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ABSTRACT

Ethnic differences in pain response have been well 
documented, with non-Hispanic Black (NHB) participants 
reporting enhanced clinical pain and greater laboratory-evoked 
pain sensitivity to a variety of quantitative sensory testing 
(QST) methods compared to non-Hispanic Whites (NHW). One 
potential mechanism that may contribute to these disparities 
is differential functioning of endogenous pain-regulatory 
systems. To evaluate endogenous opioid (EO) mechanisms in 
pain responses, we examined group differences in response 
to tonic capsaicin pain following double-blinded crossover 
administration of saline and the opioid antagonist, naloxone. 
Ten percent topical capsaicin cream and a thermode were 
applied to the dorsum of the non-dominant hand, maintaining 
a constant temperature of 40°C for 90 min. Naloxone (0.1 mg/
kg) or saline placebo was administered at the 25 min mark 
and post-drug pain intensity ratings were obtained every 5 min 
thereafter. As an index of EO function, blockade effects were 
derived for each participant, reflecting the difference between 
mean post-drug pain intensity ratings under the saline versus 

naloxone conditions, with higher positive scores reflecting 
greater EO inhibition of pain. Thirty-nine healthy, young 
individuals (19 non-Hispanic Black [NHB], 20 non-Hispanic 
White [NHW]) participated. Group difference in EO function 
were identified, with NHB participants displaying lower 
EO function scores (mean=-10.8, SD=10.1) as compared to 
NHW participants (mean=-0.89, SD=11.5; p=0.038). NHB 
participants experienced significant paradoxical analgesia 
with naloxone. Thirty five percent of the NHW participants 
showed a positive blockade effect indicating EO analgesia 
(i.e., an increase in pain with naloxone), while only 10% of the 
NHB participants exhibited evidence of EO analgesia. These 
findings suggest differential functioning of the endogenous 
opioid pain regulatory system between NHB and NHW 
participants. Future research is warranted to examine whether 
these differences contribute to the disparities observed in 
clinical pain between groups. 
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Introduction
Ethnic differences in the prevalence, severity, and impact of 

a number of clinical pain conditions have been well documented 
[1,2]. Black pain patients generally display greater pain-related 
symptoms, suffering, pain interference, and disability relative 
to White patients [1,3]. Similarly, Black patients report higher 
levels of pain unpleasantness, greater emotional responses 
to pain, increased pain behaviors, and may not receive the 
same benefit from treatment as their White counterparts [1]. 
These differences are mirrored in the laboratory, with Black 
participants reporting an enhanced sensitivity to a variety 
of evoked pain testing methods when compared to White 
participants. Black participants report greater sensitivity (i.e., 
a lower pain threshold) to a variety of quantitative sensory 
testing (QST) protocols including thermal pain, cold pressor 
pain, ischemic pain and electrical stimulation, as well as greater 
temporal summation and reduced conditioned pain modulation 
(CPM) [2,4-11]. One mechanism theorized to contribute to 
these disparities is a differential functioning of the endogenous 
pain-regulatory systems between groups. For example, Black 

participants display reduced CPM in comparison to White 
participants [9,11,12]. CPM occurs when one painful stimulus 
inhibits the perception of a second simultaneous pain stimulus 
to a distant body site, and may be influenced by functioning of 
the endogenous opioid system [13,14].

Endogenous opioid analgesia derives in part from 
endogenous ligands of the mu opioid receptor (beta-endorphin), 
the same receptor activated by the most clinically-used opioid 
analgesic medications. Beta-endorphin, which is released in 
response to stressful and painful stimuli, is known to have 
analgesic effects, and can influence responses to both evoked 
laboratory pain stimuli and clinical pain [15-18]. One way to 
examine individual differences in functioning of the endogenous 
opioid system is to compare pain responses after placebo 
administration to pain responses after receiving naloxone, 
an opioid receptor antagonist which temporarily blocks the 
effects of endogenous opioids. Naloxone has been used in the 
clinical setting to block or reverse the effects of opioid agents. 
Naloxone, at doses of approximately 0.1 mg/kg, has also been 
used in conjunction with experimental-elicited pain stimuli 
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as a means of further examining the function of endogenous 
opioids [19-21]. The current study administered a high dose of 
naloxone, in a placebo-controlled, double-blind, randomized 
fashion to evaluate group differences in endogenous opioid 
analgesic system function. As naloxone has been shown to 
increase laboratory pain responsiveness in those with effectively 
functioning endogenous opioid systems, we hypothesized 
that the NHW participants would display an increase in pain 
responsiveness following naloxone administration and that 
NHB participants’ pain would be unchanged by naloxone (i.e., 
NHB would show lower EO analgesia than NHW participants) 
[19,22].

Methods
The current secondary data analysis examined 39 healthy 

participants that were a part of a larger randomized, double 
blind, placebo-controlled crossover experimental study focused 
on distraction analgesia. 

Participants were recruited via flyers posted around the 
community and by word-of-mouth. Participants completed one 
in-person screening and four experimental sessions, lasting up 
to two hours each, which involved the application of capsaicin 
under non-distraction conditions and distraction conditions (to 
be detailed elsewhere). In each of the four sessions, capsaicin 
was applied (as described below) and rated every five min. 
Similar to previous studies, naloxone (0.1 mg/kg) or placebo 
(saline) was administered after 25 min, when capsaicin pain 
is known to peak [19,21,22]. The current secondary analyses 
include the non-distraction conditions, with double-blind 
crossover administration of either naloxone or placebo in 
separate sessions (within subject) as described below.

Participants

Participants were asked to self-identify their race (Table 
1). Only those participants who identified their ethnic/racial 
background as Black/African American (NHB) or NHW 
were included in the study. Participants were excluded if they 
reported serious medical conditions, chronic pain syndromes, 
current alcohol or drug abuse problems, were taking opioid 
analgesics for pain, or were unable to perceive or tolerate 
capsaicin procedures (described in the in-person screening). 
The study was conducted in accordance with the Helsinki 

declaration and the study protocol was approved by the Johns 
Hopkins Institutional Review Board. Written informed consent 
was obtained from all participants before the study. 

In-person screening

Following a telephone screening, eligible participants were 
scheduled for an in-person screening session. Upon arrival, 
verbal and written informed consent was obtained, and then a 
urine screen to confirm absence of recent opioid use (to avoid 
precipitating acute withdrawal upon naloxone administration) 
and pregnancy test were performed. Participants completed 
a health history questionnaire and several psychological 
questionnaires. Participants then underwent capsaicin procedures 
(described below) for 30 min to ensure eligibility. Participants 
who reported no pain or negligible levels of capsaicin induced 
pain (<20 NHB and 6 NHW]) or very high levels of capsaicin 
induced pain (e.g. >80 [9 NHB and 2 NHW]) on a 0-100 scale 
(0 being “no pain at all” and 100 being “the most intense pain 
imaginable”) were excluded from the study to avoid floor and 
ceiling effects in the primary distraction study. Participants were 
then scheduled to undergo one of four psychophysical testing 
sessions, in a randomized order, with each scheduled at least 
1 week apart [14]. Only the two non-distraction conditions are 
described here.

Capsaicin procedure

Capsaicin procedures were conducted similar to previous 
reports and included application of a thick piece of non-porous 
dressing to the skin at one of two randomized dorsal non-
dominant hand locations [22-27]. This dressing was a template 
for cream application and included a 6.25 cm2 hole cut into 
the center of it (used to standardize the area of application). 
Approximately 0.35 g of 10% capsaicin cream was applied 
inside this hole and evenly spread on the skin. The area was 
then covered by TegadermTM transparent dressing (3M Health 
Care, St. Paul, MN, USA). Pain induced by topical capsaicin 
varies strongly as a function of skin temperature, thus a peltier-
device heating element (Medoc US, Minneapolis, MN, USA) 
was strapped onto the area [28]. This device was held at a 
constant temperature of 40°C during the session. Following 
completion of each session, the capsaicin cream was removed 
from the skin.

Variable (n) Non-Hispanic Black (19) Non-Hispanic White (20)
Sex (%female) 52.6% 50.0%
Age (SD) 26.4 (6.7) 24.9 (3.4)
BMI (SD) 25.2 (5.2) 24.2 (3.0)
Education*
     High School/GED
     > Some college

21.1%
78.9%

0%
100%

Average Pain Ratings-Saline (30-90 min) 53.4 (25.7) 38.3 (21.9)
Average Pain Ratings-Saline during peak effects (40-65 min) 52.7 (25.1) 38.58 (21.9)
Average Pain Ratings-Naloxone (30-90 min) 42.4 (21.3) 37.2 (25.3)
Average Pain Ratings-Naloxone during peak effects (40-65 min) 41.9 (20.4) 37.7 (26.3)

Table 1: Demographic and session data by group. Post drug administration average pain ratings are presented (30-90 min) as 
well as peak drug effect ratings (40-65 min).
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Capsaicin with drug sessions

Upon arrival, participants were seated comfortably and 
an intravenous line was established in the non-dominant 
arm. After a 30 min wait, capsaicin and heat were applied as 
described previously. At the 25 min mark in each session, the 
assigned study drug (either naloxone or saline [D5W], stored 
and dispensed by the Johns Hopkins Bayview Medical Center 
Pharmacy and administered by the Clinical Research Unit) 
was pushed over three to five min following a double-blind, 
randomized design (Figure 1). Naloxone’s measured serum 
half-life in humans is approximately 60 min, with peak drug 
activity occurring approximately 15 min after administration. 
After the study drug randomly assigned for that session was 
administered, participants rated their pain using the 0-100 pain 
intensity scale every 5 min for 60 min (90 min total for the 
capsaicin and drug procedures). In the second session, identical 
procedures were followed but with administration of the other 
study drug.

Data analysis

All analyses were conducted using the SPSS statistical 
package version 23. Preliminary analyses included chi-
squared and t-tests to investigate ethnic group (NHB versus 
NHW participants) differences on various measures including 
demographic characteristics and pain. As an index of EO 
function, opioid blockade effects were derived for each 
participant by subtracting the mean post drug pain responses in 
the placebo condition from comparable mean ratings following 
naloxone administration (i.e., mean of ratings every 5 min 
from min 40-65; the window of maximal naloxone activity). 
Blockade effects were derived such that higher positive scores 

reflect greater EO analgesic function [15]. Larger negative 
scores indicate paradoxical analgesia with naloxone. Any 
demographic measure that differed between groups was 
included as a covariate in an analysis of covariance (ANCOVA) 
to evaluate ethnic differences in EO function (the primary 
analysis). Average pain during the saline session prior to drug 
administration was calculated and also used as a covariate in 
analyses.

Results
Demographic information for both groups is presented in 

Table 1. Of the demographic variables, only education differed 
between the two groups (p=0.047) and was thus included as a 
covariate in further analyses along with pre-drug pain ratings, 
which did not differ by group (p>0.05). Average pain ratings 
(30-90 min) in the placebo condition did not differ significantly 
(p=0.09) between groups when controlling for education, but 
were in the expected direction (NHB saline pain: x̅=53.7 [25.8]; 
NHW saline pain: x̅=38.3 [21.9]). In the naloxone condition, 
pain ratings also did not differ significantly (p=0.44) between 
NHB and NHW participants (NHB naloxone pain: x̅=42.4 
[21.3], NHW naloxone pain: x̅=37.2 [25.3]). 

Opioid blockade effects

A group difference in blockade effects emerged (F[1, 36]=5.4, 
p=0.038), with NHB participants displaying significantly lower 
blockade effects (mean=-10.8, SD=10.1) compared to NHW 
participants (mean=-0.89, SD=11.5) (Figure 2). This difference 
appears driven by NHB participants’ significant reduction in 
pain in the naloxone condition relative to placebo, elucidated 
by a one-sample t-test separately in each group (paradoxical 
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Figure 2: Endogenous opioid function by group (mean, SE).
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of participants in these studies experience paradoxical naloxone 
analgesia or hypoalgesia: that is, a reduction in pain following 
administration of a competitive mu receptor antagonist. That 
opioid antagonists, even at high doses as in the current study, 
may in some cases have notable paradoxical analgesic effects 
have been reported previously [12]. For example, a substantial 
minority of patients with chronic low back pain showed 
paradoxical analgesia following IV naloxone administration, 
and an even larger subset of participants in a large study (n=151) 
of healthy young adults showed paradoxical hypoalgesic 
responses after oral administration of naltrexone [12,29]. While 
the mechanisms subserving individual differences in response 
to endogenous opioid blockade have not been definitively 
identified, it has been hypothesized that hypoalgesic effects of 
competitive opioid antagonists could be due to the inhibitory 
effects on presynaptic autoreceptors which are responsible for 
down-regulation of opioid release [12,35]. That is, if individuals 
have tonic hyper-activation of autoreceptors, resulting in 
reduced opioid release into the synaptic cleft and consequent 
hypersensitivity to noxious stimuli, then antagonism of 
autoreceptor activation may “unmask” a previously-inhibited 
endogenous opioid analgesia. While this hypothesis is speculative 
at present, a greater preponderance of autoreceptor activation 
in NHB participants could help explain the present pattern of 
findings. It should also be noted that our finding of paradoxical 
naloxone analgesia is consistent with clinical studies utilizing an 
oral opioid antagonist, naltrexone, although these studies were 
not conducted in NHB or predominantly Black patient groups 
[36,37]. Younger and colleagues documented that fibromyalgia 
patients receiving low-dose naltrexone treatment experienced a 
larger reduction in clinical pain ratings compared to placebo. A 
key methodological distinction, however, between our work and 
the clinical studies is the low dose in the latter studies and the 
administration method for the opioid antagonist (3.0-4.5 mg of 
oral naltrexone compared to the typical clinical dose of 50mg 
oral, vs. our use of naloxone) [36,37].

Potential mechanisms for the paradoxical analgesic effects 
of naloxone observed in NHB participants in the current study 
warrant further investigation, as they might contribute to racial 
differences in pain responsiveness. One possibility is that 
functional genetic mutations in the mu opioid receptor might alter 
naloxone responses (Rs. 563649) and be associated with a more 
pain sensitive phenotype [38]. To the extent that such mutations 
may differ in prevalence by race, they might contribute to the 
observed pattern of results. It is also conceivable that altered 
responsiveness to naloxone in NHB participants might be 
related to group differences in neuroinflammatory mechanisms 
that help contribute to a more pain sensitive phenotype. Limited 
data suggests that the opioid antagonist naloxone also acts on 
glial cells via regulation of the neuroimmune pathway [36,37]. 
In both clinical and experimental settings, inflammation has 
been shown to play a significant role in chronic pain. 

There have been few studies conducted to investigate the 
effects of high-dose naloxone (0.1 mg/kg) on capsaicin-elicited 
pain perception. Within the current study, there was both a lack 
of expected significant positive blockade effects in the NHW and 

naloxone analgesia; p=<0.001), an effect not significant in 
the NHW group (p=0.73). Thirty five percent of the NHW 
participants displayed the hypothesized positive blockade 
effects indicating EO analgesia (i.e., an increase in pain with 
naloxone), while only 10% of the NHB participants exhibited 
evidence of EO analgesia).

Discussion
Ethnic disparities in clinical pain and laboratory-induced 

pain responses are well established [1,2,29,30]. Several factors 
such as biological, psychological, and sociocultural mechanisms 
contribute to differences in pain prevalence, perception, and 
reporting. Using multiple pain stimulus modalities in laboratory 
settings, NHB participants, when compared to NHW’s, report 
greater pain intensity and display lower pain tolerance to these 
stimuli. Furthermore, studies show that reduced tolerance of pain 
in NHB participants could be partially attributable to differential 
functioning in endogenous pain modulatory systems [1,9,11]. It 
is important to note that although there are robust clinical and 
laboratory differences in pain perception between NHW and 
NHB participants, the factors that lead to these differences have 
yet to be elucidated. There is more genetic variability within 
groups than between groups. Differences between ethnic groups 
may arise with different social or cultural experiences in early 
childhood and early experiences appear to have the ability to 
alter one’s biology. The hypothalamic-pituitary-adrenal (HPA) 
axis is altered with early stress exposure and a person’s central 
nervous system may adapt as a result [31-33]. 

The findings of the current study are consistent with their 
being differences in endogenous pain modulatory system 
function between NHB and NHW participants, although the 
nature of those differences was somewhat surprising. NHB 
participants reported a significant pain reduction during the 
naloxone condition (relative to placebo), an effect not observed 
in NHW participants, suggesting prominent naloxone-induced 
analgesia that was restricted to the NHB group. These findings 
are somewhat counter-intuitive to the typical effects of naloxone 
given at doses similar to the current study on both laboratory 
evoked pain and clinical pain [19,29,34]. Naloxone, by blocking 
endogenous opioid activity that contributes to endogenous pain 
modulation, increases laboratory pain in those with effectively 
functioning endogenous opioid systems. We hypothesized that 
elevated evoked pain responsiveness observed in prior work, 
if deriving in part from differences in endogenous opioid 
analgesia, would be reflected in NHB participants demonstrating 
impaired endogenous opioid functioning as compared to NHW 
participants. We thus expected that the NHW participant’s pain 
would increase with naloxone, while NHB participant’s pain 
would stay roughly unchanged. Although EO analgesia (positive 
blockade effects) tended to be more common in NHW than in 
NHB participants as expected, the ethnic differences observed 
in this study appeared driven primarily by the paradoxical 
analgesia observed in the NHB group. 

While prior work in this area has calculated opioid blockade 
effects as the increase in pain that occurs following administration 
of naloxone or naltrexone, it is clear that a significant proportion 
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NHB groups and significant pain reductions during the naloxone 
session in NHB participants. A limitation of the study is that it 
did not use any manipulations (e.g. CPM) designed to trigger 
endogenous analgesic mechanisms which may have elucidated 
these unexpected results. An additional limitation of the study 
is the small sample size of NHB and NHW participants, which 
hinders generalization of the hypothesis of ethnic disparities 
in endogenous pain regulatory function. In future studies, 
these preliminary data will be strengthened by acquiring larger 
groups of both NHB and NHW participants. Furthermore, a 
follow-up study will allow for in-depth exploration of other 
individual characteristics beyond ethnicity, including genetic 
variation(s) of the particular signaling pathway, which may 
affect the function of endogenous neuromodulators in response 
to naloxone.

There is the possibility that the paradoxical effect we noted 
might be viewed not as reflecting differences in endogenous 
pain modulation, but rather as reflecting a previously 
undescribed racial difference in pharmacological responses to 
naloxone. If true, this would have methodological implications 
for interpreting studies (particularly those with large NHB 
participant samples) using opioid blockade to probe endogenous 
opioid systems. 

Moving forward, continuing to explore the effects of 
EO function using naloxone/placebo challenges in order to 
understand the mechanism(s) involved in endogenous pain 
regulatory pathways among ethnic groups is an important 
undertaking. Utilization of PET imaging will presumably allow 
researchers to identify specific areas of the brain involved in the 
complex interplay of hyperalgesia and pain modulation between 
the CNS and PNS. Upon employing PET imaging, we speculate 
that the current results might suggest that a decrease in pain 
after administering naloxone in NHB might relate to an increase 
in the algesic threshold through the inhibition of microglial 
cell activation and its subsequent secretion of proinflammatory 
cytokines. The connection between these two quintessential 
factors will shed light on particular neural pathways on which 
naloxone acts.

There are additional limitations that should be considered 
when evaluating the results of the current study. By only including 
NHB and NHW participants, we are limited in understanding 
other racial/ethnic groups (e.g. Asian populations); additionally, 
no within group heterogeneity was explored, which may be 
larger than the group differences evaluated here. Future studies 
should offer more options for self-identification, so as to capture 
additional ethnic identifications. It also should be noted that by 
using the racial/ethnic category “Black or African American”, 
individuals who identify as Black but not African American 
may have been artificially grouped together. While the current 
methods were modeled after a previous study, we did not have 
participants engage in an activity during capsaicin testing [19]. 
This, along with any unknown minor methodological differences 
could have influenced results and conceivably contributed to 
the difference in our findings. Additionally, by eliminating “low 
capsaicin pain” subjects a priori, this may have reduced the 

observed EO effect, potentially reducing our ability to properly 
evaluate the full spectrum of endogenous opioid analgesia. 
Finally, future work should extend these analyses from healthy 
participants, whose generalizability is limited, into chronic pain 
populations. Further research should also continue to evaluate 
possible sources of variability in pain perception and report, 
with the objective of eliminating health disparities.

Conclusion
The findings of the current study suggest differences in 

endogenous pain modulatory system function between NHB and 
NHW participants, although the nature of those differences was 
somewhat surprising. NHB participants reported a significant 
pain reduction during the naloxone condition as compared to 
NHW participants, suggesting paradoxical naloxone-induced 
analgesia selective to the NHB group. 
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