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Background: The use of acupuncture in the treatment of pain conditions has been extensively investigated. How-
ever, the influence of dietary ingredients on acupuncture-induced analgesia (AA) remains unexplored. Recently,
the role of adenosine receptors in AA has been shown, and caffeine, one of the world’s most commonly consumed
dietary ingredients, is an antagonist of these receptors. In this study, the postincisional pain model was used to
investigate caffeine’s influence on AA.
Method: Mice submitted to plantar incision surgery were treated with acupuncture needling after administration
of acute or chronic caffeine. Acupuncture needling was performed using two different types of stimuli, manual
acupuncture and electroacupuncture bilaterally in the acupoint SP6.
Results: We found that acute preadministration of caffeine (10 mg/kg, i.p.) completely reversed AA in both types
of acupuncture. In the chronic preadministration, we used two doses that mimicked the average daily caffeine
consumption in Western countries and China. Interestingly, the Western dose of caffeine (70 mg/kg/day) admin-
istered during 8 days in the drinking water reversed AA and the Chinese dose (4 mg/kg/day) administered dur-
ing the same period did not.
Conclusions: These results indicate that the use of caffeine can inhibit the analgesic effect of different forms of acu-
puncture. In addition, our findings suggest that doses of caffeine relevant to dietary human intake levels could be
a confounding factor in the context of acupuncture research.

Introduction

The use of acupuncture in the treatment of pain condi-
tions has been extensively investigated in different mod-

els of basic science and clinical research.1 Moreover, due to
increasing concerns regarding the side effects of analgesics
and anti-inflammatory drugs, acupuncture has been widely
used clinically.2 Despite the widespread use of acupuncture
for pain management, explaining the relationship between
acupuncture’s clinical effects and its neurobiological mecha-
nisms is still a challenge to modern science.3 Several studies
have shown that acupuncture modulates the endogenous an-
algesic pathways by activating the opioid, serotonergic, and
noradrenergic systems.1 Recently, there has been growing in-
terest in the role of the adenosine receptors in the analgesic
effects of acupuncture.4 Caffeine, a commonly consumed di-

etary component, is an antagonist at these receptors and
has the potential to affect analgesia (AA).5

Caffeine is naturally found in coffee beans, cacao beans,
and tea leaves, and is one of the most commonly consumed
dietary ingredients throughout the world.6 It is also available
as a drug, used as a stimulant, or added to analgesics in over-
the-counter formulations.5 Moderate caffeine consumption is
considered safe and its use as a food ingredient has been
approved, within certain limits, by numerous regulatory
agencies.6 Many studies confirm that caffeine has some bene-
ficial effects, such as the ability to enhance mood, alertness,
and exercise performance.7,8 Additionally, meta-analyses of
adjuvant actions of caffeine suggest that it may be useful
for enhancing relief of headache pain.9 However, the use of
caffeine as an adjuvant to treat other pain conditions has
been questioned by preclinical studies that show that caffeine
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blocks the antinociceptive effect of several drugs, including
acetaminophen, amitriptyline, and other antidepressants,
and carbamazepine, which are currently used to treat pain
in humans.10–13

In clinical practice, since ancient times, most acupuncturists
use manual acupuncture (MA) (lifting-thrusting and twisting-
rotating needle manipulations) to treat pain conditions. In the
past 50 years, electroacupuncture (EA) (adding electric current
to the acupuncture needles) was introduced to acupuncture
treatments and its use is becoming a popular type of stimuli.1

The clinical efficacy of both modalities of stimuli has been
show in different studies and many authors suggest that MA
and EA work through different neural mechanisms, based on
the fact that the two modalities have significantly different ef-
fects on brain image studies and distinct patterns of neuro-
transmitter release in the central nervous system.1

In the present study, using a translational research perspec-
tive, we investigated the possible influence of acute and
chronic caffeine preadministration in two of the most com-
mon forms of acupuncture stimuli, MA and EA, using a post-
operative pain model in mice.

Materials and Methods

Animals

Experiments were conducted using adult male Swiss mice
(25–35 g) from the animal facility of the Universidade Federal
de Santa Catarina (UFSC, Florianópolis, SC, Brazil) and prop-
erly housed in cages (six animals per cage) at 22 – 1�C under
a 12-hour light/12-h dark cycle (lights on at 06:00 hours) at
60–80% humidity with free access to food and tap water.
All animal care and experimental procedures were carried
out in accordance with the National Institutes of Health Ani-
mal Care Guidelines (NIH publications No. 80–23), and con-
ducted following the protocol approved by the Committee
of the Ethical Use of Animals of the Universidade Federal
de Santa Catarina (CEUA/UFSC protocol number PP00574).
Animals were habituated to the laboratory conditions for at
least 1 hour before testing and all experiments were performed
during the light phase of the cycle. All efforts were made to
minimize the number of animals used and their suffering.14

Acupuncture needling

Mice were anesthetized with 1–2% isoflurane delivered via
a nose cone to minimize restraint-induced stress. Then, stain-
less needles (0.18 mm/diameter and 8 mm/length) were
inserted bilaterally into Sanyinjiao acupoint (SP6) at a depth
of 3 mm. In mice, the SP6 acupoint has been used in the
study of pain conditions and is located 2 mm proximal to
the upper border of the medial malleolus, between the poste-
rior border of the tibia and the anterior border of the Achilles
tendon.15–17 Needles inserted at the SP6 acupoint stimulate fi-
bers of the flexor digitorum longus muscle and branches of
the tibial nerve, which is related to the innervation of the
plantar surface of the hindpaw.18 For EA, electrical current
was passed along the inserted needle for 10 min using a
NKL EL-608 electrostimulator (NKL produtos eletronicos,
Brusque, SC). Previously determined EA parameters of low
frequency (10 Hz) at 3 mA and 0.1 ms pulse width, which
showed significant anti-hyperalgesic effects in a rat model
of paw inflammation (CFA) were chosen for the present

study stimulation.19 For MA, animals underwent the same
procedures of the EA treatment, but instead of electrical stim-
ulation, the needle was manually rotated at a rate of two spins
per second for 15 seconds each in a total of 30 seconds and
was left inserted for an additional 10 minutes.20 Animals
appeared fully recovered from the anesthetic, 5 minutes
after the end of the needling procedures.

It is important to mention that mice were treated under
light isoflurane anesthesia. This method that has been vali-
dated by other authors and it is extensively used in different
acupuncture studies.21,22 Moreover, we carefully used control
groups to exclude the possible influences of isoflurane and
caffeine in the hyperalgesia induced by the postoperative
model. In addition, we performed an open field test to verify
if there was any influence of isoflurane or caffeine in the
motor activity of mice and no difference was found compared
to naive animals (data not shown).

Mouse model of postincisional pain

The plantar incision surgery was performed as previously
described.23 Briefly, mice were anesthetized with 1–2% iso-
flurane delivered via a nose cone. After sterile preparation
of the right hind paw, a 5-mm longitudinal incision was
made through the skin and fascia of the plantar surface
using a number 11 scalpel blade. The incision started 2 mm
from the proximal edge of the heel and extended toward
the toes. The underlying muscle was elevated with a curved
forceps, leaving the muscle origin and insertion intact. After
wound homeostasis, the skin was opposed with an 8.0
nylon mattress suture, and the wound was covered with a
10% povidone–iodine solution. Control animals were anes-
thetized, but no incision was made.

Mechanical hyperalgesia

The mechanical hyperalgesia was measured as described
previously.24 Mice were acclimated in individual clear boxes
(9 · 7 · 11 cm) on an elevated wire mesh platform to allow ac-
cess to the ventral surface of the hind paws. The mechanical
sensitivity (Von Frey) test consists of thin calibrated plastic fil-
aments that are applied to the plantar surface of the right hind-
paw. The withdrawal response frequency was determined by
10 applications of 0.4 g von Frey filament (Stoelting, Chicago,
IL), each 5 seconds in duration, and expressed as a percentage
of the withdrawal response to nociceptive behavior. Mechani-
cal hyperalgesia was tested 24 hours after plantar incision and
30 minutes after adenosine, EA or MA treatment.

Drug administration

To evaluate the influence of the acute administration of caf-
feine on acupuncture-induced AA, 24 hours after the plantar
incision, postsurgery mice were treated with an intraperito-
neal (i.p.) injection of caffeine (a nonselective adenosine re-
ceptor antagonist, 10 mg/kg) or saline (10 mL/kg), and
after 30 minutes, animals were treated with EA or MA.
Another group of mice was treated with saline (10 mL/kg,
i.p.) or caffeine (10 mg/kg, i.p.), and after 30 minutes, animals
were treated with adenosine (nonselective adenosine receptor
agonist, 50 mg/kg, i.p.) or vehicle (saline 10 mL/kg, i.p.).
These last two groups received adenosine and saline treat-
ment under 1–2% isoflurane anesthesia delivered via a nose
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cone during 10 minutes (same time length of EA and MA
treatment). Mechanical hyperalgesia was assessed in all
groups 30 minutes after adenosine administration or acu-
puncture needling procedures. To evaluate the influence of
chronic caffeine administration, animals received drinking
water, which contained 0.015 (0.0015%) or 0.3 g/L (0.03%)
caffeine for 8 days. Twenty-four hours after the plantar inci-
sion surgery, animals were treated with adenosine (50 mg/
kg, i.p.), saline (10 mL/kg, i.p.), MA or EA. Another group
of mice received drinking water without caffeine for 8 days
and were treated with adenosine (50 mg/kg, i.p.), saline
(10 mL/kg, i.p.), MA or EA. Mechanical hyperalgesia was
assessed in all groups 30 minutes after adenosine administra-
tion or acupuncture needling procedures.

Average fluid consumption of the drinking water was
7 mL/day/mouse. If all consumption resulted in caffeine in-
take, this would correspond to doses of *4 mg/kg/day or
*70 mg/kg/day, using the caffeine concentration of 0.0015%
or 0.03%, respectively.11,25

Previous studies have related the dosage of 0.03% to mod-
erate human dietary caffeine consumption.11,25 Based on the
average caffeine consumption in different countries described
by Fredholm et al.,26 we noticed that an average of daily caf-
feine consumption in China is approximately twenty times
lower than in Western countries (Table 1). Using a transla-
tional approach, we considered the concentration of 0.03% a
Western dose of caffeine and the concentration of 0.0015% a
Chinese dose of caffeine.

It is important to notice, as previously described in this
drug administration section, that we performed all treat-
ments (vehicle, adenosine, and acupuncture) using light iso-
flurane anesthesia. We included the groups vehicle + saline
and vehicle + caffeine in all the sets of experiment to control
the possible influence of the pharmacokinetic interaction be-
tween caffeine and isoflurane in animal pain behavior. More-
over, a previous study has demonstrated that isoflurane
anesthesia did not influence the pain behavior in animals
that were pretreated with caffeine.27

Drugs

Caffeine and adenosine were purchased from Sigma
Chemical Co., USA. For i.p. injections, drugs were diluted
in saline. Caffeine was dissolved in drinking water for the

chronic administration. Drug dosages were selected on the
basis of previous studies,11,28 except the caffeine dose of
0.0015% in the drinking water, that was chosen to mimic
the average Chinese consumption of caffeine.

Statistical analysis

The results are presented as mean – standard errors of the
mean (SEM) for each group and were statistically evaluated
by analysis of variance (ANOVA) for repeated measures fol-
lowed by Bonferroni multiple comparisons as the post hoc test
using GraphPad Prism version 5.0 (GraphPad Software, Inc.,
San Diego, CA). p-Values of <0.05 were considered as indic-
ative of significance.

Results

Acute caffeine administration prevents antihyperalgesic
effect of acupuncture or adenosine

The results presented in Figure 1 show that the plantar in-
cision in mice produced marked mechanical hyperalgesia
when measured using the von Frey filament and compared
with a naive response ( p < 0.001). In addition, treatment of
mice with adenosine (50 mg/kg, i.p.) or acupuncture nee-
dling, using both manual (MA) and electrical stimulation
(EA), inhibited the hyperalgesia caused by plantar incision.
Furthermore, we found that acute pretreatment of mice
with caffeine (10 mg/kg, i.p.), produced a significant inhibi-
tion of the antihyperalgesic effect induced by adenosine
(50 mg/kg, i.p.), EA and MA in this postoperative pain
model when assessed with the von Frey test (Fig. 1).

Western dose of caffeine prevents antihyperalgesic effect
of acupuncture or adenosine

The results presented in Figure 2 show that chronic admin-
istration of caffeine, 0.03% in drinking water for 8 days,

Table 1. Average Levels of Daily Caffeine

Consumption in Different Countries

Country mg/person/day

China 16
United States 168
United Kingdom 202
Canada 210
Italy 210
Australia 232
France 239
Brazil 300
Germany 313
Sweden 407

Data adapted from 1995 food balance sheets of the Food and Agri-
culture Organization of the United Nations.26

FIG. 1. Effect of acute caffeine preadministration on analge-
sia (AA). Evaluation of mechanical hypersensitivity in the
postincisional pain model in mice. Each group represents
the mean of eight animals, and the vertical error bars indi-
cate the SEM. $$$p < 0.001 when compared with the naive
group; ***p < 0.001 when compared with the vehicle group;
###p < 0.001 when compared with respective saline + treatment
groups. EA, electroacupuncture; MA, manual acupuncture.
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reversed the antihypersalgesic effect caused by EA or MA,
when assessed with the von Frey test. Caffeine also reverted
the antihyperalgesic effect of adenosine (50 mg/kg, i.p.).

Chinese dose of caffeine does not prevent antihyperalgesic
effect of acupuncture or adenosine

The results presented in Figure 3 show that chronic admin-
istration of caffeine, 0.0015% in drinking water for 8 days, did
not influence the antihyperalgesic effect induced by adeno-
sine (50 mg/kg, i.p.) or by acupuncture when assessed in
the von Frey test.

Discussion

The present study confirms and largely extends previous
data from the literature by demonstrating that adenosine

receptors are involved in acupuncture-induced AA. In addi-
tion, we demonstrated that acute and chronic administration
of caffeine 0.03%, but not 0.0015%, in drinking water, pre-
vented the antihyperalgesic effect caused by acupuncture
needling, using both manual and electrical stimulation, and
adenosine in a mouse model of postoperative pain. These ob-
servations suggest that endogenous adenosine is involved in
AA because the pharmacological properties of caffeine in-
volve the blockade of adenosine receptors.5 Another study
has previously reported the involvement of adenosine recep-
tors in the antinociceptive effect of acupuncture in mouse
models of inflammatory and neuropathic pain.4 Moreover,
a local increase of adenosine after acupuncture needling
was recently described in human subjects.29 Collectively,
these reports suggest that adenosine is an important endoge-
nous mediator of the analgesic properties of acupuncture
needling.

The mechanism by which acupuncture needling interacts
with the adenosinergic system is likely through ATP release
after the insertion of an acupuncture needle into the muscle
cell.4 ATP can be metabolized extracellularly to ADP, AMP,
and adenosine by ectonucleotidases; extracellular adenosine
then activates A1 receptors (A1Rs) located in the nociceptive
neuron.30 Furthermore, the participation of A1Rs in AA has
been shown by Goldman and colleagues with the demonstra-
tion that MA did not change the pain behavior of A1R knock-
out mice.4

In this study, we show that adenosine, administered sys-
temically, induces anti-hyperalgesic effect in the postopera-
tive pain model and this effect is similar to acupuncture
needling. Additionally, acute and chronic preadministration
of caffeine blocks this antihyperalgesic effect. Consistent
with this data is the observation that, in different pain mod-
els, adenosine analogs produce pain relieving effects,31–33

which can be blocked by caffeine preadministration.28,34

However, adenosine or caffeine administration can produce
either analgesic or pronociceptive effects depending on
many variables, including dose, administration site, and the
modality of pain treated.5,35,36 This duality observed in the ef-
fects of adenosine and caffeine in pain conditions may be re-
lated to the expression of adenosine receptors in the nervous
system.37 Both drugs activate A1 and A2A receptors and,
while the first inhibits nociception, the second can facilitate
nociception.36

Human caffeine intake levels vary between countries, and
generally range from 16 mg/day in China to 150–400 mg/day
in Western countries (Table 1).26,38 Based on this pattern of
caffeine consumption, we chose the dosing levels for mice.
Initially, using a chronic oral Western dosing regimen of caf-
feine (0.3 g/L in the drinking water for 8 days), we observed a
blockade of AA comparable to the blockade observed with an
acute preadministration of caffeine (10 mg/kg, i.p.), given
30 minutes before acupuncture. On the other hand, we dem-
onstrated that the Chinese dosing regimen of caffeine
(0.015 g/L for 8 days, in the drinking water) did not affect
AA. In addition, it is important to notice that the effect of
these different doses of caffeine had a similar effect on both
MA and EA, which are the two most common forms of acu-
puncture stimuli used in clinical practice and research.

Acute ingestion of two cups of strong coffee (100 mg of caf-
feine) by a man weighing 70 kg equates to a dose of approxi-
mately 3.6 mg/kg.38 At first glance, the doses of caffeine used

FIG. 2. Effect of the Western dose (0.03%) of caffeine
on AA. Evaluation of mechanical hypersensitivity in the post-
incisional pain model in mice. Each group represents
the mean of eight animals, and the error bars indicate the
SEM. $$$p < 0.001 when compared with naive group;
***p < 0.001 when compared with vehicle group; #p < 0.05,
##p < 0.01 and ###p < 0.001 when compared to respective drink-
ing water + treatment groups.

FIG. 3. Effect of the Chinese dose (0.0015%) of caffeine
on AA. Evaluation of mechanical hypersensitivity in the
postincisional pain model in mice. Each group represents
the mean of eight animals, and the error bars indicate the
SEM. $$$p < 0.001 when compared with the naive group;
***p < 0.001 when compared with the vehicle group.
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in this study seem much higher than the ones observed in
human consumption. However, direct extrapolation between
mice and humans may not be entirely appropriate due to
pharmacokinetics and other variables.11 One example is the
use of morphine in animal studies. While humans need
doses of approximately 0.5 mg/kg of morphine to control
pain after a surgical procedure,39 in the mouse model of post-
operative pain, a dose of morphine twenty times higher
(10 mg/kg) than the human dose needs to be administered
to inhibit the nociceptive behavior.18 In addition, other
basic science studies have related the same doses of caffeine
used in this study to human dietary consumption levels.11,34

Of note, in 1994, Liu and colleagues demonstrated that
caffeine could influence the analgesic effect of EA in rats;
however, it only used acute administration of caffeine and
teophyline.40 In 2010, Zylka published a commentary using
part of the data from the above-mentioned article and sug-
gested that caffeine could influence AA in clinical practice.30

Thus, our study is the first in the literature to demonstrate
that caffeine can influence the effect of MA stimuli and that
chronic caffeine intake, in doses relevant to human consump-
tion, can inhibit AA.

Interestingly, other treatment modalities used to manage
pain conditions have their effects inhibited by caffeine. The
antinociceptive effects of amitriptyline, oxcarbazepine, and
acetaminophen are blocked by caffeine in animal mod-
els10,11,28; while the effect of transcutaneous electrical nerve
stimulation has been reported to be inhibited by caffeine in
humans.41 All of these treatment modalities modulate endo-
genous adenosine metabolism and it is not surprising that
the use of an antagonist of adenosine receptors may inhibit
their effects.

The differences in the results of acupuncture clinical trials
conducted in China compared to those conducted in Western
countries are intriguing. The number of studies in China fa-
voring acupuncture treatment is much higher than in the
Western country studies.42 While some authors suggest that
publication bias, cultural factors, and poor methodology of
the Chinese studies are related to this high proportion of stud-
ies favoring acupuncture,42–44 the results of our study suggest
that caffeine consumption may be related, at least partially, to
the difference observed in Chinese and Western trials.

Caffeine is the most widely consumed psychoactive agent
in the world and, given its ability to interfere with AA, as
shown in this study, it is necessary to consider the effects of
caffeine intake in acupuncture practice. At acupuncture clin-
ics, it is common to observe prospective clients drinking cof-
fee or tea in the reception area while they wait for treatment.
In the research field, significant variations of caffeine con-
sumption can be expected in patients that are participating
in clinical trials. Our observations that acute caffeine admin-
istration inhibits AA and that Western and Chinese doses of
caffeine have different effects, raise two questions (1) should
acupuncturists advise their patients not to use caffeine before
their treatment? (2) should researchers add a caffeine con-
sumption item to research questionnaires, to evaluate the influ-
ence of this consumption on the study outcome? Further
studies with detailed consideration of caffeine–acupuncture in-
teractions are warranted to precisely answer these questions.

Finally, we should point out some limitations of the pres-
ent study. We did not perform a dose–response curve to de-
termine what was the lowest dose of caffeine to inhibit the

AA, and previous studies have demonstrated that lower
doses of caffeine (3.75 mg/kg) can inhibit the effect of drugs
that influence the adenosine receptors, like amitriptyline.10

Moreover, we did not use other methods, like histology and
electrophysiological recordings, to support our findings.
However, as mentioned before in this article, we designed
the experiments using a translational perspective, using
doses that are considered relevant to the human intake levels
of caffeine by different authors,11,25 and our behavior tests
clearly demonstrated the influence of acute and chronic caf-
feine administration in the AA. It will be interesting in future
basic science studies to investigate more details about caf-
feine’s influence in AA.

Conclusion

In conclusion, the results of this study confirm that the anti-
nociceptive effect of acupuncture needling is mediated, in
part, through interactions with adenosine receptors. This
antinociceptive effect occurs following both manual and EA
and can be reversed by acute and chronic preadministration
of caffeine. Moreover, we demonstrate for the first time that
caffeine consumption in a dietary context can influence the ef-
ficacy of acupuncture-induced AA. In addition, our findings
raise the possibility that doses of caffeine relevant to dietary
human intake levels could be a confounding factor in the con-
text of acupuncture research. Further studies with detailed
consideration of caffeine–acupuncture interactions in humans
are warranted.
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