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Abstract
Background and aims—SCS is used to improve peripheral circulation in selected patients with
ischemia of the extremities. However the mechanisms are not fully understood. The present study
investigated whether blockade of ERK and AKT activation modulated SCS-induced vasodilation.

Methods—A unipolar ball electrode was placed on the left dorsal column at the lumbar 2-3 spinal
segments in rats. Cutaneous blood flows from left and right hind foot pads were recorded with laser
Doppler flow perfusion monitors. SCS was applied through a ball electrode at 60% or 90% of MT.
U0126, an inhibitor of ERK kinase, or LY294002, an inhibitor of PI3K upstream of AKT, was applied
to the lumbar 3-5 spinal segments (n=7, each group).

Results—U0126 (100 nM, 5 μM and 250 μM) significantly attenuated SCS-induced vasodilation
at 60% (100 nM: P□0.05; 5 μM and 250 μM: P□0.01, respectively) and 90% of MT (100 nM and 5
μM: P□0.05; 250 μM: P□0.01, respectively). LY294002 at 100 μM also attenuated SCS-induced
vasodilation at 60% and 90% of MT (P□0.05).

Conclusions—These data suggest that ERK and AKT pathways are involved in SCS-induced
vasodilation.
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1. Introduction
Spinal cord stimulation (SCS) delivers electrical impulses to different spinal segments via
implanted electrodes. Currently SCS is used clinically to treat patients with pain related
diseases, e.g., ischemic pain due to peripheral arterial diseases (PAD). Annually, at least 14,000
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chronic implantations of electrodes for SCS are made worldwide (Linderoth and Foreman,
2006). SCS at caudal levels of the cervical spinal cord and rostral levels of the lumbar spinal
cord has been shown to increase local blood flow in arms and hands, and in lower limbs and
feet, respectively. SCS benefits include pain relief, increased claudication distance, and
decreased ulcer size. (Cameron 2004). Although SCS usually is the last resort after vascular
surgery and medications failed to prevent the development of a disease, the success rate is
above 60% in the long term (Deer and Raso, 2006). However, mechanisms of SCS-induced
vasodilation are still not fully understood.

Two theories have emerged to interpret SCS benefits. One theory is that SCS produces the
release of vasodilators, e.g., calcitonin gene related peptide (CGRP) to vascular tissues in lower
limbs and feet by antidromic activation of sensory fibers (Croom et al., 1996, 1997 a,b,1998;
Tanaka et al., 2001, 2003 a,b,2004; Wu et al., 2006 a, 2007a c). An alternative theory is that
SCS induces decreased sympathetic efferent activity and subsequently reduces
vasoconstriction and enhances blood flow in lower limbs and feet (Linderoth et al., 1991 a,b,
1994). These two mechanisms are complementary and the balance between them are affected
by tonic sympathetic activity, SCS intensity, and individual patients or animal strains (Tanaka
et al., 2003 b;Wu et al., 2007 a).

Previous studies have indicated that depression of sympathetic activity may account for a part
of the SCS effect, but antidromic activation of sensory fibers and subsequent release of
vasodilators account for a major portion of the SCS response (Linderoth and Foreman, 2006).
With respect to the antidromic mechanism, SCS-induced vasodilation is dependent on
activation of central terminals of transient receptor potential vanilloid-1 (TRPV1) containing
sensory fibers originating from L3-L5 spinal segments (Tanaka et al., 2003 a; Wu et al., 2006
a, 2007 a). However, it is still unclear how SCS of the dorsal column activates central terminals
of sensory fibers at the spinal level. Since the synaptic integration of the spinal gray matter
plays a pivotal role in SCS-induced vasodilation (Barron et al., 1999), there is a possibility that
SCS activates sensory fibers via modulation of spinal neurons.

Activation of extracellular signal-regulated kinase (ERK) plays crucial roles in various cellular
processes including cell growth, proliferation, differentiation, survival, innate immunity and
development (Krens et al., 2006). Furthermore, activation of ERK in primary sensory neurons,
epidermal nerve fibers, and dorsal horn neurons are associated with C-fiber stimulation and
pain hypersensitivity (Rosen et al., 1994; Ji et al., 1999; Kawasaki et al., 2004; Lever et al.,
2003; Wang et al., 2004; Zhuang et al., 2004; Xin et al., 2006; Walker et al., 2007). ERK is a
useful marker for neuronal activation since its activation occurs after cytosolic calcium is
increased and membrane is depolarized in cultured neurons (Agell et al., 2002, Lever et al.,
2003). A membrane-associated second messenger protein, phosphatidylinositol 3-kinase
(PI3K) and its downstream kinase, protein kinase B (AKT), are associated with neuronal
survival (Markus et al., 2002) and plasticity (Izzo et al., 2002) via activation of transcription
pathways and protein synthesis. Recent studies demonstrate that ERK and AKT pathways are
associated with vasodilation (Armstead, 2003) and nociceptive transmission (Sun et al.,
2006). Furthermore, our preliminary unpublished results showed that phosphorylation of ERK
and AKT in neurons and axons in the superficial dorsal horn in L3-L5 spinal segments were
enhanced after 5 minutes of SCS at 90% of MT.

Therefore, it is very likely that ERK and AKT pathways are associated with SCS-induced
vasodilation at the spinal level. In the present study, we determined whether the blockade of
ERK or AKT activation modulates SCS-induced peripheral vasodilation. The results showed
that U0126, a blocker of ERK pathways, and LY294002, a blocker of AKT pathways attenuated
vasodilation induced by SCS at 60% and 90% of motor threshold (MT), respectively. These
data suggest that activation of ERK and AKT signaling pathways is associated with SCS-
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induced vasodilation. The present study provides the basis to understand how SCS of the dorsal
column activates sensory fibers at the spinal level.

2. Results
The experiments were performed in anesthesized, paralyzed and artificially ventilated rats. The
detailed protocol was addressed in the methods.

A: Effects of ERK phosphorylation blocker, U0126, on SCS-induced vasodilation
Group 1: Effects on SCS-induced vasodilation at 60% of MT—The average MT of
the first group of rats was 467 ± 36 μA (n=7). SCS at 60% of MT increased the left (ipsilateral),
but not the right (contralateral) blood flow (Fig 1A top panel). SCS still elicited a very similar
increased blood flow after vehicle application for 10 minutes on L3-L5 segments compared to
control responses. However, administration of U0126 for 10 minutes, from a dose of 100 nM
to a dose of 250 μM, attenuated SCS-induced increases in blood flow. Recovery of SCS-
induced increased blood flow was almost completed 10 minutes after flushing U0126 from
spinal cord using a saline containing cotton ball. The changes in blood flow during SCS at 60%
of MT before and after U0126 at different doses are summarized in Fig 1A middle panel,
showing that the increased blood flow in the ipsilateral limb due to SCS at 60% of MT was
significantly reduced after U0126 at 100 nM (P<0.05), and further attenuated after U0126 at
5 μM (P<0.01) and 250 μM (P<0.01). There were no alterations of contralateral blood flow
during SCS before and after U0126. Changes in vascular resistance during SCS at 60% were
calculated and summarized in Fig 1A (bottom panel). Ipsilateral vasodilation, assessed as
decreased vascular resistance during SCS, was significantly attenuated after applications of
U0126 (100 nM, P<0.05; 5 μM, P<0.01; 250 μM, P<0.01). There were no significant changes
in contralateral vascular resistance during SCS before and after U0126.

Group 2: Effects on SCS-induced vasodilation at 90% of MT—The average MT of
the second group of rats was 479 ± 41 μA (n=7). Vehicle application for 10 minutes on L3-L5
did not affect SCS-induced ipisilateral increases in blood flow (Fig 1B top panel).
Administration of U0126 for 10 minutes, from 100 nM to 250 μM, reduced SCS-induced
increases in blood flow (Fig 1B top panel). SCS-induced increases in blood flow partially
recovered after flushing U0126 from spinal cord (Fig 1B top panel). A summary of alterations
of blood flow during SCS at 90% of MT before and after U0126 at different doses (Fig 1B
middle panel) showed that U0126 significantly attenuated the increase in blood flow with SCS
at 90% of MT (100 nM and 5 μM, P<0.05; 250 μM, P<0.01). The response of contralateral
blood flow to SCS at 90% of MT was not altered before or after U0126. Changes of vascular
resistance during SCS at 90% were calculated and summarized in Fig 1B (bottom panel),
demonstrating that SCS-induced decreases in ipsilateral vascular resistance were attenuated
after applications of U0126 (100 nM and 5 μM, P<0.05; 250 μM, P<0.01). Contralateral
vascular resistance during SCS did not change before and after U0126.

B: Effects of blocker for AKT phosphorylation with LY294002 on SCS-induced vasodilation
Group 3: Effects on SCS-induced vasodilation at 60% of MT—The average MT of
the third group of rats was 442 ± 31 μA (n=7). At 60% of MT, SCS-induced ipsilateral increases
in blood flow did not change after vehicle application on L3-L5 for 10 minutes (Fig 2A top
panel). Also, administrations of LY294002, from 0.1 nM to 1 μM did not alter SCS-induced
increases in blood flow (Fig 2A top panel). However, LY294002 at 100 μM (the highest dose
in this study) significantly attenuated SCS-induced ipsilateral increases in blood flow at 60%
of MT. SCS effects on blood flow partially recovered 10 minutes after flushing LY294002
from spinal cord. A summary of the changes of blood flow during SCS at 60% of MT before
and after LY294002 (Fig 2A middle panel) showed that SCS-induced increased blood flow
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was only significantly attenuated by LY294002 at the highest dose (100 μM: P<0.05). There
were no statistical alterations of contralateral blood flow during SCS before and after
LY294002. Changes in vascular resistance in response to SCS at 60% were calculated and
summarized in Fig 2A (bottom panel); SCS-induced decreases in ipsilateral vascular resistance
during SCS were attenuated only after an application of the highest dose, 1 μM, of LY294002
(100 μM, P<0.05). Also, no significant changes of contralateral vascular resistance during SCS
were detected before and after LY294002.

Group 4: Effects on SCS-induced vasodilation at 90% of MT—The average MT of
the fourth group of rats was 471 ± 43 μA (n=7). The results are similar to the observations
made in the third group. In brief, LY294002, only at 100 μM decreased SCS-induced increases
in blood flow at 90% of MT (Fig 2B top panel). A partial recovery of SCS-induced increased
blood flow was detected after flushing LY294002 from spinal cord (Fig 2B top panel). There
was a significant attenuation of SCS-induced increased blood flow after LY294002 at the
highest dose (100 μM: P<0.05), compared to control and vehicle groups (Fig 2B middle panel).
SCS-induced decreases in ipsilateral vascular resistance were also reduced with LY294002 at
100 μM (P<0.05) as shown in Fig 2B (bottom panel).

In group 5, control studies showed that repeated applications of vehicles onto L3-L5 spinal
segments did not produce obvious changes of vasodilation when SCS was administered at 90%
of MT (n=3, data not shown). These studies were performed in addition to the vehicle controls
when drugs were applied.

3. Discussion
In this study, blockade of ERK and AKT activation in spinal neurons using U0126 and
LY294002, respectively, attenuated SCS-induced vasodilation. The data indicated that these
two molecular signaling pathways are involved in SCS-induced vasodilation.

Roles of ERK and AKT in SCS-induced vasodilation
In the present study, U0126, an inhibitor of ERK kinase, was applied on the surface of L3-L5
spinal segments for 10 minutes to attenuate the activation of ERK. Vasodilation produced by
SCS at 60% or 90% of MT was significantly attenuated after U0126 administration at a dose
of 100 nM, and the maximal attenuation was observed after the dose of 250 μM, the highest
dose used in this study. Therefore ERK activation at the spinal level appears to be related to
SCS-induced vasodilation. Since ERK is expressed in the dorsal horn neurons, the data
suggested that SCS-induced vasodilation was associated with ERK expressing neurons in the
superficial lamiae of dorsal horn. LY294002 at a high dose (100 μM) also decreased SCS-
induced vasodilation. Thus, activation of AKT pathways in the spinal neurons also appears to
be involved in SCS-induced vasodilation. However we do not know whether the two pathways
play the same or different roles in SCS-induced vasodilation and how they are interconnected
with SCS-activated spinal terminals of sensory fibers. That question will be further investigated
in future studies. Overall the results indicated that ERK and AKT signaling pathways in the
spinal cord are associated with SCS-induced vasodilation.

Previous studies from this laboratory indicated that Aδ fibers are activated during SCS at 60%
and 90% of MT. In contrast, C-fibers are antidromically activated when the intenisity of SCS
is applied at 90% of MT or higher (Tanaka et al., 2003 a). In this present study U0126 or
LY294002 showed similar effects on vasodilation when stimulation was at 60% and 90% of
MT. Thus it is very likely that ERK and AKT may have similar functions in SCS-induced
vasodilation at 60% and 90%.
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Besides cell bodies, ERK and AKT are also expressed in the central terminals in the dorsal
horn. They were also expressed in the fibers that were activated after 5 minutes SCS (90 %
MT) of the L3-L5 segments (our preliminary data). Thus, it is possible that ERK and AKT
pathways in central terminals of sensory fibers were also activated by SCS. Activation of ERK
and AKT pathways can sensitize TRPV1 and other key channels (Zhuang et al., 2004) and
finally antidromically activate central terminals of TRPV1 containing sensory fibers.
Therefore, it is likely that U0126 and LY294002 attenuated the activation of ERK and AKT
in the sensory terminals, in addition to spinal neurons.

U0126 and LY294002 on neuronal activities
In previous studies to block neuronal activities, the duration of administration of U0126 and
LY294002 on the spinal cord varied from minutes to hours (Yang et al., 2006; Komatsu et al.,
2007; Lu et al., 2007; Toborek et al., 2007). Administration of U0126 and LY294002 has been
shown to block phosphorylation of ERK and AKT, respectively (Dolcet et al., 1999; Wu et al.,
2005). A recent study showed that 5 minutes after co-administration with morphine, U0126
reduced spinal ERK activation produced by morphine and also caused a significant inhibition
of morphine-induced nociception (Komatsu et al., 2007). Also, pretreating with LY294002 for
10 minutes exacerbated the morphine withdrawal response resulting from inhibition of spinal
phosphoinositide 3-kinase (Yang et al., 2006). In the present study, SCS-induced vasodilation
was attenuated 10 minutes after the administration of U0126 or LY294002. Therefore, a short
time, e.g. 5-10 minutes, is long enough for U0126 and LY294002 to block the ERK and AKT
phosphorylation or other relevant neuronal activities.

Future studies are necessary to confirm the results from this study. Other inhibitors for ERK
phosphorylation, e.g. PD98059 and AKT phosphorylation, e.g. KP372-1, should be used to
confirm the specific roles of ERK and AKT in SCS-induced vasodilation. LY294002, at 100
μM, attenuated SCS-induced vasodilation. 100 μM is the highest dose that can be dissolved
and this dose possibly affects other pathways, such as voltage-gated potassium (Kv) channels
that regulate transmitter release and neuronal excitability (El-kholy et al., 2003; Brooke et al.,
2004). Therefore, the exact mechanisms of LY294002 effects on SCS-induced vasodilation
need to be investigated using molecular techniques, such as western blots to measure of p-AKT
level after LY294002. The use of more specific inhibitors will also improve the ability to
determine the roles of ERK and AKT.

Potential mechanisms how SCS activates central terminals of sensory fibers
The spinal segmental mechanisms of SCS-induced peripheral vasodilation are likely to be
complex. Intra- and/or intersegmental pathways, as well as various neurotransmitters and
neuromodulators in the spinal cord may be involved (Linderoth and Foreman 1999;2006).
Since SCS at a low intensity mainly activates large nerve fibers in dorsal column, an antidromic
descending volley transmitted by collaterals of dorsal column fibers seems to be responsible
for the action at the segmental level. Furthermore, several potential intraspinal segmental
pathways might relate to spinal segmental mechanisms underlying effects of SCS on peripheral
vasodilation observed in this study. With the method of intracellular recordings, it has been
demonstrated that dorsal column stimulation can produce postsynaptic effects through
inhibitory interneurons synapsing on spinothalamic tract neurons (STT) in spinal dorsal horn.
These effects suppress the responses of STT neurons to electrical stimulation of peripheral
nerves and mechanical stimulation of somatic fields and reduce the transmission of nociceptive
information to the brain (Foreman et al. 1976). Therefore, this mechanism is more likely to be
involved in pain relief by SCS rather than that for SCS-induced vasodilation. On the other
hand, dorsal column stimulation has been shown to induce primary afferent depolarization at
the central terminals of large primary afferents via excitatory interneurons that elicit
presynaptic inhibition (Foreman et al. 1976). Also, primary afferent depolarization involving
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GABA interneurons normally inhibit noxious peripheral afferent barrages, but also can trigger
dorsal root reflexes by greater peripheral afferent volleys in some pathological conditions such
as inflammation (Willis 1999). Therefore, it may be reasonable to assume that primary afferent
depolarization evoked by SCS could be intense enough to excite or activate central terminals
of primary afferent neurons with smaller diameter fiber (Aδ and C fibers). This activation
causes antidromic firing of sensory neurons and CGRP mediated vasodilation at peripheral
terminals (Fig 3 A and B) (Tanaka et al., 2003). In support this, SCS has been shown to decrease
the release of excitatory amino acids such as glutamate and increase the release of GABA in
the dorsal horn of rat spinal cord (Cui et al. 1997, 1998 a,b;Stiller et al. 1996). Recently, central
terminals of sensory afferent neurons containing TRPV1 have been demonstrated to be
involved in SCS-induced vasodilation in rat paws (Wu et al. 2006 a). The present study
examined the effects of inhibitors of ERK and AKT on SCS-induced vasodilation, and the
results suggested that ERK and AKT pathways in spinal dorsal horn were involved in SCS-
induced vasodilation. However, the exact pathways and downstream actions of AKT and ERK
phosphorylation are not clear. GABA and N-methyl-D-aspartate (NMDA) receptors are
associated with antidromic activity in acute neurogenic inflammation evoked by intradermal
injection of capsaicin (Lin et al., 1999,2004). Activation of ERK and AKT pathways are also
associated with NMDA receptor activation in spinal cord (Daulhac et al., 2006;Sun et al.,
2006), and the release of nitric oxide (Sung et al., 2005). Therefore, multiple molecular
pathways are most likely involved in SCS-activated central terminals of sensory fibers in the
spinal cord. Further physiological and molecular studies are necessary to elucidate the
interactions of the related molecular pathways in the spinal cord and how they stimulate central
terminals of sensory fibers.

Overall, the hypothesis is that SCS on the dorsal column antidromically activates large fibers,
mainly Aβ fibers (Foreman et al. 1976). Branches of Aβ fibers synapse with and activate spinal
neurons in the superficial laminae of dorsal horn that express ERK, AKT and GABA. Since
these spinal neurons also presynaptically contact central terminals of sensory fibers, it is likely
that activation of these spinal neurons subsequently produces primary afferent depolarization
and finally activate the central terminals of TRPV1 containing sensory fibers at the spinal level
(Fig 3 A and B). The release of CGRP by sensory fibers decreases vascular resistance and
increases local blood flow during SCS (Wu et al., 2007 a, b).

In conclusion, we identified two molecular pathways in the spinal cord, ERK and AKT that
are involved in SCS-induced vasodilation. Further studies are required to fully explain how
SCS at dorsal column activates central terminals of sensory fibers and subsequently induces
vasodilation.

4. Methods
4.1 Experimental protocol

The protocol for this study was approved by the University of Oklahoma Health Sciences
Center Institutional Animal Care and Use Committee. Experimental methods of this study were
similar to those used in our previous studies (Tanaka et al., 2001, 2003 a,b,2004; Wu et al.,
2006 a,b). Male Sprague-Dawley rats (300-400g; Charles Rivers, MA) were anesthesized by
sodium pentobarbital (60 mg/kg, i.p.). Body temperature was maintained between 36 and 38
°C with a heating pad throughout the experiment. One cannula (PE-50) was inserted into the
left common jugular vein for a constant infusion of supplemental pentobarbital (19-25 mg/Kg/
h). Pancuronium (boluses 0.2 mg/h) was also injected via this cannula for muscle paralysis.
Another cannula (PE-50) was inserted into the left common carotid artery to monitor arterial
blood pressure. The rats were tracheotomized and artificially ventilated with room air (CWE
ventilator model SAR-830). A laminectomy was performed to expose the dorsal surface of
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lumbar spinal segments 2-5 (L2-L5). A spring-loaded unipolar ball electrode was placed on
the left side of the subdural surface at L2 spinal segment.

The motor threshold (MT) stimulus intensity was determined in each animal at 50 Hz, 0.2 ms
duration by slowly increasing the SCS current from zero until a clear skeletal muscle
contraction of the left hindlimb was observed. Subsequently, pancuronium was injected for
muscle paralysis. Before paralysis, animals were monitored for appropriate anesthesia by using
withdrawal and corneal reflexes and stability of arterial blood pressure (ABP). After paralysis,
stability of arterial blood pressure level was used to monitor anesthesia. Experimental SCS was
repeated for 2 minutes at 60, or 90% of MT with at least 10 minutes between consecutive
stimuli. The parameters are similar to those in clinical use (Linderoth et al., 1991 b).

Cutaneous blood flow in the hindlimb footpads of the rats was measured with laser Doppler
flow perfusion monitors (Model 403A; Vasomedic, St. Paul, MN). Responses to SCS were
determined as percent changes from the baseline of blood flow and vascular resistance. Five
groups were used to address the aims of this study. 1) Rats (n=7) were used to determine the
role of U0126, a blocker of ERK pathways, in vasodilation produced by SCS at 60% of MT.
Agar (3-4% in saline) was used to make a well on the surface of spinal cord to prevent U0126
from diffusing to other spinal cord segments. SCS at 60% of MT on L2 for 2 minutes was
repeated with at least 10 minutes between SCS applications to produced increases in blood
flow. Sponges (□3 × 3 × 7 mm) containing 200 μl solution of vehicle (5% DMSO) or U0126
at 2nM, 100 nM, 5 μM and 250 μM were sequentially applied to the L3-L5 spinal segments,
starting immediately after SCS and remaining for 10 minutes until the next SCS. After all the
doses were administered the spinal segments were then cleaned up by using a cotton ball
containing saline. SCS at 60% of MT was repeated again to determine the recovery of SCS-
induced vasodilation. 2) Rats (n=7) were used to investigate the roles of U0126 with
vasodilation produced by SCS at 90% of MT. The protocol was the same as that in group 1,
except that the SCS was applied at 90% instead of 60% of MT to produce increases in blood
flow. 3) Rats (n=7) were used to test the roles of LY294002 in vasodilation produced by SCS
at 60% of MT. The protocol was the same as group 1, except that the tested chemical agent
was LY294002, a blocker of AKT pathways at doses of 0.1 nM, 1 nM, 1μM and 100 μM. 4)
Rats (n=7) were used to determine the roles of LY 294002 in vasodilation produced by SCS
at 90% of MT. The protocol was the same as group 3, except that the SCS was applied at 90%
instead of 60% of MT to produce increased blood flow. 5) Multiple applications of vehicle
onto the surface of L3-L5 were also performed in rats (n=3) to determine its effects on
vasodilation produced by SCS at 60% or 90% of MT. U0126 and LY 294002 were purchase
from Sigma.

4.2 Statistical Analysis
Changes in peripheral blood flow were presented as the percentage of changes of the peak
amplitude from baseline and reported as mean ± S.E.M. Mean blood pressure (MBP) was
calculated using the formula 2/3 × diastolic blood pressure (BP) + 1/3 × Systolic BP. Vascular
resistance was calculated by dividing mean arterial blood pressure by blood flow. Differences
in blood flow and vascular resistance before and after applications of U0126 or LY294002 at
different doses were examined with a one-way ANOVA with repeated measures followed by
Tukey’s multiple comparisons test. The level of significance was set at P < 0.05.
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Figure 1. Effects of U0126 on SCS-induced vasodilation
(A) Changes of blood flow and vascular resistance produced by SCS at 60% of MT before and
after topical application of U0126 on the surface of L3-L5 spinal cord. Top panel: A
representative example of changes in ipsilateral and contralateral blood flow and arterial blood
pressure during SCS at 60% of MT, before and after administration of U0126 ( 2 nM, 100 nM,
5 μM and 250 μM; 10 minutes each ). Middle panel: A summary of the percent changes in
blood flow in the ipsilateral and contralateral hindpaws in response to 2 minutes SCS at 60%
of MT. Bottom panel: A summary of the percent changes in vascular resistance in the ipsilateral
and contralateral hindpaws in response to 2 minutes SCS at 60% of MT. * P<0.05, ** P<0.01,
compared to control group. (B) Changes of blood flow and vascular resistance produced by
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SCS at 90% of MT before and after topical application of U0126 on the surface of L3-L5 spinal
cord. The figure legends are the same as those in Fig 1A, except that intensity of SCS is 90%
of MT, instead of 60%.
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Figure 2. Effects of LY294002 on SCS-induced vasodilation
(A) Changes of blood flow and vascular resistance produced by SCS at 60% of MT before and
after topical application of LY294002 on the surface of L3-L5 spinal cord. Top panel: A
representative example of changes in ipsilateral and contralateral blood flow and arterial blood
pressure during SCS at 60% of MT, before and after administration of LY294002 ( 0.1 nM, 1
nM, 1 μM and 100 μM) for 10 minutes. Middle panel: A summary of the percent changes in
blood flow in the ipsilateral and contralateral hindpaws in response to 2 minutes SCS at 60%
of MT. Bottom panel: A summary of the percent changes in vascular resistance in the ipsilateral
and contralateral hindpaws in response to 2 minutes SCS at 60% of MT. The abbreviations are
same as described in Fig 1. *P<0.05, compared to the control group. (B) Changes of blood
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flow and vascular resistance produced by SCS at 90% of MT before and after topical application
of LY294002 on the surface of L3-L5 spinal cord. The figure legends are the same as those in
Fig 2A, except that intensity of SCS is 90% of MT, instead of 60%.
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Figure 3. Potential mechanism how SCS activates central terminals of sensory fibers
(A) Potential pathways. SCS at dorsal column antidromically activates large fibers, mainly
Aβ fibers. A branch of Aβ fibers that connects spinal neurons in the superficial laminae of
dorsal horn is also activated. Since these spinal neurons also presynaptically contact the central
terminals of primary sensory fibers, activation of these spinal neurons subsequently produces
primary afferent depolarization and further activate the central terminals of sensory fibers. (B)
Potential factors. Based on the present study, ERK and AKT that localize in spinal neurons
and central terminals of sensory fibers are involved in the activation of central terminals of
sensory fibers produced by SCS at dorsal column. Other literature suggests that TRPV1 at the
central terminals of sensory fibers is also activated.
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