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Abstract

Few studies in the literature associated transcutaneous electrical stimulation (TENS) use with an antiinflammatory activity. The purpose of
this study was to investigate the effects of low (10 Hz)- and high (130 Hz)-frequency TENS on hyperalgesia and edema that occur after
injection of carrageenan in rat paw. After induction of inflammation, either low- or high-frequency TENS was applied in the rat paw for 20
min, and the effect of TENS treatment on escape or paw withdrawal and edema was measured. Both low- and high-frequency TENS inhibited
by 100% the hyperalgesia but not the edema response. However, low-frequency TENS presented longer lasting effect as compared with high-
frequency TENS. Naltrexone-treated animals showed a complete reversion of the analgesic effect induced by low- but not high-frequency
TENS. Thus, our data demonstrated absence of an antiinflammatory effect associated to TENS use and confirmed the participation of

endogenous opioids on low TENS-induced analgesia.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Transcutaneous electrical nerve stimulation (TENS) is a
routine noninvasive treatment used in physiotherapy prac-
tice for pain relief in several inflammatory conditions (Levy
et al.,, 1987; Robinson, 1996; Ghoname et al., 1999). The
first clinical trial showing TENS efficacy in the control of
chronic pain was presented by Wall and Sweet (1967) as
early as 1967. From this very first study, many others were
followed, which showed that TENS variables, such as
frequency, stimulus intensity or pulse duration, could be
manipulated to contribute to the analgesic efficacy presented
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by TENS (Sluka et al., 1998; Gopalkrishnan and Sluka,
2000). Such studies have indicated that differential mech-
anisms underlie, for instance, high (>100 Hz)- and low (<10
Hz)-frequency TENS-induced analgesia, although both
frequencies could decrease dorsal horn neuron activity
during stimulation of somatic receptive fields in rats (Ma
and Sluka, 2001). In humans, it has been demonstrated
reversal by the opioid antagonist naloxone of the analgesia
induced by low-frequency TENS, which was not seen
following high-frequency TENS application (Sjolund and
Eriksson, 1979). At the experimental level, low (4 Hz)- and
high (100 Hz)-frequency TENS have been shown to reduce
hyperalgesia derived from injection of carrageenan or kaolin
in rat paws (Sluka et al., 1998, 1999), two standard models
in the study of inflammatory pain mechanisms (Ferreira et
al.,, 1993; Resende et al., 2001; Francischi et al., 2002).
These models are also useful in the discovery of new
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analgesic and antiinflammatory drugs (Smith et al., 1998;
Hawkey, 1999).

However, few studies in the literature associated TENS
use with an antiinflammatory activity. We sought in the
present study to verify whether a local application of low
(10 Hz)- or high (130 Hz)-frequency TENS in rat paws
would also affect paw inflammation (edema), in parallel to
the reported reduced hyperalgesic response. In addition,
participation of endogenous opioids in this response through
the use of a specific opioid antagonist (naltrexone) was also
studied.

2. Materials and methods

The protocols used in the present study were approved by
a local animal ethics committee (n° 19/2003).

2.1. Animals

Female Holtzman rats, weighing 160-180 g, from
Bioterism Center (CEBIO, Federal University of Minas
Gerais) were used throughout this study. The animals (four
to six per cage) were left to adapt to the new environment in
a room under temperature control (23-25 °C) and a light—
dark cycle of 12 h, beginning at 7 a.m. with food and water
ad libitum.

2.2. Carrageenan model of paw inflammation and pain

In essence, N-carrageenan (250 pg/0.1 ml physiological
saline, pH 7.2-7.4) was subcutaneously injected in one of
the plantar surface of rat hind paws (right) at zero time. The
contralateral paw was injected with the same volume of
saline (vehicle). This carrageenan protocol has proved
optimal to induce paw hyperalgesia and edema development
in previous studies (Resende et al., 2001; Francischi et al.,
2002).

2.3. Hyperalgesia measurement

Assessment of algesia consisted of measurement of the
threshold stimulus for reaction (escape or paw withdrawal)
using a weight (maximum limit of 500 g) applied to the pads
of hind paws by an experimenter using an Ugo Basile
apparatus; this is essentially the Randall and Selitto (1957)
method. The threshold for pain sensation was measured
before (time 0) and 1, 2, 3, 4, 6 and 24 h after the
intraplantar injection of carrageenan. Results are presented
as the difference in threshold between the test (carrageenan-
injected) paw and the contralateral, control (saline-injected)
paw. The more negative the value in y-axis, the greater
hyperalgesia intensity is show by the animal. Groups of N
rats yielded a mean (£S.E.M.) value for this *difference in
threshold; this is the value shown in the figures as
hyperalgesia in grams.

2.4. Edema measurements

The volume (ml) of the hind paws from control and
treated animals was measured with a hydroplethysmometer
(Ugo Basile 1750) at the same time points used for
hyperalgesia measurements, i.e., time 0 and 1, 2, 3, 4, 6
and 24 h after stimulus injection. Results are presented as
the difference in volume between the test paw and the
control paw for each animal with means (+S.E.M) derived
from the treatment groups, as before.

2.5. Transcutaneous electrical stimulation (TENS)

Electrical stimulation of rat paws with TENS was made
through a Neurodyn III apparatus (IBRAMED, Brazil).
This apparatus has been previously calibrated to release
the following parameters: high- and low-frequency stim-
ulation of 130 and 10 Hz, respectively, with pulse duration
of 130 ps. Limit for sensory intensity was considered
immediately below the motor threshold. Stimulation of test
groups (N=6 per group) was released during 20 min by
means of two specially constructed electrods (1-cm? size),
each one fixed in the dorsal and plantar surface of rat
paws at 2 h and 30 min of carrageenan injection. A
control (placebo) group (N=6), constituted by animals in
which electrods were fixed in carrageenan-injected paws
for 20 min but with no stimulation release, was also used.
Animals were freely moving in the cages during placebo
and TENS delivery.

2.6. Drug treatment

The opioid antagonist naltrexone (3 mg/kg ) was injected
subcutaneously (s.c.) 2 h before carrageenan administration
to verify involvement of endogenous opioid system during
TENS treatment.

2.7. Statistics

Animals were randomly ascribed to TENS or placebo
treatments. Mean group hyperalgesia and edema measure-
ments (£S.E.M.) at depicted times were compared under
the various treatments, with accepted differences when
P<0.05 given by analysis of variance (one-way ANOVA),
using the Sigma Stat 1.0 software in a Windows
environment.

3. Results

3.1. Hyperalgesia and edema development following intra-
plantar injection of carrageenan in rat paws

Experimental conditions of inflammation (hyperalgesia
and paw edema) in rat paws were established using the
intraplantar administration of different doses of carrageenan
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Fig. 1. Hyperalgesia (A) and edema (B) development following intraplantar injection of carrageenan in rat paws. B Saline (C—control), A carrageenan (Cg,
150 pg/paw), ¥ carrageenan (Cg, 250 pg/paw), ® carrageenan (Cg, 500 pg/paw). Hyperalgesia (A) is described as the minimal weight in grams applied to pads
necessary to provoke an escape movement by the animals at the various time points using a Randall-Selitto apparatus. The greater the negative y-axis values,
the most intense the hyperalgesic response is. Edema (B) was obtained by volume displacement of hind paws (ml) using a plethysmometer apparatus. Results
were presented as the difference between test and control paw values=S.E.M. in groups of five animals.

(150 to 500 pg/paw). As shown in panels (A) and (B) in Fig.
1, carrageenan induced a significant and dose-dependent
hyperalgesia and paw edema development, respectively.
Compared with control (saline-injected) animals, the hyper-
algesic and paw edema responses to carrageenan admin-
istration reached a maximal level by 3 h of injection and
lasted for the further 3 h, as also shown in Fig. 1. A return to
basal conditions occurred 24 h later in animals injected with
the two smaller carrageenan doses, i.e., 150 and 250 pg/paw
(data not shown). The dose of 250 pg/paw carrageenan was
chosen as the internal standard to induce hyperalgesia and
paw edema in further studies.

3.2. Effect of low and high transcutaneous electrical
stimulation (TENS) in the carrageenan model of pain and
inflammation

The effectiveness of TENS in the chosen experimental
model of inflammation was verified by submitting rats to a
local 20-min application of 10- or 130-Hz intensity TENS at
2 ' h of carrageenan response. As shown in panels (A) and
(B) in Fig. 2, both TENS intensities completely reverted the
hyperalgesia presented by carrageenan-treated animals in
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the following time point studied, i.e., at 3 h, indicating
development of an analgesic effect by TENS treatment.
However, the analgesic response due to TENS was of a
longer lasting nature in low frequency (10 Hz)—as
compared with the higher frequency-treated animals (130
Hz), as it was also detected following 4 h of carrageenan
administration in the former animals or 1'% h after TENS
application. Surprisingly, paw edema responses were not
modified by TENS treatment of the animals at any
frequency (Fig. 3A and B). Otherwise, switching off the
TENS delivery apparatus did not alter control (hyperalgesia
and paw edema) responses (shown by carrageenan injected
animals; Fig. 4A and B).

3.3. Effect of naltrexone on low- and high-frequency TENS-
induced analgesia

To test the effect of a pure opioid antagonist on TENS-
induced analgesia, animals were systemically treated with 3
mg/kg naltrexone 30 min before TENS. Naltrexone-treated
animals have shown a complete reversion of the analgesic
effect induced by low-frequency TENS at the 3rd and 4th h
of observation, as shown in panel (A), Fig. 5. Strikingly, the
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Fig. 2. Effect of low (A)- and high (B)-frequency TENS on hyperalgesia induced by carrageenan in rat paws. B C—controls (with no electrical stimulation). A
TENS (low-frequency TENS-10 Hz and high-frequency TENS, 130 Hz). T—stimulation of test group at 2 h and 30 min of carrageenan injection. Hyperalgesia
is described as the minimal weight in grams applied to pads necessary to provoke an escape movement by the animals at the various time points using a
Randall-Selitto apparatus. Results were presented as the difference between test and control values+S.E.M. in groups of five to six animals. * indicates p< 0,05

given by one-way ANOVA.
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Fig. 3. Effect of low (A)- and high (B)-frequency TENS on edema induced by carrageenan in rat paws. B C—controls (no electrical stimulation). A Low
TENS (low-frequency TENS,10 Hz, and high frequency, 130 Hz). T—stimulation of test group at 2 h and 30 min of carrageenan injection. Edema was obtained
by volume displacement of hind paws using a plethysmometer apparatus. Results were presented as the difference between test and control values+S.E.M. in

groups of five to six animals. *indicates p<0,05 given by one-way ANOVA.

analgesic effect of high-frequency TENS was neither
modified by previous treatment of the animals with the
same naltrexone dose (Fig. 5B) nor paw edema responses
shown by these animals (data not shown).

4. Discussion

Much of the success of the physiotherapy, while a
clinical therapy, relies on the adequacy of the physical
methods employed by the physiotherapists to treat their
patients (Prentice, 1998). It was long ago established in
either experimental animals and humans that one of such
methods, transcutaneous electrical stimulation (TENS),
induces analgesia through endogenous opioids and non-
opioid release mechanisms, and that TENS-induced anal-
gesia is dependent on stimulation parameters (Sjolund and
Eriksson, 1979). Progress with TENS use in clinics made
available many methods for its application under various
pathological conditions presented by patients (Robinson,
1996). However, basic information for a more efficacious
use of TENS in humans is still lacking inasmuch as sparse
and often poorly controlled experiments using TENS are
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found in the literature. In addition, few studies have been
developed to demonstrate TENS efficacy under inflamma-
tory conditions. In the present study, we sought to verify the
efficacy of two-frequency intensities of TENS (10 or 130
Hz) in a standard experimental model of inflammation in
rats (Sluka et al., 1994), which allows concomitant pain and
paw edema development evaluation. As it has been shown,
low- and high-frequency TENS were highly effective as
analgesic treatments, as both abolished inflammatory pain
(hyperalgesia) presented by the animals, thus confirming
and extending previous reports (Gopalkrishnan and Sluka,
2000). Furthermore, low frequency compared with high-
frequency TENS has shown a better analgesic profile as its
effect was of longer duration under our experimental
conditions. However, no antiedematogenic efficacy has
been observed following either high- or low-frequency
TENS used. In fact, paw edema and hyperalgesia responses
seem to subserve independent mechanisms of activation, as
observed in various models of acute and chronic inflam-
mation by our and other groups (Tatsuo et al., 1994;
Resende et al.,, 2001; Lorenzetti and Ferreira, 1985).
Moreover, our data strongly suggest that the analgesic
mechanism of low-frequency TENS but not that of high-
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Fig. 4. Effect of switched-off TENS on hyperalgesia (A) and edema (B) induced by carrageenan B C—Cg-injected animals (A and B). A Switched-off TENS
(placebo group, panels A and B). T—switched-off TENS was applied at 2 h and 30 min after intraplantar injection of carrageenan. Results (in g [A] and in ml
[B]) depicted in the figure refer to the mean difference between test and control paw values=S.E.M. in groups of five animals.
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Fig. 5. Effect of naltrexone (Nx) on low (A)- and high (B)-frequency TENS following hyperalgesia induced by carrageenan (Cg). Nx and T indicate treatment
with naltrexone and TENS, respectively. C1—saline was administered subcutaneously at 2 h after Cg and associated at 2 h and 30 min with low (10 Hz)- or
high (130 Hz)-frequency TENS. A C2—saline was administered subcutaneously at 2 h after carrageenan and associated at 2 h and 30 min with switched-off
TENS. ¥ Nx—naltrexone was administered at 2 h after Cg and associated with low (10 Hz) or high (130 Hz) at 2 h and 30 min after injection of Cg in rat paw.

N=6-8 animals/group *indicates p<0,05 given by one-way ANOVA.

frequency TENS is related to the endogenous release of
opioids inasmuch as it has been reverted by a systemic low
dose of naltrexone, a long-lasting and full opioid antagonist
(Reisine and Pasternack, 1996). This result was consistent
with those from Watkins et al. (1984) and Terman et al.
(1984), whose studies used both higher doses of naltrexone
and a more aggressive or stressful stimulation, such as that
given by inescapable foot shock in rats. In addition, our data
are in agreement with findings from Sluka et al. (1999), who
showed similar results to ours using naloxone, another
classical full opioid antagonist. Other studies have also
demonstrated that the analgesic effect produced by low-
frequency stimulation is naloxone reversible, while high-
frequency stimulation is not (Lee and Beitz, 1992; Guo et
al., 1996). However, controversy still remains, as several
other studies have demonstrated a participation of endog-
enous opioids in analgesia induced by both high- and low-
frequency TENS (Hughes et al., 1984; Han et al., 1991;
Kalra et al., 2001). In our opinion, the controversy may
reflect differential experimental conditions used, such as the
site of TENS stimulation or the own frequency chosen by
the different research groups. Perhaps, more importantly,
other endogenous substances at the central nervous system,
such as histamine, serotonin, noradrenaline, etc., may also
mediate TENS-induced analgesia (Terman et al., 1984).
Giving further support to our working hypothesis, i.e.,
the involvement of endogenous opioids in the analgesic
efficacy of low-frequency TENS is the existence of spinal
opioid circuits and/or activation of descending inhibitory
pathways (Kalra et al., 2001), whose neurons contain mu,
delta and kappa opioid receptors. These receptors have been
localized presynaptically on primary afferent fibers and
postsynaptically on dorsal horn neurons (Lamotte et al.,
1976; Fields et al., 1980). Furthermore, the presence of
opioid peptides met-enkephalin-Arg-Phe (MEAP) and
dynorphin A in the cerebral spinal fluid of humans after
application of either high- or low-frequency TENS have
been demonstrated (Han et al., 1991). Localization of these
receptors and the presence of endogenous opioids in the
spinal cord provide both an anatomic and a pharmacological
basis to understand the modulation of inflammatory pain-

driven inputs by low-frequency TENS under our exper-
imental conditions.

Stress during manipulation of the animals could be
another source contributing to the pain relief given by TENS
in our assays, as previously considered. So, to evaluate
the contribution of stress in the detected TENS-induced
analgesia, animals were exposed to switched-off TENS. As
shown, no analgesic effect was detected under such
condition, thus discarding a stress component to the
analgesic effect observed in animals treated either with
low- or high-frequency TENS. However, mechanisms
underlying the detected differences between analgesia
induced by low- and high-frequency TENS, apart (1) the
longer duration of analgesic effect and (2) the participation
of endogenous opioids in the former case as presently
demonstrated, remain unclear. At light of such findings,
however, we may suggest that the use of the lower
compared with higher frequency TENS may have a better
prognostic profile in the treatment of small contusions, for
instance, in athletes.

In conclusion, our data clearly demonstrated absence of
an antiinflammatory effect associated with TENS use,
independent of whether TENS was delivered in high (130
Hz)- or low-frequency (10 Hz) intensities. However, low-
and high-frequency TENS were highly effective as a local
treatment for inflammatory pain relief, giving further
support for TENS use under inflammatory conditions, such
as those accompanying small accidents in sports and in daily
life. In addition, participation of endogenous opioids on
TENS-induced analgesia was confirmed in low- but not in
high-frequency (TENS) treated animals, thus confirming
and extending previous findings in which concomitant
inflammation had not been addressed as an intervening
factor.
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