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ABSTRACT

Previous studies report that the ingestion of highly concentrated sweet solutions produces a morphine-like analgesia in
rats, human infants, and in adult males. To determine whether sweet-induced analgesia occurs with more commonly
consumed substances, 30 adult males (M = 22.4 years) were exposed to a cold pressor test and pain responsivity was
assessed both before and after consuming either an 8% sucrose solution, water, or nothing. Between-groups compari-
sons revealed that relative to the Sucrose or Nothing groups, the Water group showed increased pain tolerance. Neither
pain thresholds nor ratings of pain intensity and unpleasantness on a visual analogue scale differed among groups. The
results support previous findings in both humans and animals that the palatability or hedonic value of food or drink may
be the key predictor of its analgesic effect.
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1. Introduction

The vertebrate endogenous opioid system plays arole in
food consumption, particularly in the ingestion of palat-
able sweet foods [1]. For example, in humans and other
animals, the administration of an opioid agonist (e.g.,
morphine) increases both the intake of and preference for
sucrose [2], whereas an opioid antagonist (e.g., naltrex-
one) produces opposite effects [3]. The reciprocal rela
tionship also exists; the consumption of sweet ingesta in-
creases endogenous opioid peptide (EOP) activity in rat
brain, plasma and cerebral spina fluid [4-6], and also
human plasma7].

Because EOPs decrease pain, the effect of sweet in-
gestion on pain responsivity has been examined [8]. Stu-
dies show that intraoral sweet solutions (either dextrose/
saccharin or sucrose) increaserats paw-lift latencies from
a hot-plate [8-10], an analgesic effect resembling that
produced by morphine. Moreover, this sweet-induced
analgesia (SIA) is reversed by minimal doses of opioid
antagonists (e.g., naltrexone, naloxone) suggesting that
EOPs mediate the analgesic effect [8,9,11]. Sweet intake
appears to produce analgesia in human infants as well
[12-15]. For example, as little as 2 ml of a 12% sucrose
solution markedly reduces crying in newborn infants
during both circumcision and heel lance procedures [13].
Moreover, the rapid onset of the analgesic effect suggests
that it is produced by the sweets' pleasant taste rather
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than by its chemical composition or by some post-inges-
tive factor [6,12,13].

We know little about whether SIA persists beyond in-
fancy. One study investigated the effects of the taste of
sucrose on pain responsivity to a cold pressor test (CPT)
in 8 to 11-year-old children [16]. Relative to water, su-
crose increased children’s pain threshold, but had no af-
fect on pain tolerance or pain intensity ratings. A more
recent study [17] examined SIA in both 5 to 10-year-old
children and their mothers responses to cold pressor
pain. They found that sucrose increased pain threshold
and tolerance of children, but not those of women. The
absence of SIA in adults (women) is consistent with re-
sults showing that rat SIA progressively declines with
age and is absent by the 3rd week of life [9]. However,
much more evidence is required before we can determine
whether SIA persists into human adulthood. Of particular
interest is to determine whether this effect might be more
apparent in men. A recent series of studies by Kakeda
and colleagues [18-20] reported that after ingestion of a
24% sweet solution, CPT pain thresholds increased in
adult males, but not in females. Interestingly however,
they found that there was no effect on pain tolerance but
conceded that the lack of pain tolerance may have been
constrained by a ceiling effect, as more than one third of
subjects endured the limited duration (3 min) of cold
pressor exposure.

The present study attempts to improve upon previous
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CPT experiments in several important ways. First, to re-
duce ceiling effects and thus better examine effects on
pain tolerance, subjects were able to immerse their hand
in cold water for a maximum of 5 minutes. Coupled with
the above reported effects on pain threshold [18-20], full
assessment of pain tolerance allows us to better under-
stand whether the analgesic effect is opioid-mediated as
sweets are suspected to modulate the affective dimen-
sions of pain (e.g. tolerance) rather than the sensory com-
ponents of pain (e.g., threshold) [21,22]. Second, to bri-
dge the gap between lab-based experiments and readl life
conditions, our experimental paradigm attempts to better
test the robustness of the SIA effect as well as better rep-
licate the real world ingestion of sweet substances in
several important ways: 1) by providing a sucrose solu-
tion (8%) that better represents the sugar content (6% to
12%) of everyday sweet beverages (e.g., soda, juice,
sports drinks); 2) by providing an amount of beverage
(100 ml) that better approximates the average dose con-
sumed by individuals everyday; and 3) by allowing sub-
jects to fully consume the beverage just prior to pain as-
sessment. This would aso alow us to more thoroughly
evauate sucrose’s effect on pain tolerance, as the orogu-
statory (opioid-mediated) effects of sucrose have a slower
onset and later offset than the immediate and stimulus-
bound orotactile (nonopioid-mediated) effects [12]. Fi-
nally, unlike other CPT studies, we measure both pain
and tactile thresholds, before and after treatment. This
allows us to distinguish whether sucrose modulates the
pain system exclusively, and/or has more general effects
on other related sensory systems. In sum, the importance
of studying SIA in adults is to provide us with a better
understanding of our intrinsic pain-inhibitory systems
and of the environmental conditions which activate these
systems, and thus, perhaps more effective approaches to
the treatment of pain.

2. Methods
2.1. Subjects

The subjects were 30 right-handed, non-smoking, pain-
free male university students (Mqge = 22.4 yrs; range = 18
- 39 yre) recruited by signs placed around campus. Sub-
jects were contacted by phone, debriefed about the ex-
perimental procedure, and asked to abstain from alcohol
and analgesics during the test day, and from eating or
drinking anything for at least one hour prior to the ex-
perimental session. This duration for food deprivation
was used so that subjects did not consume sweets prior to
baseline testing. Longer deprivation periods were not
used in an attempt to avoid deprivation-induced analgesia
[23]. Only non-smoking, right-handed, male subjects
were chosen for several reasons: 1) because smoking re-
duces pain sensitivity [24]; 2) because left limbs show
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greater pain sensitivity than right limbs regardiess of
hand preference [25]; and 3) because females' hormonal
cyclicity produces variability in pain sensitivity [26]. The
study protocol conformed to the provisions of the decal-
ration of Helsinki and was approved by the Memorial
University Faculty of Science Committee for Human Re-
search.

2.2. Apparatus

The cold pressor consisted of a 45.5 x 245 x 21 cm
Plexiglas tank (amodified rat laboratory cage) filled with
ice water (depth = 15 cm). A wire mesh screen divided
the tank so that one section (45.5 x 6.5 x 21 cm) con-
tained crushed ice and the other section (45.5 x 18 x 21
cm) contained ice-free water. The water temperature was
monitored with a digital display thermometer, and the
water was circulated continuously with a submersible
aquarium water pump (120 V; output = 480 Iph) in order
to maintain a water temperature between 0 and 1.5°C (M
= 0.83; SD = 0.28). Tactile thresholds were measured
with a 20-monofilament Von Frey kit (Stoelting, Co.,
Wood Dale, IL). A curtain was used to shield the sub-
jects from both the cold pressor and the monofilaments.
A carbon-filtered water purifier was used to reduce im-
purities and to remove any odor or taste from the water
comprising the treatment solutions.

2.3. Procedures

Subjects were randomly assigned to one of three treat-
ment groups that differed according to whether they were
to consume an 8% sucrose solution (Sucrose group, n =
10), purified tap water (Water group, n = 10), or nothing
(Nothing group, n = 10). [Note that the 8% sucrose solu-
tion was comprised of sucrose and purified tap water.]
Power analyses conducted previously on pilot data col-
lected in our laboratory determined that a sample size of
10 per group was sufficient to detect an experimental
treatment effect at the p = 0.01 level [27]. For each group,
pain and tactile sensitivity were measured both before
(the pre-treatment phase) and after (the post-treatment
phase) treatment.

Each subject was tested individually in the laboratory.
The experimenter first described the intensity and un-
pleasantness visual analogue scales (VASS) using the ins-
tructions and auditory analogy described initidly by
Price et al. [22]. Each scale was represented by a vertica
line consisting of 20 divisions ranging from either “No
sensation” (the intensity VAS) or “Not bad at all” (the
unpleasantness VAS) to either “Most intense that one can
imagine” or “Most unpleasant that one can imagine”. To
familiarize subjects with the VASs and to ensure that
they were not experiencing any discomfort prior to the
experiment, subjects were asked to rate their current level
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of discomfort using both VASs. Testing proceeded in
three phases.

The pre-treatment phase. Subjects were instructed to
place their left hand and forearm in the 0° - 1° cold pres-
sor. Pain responsivity was assessed with two latency mea-
sures, pain threshold and pain tolerance. Subjects were
asked to inform the experimenter when they first felt pain
(threshold), and then to remove the forearm when the
pain became too uncomfortable to be continued (toler-
ance). If the subject failed to withdraw his arm from the
CPT after 5 minutes had passed, the experimenter in-
structed the subject to remove his arm. Immediately after
the subject removed his arm, he rated the intensity and
unpleasantness of his pain using the two VASs.

Following pain measurement, pre-treatment tactile sen-
sitivity was assessed with a graded series of calibrated
nylon monofilaments (von Frey fibres). The monofila-
ments were applied to the area between the thumb and
index finger on the dorsal side of the subject’s right hand
(the hand not exposed to the CPT). Tactile thresholds,
defined as the minimal force required for the subject to
detect a fibre on three consecutive trials, were estimated
using a standard staircase procedure.

The treatment phase. Subjects in the Sucrose and Wa-
ter Groups were administered the appropriate solution
(100 ml) using the following standardized procedure:
Every two minutes during a 10-minute period, the subject
was instructed to ingest 20 ml of the solution by swishing
it around in his mouth for one minute prior to swallowing
it. Subjects in the Nothing Group were instructed to sit
and read a selected passage from a psychology textbook
for 10 minutes.

The post-treatment phase. Immediately following treat-
ment, subjects’ pain and tactile sensitivity were assessed
again by exposing them to the CPT followed by the
monofilaments. After the experimental phase was termi-
nated, all subjects completed a persona questionnaire
intended to provide information about each subject’s re-
cent experience with factors which may modulate pain
responsivity (e.g., medication, smoking, alcohol) [28]. All
sessions occurred between 1400 and 1700 h and lasted
between 35 and 45 minutes.

3. Results
3.1. Analysis of Group Differences

One-way analyses of covariance (ANCOVAs) comparing
the groups at post-treatment (the pre-treatment phase
scores served as the covariate) were performed on each
of the four pain measures, and on tactile thresholds. If the
sucrose produced analgesia to the pain induced by the
CPT, then at post-treatment, subjects who received the
sucrose should show elevated pain thresholds, pain tol-
erances, and/or decreased VAS ratings of pain intensity
or unpleasantness, relative to subjects receiving water or
nothing. Post-treatment tactile thresholds should not dif-
fer among groups.

One-way ANCOV As revealed a significant group (i.e.,
treatment) difference for pain tolerance [F (2,26) = 3.84,
p = 0.035]. However, post-hoc comparisons revealed a
surprising result. As Table 1 illustrates, post-treatment
pain tolerance was significantly higher for the Water
group than for the other two groups (Newman-Keuls, p <
0.05). Furthermore, the omega squared value for this
effect was 0.159, a dtatistic which indicates a “strong”
experimental effect [27]. This result suggests that even
for this relatively small sample size (n = 10 per group),
there was adequate statistical power to detect an experi-
mental effect, given that one existed. Groups did not dif-
fer on any of the other pain measures, or on tactile thre-
sholds (all p > 0.05).

3.2. Correlations between Pain M easur es and
Subject Variables

To determine whether there were any relationships be-
tween the latency pain measures (threshold and toler-
ance), between the VAS pain measures (intensity and un-
pleasantness), or between the four pain measures and any
of the recorded subject variables (e.g., body weight,
amount of exercise), Pearson product-moment correla
tions were conducted. As expected, intensity and unplea-
santness measures were correlated at pre-treatment (r =
0.77, p < 0.05) as were measures of pain threshold and
tolerance (r = 0.46, p < 0.05). However, there were no

Table 1. Adjusted post-treatment means (M) and standard errors (SEM) of each pain and tactile measure for each treatment
group [ denotes the group that differed from the other groupsin that column (p < 0.05)].

Group Threshold (sec) Tolerance (sec) Intensity (O - 20) Unpleasantness (0 - 20) Tactile Threshold

M (SEM) M (SEM) M (SEM) M (SEM) M (SEM)

Nothing 16 (9 63 (18) 13.1 (1.6) 11.9 (1.9) 331 (0.08)

Water 17 €) 103" (35) 125 (1.3) 13.1 (1.3) 345 (0.16)

Sucrose 18 @ 57 8 13.7 (1.1) 14.8 (1.1) 3.30 (0.07)
Copyright © 2013 SciRes. JBBS
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significant correlations between any of the outcome pain
measures and any of the subject variables (all ps > 0.05),
thus suggesting that any pre-existing subject conditions

(e.g., exercise, alcohol consumption, sweet intake history,

sexual activity) had little effect upon the results.

4. Discussion

Unlike reports of sweet-induced analgesia in neonatal
rats and human infants, the present results show little
evidence of this effect in human adult males. Failure to
find SIA for cold pressor pain has also been reported
consistently for adult women [17,18] In addition, the
apparent absence of SIA in men is consistent with results
from our previous study of mechanicaly-induced pain
(pressure algometry) in men [29]. Thus, the present re-
sults raise new issues within the area of pain and inges-
tion. One consideration is that SIA in humans does not
persist into adulthood (but see [30]). SIA may diminish
with age because it no longer serves a biological advan-
tage (such as for mother-infant attachment or for energy
conservation) [31,32]. Studies with rats suggest that SIA
is limited to the pre-weaning period, and may be a de-
velopmentally transient phenomenon [9,11]. Alterna
tively it may be that with age, human SIA decreases be-
cause of permanent changes to the endogenous opioid
system as a result of health [17,22,33] and/or experien-
tial/environmental factors[9,24].

A second consideration is that SIA does exist in hu-
man adults but is not observable under al experimental
pain procedures. For ethical reasons, human adults, un-
like rats or human infants, must be informed that they
can remove the pain stimulus at any time. Therefore, the
pain is aways viewed as being “escapable” or “control-
lable”. This information may serve as a safety signal
which may trigger a CNS antianalgesia mechanism (e.g.,
CCK), and thus attenuate any analgesic effect of the su-
crose[34].

Our findings showing the lack of apparent SIA in adult
males are however somewhat at odds with recent work
[18-20] which found in several CPT experiments, that a
24% sucrose solution increased pain threshold (but usu-
ally not pain tolerance) in adult males. One argument
might be that our group sizes (n = 10) lack the statistical
power to detect an effect, although this seems unlikely
given the effect size analyses reported in the previous
section. Moreover, those who have used the CPT [18-20]
and found evidence of SIA did so with similar small
samples of adults. Another explanation for the differ-
ences among results may be that SIA is perhaps not a
robust effect and is evident only under certain conditions
(e.g., higher concentrations of sucrose). Alternatively,
SIA is perhaps only a short-term orotactile effect which
may influence adult pain threshold but not pain tolerance,
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arguably the more important clinically of the two meas-
ures. The methodological differences between studies
(e.g., sucrose concentration, ingestion procedure, cultural
factors, and time limits) allude to the suggestion that SIA
may thus be an environmental/situational specific effect,
at least for cold pressor pain.

Although any of the above arguments may account for
the absence of sweet-induced analgesia in the present
study, they do not explain the relative analgesia shown
by the water group in the present study. Subjects who
consumed only the purified tap water showed increased
pain tolerance compared to those who consumed nothing,
or even the 8% sucrose solution (sucrose mixed with
purified tap water). These apparently paradoxical results
leave us with the interesting suggestion that any findings
of oral-based analgesia are not due to sweet per se, but
instead, are associated more specifically with the palat-
ability (or reward value) of the ingesta. Although the 8%
solution used in the present study falls within the average
range of sucrose concentrations (7% - 10%) apparently
preferred by adults [35], most subjects in the current
study described the 8% sucrose solution as being “too
sweet” or “sickeningly sweet” and thus, relatively unpal-
atable. On the other hand, because the subjects were
dlightly water-deprived and perhaps nervous under these
conditions, the water may have tasted more palatable
than the sucrose solution. Note that even though previous
studies [18-20] used sucrose concentrations even higher
than ours (24% vs 8%) and found evidence of threshold
SIA, subjects under the conditions of those studies rated
the pleasantness of this sweet taste (and thus its pal atabi-
lity) significantly higher than water. Collectively, these
opposing results appear to suggest that palatability may
be the critical factor in diciting the release of opioids and
thus the production of analgesia.

Indeed, results from several other lines of research
support the hypothesis that it may the positive hedonic
value of the sucrose, and not the sweetness or the caloric
content of the ingesta, which mediates SIA [3,5,6,17,30,
36,37]. For instance, in a series of well controlled studies,
Foo and Mason [36] showed that experimental manipula-
tions of the palatability or hedonic value of ingested sub-
stances (e.g., chocolate, water, sucrose) consistently pre-
dicted the analgesic effects in rats. For example, when
the hedonic value of these normally palatable foods is
compromised by either a conditioned taste aversion or
naltrexone injections, the analgesic effect is weakened.
Moreover, when the hedonic value of water is increased
(as in water-deprivation or LPS induced illness), water
alone has been aso shown to increase CSF and plasma
EOP levels [5] and produce analgesia in rats [36]. Our
results with human males suggest that the hedonics/pal-
atability of the ingesta may also play a significant role in
human response to pain. Therefore, future studies of SIA
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with human adults should examine the specific role that
food palatability plays in inducing analgesia. Only then
can we determine whether SIA (or perhaps, palatability-
induced analgesia) is an enduring characteristic of the
human CNS, and perhaps more importantly, may help in
the alleviation of pain during clinical procedures. If so, it
may be possible to establish the specific conditions under
which individuals may self-medicate with preferred and
palatable substances in order to mitigate pain during me-
dical and non-medical procedures.
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