male dental pulp [F(1,54)=1.18; n.s.] (Figure
2B). However, 5HT pretreatment evoked a significant, two-fold enhancement of CGRP
release in dental pulp from females [F(1,72)=20.15; p<0.05] (Figure 2C). This effect was
independent of whether the tooth was erupted or non-erupted prior to extraction [t(16)=1.53;
n.s.]. The observed sexually dimorphic effect of 5HT-enhancement of capsaicin-evoked
CGRP release in human dental pulp may be due to differences in CGRP concentrations or
TRPV1 levels. To evaluate these possibilities we administered capsaicin alone to male and
female dental pulp and measured evoked CGRP release. Capsaicin alone did not evoke a
significantly different level of CGRP release from male and female dental pulp
[F(1,60)=0.05; n.s.] (Figure 2D).
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3.3. Serotonin receptors are expressed at similar levels in male and female human dental
pulp

The expression of 5HT receptors in human dental pulp was examined by western blot to
confirm the availability of anatomical targets for 5HT modulation. The 5HT1B, 5HT1D,
5HT2A and 5HT3A receptor protein was expressed in both male and female human dental
pulp (Figure 3A). Densitometry on the western blots revealed no significant differences in
the expression of these receptor subtypes between male and female dental pulp [t(11)=0.69,
0.86, 1.12, 0.18 respectively; n.s.] (Figure 3B).

3.4. Effect of age and ethnicity on 5HT enhancement of capsaicin-stimulated CGRP release
from male and female human dental pulp

5HT evoked consistently higher capsaicin-evoked CGRP release from dental pulp of
females over 24 years of age compared to 15–20 years of age [F(3,17)=5.76; p<0.05]
(Figure 4A). There was no effect of age on capsaicin-stimulated CGRP release following
vehicle pretreatment [F(5,19)=2.886; n.s.] and there was no significant effect of age on
dental pulp from males [F(5,16)=0.58; n.s.] (Figure 4B). The vast majority of dental pulp
was from non-hispanic white and hispanic patients. When stratified by these two groups,
there was no significant effect of ethnicity on 5HT enhancement of CGRP release from
female [F(1,34)=3.52; n.s.] (Figure 4C) or male dental pulp [F(1,16)=0.27; n.s.] (Figure 4D).

3.5. Female patients that were amenstrual due to hormonal IUD or in the week before
menses presented with the greatest levels of 5HT-enhanced CGRP release

The CGRP release data from the dental pulp of female patients were divided into three
groups based on their current use of hormonal manipulations to prevent pregnancy: use of
oral birth control (OBC), no use of oral birth control (No OBC) or amenstrual due to the use
of a synthetic progestogen-releasing interuterine device (Amenstrual/IUD). 5HT-enhanced
CGRP release was significantly higher in dental pulp from females who were amenstrual
due to IUD [F(2,52)=14.92; p<0.05] (Figure 5A). 5HT-enhanced CGRP release was similar
in the dental pulp of females regardless of the use of oral birth control. The CGRP release
data from the dental pulp of female patients not using hormonal manipulations (No OBC)
was then further divided into four groups based on the first day of the last menses: 1–7, 8–
14, 15–21, 22–28 days. There was a significant effect of the status of menstrual cycle on
5HT enhancement of capsaicin-stimulated CGRP release [F(3,41)=3.06; p<0.05] (Figure
5B). 5HT enhanced CGRP release was lowest in dental pulp from females in the week
during menses (1–7), while 5HT-enhanced CGRP release was highest in dental pulp from
females in the week prior to menses (22–28). In contrast, there was no significant effect of
day since last menses on CGRP release evoked by capsaicin alone [F(3,18)=1.714; n.s.].

4. Discussion
5HT is a pronociceptive mediator in the periphery that has been reported to enhance
TRPV1-evoked CGRP release from rat trigeminal sensory neurons [27]; however, whether
this occurs in human nociceptors is unknown. Using an in vitro superfusion assay on human
dental pulp, here we report that (1) 5HT enhances capsaicin-evoked CGRP release from
female dental pulp, but not male dental pulp, and (2) that 5HT-enhanced CGRP release
varies across age and the menstrual cycle. Furthermore, we report that there are no
significant sex differences in 5HT1B, 5HT1D, 5HT2A or 5HT3A receptor protein expression
in human dental pulp and that capsaicin evokes similar levels of CGPR release from both
male and female peptidergic terminals.

Capsaicin steadily evoked a concentration-dependent increase in CGRP release consistent
with that previously reported [15]. CGRP release to vehicle treatment was consistently lower
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than basal levels likely due to further stabilization of the extracted dental pulp. Capsaicin
produces maximal CGRP release at 60 μM without inducing detectable desensitization,
which is observed at 100 and 300 μM in dental pulp [15]. In this study, capsaicin 1 – 30 μM
was examined to allow for potential enhancement of capsaicin-evoked CGRP release
without inducing desensitization. Similar to previous studies [15], there was no detectable
effect of local nerve block in the absence or presence of intravenous fentanyl/midazolam on
CGRP release from human dental pulp. As capsaicin 1 μM was the lowest concentration to
evoke a significant increase in CGRP release when analyzed as percentage of basal release,
this concentration was chosen to stimulate CGRP release following pretreatment with either
5HT or vehicle. When dental pulp was pretreated with 5HT prior to capsaicin, capsaicin-
evoked CGRP release was significantly enhanced. Importantly, 5HT alone did not evoke a
significant change in CGRP release. Together, these data indicate that 5HT modulates
TRPV1-evoked CGRP release in human dental pulp. This modulation may be occurring via
direct or indirect actions on TRPV1-expressing nociceptors in human dental pulp. 5HT
receptors may be located on non-neuronal cells; however, it is unlikely that 5HT modulates
CGRP release through non-TRPV1 expressing cells as 5HT given alone did not alter CGRP
release.

As trigeminal pain is more prevalent in women, the present data were then stratified by sex
of the dental pulp donor to determine potential sex differences in 5HT-evoked CGRP
release. Indeed, 5HT pretreatment enhanced capsaicin-stimulated CGRP release from the
dental pulp of females only. There was no significant effect of 5HT pretreatment on the
dental pulp from males. It is important to note that capsaicin evoked comparable CGRP
release from male and female dental pulp, indicating that the observed effect is due to
differences in serotonergic sensitization of TRPV1 neurons. As there was no sex differences
in capsaicin-evoked or 5HT-evoked CGRP release nor was there a difference in the 5HT
receptor proteins analyzed, a remaining possibility is that 5HT receptor coexpression on
TRPV1 fibers is sexually dimorphic. As there are current limitations on available specific
5HT receptor antibodies, this possibility remains untested. There was also no effect of
whether the donors were of non-hispanic white or hispanic ethnicity on CGRP release.
Together, these data provide evidence of a sexually dimorphic biological mechanism that
may contribute to the well recognized sex differences in some forms of trigeminal pain.
While it has been reported that 5HT-evoked rat trigeminal afferent discharge is not sexually
dimorphic [45], our data indicate that 5HT may instead alter pain transmission indirectly via
enhancing TRPV1-evoked CGRP release.

It is possible that the observed sexually dimorphic serotonin effect is mediated by the
actions of sex steroids. Estradiol potentiates capsaicin-mediated currents in rat dorsal root
ganglia sensory neurons [11] and female rodents exhibit greater capsaicin-evoked
nocifensive responses during proestrous [28], when estrogen levels peak. To examine
whether 5HT-enhanced CGRP release is altered across the menstrual cycle, we stratified our
data first by whether the donor was on oral or IUD-mediated birth control. Interestingly,
dental pulp from patients who were amenstrual due to a hormone-releasing IUD [29]
represented the highest levels of 5HT-enhanced CGRP release. The data from females on
oral birth control and approximately half of the females not on oral birth control were
similar to CGRP release observed in male pulp (~170%), while the data from amenstrual
females was ~300%, thus when the data is combined the amount of CGRP release is ~230%,
as shown in Figure 2. When the data from normally cycling females (No OBC) is stratified
by days since last menses, dental pulp from women in the week prior to menses evoked the
highest amount of 5HT-enhanced CGRP release. These data are interesting as both estrogen
and particularly progesterone significantly increase during the luteal phase (Days 16–28) of
the menstrual cycle during the week prior to menses [44].
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Importantly, there was no significant effect of day since last menses on CGRP release
evoked by capsaicin alone, providing further support for a hypothesis that sex steroids
specifically affect 5HT modulation of TRPV1 nociceptors. There was an effect of age on
5HT-enhanced CGRP release in dental pulp from females, while there was no effect of age
on capsaicin-evoked CGRP release or CGRP release in male dental pulp, which could also
indicate an effect of hormonal status in 5HT-enhancement of CGRP release. Our previous
studies examining the enhancing effect of 5HT on TRPV1-evoked CGRP release and
thermal hyperalgesia were limited to male rats, so whether this effect is observed in female
rats is unknown. Preclinical studies examining the effects of 5HT and steroid hormones in
female rats across the estrous cycle are warranted to address this possibility.

We also found that 4 different 5HT receptor subtypes known to be involved in 5HT-evoked
pain processing [25; 27], 5HT1B, 5HT1D, 5HT2A and 5HT3A receptors, were expressed in
male and female human dental pulp. These data provide possible pharmacological targets by
which 5HT’s enhancing effects on TRPV1-evoked CGRP release may be controlled. This is
important as 5HT receptor expression in the trigeminal system represents a critical target for
reducing CGRP release [3; 27], which is correlated with headache and migraine in humans.
When quantified, the protein expression of these receptors was comparable between male
and female dental pulp. Given our observed alterations of 5HT-enhanced CGRP release over
the menstrual cycle, further studies are required to determine if 5HT receptor expression is
also altered across the menstrual cycle in human dental pulp. This possibility may be
unlikely given that 5HT1 receptor mRNA levels in the mouse trigeminal ganglia do not
fluctuate over the estrous cycle [5], however, this may represent an effect that occurs in
human but not rodent tissues and should be considered or may not reflect changes in
translational control.

Clinical evidence suggests that at least one form of trigeminal pain, headaches and migraine,
fluctuates with menstrual cycle status. Headache and migraine typically occur in women
around menses and some women only experience migraine associated with menses
[33].Considering our data in this population, 5HT may be enhancing CGRP release from the
TRPV1 population of trigeminal nociceptors at the onset of menses. Future studies
examining whether this effect occurs via TRPV1 and/or via specific 5HT receptors would
offer therapeutic insight and are warranted. Importantly, these data illustrate the necessity of
examining both male and female subjects in studies of trigeminal pain [18]. Overall, these
results indicate that 5HT enhances TRPV1-evoked CGRP release from female human dental
pulp and provide evidence of a sexually dimorphic peripheral mechanism modulating
trigeminal pain processing. Future studies examining serotonergics that block or attenuate
5HT enhancement of TRPV1-evoked CGRP release may prove therapeutic for elusive
trigeminal pain disorders in women.
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Synopsis

5HT enhances TRPV1-evoked CGRP release from female, but not male, human dental
pulp. This enhancement occurs greatest during the luteal phase of the menstrual cycle.
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Figure 1.
Capsaicin evokes significant CGRP release from human dental pulp. Capsaicin (1 – 30 μM;
closed bars) induces CGRP release in a concentration-dependent manner from human dental
pulp compared to vehicle (open bars) as expressed by amount fmol released per pulp (A).
The same data is expressed as percentage of basal release (B). * indicates significance at
p<0.05 compared to vehicle; n=15–18 teeth per group.
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Figure 2.
5HT significantly enhances CGRP release in female, but not male, human dental pulp. 5HT
(100 μM; closed bars; n=35) compared to vehicle (open bars; n=32) does not have an effect
on CGRP release alone, but does significantly enhance capsaicin 1 μM -evoked CGRP
release from tooth pulp (males and females combined; A). When stratified by sex, there is
no effect of 5HT on capsaicin-evoked CGRP release from male dental pulp (n=17)
compared to vehicle (n=12; B). 5HT (n=18) significantly enhanced capsaicin-evoked CGRP
release from dental pulp of females compared to vehicle (n=20; C). Capsaicin or vehicle
alone induced a comparable release of CGRP from the dental pulp of males (open bars,
n=12) and females (closed bars; n=20; D). * indicates significance at p<0.05 compared to
vehicle.
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Figure 3.
5HT receptor protein is expressed in human dental pulp and comparable between the sexes.
Western blot bands illustrating 5HT1B, 5HT1D, 5HT2A and 5HT3A receptor expression in
male versus female human dental pulp (A). Quantification of western blots indicates no sex
differences in expression; n=7 male, n=6 female (B).
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Figure 4.
There is a significant effect of age, but not ethnicity, on 5HT enhancement of CGRP release
from female dental pulp. Effect of 5HT on capsaicin-evoked CGRP release stratified by age
in females (A; n=18) verses males (B; n=17) and by ethnicity in females (C; n=8 white non-
hispanic and 10 hispanic) verses males (D; n=10 white non-hispanic and 7 hispanic). *
indicates significance at p<0.05 compared to vehicle.
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Figure 5.
5HT enhanced CGRP release to a greater degree in dental pulp from female patients during
the week prior to menses. Effect of 5HT on capsaicin-evoked CGRP release grouped by
teeth from females not on oral birth control (No OBC), on oral birth control (OBC) or
amenstrual due to hormone-releasing IUD implantation (Amenstrual/IUD; A). Data from
patients not on birth control is also expressed as days since first day of last menstrual cycle
(B). * indicates significance at p<0.05 compared to vehicle.
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Table 1

Demographic Data of Dental Pulp Donors

Gender N donors n teeth Age in years mean (range) Ethnicity

Male 22 45 22 (15–31) 23% Hispanic (N=5)

55% White Non-Hispanic (N=12)

14% African-American (N=3)

4% Japanese/Asian (N=1)

4% Persian/Indian (N=1)

Female 33 95 22 (16–31) 39% Hispanic (N=13)

52% White Non-Hispanic (N=17)

9% Japanese/Asian (N=3)
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