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Experimental Pain Models Reveal No Sex Differences in
Pentazocine Analgesia in Humans
Roger B. Fillingim, Ph.D.,* Timothy J. Ness, M.D., Ph.D.,† Toni L. Glover, M.A., R.N.,‡ Claudia M. Campbell, B.A.,§
Donald D. Price, Ph.D.,� Roland Staud, M.D.#

Background: Accumulating evidence suggests that there are
sex differences in analgesic responses to opioid agonists. Sev-
eral studies using an oral surgery pain model have reported
more robust analgesia to �-agonist–antagonists (e.g., pentazo-
cine, nalbuphine, butorphanol) among women than among
men. However, evidence of sex differences in �-agonist–antag-
onist effects from studies of experimentally induced pain in
humans is lacking.

Methods: Therefore, the analgesic effects of intravenous pen-
tazocine (0.5 mg/kg) were determined in healthy women (n �
41) and men (n � 38) using three experimental pain models:
heat pain, pressure pain, and ischemic pain. Each pain proce-
dure was conducted before and after double-blind administra-
tion of both pentazocine and saline, which occurred on sepa-
rate days in counterbalanced order.

Results: Compared with saline, pentazocine produced signif-
icant analgesic responses for all pain stimuli. However, no sex
differences in pentazocine analgesia emerged. Effect sizes for
the sex differences were computed; the magnitude of effects
was small, and an equal number of measures showed greater
analgesia in men than in women. Also, analgesic responses
were not highly correlated across pain modalities, suggesting
that different mechanisms may underlie analgesia for disparate
types of pain.

Conclusions: These findings indicate significant analgesic re-
sponses to pentazocine in both men and women across multi-
ple experimental pain assays, and the absence of sex differ-
ences contrasts with previous data from the oral surgery model.
The most likely explanation for the discrepancy in results is
that of differences in the pain assays. These findings are impor-
tant because they suggest that sex differences in opioid analge-
sia may be specific to certain types of pain.

OPIOID analgesic responses are characterized by sub-
stantial individual differences, and an understanding of
the factors contributing to this variability is of tremen-
dous clinical and scientific importance. In this regard,
sex-related influences on responses to opioids have re-
ceived increasing attention in recent years. A recent

review indicated that women consume significantly less
opioid medication postoperatively than men do.1 How-
ever, because many of these studies failed to assess pain,
it is difficult to determine whether the lower opioid
consumption in women was due to enhanced analgesia
or other factors (e.g., side effects). A more recent inves-
tigation of nearly 2,300 patients found that female pa-
tients had similar or lower postsurgical pain ratings than
male patients even though they consumed 23.5, 37.5,
and 43% less opioid than the male patients on postoper-
ative days 1, 2, and 3, respectively.2 In addition to these
findings from postoperative studies, which almost exclu-
sively involve � opioids, sex differences in �-opioid
analgesia have been demonstrated using experimental
pain models. Sarton et al.3 examined morphine analgesia
among 10 healthy women and 10 healthy men using an
electrical pain model. Women showed greater analgesic
potency but slower onset and offset of analgesia. These
authors had previously reported greater morphine-in-
duced respiratory depression among women than
among men.4,5 Zacny6 used two experimental pain mod-
els (pressure and cold pressor pain) to determine sex
differences in analgesic responses to three �-opioid ago-
nists, morphine, meperidine, and hydromorphone, in a
sample of 16 male and 15 female patients. No sex differ-
ences in analgesia emerged for pressure pain; however,
analgesic responses for all three drugs were greater
among female patients for cold pressor pain. Therefore,
evidence from both laboratory and clinical studies sug-
gests that women may experience greater �-opioid an-
algesia than men.

A series of studies that have garnered considerable
scientific and media attention has investigated sex differ-
ences in analgesic responses to �-agonist–antagonist
medications using an oral surgery model. These investi-
gators first reported greater analgesic responses among
female patients compared with male patients for penta-
zocine but not morphine.7,8 Subsequently, they demon-
strated more prolonged analgesia among female patients
than among male patients with the �-agonist–antagonists
nalbuphine and butorphanol.9 More recently, they have
demonstrated that after low-dose nalbuphine (5 mg),
pain ratings increased in men but showed no change in
women, whereas higher doses (10 and 20 mg) produced
analgesia of longer duration in women than in men.10

These results indicate more robust analgesic responses
to �-agonist–antagonist medications among women but
no differences in morphine analgesia. We recently dem-
onstrated that the melanocortin-1 receptor gene (MC1R)
moderated analgesic responses to pentazocine among
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women but not among men; however, there was no
overall sex difference in pentazocine analgesia.11 There-
fore, sex differences in responses to �-agonist–antago-
nists have yet to be replicated in other clinical assays or
using experimental pain models.

The main purpose of the current study was to investi-
gate sex differences in pentazocine analgesia using mul-
tiple, well-validated experimental pain models. Healthy
women and men underwent three experimental pain
procedures (heat pain, pressure pain, and ischemic pain)
before and after double-blind administration of pentazo-
cine and saline placebo. Laboratory pain models were
used because they allow greater stimulus control and the
effects of pentazocine could be tested in the absence of
other medications that are administered in most postop-
erative pain models. Based on the previous findings of
Gear et al.,7,8 we hypothesized that women would show
greater analgesic responses than men.

Materials and Methods

Subjects
Subjects included 41 women and 38 men recruited via

posted advertisements. All participants were healthy
nonsmokers and were free of clinical pain, psychiatric
disturbance, substance abuse, or use of centrally acting
medications. Subjects refrained from any over-the-
counter medication use for at least 24 h before testing.
Nineteen (46.3%) of the women were taking oral con-
traceptives. Based on our previous findings,11 subjects
(five women, nine men) with two variant alleles on the
MC1R gene were excluded from the analyses. Subjects
were paid $50 per experimental session for their
participation.

General Experimental Procedures
All subjects participated in two experimental sessions,

one involving administration of pentazocine and the
other involving saline placebo, in randomly counterbal-
anced order. For women, all sessions were conducted
during the follicular phase of the menstrual cycle, be-
tween days 4 and 10 after the onset of menses. Half of
the women participated in the two experimental ses-
sions within the a single menstrual cycle, separated by
2–7 days, and the other half participated across two

sequential menstrual cycles, in which case the sessions
were separated by approximately 28 days. To maintain
consistent intervals across sex, 19 men participated in
the two sessions within 1 week, and 16 men participated
with the longer interval (i.e., 4 weeks).

Before the experimental sessions began, all subjects
provided verbal and written informed consent and com-
pleted a series of health and psychological question-
naires to ensure that all subjects were free of any medical
conditions, psychological conditions, or both. The two
experimental sessions were identical, except that penta-
zocine was administered in one session and saline was
administered in the other. All sessions were conducted
by two experimenters, either two women or one
woman and one man. Each experimental session started
with insertion of an intravenous cannula for drug admin-
istration followed by a 15-min rest period, during which
blood pressure and heart rate were monitored. Next,
predrug experimental pain testing was performed, in-
cluding assessment of thermal pain, pressure pain, and
ischemic pain (described in detail in the next section,
Pain Testing Procedures). After the predrug pain testing,
a 15-min rest period was observed, followed by double-
blind intravenous bolus administration of either penta-
zocine (0.5 mg/kg) or saline, in randomized order. Fif-
teen minutes after drug administration, pain testing was
repeated in a manner identical to the predrug testing. A
timeline depicting the experimental session is presented
in figure 1. Adverse effects reported by subjects, ob-
served by experimenters, or both were also recorded. All
procedures were approved by the University of Florida
Health Science Center’s Institutional Review Board
(Gainesville, Florida).

Pain Testing Procedures
The following experimental pain procedures were

conducted before and after drug administration. Pres-
sure and thermal pain were delivered first in counterbal-
anced order, separated by a 5-min rest period. Ischemic
pain always occurred last to reduce the possibility of
carryover effects. Before each pain procedure, digitally
recorded instructions were played for the subject.

Pressure Pain Threshold. A handheld algometer
(Pain Diagnostics and Therapeutics, Great Neck, NY)
was used to assess pressure pain threshold (PPT). Me-

Fig. 1. Timeline of the experimental ses-
sion. The boxed text presents the compo-
nents of the experimental session, and
the numbers below the timeline indicate
the approximate time in minutes at which
experimental procedures were conducted.
The lines linking thermal pain to pressure
pain indicate that these two procedures
were conducted in counterbalanced order.
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chanical pressure was applied using a 1-cm2 probe. A
relatively slow application rate of 1 kg/s was used to
reduce artifact associated with reaction time. Subjects
were instructed to report when the pressure first be-
came painful. PPTs were assessed at three sites: the
center of the right upper trapezius (posterior to the
clavicle), the right masseter (approximately midway be-
tween the ear opening and the corner of the mouth),
and the right ulna (on the dorsal forearm, approximately
8 cm distal to the elbow), with the order of site presen-
tation counterbalanced. PPTs were assessed three times
at each site, and the average of the three assessments
was determined and used in subsequent analyses.

Thermal Pain Procedures
Threshold and Tolerance. The first thermal proce-

dure involved assessment of heat pain threshold and
tolerance. Contact heat stimuli were delivered using a
computer-controlled Medoc Thermal Sensory Analyzer
(TSA-2001; Ramat Yishai, Israel), which is a Peltier el-
ement–based stimulator. Temperature levels were mon-
itored by a contactor-contained thermistor and returned
to a preset baseline of 32°C by active cooling at a rate of
10°C/s. The 3 � 3-cm contact probe was applied to the
right ventral forearm. In separate series of trials, warmth
thresholds, heat pain thresholds, and heat pain toler-
ances were assessed using an ascending method of lim-
its. From a baseline of 32°C, probe temperature in-
creased at a rate of 0.5°C/s until the subject responded
by pressing a button to indicate when he or she first felt
pain and when he or she no longer felt able to tolerate
the pain. This slow rise time was selected as a test of
pain evoked mainly by stimulation of C-nociceptive af-
ferents, as has been previously demonstrated.12,13 Four
trials of heat pain threshold (HPTh) and heat pain toler-
ance (HPTo) were presented to each subject. The posi-
tion of the thermode was altered slightly between trials
(although it remained on the ventral forearm) to avoid
either sensitization or response suppression of cutane-
ous heat nociceptors. For each measure, the average of
all four trials was computed for use in subsequent
analyses.

Temporal Summation of Thermal Pain. After a
5-min rest period, the temporal summation procedure
was conducted. This procedure involved administration
of brief, repetitive, suprathreshold heat pulses to assess
first and second pain and temporal summation of the
latter.14 Subjects rated thermal pain intensity of 10 re-
petitive heat pulses applied to the right dorsal forearm.
The target temperatures were delivered for less than 1 s,
with a 2.5-s interpulse interval during which the temper-
ature of the contactor returned to a baseline of 40°C.
Subjects were asked to rate the peak pain for each of the
10 heat pulses. Because subjects vary in their responses
to heat pain, we examined temporal summation at two

different stimulus intensities. This increased the likeli-
hood that at least one set of stimuli would be at least
moderately painful but tolerable for the majority of sub-
jects. Therefore, two sets of target temperatures, 49° and
52°C, were used. Subjects were instructed to verbally
rate the intensity of each thermal pulse using a numeri-
cal rating scale as previously described,15 on which 0
represented no sensation, 20 represented a barely pain-
ful sensation, and 100 represented the most intense pain
imaginable. Subjects were told that the procedure would
be terminated when they reported a rating of 100, when
10 trials had elapsed, or when they wished to stop. Two
measures from the temporal summation procedure at
each temperature were used in subsequent analyses. The
rating of the first trial was selected to represent a mea-
sure of first pain, and the rating of the fourth trial was
selected to reflect summated second pain. These ratings
were chosen for two reasons. First, using similar meth-
ods, it has been established that the most intense pain
from the first pulse is that of “first pain” and that the
most intense pain from the third or fourth pulse is that of
“second pain.”14,16 This pattern results from a progres-
sive suppression of first pain and temporal summation of
second pain throughout a train of four heat pulses.
Second, inspection of the mean ratings for each trial
indicated that the increase in ratings was most robust
through trial 4, suggesting that trial 4 best reflected
temporal summation.

Modified Submaximal Tourniquet Procedure
After the first two pain procedures, a 5-min rest period

was observed, after which subjects underwent the mod-
ified submaximal tourniquet procedure.17,18 Next, the
right arm was exsanguinated by elevating it above heart
level for 30 s, after which the arm was occluded with a
standard blood pressure cuff positioned proximal to the
elbow and inflated to 240 mmHg using a Hokanson E20
Rapid Cuff Inflator (D.E. Hokanson, Bellevue, WA). Sub-
jects then performed 20 handgrip exercises of 2-s dura-
tion at 4-s intervals at 50% of their maximum grip
strength. Subjects were instructed to report when they
first felt pain (ischemic pain threshold [IPTh]) and then
to continue until the pain became intolerable (ischemic
pain tolerance [IPTo]), and these time points were re-
corded. Every 30 s, subjects were prompted to alter-
nately rate either the intensity or the unpleasantness of
their pain using joint numerical (0–20) and verbal de-
scriptor box scales.19 An uninformed 15-min time limit
was observed. In addition to IPTh and IPTo, two total
pain scores were created, one for pain intensity and one
for pain unpleasantness, by summing all ratings obtained
during the procedure. To replace missing values created
by subjects terminating the procedure before the time
limit, the last rating provided was carried forward.
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Statistical Analysis
Because determination of analgesic responses requires

reliability of pain measures, subjects’ predrug pain val-
ues were analyzed for consistency. If the between-ses-
sion change in any predrug pain measure was greater
than 2 SDs above the average change for all subjects,
then that observation was excluded as an outlier. This
resulted in removal of 23 observations, 11 from women
and 12 from men. Sex differences in predrug pain re-
sponses were evaluated using individual analyses of vari-
ance. To determine drug effects for each pain measure
obtained, a change score was calculated by determining
the difference between the predrug value and the post-
drug value. These calculations were performed such that
positive numbers always represented a reduction in
pain. Thus, each subject had two change scores for each
variable, one from the pentazocine day and the other
from the saline day. For the two tolerance measures,
change scores were not computed for subjects who
reached the cutoff during predrug testing because this
created a ceiling effect. This excluded 4 subjects for
HPTo (all men) and 23 subjects for IPTo (13 women, 10
men). The statistical significance of drug effects was
determined using separate mixed-model analyses of vari-
ance for each pain measure, in which sex was a be-
tween-subjects variable and drug was a within-subjects
variable. Relations among analgesic indices from differ-
ent pain modalities were determined using Pearson cor-
relations. Significance was set at P � 0.05.

Results

Predrug Pain Responses
Characteristics of the sample and baseline pain data are

presented in table 1. Men and women were of similar

age and ethnicity, and equal numbers of men and
women received pentazocine in session 1 and session 2.
The majority of participants were white (78.5%), with
8.9% Hispanic, 6.3% African American, and 6.3% Asian.
Predrug pain responses did not differ on the pentazocine
day versus the saline day (P � 0.05). Men weighed more
than women and received higher amounts of pentazo-
cine (P � 0.001). Significant sex differences in HPTh and
HPTo emerged, with women having lower values (P �
0.05). Women provided higher pain ratings for trial 1
and trial 4 during the temporal summation procedure,
but the sex difference reached significance only for trial
4 at 52°C (P � 0.05). Also, PPT at all sites was significantly
lower for women (P � 0.001). No sex differences emerged
for any of the ischemic pain measures (P � 0.05).

Analgesic Responses to Pentazocine
Pre–post change scores for all pain responses are pre-

sented in table 2. Significant drug effects emerged for
HPTh and HPTo, and both threshold and tolerance val-
ues increased after pentazocine but not after saline ad-
ministration (P � 0.05). For temporal summation, no
significant drug effects emerged for trial 1 ratings at
either temperature (P � 0.10). However, pentazocine
produced slightly lower pain ratings for trial 4 at 49°C (P
� 0.1) and significantly lower ratings for trial 4 at 52°C
(P � 0.05). PPT at all sites increased significantly after
pentazocine relative to saline (P � 0.001 for all). Isch-
emic pain threshold and tolerance increased significantly
after pentazocine compared with placebo, and summed
pain intensity and unpleasantness decreased significantly
after pentazocine compared with saline (P � 0.005 for all).

No sex differences emerged for drug effects on any of
the pain responses (P � 0.10 for all). To determine the
magnitude of any potential sex differences in analgesic

Table 1. Demographic Characteristics and Predrug Pain Measures for Women and Men

Women (n � 41) Men (n � 38)

Age, yr 23.9 (6.2) 26.4 (6.4)
Ethnicity (% white) 79 78
Weight, kg* 65.7 (11.3) 80.2 (10.8)
Pentazocine dose, mg* 32.9 (5.7) 40.1 (5.4)

Pentazocine Day Saline Day Pentazocine Day Saline Day

HPTh, °C* 40.8 (3.1) 40.5 (2.9) 41.9 (2.7) 42.4 (3.1)
HPTo, °C* 46.1 (2.7) 46.0 (2.8) 48.2 (2.0) 48.1 (2.3)
Trial 1 rating (at 49°C) 43.1 (25.1) 43.5 (24.7) 34.0 (18.9) 34.4 (18.8)
Trial 1 rating (at 52°C) 70.8 (26.5) 69.3 (26.7) 60.6 (25.9) 58.4 (23.7)
Trial 4 rating (at 49°C) 50.3 (25.8) 51.5 (27.2) 40.8 (22.8) 40.4 (22.3)
Trial 4 rating (at 52°C)* 78.4 (24.3) 79.3 (23.9) 67.5 (27.4) 64.9 (25.8)
PPT masseter, kg* 2.4 (0.8) 2.4 (0.8) 3.1 (1.1) 3.1 (1.2)
PPT trapezius, kg* 4.4 (1.5) 4.2 (1.5) 5.7 (2.0) 5.9 (2.2)
PPT ulna, kg* 4.5 (1.8) 4.6 (2.0) 6.3 (2.6) 6.3 (2.5)
IPTh, s 160.9 (132.0) 150.9 (103.9) 206.9 (218.6) 221.5 (227.8)
IPTo, s 604.0 (273.3) 578.6 (277.5) 598.4 (259.8) 610.8 (261.0)
Ischemic pain intensity 191.6 (67.5) 197.5 (70.6) 189.2 (89.4) 183.3 (89.4)
Ischemic pain unpleasantness 196.1 (65.5) 199.4 (71.6) 190.4 (85.0) 187.8 (86.9)

Values represent mean (SD) unless otherwise indicated.

* Sex difference, P � 0.05.

HPTh � heat pain threshold; HPTo � heat pain tolerance; IPTh � ischemic pain threshold; IPTo � ischemic pain tolerance; PPT � pressure pain threshold.
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responses, effect sizes were computed as follows. First,
an analgesic index was created for each pain measure by
subtracting the pre–post saline change score from the
pre–post pentazocine change score because this reflects
the effect of pentazocine after removing the placebo
response. Then, these analgesic indices were used to
determine the Cohen D, by dividing the mean group
difference (i.e., men � women) by the pooled SD. Using
this metric, 0.2 represents a small effect size, 0.5 repre-
sents a moderate effect size, and 0.8 represents a large
effect size. These values are presented in figure 2, with
positive values indicating that men showed greater anal-
gesic responses than women and negative values indi-
cating that women showed larger analgesic responses

relative to men. As can be seen, the effect sizes range
from �0.22 to 0.21, and the average effect size is 0.
Therefore, sex differences that occurred generally were
small in magnitude and were equally divided between
those showing greater analgesic responses among
women and those showing greater responses among
men. The pattern of effects suggests that men showed
greater analgesia than women on thermal pain measures,
whereas women showed greater analgesia than men on
ischemic pain responses and perhaps for pressure pain.

Correlations among Measures of Analgesia. To
examine associations among analgesic responses across
pain modalities, an average analgesic index was com-
puted for each pain modality. For example, the heat pain

Table 2. Pre–Post Change Scores for All Pain Measures under Each Drug Condition (Pentazocine vs. Saline) for Women and Men

Women (n � 41) Men (n � 38)

Pentazocine Saline Pentazocine Saline

HPTh, °C* 0.6 (2.3) �0.1 (2.1) 0.8 (2.2) �0.4 (2.0)
HTPo, °C* 0.7 (1.8) �0.1 (0.8) 0.7 (1.3) �0.5 (1.4)
Trial 1 rating (at 49°C) �1.1 (12.8) �2.3 (10.5) 0.1 (11.3) �0.9 (9.5)
Trial 1 rating (at 52°C) �0.6 (11.6) �2.6 (9.1) 0.3 (10.2) �2.9 (9.0)
Trial 4 rating (at 49°C) 0.3 (12.5) �0.7 (12.5) 4.3 (11.5) 0.2 (11.2)
Trial 4 rating (at 52°C)* 2.4 (10.8) �0.3 (8.7) 2.4 (11.0) �2.4 (7.8)
PPT masseter, kg* 0.6 (0.5) �0.1 (0.3) 0.5 (0.8) �0.1 (0.7)
PPT trapezius, kg* 0.8 (1.1) �0.2 (0.6) 0.8 (1.2) �0.3 (1.0)
PPT ulna, kg* 0.6 (1.0) �0.3 (0.8) 0.4 (1.1) �0.3 (0.7)
IPTh, s* 65.3 (123.4) 0.4 (56.7) 59.9 (125.5) 19.1 (67.6)
IPTo, s* 120.1 (172.8) 31.9 (70.6) 97.8 (138.3) 36.0 (98.4)
Ischemic pain intensity* 43.2 (53.4) 11.2 (23.5) 39.6 (38.2) 15.0 (34.3)
Ischemic pain unpleasantness* 43.4 (59.3) 13.1 (26.5) 37.1 (45.7) 19.7 (37.5)

Values represent mean (SD) unless otherwise indicated.

* Drug effect significant, P � 0.05.

HPTh � heat pain threshold; HPTo � heat pain tolerance; IPTh � ischemic pain threshold; IPTo � ischemic pain tolerance; PPT � pressure pain threshold.

Fig. 2. Effects sizes for sex differences in
analgesic responses for each pain mea-
sure. Bars represent the effect size (Co-
hen D) reflecting the magnitude of the
sex difference in the analgesic index.
The analgesic index reflects the analge-
sic effect of pentazocine after account-
ing for any changes in pain produced by
saline, which was computed by subtract-
ing the saline change score from the
pentazocine change score for each pain
measure. The data presented in the fig-
ure reflect only the magnitude of the sex
difference and do not provide informa-
tion regarding the magnitude of the an-
algesic response. Positive values indi-
cate that analgesic effects were larger in
men than in women, and negative scores
indicate that analgesic effects were
larger in women than in men. A value
near zero simply indicates no sex differ-
ence in analgesic response. The general
rule of thumb for interpreting effect
sizes is that 0.2 reflects a small effect,
0.5 reflects a medium effect, and 0.8 re-
flects a large effect. Therefore, all effects
sizes presented in this figure are small. HPTH � heat pain threshold; HPTO � heat pain tolerance; IPTH � ischemic pain
threshold; IPTO � ischemic pain tolerance; Unpl. � unpleasantness.
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analgesic index was determined by computing the mean
analgesic index for all of the heat pain measures ob-
tained (HPTh, HPTo, and trial 1 and trial 4 ratings during
temporal summation at both temperatures). Similar av-
erages were determined for pressure pain (thresholds at
three sites) and ischemic pain (IPTh, IPTo, and intensity
and unpleasantness ratings). Then, Pearson correlation
coefficients among the average values were computed
separately by sex (table 3). For women, significant cor-
relations emerged between the heat analgesic index and
both ischemic and pressure analgesic indices. None of
the correlations achieved significance among men.

Adverse Effects. The average number of adverse ef-
fects was similar for women (mean � 1.5, SD � 1.5) and
men (mean � 1.5, SD � 1.6), and equal proportions of
women (63.2%) and men (62.5%) reported at least one
adverse effect. The most common adverse effects were
nausea (37.2%), dizziness–lightheadedness (34.6%), dia-
phoresis (23.1%), and emesis (16.7%). Each of the side
effects had similar frequencies in women and in men
(Ps � 0.10).

Discussion

This study examined sex differences in pain percep-
tion and pentazocine analgesia using three commonly
used experimental pain models. The results indicate sex
differences in baseline thermal and pressure pain re-
sponses but no differences in ischemic pain measures.
This is generally consistent with previous research on
sex differences in experimental pain perception, which
have reported greater pain sensitivity among female sub-
jects, with the magnitude of the difference varying
across pain stimuli.20–22

The current results suggest that 0.5 mg/kg intravenous
pentazocine produced significant analgesic responses on
most pain measures for both women and men; however,
in contrast to our hypotheses, no sex differences in
pentazocine analgesia emerged on any of the pain tasks.
Similarly, no sex differences in adverse effects were
observed. Although the analgesic effects of pentazocine
have been demonstrated in other experimental pain
models, sex differences in pentazocine analgesia were
not addressed in these previous studies. Two of the four

previous investigations included only male subjects,23,24

and the two that included both women and men did not
comment on sex differences in analgesic responses.25,26

Interestingly, Kobal et al.25 found sex differences in the
pharmacokinetics of pentazocine, with a longer half-life
and mean residence time among women than men.
However, they did not report on sex differences in
analgesic responses. The most compelling evidence for
sex differences in pentazocine analgesia comes from two
clinical studies conducted at the University of California
at San Francisco using an oral surgery pain model. Gor-
don et al.8 reported that women (n � 22) experienced
greater analgesia from 30 mg intravenous pentazocine
compared with men (n � 12), and there was a trend
toward more prolonged analgesia among women. In a
subsequent study using the same methodology, Gear et
al.7 reported more robust pentazocine analgesia among
women (n � 10) than among men (n � 8) at 10 and 30
min after medication administration.

Multiple factors may explain the discrepancy between
the current findings and those of Gear et al. Perhaps the
most obvious difference is the pain assay used. The pain
after oral surgery differs from our experimental pain
procedures in several substantial ways. First, postopera-
tive dental pain includes a strong inflammatory compo-
nent, and �-opioid agonists produce peripheral antiin-
flammatory effects27–30; therefore, sex differences in the
antiinflammatory action of pentazocine could contribute
to the differences in opioid analgesia in postoperative
pain models. Second, the oral surgery model involved
premedication with diazepam, nitrous oxide, and a local
anesthetic, and these drugs could influence pentazocine
analgesia. For example, diazepam has been found to
bind to �-opioid receptors in vitro,31 and systemically
administered diazepam can attenuate both �- and �-opi-
oid analgesia.32 Moreover, benzodiazepine antagonism
potentiated morphine analgesia in the oral surgery mod-
el.33 In addition to benzodiazepines, nitrous oxide is
thought to produce analgesia at least in part by activating
�-opioid receptors.34,35 Whether these drug interactions
contribute to sex differences in pentazocine analgesia is
not known. Third, in the oral surgery model, drug was
delivered when the patients were experiencing at least
moderate pain, whereas our subjects were pain free at
the time of drug administration. This is potentially im-
portant because the effects of opioids may differ when
administered in the presence of pain and inflammation
versus the pain-free state.

Other methodologic factors could also contribute to
the discrepancy in findings. For example, we dosed by
weight (0.5 mg/kg), which resulted in men receiving
higher amounts of pentazocine in our study compared
with the fixed dosage (30 mg) used in the University of
California at San Francisco studies. Differences in the
timing of postdrug assessments are unlikely to account
for the conflicting results because we started our post-

Table 3. Correlations among Analgesic Assays for Women and
Men

Women Men

Heat
Pain

Pressure
Pain

Heat
Pain

Pressure
Pain

Pressure
pain

0.38* — 0.29 —

Ischemic
pain

0.37* 0.16 0.09 0.14

* Significant correlation, P � 0.05.
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drug pain testing 15 min after drug administration, and it
was completed within 60 min of drug administration.
This timing is consistent with the period reported on in
the University of California at San Francisco studies be-
cause they reported sex differences at 10 min and at 30
min in one study7 and from 30 to 170 min in another.8

However, Kobal et al.25 reported that 30 mg intravenous
pentazocine had a longer half-life among women than
among men, although their fixed dosing resulted in
women receiving a higher dose per unit body weight.
Nonetheless, the longer residence time of pentazocine
among women is interesting given that the only ten-
dency toward greater analgesia for women in our data
emerged for ischemic pain, the pain task that was con-
ducted after the longest postdrug delay. In addition,
previous research with morphine has shown more rapid
onset of analgesia in men and longer duration of analge-
sia in women,3 and nalbuphine, another �-agonist–antag-
onist, produced more prolonged analgesia in women
compared with men.9 Therefore, future research explor-
ing sex differences in opioid analgesia should evaluate
sex differences in the onset and offset of drug effects.

In addition, sample selection may contribute to the
different study outcomes. Participants in our protocol
were recruited specifically for a study involving experi-
mental pain testing and analgesics and may represent a
different population than patients presenting for third
molar extraction, who are then offered participation in a
clinical protocol. These additional methodologic differ-
ences notwithstanding, variability in the pain assays
seems most likely to account for the differences in find-
ings. This could be an important finding because it indi-
cates that sex differences in analgesic responses to pen-
tazocine and perhaps other opioids may be limited to
certain types of pain. Additional research is needed to
determine the conditions under which sex differences in
opioid analgesia are most likely to emerge.

The use of multiple pain assays in the current study
yielded additional important results. First, consistent
with studies of �-opioid agonists on multiple pain
tests,16,36 pentazocine produced larger and more reliable
effects on pain predominantly associated with C-noci-
ceptor stimulation (HPTh, HPTo, ratings of the fourth
heat pulse) than pain predominantly associated with A-�
nociceptor stimulation (ratings of the first heat pulse).
Also, the largest analgesic effects emerged on measures
of ischemic pain, a form of tonic muscle pain that re-
flects a combination of A and C nociceptors from deep
tissue. This form of tonic pain may better simulate many
types of clinical pain, as argued by Smith et al.37 In
addition, analgesic responses showed low correlations
across pain modalities (table 3). For women, analgesic
responses assessed using heat pain measures were sig-
nificantly correlated with analgesia determined via isch-
emic and pressure pain assays; however, these correla-
tions were low in magnitude and not significantly

different from the correlations in men, and no other
significant correlations emerged. A similar pattern of
results has been reported for baseline pain responses, in
which measures based on different pain modalities are
modestly correlated at best.38,39 This suggests that de-
spite significant analgesic responses across all pain mo-
dalities, analgesic sensitivity determined using one type
of pain is a poor predictor of analgesic response to other
types of pain and that different mechanisms underlie
analgesic responses for different types of pain. An im-
portant practical implication of these findings is that
multiple pain assays will be required to fully characterize
the analgesic effects of many drugs.

Several limitations of the current study deserve men-
tion. First, analgesic responses assessed using experi-
mental pain models may not accurately reflect the anal-
gesic responses that occur in the clinical setting.
Experimental models offer several advantages, including
control over stimulus parameters, the ability to test mul-
tiple pain modalities in the same sample, and freedom to
examine analgesic responses in the absence of other
medications or tissue pathology. However, the clinical
relevance of analgesic responses measured against ex-
perimentally induced pain has yet to be empirically de-
termined. As discussed in the third paragraph of the
Discussion, sex differences in the analgesic effects of
pentazocine may differ for inflammatory postoperative
pain compared with nociceptive experimental pain.
Therefore, these results do not refute the existence of
sex differences in the analgesic effects of pentazocine
for postoperative pain; rather, these findings suggest that
sex differences in pentazocine analgesia may be specific
to postoperative pain and do not represent a general
phenomenon. To test this hypothesis, one would need
to evaluate pentazocine analgesia against both experi-
mental and postoperative pain in the same sample of
women and men.

Second, our sample consisted of healthy young adults
whose responses may not generalize to other popula-
tions that may differ in health status, age, or other rele-
vant variables. Third, we only tested one dose of penta-
zocine over a limited time period and were unable to
determine whether sex differences are present at other
doses or whether time course influences sex differences.
Similarly, we did not collect any pharmacokinetic or
pharmacodynamic data; therefore, we were unable to
determine whether there were sex differences in dura-
tion of action or plasma concentrations of the drug. As
mentioned above, our doses and timing were similar to
those reported previously in studies that demonstrated
sex differences in pentazocine analgesia7,8; however,
these investigators have also demonstrated that sex dif-
ferences in responses to other �-agonist–antagonists are
dose dependent,10 and others have reported sex differ-
ences in the kinetics of pentazocine.25 Additional re-
search to determine the importance of dose as well as
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pharmacokinetic and pharmacodynamic factors to sex
differences in opioid analgesia is needed.

These limitations notwithstanding, we tested a sub-
stantially larger sample than did previous studies, which
provided sufficient power to detect a sex difference of
moderate magnitude. In addition, we used multiple well-
validated experimental pain procedures, each of which
was sensitive to the analgesic effects of pentazocine.
When combined with previous research, these findings
suggest that sex differences in responses to �-agonist–
antagonists may emerge only under certain conditions,
and further research is needed to better characterize sex
differences in responses to opioid analgesics.
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