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Purpose: Oxygen deficiency in tumors reduces the efficacy of nonsurgical treatment modalities. We tested the
hypothesis that electrical stimulation of the sciatic nerve could modify the oxygenation status and the blood flow
of tumors implanted in the thigh of mice.
Methods and Materials: The sciatic nerve was electrically stimulated at 5 Hz. Local transplantable liver tumor
(TLT) and fibrosarcoma (FSaII) tumor oxygen pressure (pO2) and perfusion measurements were carried out
using electron paramagnetic resonance (EPR) oximetry and the OxyLite/OxyFlo technique. The radiosensitizing
effect of the protocol was assessed by irradiating FSaII tumors with X-rays.
Results: Tumor pO2 increased from�3 mm Hg to �8 mm Hg, and relative tumor blood flow was increased by
241% and 162% for TLT and FSaII tumor models, respectively. The effect on the tumor oxygenation was
inhibited by a nitric oxide synthase (NOS) inhibitor, and an increase in the tumor nitric oxide (NO) content was
observed using EPR spin-trapping. The tumor oxygen consumption rate was decreased after the stimulation
protocol. In addition, the electrical stimulation of the host tissue increased regrowth delays by a factor of 1.65.
Conclusions: This increase in tumor oxygenation is due to the temporary increase in tumor blood flow, but
particularly to a decrease in the tumor oxygen consumption rate (inhibition of respiration) that is mediated by
a local production of NO during the protocol. Those tumor hemodynamic changes resulted in a radiosensitizing
effect. © 2003 Elsevier Science Inc.

Tumor, Oxygenation, Perfusion, Nitric oxide, Electric pulse.

INTRODUCTION

Tumor oxygenation and blood flow are of fundamental
importance to many forms of cancer therapy. Oxygen defi-
ciency in tumors reduces the efficacy of nonsurgical treat-
ment modalities such as conventional radiotherapy and che-
motherapy. This oxygen deficiency is caused by an
insufficient oxygen supply as a result of inadequate tumor
perfusion (diffusion-limited hypoxia) and fluctuations in red
cell flux (acute hypoxia) (1–5). Therefore, blood flow mod-
ifiers are investigated for their potential benefit in terms of
treatment efficacy (6). The use of vasoactive agents (7) or
carbogen breathing (8, 9) are also evaluated for their poten-
tial therapeutic interest. Other interventions are aimed at
radiosensitizing hypoxic cells (10). However, only a few
studies have focused on the role of the physiologic condi-
tions of the host tissues.

We aimed to test the hypothesis that the electrical stim-
ulation of the host tissue could modify the oxygenation
status and the blood flow of tumors implanted in the thigh of
mice. Skeletal muscle blood flow is increased in response to
physical exercise in order to supply additional oxygen to
meet the muscle metabolic demand (11, 12). Intermuscular
and intramuscular perfusion differences were measured dur-
ing exercise by [15O]-H2O positron emission tomography
imaging in healthy subjects (13). Exercise training elevates
nitric oxide (NO) bioavailability through a variety of mech-
anisms, including increased nitric oxide synthase (NOS)
enzyme expression and activity (14). Kolleret al. found that
removal of endothelium eliminated flow-dependent dilation
and that inhibition of NO synthesis significantly reduced the
dilation to increases in flow in rat skeletal muscle arterioles
(11). Gilliganet al. also showed a reduced exercise-induced
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vasodilation in the human forearm after inhibition of NOS
with N-monomethyl-L-arginine (L-NMMA) (15). Roberts
et al. finally demonstrated that acute exercise increased both
neuronal and endothelial NOS activity in rats (16).

We wanted to know if the oxygenation and blood flow
could increase in tumors implanted in muscles in response
to electrical stimulation of the host tissue. We monitored the
tumor oxygen pressure (pO2) during and after a 15-min
stimulation protocol on two different tumor models. This
effect was evaluated using low-frequency electron paramag-
netic resonance (EPR) oximetry and the OxyLite technique.
Modification of the tumor blood flow was estimated by the
OxyFlo technique. These methods are adequate to assess
modifications of local pO2 as well as perfusion of the
tumors (7, 17–19). In addition, the tumor cells’ oxygen
consumption rate was measured ex vivo using EPR spec-
troscopy (20). Finally, to establish the therapeutic relevance
of this approach, the radiation response of fibrosarcoma
(FSaII) tumors that were electrically stimulated was as-
sessed by local irradiation with 16 Gy of X-rays. We further
identified the likely underlying mechanism as a NO path-
way. For this purpose, we quantified the cyclic guanosine
monophosphate (cGMP) tumor content and detected an
increase in tumor NO production by EPR spin-trapping
during electrical stimulation of the host tissue.

METHODS AND MATERIALS

Animal tumor models
Two different tumor models were implanted in the thigh

of mice: a transplantable liver tumor model (TLT) (21) on
NMRI mice and the syngeneic FSaII tumor model (22) on
C3H mice. The measurements were carried out when the
tumor diameter was 8 � 1 mm. For each tumor, transversal
and anteroposterior measurements were obtained. An aver-
age tumor diameter was then calculated.

Experimental protocol
Anesthesia was first induced by an intraperitoneal injec-

tion of ketamine (80 mg/kg)/xylazine (8 mg/kg) and main-
tained with ketamine alone (30 mg/kg). Mice were main-
tained at 37°C using an homeothermic blanket. Platinum
electrodes were placed around the right sciatic nerve after
removing of the skin and exposure of the nerve. A 15-min
exercise protocol was achieved by electrical stimulation at 5
Hz, with 0.2-ms duration pulses (23). When used, the NOS
inhibitor, N�-nitro-L-arginine methyl ester (L-NAME,
Sigma, Steinheim, Germany) was injected intraperitoneally
at 15 �mol.kg�1, 1 h before the exercise protocol (24).

pO2 and blood flow measurements
Local tumor oxygenation measurements were carried out

using two independent techniques: EPR oximetry and a
fiber-optic device, OxyLite. We used the OxyFlo system to
assess the blood flow inside the tumor.

EPR oximetry. EPR spectra were recorded using an EPR
spectrometer (Magnettech, Germany) with a low-frequency

microwave bridge operating at 1.2 GHz and extended loop
resonator. Charcoal (Charcoal wood powder, CX0670-1,
EM Science, Gibbstown, NJ) was used as the oxygen-
sensitive probe in all experiments. Calibration curves were
made by measuring the EPR line width as a function of the
pO2. For this purpose, the charcoal was suspended in a
tumor homogenate and EPR spectra were obtained on a
Bruker EMX EPR spectrometer (9 GHz) between 0 and
21% O2. Nitrogen and air were mixed in an Aalborg gas
mixer (Monsey, NY), and the oxygen content was analyzed
using a Servomex oxygen analyzer OA540 (25). Mice were
injected in the center of the tumor (8-mm diameter) using
the suspension of charcoal (100 mg/mL, 50 �L injected,
1–25 microns particle size). The EPR measurements were
started 2 days after the injection. The tumor under study was
placed in the center of the extended loop resonator which
had a sensitive volume extending 1 cm into the tumor mass,
using a protocol previously described (7, 26).

Oxylite/Oxyflo technique. We used the Oxylite in con-
junction with Oxyflo (Oxford Optronix, Oxford, UK) for
simultaneously and continuously monitoring tissue blood
flow, oxygenation, and temperature at the same location
(18, 19). Fiber-optic microprobes combining a laser Dopp-
ler system, an oxygen-sensor that is based on the fluores-
cence quenching of a ruthenium dye, and a thermocouple
were inserted both into the tumor and in the muscle. Probes
were inserted using a 26G needle to make a track inside the
tissue. Back scattering measurements were used to validate
the absence of movement artifact influence on pO2 and flow
measurements. A baseline of 15 min of stable readings was
obtained before starting the stimulation protocol. Data were
collected continuously at a sampling frequency of 20 Hz,
before, during, and after electrical stimulation. Oxylite pO2

measurements are single point measurements; the volume
sampled is confined to the sensor tip (230 �m diameter).

Oxygen consumption rate evaluation
The method developed by James et al. (20) was used. All

spectra were recorded on a Bruker EMX EPR spectrometer
operating at 9 GHz. The exercise protocol was first per-
formed in vivo. Thirty minutes after the end of the sciatic
nerve stimulation, tumors were excised, trypsinized for 30
min, and cell viability was determined as previously re-
ported. Cells (2 � 107/mL) were suspended in 10% dextran
in complete medium. A neutral nitroxide, 15N PDT (4-oxo-
2,2,6,6-tetramethylpiperidine-d16-15N-1-oxyl, CDN iso-
topes, Quebec, Canada) at 0.2 mM, was added to 100-�L
aliquots of tumor cells that were then drawn into glass
capillary tubes. The probe (0.2 mM in 20% dextran in
complete medium) was calibrated at various [O2] between
100% nitrogen and air so that the linewidth measurements
could be related to [O2] at any value. The sealed tubes were
placed into quartz EPR tubes, and samples were maintained
at 37°C. As the resulting linewidth reports on [O2], oxygen
consumption rates were obtained by measuring the [O2] in
the closed tube over time and finding the slope of the
resulting linear plot.
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Irradiation and tumor regrowth delay assay
The tumor-bearing leg was locally irradiated with 16 Gy

of 250-kV X-rays (RT 250, Philips Medical Systems, Brus-
sels, Belgium). Mice were anesthetized, and the tumor was
centered in a 3-cm-diameter circular irradiation field. When
tumors reached 8.0 � 0.5 mm in diameter, the mice were
randomly assigned to a treatment group and irradiated. After
treatment, tumors were measured every day until they
reached a diameter of 15 mm, at which time the mice were
killed. A linear fit could be obtained between 8 and 15 mm,
which allowed us to determine the time to reach a particular
size for each mouse.

cGMP quantification
Electrically stimulated or control FSaII-bearing mice

were killed, and tumors were homogenized in cold 6%
(wt/vol) trichloroacetic acid. Samples were then centrifuged
at 2000 g for 15 min at 4°C. The supernatant was washed 4
times with 5 volumes of water-saturated diethyl ether. The
aqueous extract remaining was dried under a stream of
nitrogen at 60°C, and the dried extract was dissolved in a
0.05 M sodium acetate buffer before analysis. The cGMP
content was then determined by the cGMP enzyme immu-
noassay kit from Biotrak (Amersham Pharmacia Biotech
Europe GmbH, Freiburg, Germany).

Ex vivo NO spin-trapping experiment
The detection of NO produced in FSaII tumors was

conducted using the NO trapping method with the water-
soluble iron–MGD complex (iron–N-methyl-D-glucamine
dithiocarbamate). MGD and iron form a paramagnetic com-
plex with NO (NO-Fe2�(MGD)2), which gives a character-
istic triplet EPR spectrum (27, 28). The sodium salt of MGD
was from Alexis Biochemicals (Brussels, Belgium). For the
control group, 200 �L of a freshly prepared solution of iron
sulfate (20 mM) and MGD (100 mM) was administered
intravenously to anesthetized tumor-bearing mice. Thirty
minutes later, mice were killed and the tumor was taken,
homogenized, and immediately frozen in liquid nitrogen. In
this 30-min period, the experimental group was electrically
stimulated during the last 15 min and mice were killed
immediately after the end of the stimulation period (to use
the same timing as for the control group). The EPR spectra
were recorded at 77 K on a Bruker EMX EPR spectrometer
operating at 9.4 GHz. Typical spectrometer conditions were
as follows: incident microwave power: 40 mW; modulation
amplitude: 2 Gauss; sweep width: 150 Gauss; time constant:
5, 12 ms; 200 scans accumulation.

RESULTS

Effect of the electrical stimulation protocol on
tumor oxygenation

EPR oximetry relies on the oxygen-dependent broaden-
ing of the EPR linewidth of a paramagnetic oxygen sensor
implanted in the tumor (7, 17). The fiber-optic device,
OxyLite, allows pO2 measurement that is based on the

oxygen-quenched lifetime of a luminescent ruthenium dye
(18, 19). The two techniques we used are intended for
continuous measurement of the local pO2 without altering
the local oxygen concentration, and allow a real-time study
of the oxygen fluctuations in tissues. The stimulation of the
sciatic nerve modified tumor pO2 for both models. Oxygen-
ation increased during exercise and was maintained at least
30 min after the end of the protocol (Fig. 1 and Table 1).
Both the pO2 reached during stimulation and the time
course of increasing pO2 were quite variable from one
tumor to another. The basal tumor pO2 was very low
(around 3 mm Hg). The final pO2 that we observed during
exercise (around 8 mm Hg) was similar with EPR oximetry
and OxyLite. The muscle pO2 did also increase during
exercise, but to a lower extent, as the initial muscle pO2 is
already high (the pO2 values measured using OxyLite
probes were 19.8 � 3.1 mm Hg and 26.8 � 3.2 mm Hg for
the control and stimulated group, respectively).

When mice were pretreated with an inhibitor of the NOS
(L-NAME, 15 �mol.kg�1, intraperitoneally) 1 h before the
exercise protocol, the tumor pO2 remained at the basal level,
as demonstrated by EPR oximetry (Fig. 2).

Effect of the electrical stimulation protocol on the tumor
blood flow

We used the OxyFlo technique, based on laser-doppler
flowmetry, to assess the blood flow inside the tumor. The
OxyFlo technique allows relative measurements of blood
flow in arbitrary units (blood perfusion unit). We found that
the tumor blood flow immediately increased after the be-
ginning of the exercise protocol. Increases of 241 � 18%
and 162 � 9% were observed for the TLT and FSaII tumor
models, respectively. It decreased slowly during the 15 min
of the protocol and immediately fell to the initial value just
after the end of the stimulation (Fig. 3). The muscle blood
flow showed an increase of 49 � 13% during the sciatic
nerve stimulation.

Effect of the electrical stimulation protocol on the tumor
oxygen consumption rate

We measured the oxygen consumption rate of tumor cells
extracted from FSaII tumors of mice 30 min after the end of
the exercise protocol. We compared this rate with a control
group. In vivo sciatic nerve stimulation reduced the rate of
oxygen consumption by the tumor cells (Fig. 4). The mean
slopes were –0.70 �M/min � 0.01 and –0.30 � 0.01
�M/min for control and electrical stimulated groups, re-
spectively (n � 4 for each group). This means that in vivo
stimulated tumor cells consumed oxygen 2.3 times slower
than control tumor cells. We concluded that the tumor
oxygenation increase was due to the decrease of the oxygen
consumption by the tumor cells.

Effect of the electrical stimulation protocol on the
sensitivity of tumors to irradiation

To determine whether electrical stimulation of the host
tissue had an effect on the tumor response to radiotherapy,
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FSaII tumor-bearing mice were treated with irradiation
alone, with the combination of electrical stimulation and
irradiation, or with the combination of L-NAME 1 h before
the stimulation protocol followed by irradiation, and the
tumor regrowth delays were measured. As the FSaII tumor
model is known to be radiosensitized by carbogen (29), we
compared the effect of carbogen breathing during irradia-
tion to the effects of electrical stimulation. To avoid tumor
cure but still achieve a measurable regrowth delay, a single
irradiation dose of 16 Gy of X-rays was selected as the

radiation dose after preliminary tests. The regrowth delay to
reach 12-mm tumor diameter was 3.9 � 1.2 days for X-rays
alone, 7.0 � 0.8 days for carbogen and X-rays (p � 0.05),
and 6.5 � 0.6 days for electrical stimulation and irradiation
(p � 0.05) (Fig. 5). These data indicate that electrical
stimulation of the host tissue increased the sensitivity of
tumors to X-ray irradiation, increasing regrowth delay by a
factor of 1.65 compared with a factor of 1.79 for carbogen,
treatment that is currently being used successfully in the
clinic. The L-NAME pretreated group, further stimulated

Fig. 1. Effect of the exercise protocol on the tumor pO2: Graph: mean FSaII tumor pO2 (�SEM) monitored by EPR
oximetry (n � 5/group) before, during, and after electrical stimulation of the sciatic nerve. E stimulated group; ■ control
group; black rectangle: stimulation period. Inset: typical FSaII tumor pO2 monitored by OxyLite before, during, and
after electrical stimulation of the sciatic nerve.

Table 1. Effect of the exercise protocol on the tumor pO2

Tumor model Treatment

EPR Oxylite

Pre (mm Hg) Post (30 min) (mm Hg) Pre (mm Hg) Post (30 min) (mm Hg)

TLT stimulation 3.3 � 0.3 7.7 � 0.5* 2.8 � 1.2 8.1 �2.2*
L-NAME � stimulation 2.7 � 0.2 3.3 � 0.1 — —

control 1.1 � 0.3 1.4 � 0.3 1.9 � 0.4 1.6 � 0.5
FSaII stimulation 3.1 � 0.4 8.0 � 0.4* 3.3 � 0.3 7.3 � 1.4*

L-NAME � stimulation 2.0 � 0.2 2.6 � 0.2 — —
control 3.6 � 0.6 3.5 � 0.4 1.8 � 0.7 1.9 � 0.7

* p � 0.05 (Student t test)
Local tumor oxygenation measurements were carried out using two independent techniques: electron paramagnetic resonance (EPR)

oximetry and a fiber-optic device (OxyLite). A 15-min exercise protocol was achieved by electrical stimulation at 5 Hz, with 0.2 ms duration
pulses. L-NAME was injected intraperitoneally at 15 �mol.kg�1, 1 h before the exercise protocol.

Abbreviations: EPR � electron paramagnetic resonance; TLT � local transplantable liver tumor; FSaII � fibrosarcoma.
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electrically during irradiation, showed a regrowth delay of
5.3 � 0.6 days (regrowth delay factor � 1.34). L-NAME
administration before electrical stimulation partially inhib-
ited the radiosensitizing effect of the electrical stimulation
of the host tissue. L-NAME administration before irradia-
tion (without any other treatment) had no effect on the
tumor regrowth delay on this tumor model (30).

Effect of the electrical stimulation protocol on the tumor
cGMP content and NO production

To compare the relative levels of NO produced by the
tumor during this protocol, we performed ex vivo EPR
spin-trapping after intravenous injection of the spin-trap
agent MGD. The complex NO-Fe2�(MGD)2 has a charac-
teristic triplet signal. The signal/noise ratio (maximum sig-
nal intensity/mean noise) was calculated for both groups

(control and electrical stimulation). This ratio was divided
by the tumor protein content. The value obtained for the
control group was considered as a 100% value. We dem-
onstrated that the electrical stimulation of the host tissue
increased the relative tumor NO content (39.2% increase, p
� 0.05). Moreover, we showed a concomitant increase in
the tumor cGMP concentration during the electrical stimu-
lation of the host tissue. Those results are presented in Fig.
6.

Fig. 2. Effect of the administration of an NOS inhibitor, L-NAME,
1 h before the exercise protocol on the FSaII tumor pO2, measured
by EPR oximetry. The results represent the mean pO2 � SEM
measured during and after the stimulation period. � electrical
stimulation group; ■ L-NAME � electrical stimulation group.

Fig. 3. Effect of the exercise protocol on the tumor blood flow:
mean FSaII tumor blood flow (�SEM) measured by OxyFlo (n �
5/group) before, during, and after electrical stimulation of the
sciatic nerve.

Fig. 4. Effect of the exercise protocol on tumor cell oxygen
consumption rate. FSaII tumor cells’ oxygen consumption rate
(mean � SEM, n � 4/group): E stimulated group, Œ control
group. Mean slopes: –0.70 �M/min � 0.01 and –0.30 � 0.01
�M/min for control and stimulated groups, respectively (n �
4/group). In vivo stimulated tumor cells consumed oxygen 2.3
times slower than control tumor cells.

Fig. 5. Effect of the combination of the stimulation protocol and
irradiation on FSaII tumor regrowth. Mice were untreated (Œ),
treated with 16 Gy of X-rays alone (●), electrically stimulated
during irradiation with 16 Gy of X-rays (�), treated with carbogen
15 min before and during irradiation with 16 Gy of X-rays (■ ), or
pretreated with L-NAME 1 h before the stimulation protocol and
irradiated with 16 Gy of X-rays (ƒ). Each point represents the
mean tumor size � SEM of 5 tumors.
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DISCUSSION

We report here that electrical stimulation of the host
tissue does increase tumor blood flow and oxygenation
during the exercise protocol, and that the increase in pO2 is
maintained at least 30 min after the sciatic nerve stimula-
tion. The sudden increase in tumor blood flow that occurs
when we initiate the stimulation protocol can explain the
fast increase in tumor pO2. As the increase in tumor blood
flow is abolished immediately after the switch-off of the
electrical stimulation, we cannot explain a prolonged effect
on the tumor oxygenation only by a flow effect. The in-
crease in tumor oxygenation is also related to the decrease
in oxygen consumption by the tumor cells. It has indeed
been predicted theoretically that modification of oxygen
consumption is much more efficient at affecting oxygen

transport than modification of delivery (31). We further
demonstrated that a pretreatment with L-NAME, a NOS
inhibitor, abolished almost totally the effect of exercise on
the tumor oxygenation. The increase in the relative tumor
NO content during the stimulation protocol, as demon-
strated using EPR spin-trapping, and the increase in the
tumor cGMP concentration both confirmed the NO-medi-
ated pathway of this effect. We can conclude that the
mechanism of the inhibition of oxygen consumption is
likely to assign to the stimulation of the NOS during exer-
cise. It has indeed been found that low concentrations of NO
inhibit cytochrome oxidase (complex IV in the mitochon-
drial respiratory chain) reversibly and competitively with
molecular oxygen (32). NO that is endogenously generated
has been shown to inhibit respiration, and inhibitors of NOS
have been shown to enhance respiration (33, 34). So, the
NO/O2 ratio at the level of cytochrome oxidase can provide
a sensing mechanism for O2 that will regulate oxygen
consumption at the precise point at which it is used. Low
concentrations of NO, continuously generated by NOS,
explains the decrease in respiration that occurs at low oxy-
gen concentration (34). Moreover, exposure of cells to NO
can lead to inhibition of complex I concomitantly to com-
plex IV. This seems to be due to S-nitrosylation of this
enzyme and becomes progressively persistent as the con-
centration of reduced glutathione in the cell decreases. In
this case, the likely scenario is that the stimulation protocol
induced a production of NO and could thus decrease cell
respiration (the basal pO2 of the tumor being very low). We
demonstrated a decrease in the tumor cells oxygen con-
sumption rate after the protocol. This decrease in oxygen
consumption could hence allow a maintaining of the in-
crease in tumor pO2 as observed in our studies.

One straightforward application of the present study is to
take advantage of the increase in tumor blood flow during
electrical stimulation. This could allow a better access of
chemosensitizing agents to the tumor. Electrochemo-
therapy, i.e., intratumoral administration of a chemosensi-
tizing agent followed by delivery of high-voltage electric
pulses to the tumor, has the obvious aim to enhance the
delivery of the drug into tumor cells owing to the perme-
abilization of the cell membrane. Besides that, Sersa et al.
(35) studied the effect of these electric pulses on tumor
blood flow. Although they observed a blood flow reduction
at the amplitude of electric pulses usually applied for elec-
trochemotherapy (antivascular effect), they further demon-
strated that a modification of the amplitude resulted in
changes in the direction of tumor blood flow response. It
increased following pulses in the range between 80 and 560
V and decreased at higher amplitudes. This demonstrates
that the local application of electric pulses to solid tumors
can modify tumor blood flow and can be exploited either for
an enhanced delivery of drugs or to increase tumor cyto-
toxicity. The stimulation protocol we used was carried out
in the host tissue (muscle). Because this clearly increased
tumor blood flow in the two tumor models under investiga-

Fig. 6. Upper panel: Effect of the stimulation protocol on the
relative change in tumor NO content. This was performed by ex
vivo EPR spin-trapping after intravenous injection of the spin-trap
agent MGD. The value obtained for the control group was con-
sidered as a 100% value. Lower panel: Effect of the stimulation
protocol on the tumor cGMP concentration.
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tion, it should be considered for an enhancement in drug
delivery to the tumor.

A second application of this study is to exploit the benefit
in terms of radiosensitivity because the tumor regrowth
delays increased during the stimulation protocol. We
indeed demonstrated interesting radiosensitizing proper-
ties of this protocol. The increase in tumor oxygenation
was demonstrated to be related to a decrease in tumor
cells’ respiration rate. Drugs that inhibit respiration, such
as meta-iodobenzylguanidine (MIBG), were proposed as
potential radiosensitizing agents (36). Mild hyperglyce-
mia, which has also been demonstrated to reduce oxygen
consumption (Crabtree effect), has been tested in combi-

nation with hyperoxic gas (37). Finally, we recently
demonstrated that insulin infusion also had an inhibitory
effect on the tumor cells’ oxygen consumption rate and
that this decrease in respiration resulted in an increase of
the tumor oxygenation but also of the radiation response
of the tumor. We demonstrated that the mechanism un-
derlying this inhibition of tumor oxygen consumption
rate was also NO mediated (30).

Because electrochemotherapy is already used in clinical
practice (38), the use of such a protocol could be rapidly
tested in patients. The main differences between electroche-
motherapy and our electrical stimulation protocol rest in a
lower voltage and a longer stimulation time.
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