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Clinical reports

Intravenous infusion of adenosine 5�-triphosphate alleviated
a disabling postherpetic neuralgia
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the lateral site of the right leg as well as the dorsal and
plantar sites of the right foot. The patient was initially
treated at a dermatology clinic with oral valaciclovir (an
antiviral agent) and diclofenac (an anti-inflammatory
agent), and subsequently, with diclofenac alone for sev-
eral weeks. Within a month of its onset, the pain in the
leg and the dorsum of the foot subsided concomitantly
with the skin rash healing. However, severe pain in the
plantar site of the foot persisted.

Three months after the initial onset, the patient pre-
sented at our pain clinic, in a wheelchair, because of
intractable pain with severe tactile allodynia on the sole
and on the heel of the right foot, which was so severe
that it prevented her from walking normally. Resting
spontaneous pain was moderate, being rated at 50mm/
100 mm on the visual analog scale (VAS). However,
marked tactile allodynia was observed on the right heel,
which was rated at 91/100 mm. Because of the severe
touch-evoked allodynia, she could not stand on the right
foot, nor could she wear a sock or shoe on the right foot.
She could hardly walk, limping and relying mostly on
the left foot, stepping on the right tiptoe, and she wore
beach sandals. She was treated initially with oral ami-
triptyline and repeated (caudal) epidural blocks, which
resulted in only a slight improvement in her pain status.

Five months after the onset of pain, she was admitted
to our hospital to study the mechanisms underlying her
pain condition, and to seek potentially effective thera-
peutic measures. After obtaining institutional review
board approval and written informed consent from the
patient, we assessed various intravenous (IV) drugs for
analgesic efficacy. Because the severe tactile allodynia
was elicited most prominently when she was trying to
walk, she was asked to rate her pain using VAS both at
rest (for spontaneous pain) and when standing/stepping
(for evoked tactile allodynia) before, during, and after
administration of each test drug.
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Introduction

Intravenous infusion of adenosine (ADO) at a high rate
has been reported to exert algogenic effects via the
peripheral activation/sensitization of nociceptive affer-
ents [1]. On the other hand, ADO infused at a low rate
exerts long-lasting antinociceptive effects via central
mechanisms of action [1]. Such pain-relieving effects of
ADO have been clinically applied, successfully, for the
treatment of inflammatory, perioperative, and neuro-
pathic pain [1–6]. Adenosine 5�-triphosphate (ATP), a
phosphorylated adenosine, has been used intravenously
for various clinical indications [7,8], but it has not been
used for the treatment of pain, probably because of its
algogenic rather than analgesic property [9,10].

When ATP is infused intravenously, however, it is
rapidly broken down into ADO by ectoenzymes [7,11]
and may act as ADO at effector sites in the central
nervous system. Thus, we hypothesized that ATP would
act in a similar fashion to ADO after intravenous infu-
sion. Here, we report a case of successful treatment of
neuropathic pain with intravenous ATP, which resulted
in the complete alleviation of intractable and disabling
neuralgia.

Case report

A 74-year-old woman (weight, 50kg) had been suffering
from herpes zoster infection and inflammatory pain on
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Drug testing

The following IV drugs was administered on a separate
day for each drug; after two bolus injections of normal
saline (NS) as a placebo control: morphine (15mg),
lidocaine (100mg), thiopental (150 mg), phentolamine
(15mg), and ketamine (15mg), given by bolus injection
in three to five divided doses at intervals of 5min. Nei-
ther resting spontaneous pain nor tactile allodynia was
affected by morphine, lidocaine, thiopental, or phento-
lamine. With ketamine, however, both spontaneous
pain and tactile allodynia were significantly reduced,
from 49 and 76mm/100mm before ketamine injection
to 26 and 22mm/100 mm after the injection, respec-
tively, but the pain-relieving effect was short-lived (less
than 24h). Three days after the last test drug, she re-
ceived a continuous IV infusion of ATP for 3h (after 1h
of placebo NS infusion). A pharmaceutical formulation
of ATP (Adephos L; Kowa, Nagoya, Japan) was IV
infused continuously, using a syringe pump. The infu-
sion rate was increased in three steps, from 50 to 75, and
to 100 µg·kg�1·min�1 at 5-min intervals, under continu-
ous hemodynamic monitoring. The patient reported
chest discomfort at the highest dose (100µg·kg�1·min�1).
Therefore, the infusion rate was decreased back to
75µg·kg�1·min�1. The chest symptom disappeared
immediately and the infusion rate was kept at
75µg·kg�1·min�1 until the end of the 3-h infusion period.

During placebo (NS) infusion for 1 h, neither sponta-
neous pain nor tactile allodynia was affected. During
ATP infusion, all the vital signs, including blood pres-
sure, heart rate, electrocardiogram, and oxygen satura-
tion remained unchanged. However, the intensity of the
spontaneous pain gradually declined from 46 prior to
ATP infusion to 27, 15, and 0/100mm at 1, 2, and 3h,
respectively, and the tactile allodynia declined from 78
to 29, 9, and 0/100mm, respectively. Both the spontane-
ous pain and the tactile allodynia were completely abol-
ished by the end of 3-h ATP infusion. The patient could
stand up and walk without any claudication or support.

She was discharged from hospital without any medi-
cation or prescription for further pain control. Subse-
quently, neither the resting spontaneous pain nor the
tactile allodynia has recurred for at least 18 months
(observation by telephone conversation). Currently,
she even enjoys occasional dancing.

Discussion

Multiple peripheral as well as central mechanisms can
contribute to the pathogenesis of neuropathic pain, in-
cluding postherpetic neuralgia [12], and drug testing
has been carried out to clarify the pathophysiological
mechanisms underlying such chronic pain [13,14]. Mor-

phine is effective in relieving nociceptive pain by acting
on the µ-opioid receptor in the spinal cord and brain
[13,15]. Barbiturates, including thiopental, may exert
analgesic effects by depressing nociceptive transmission
at the spinal level, presumably via γ-amino butyric acid
(GABA) receptor activation [16]. Barbiturates may
be also useful in differentiating pain of psychological
origin from that with a pathological basis [17,18]. An
α-adrenoreceptor antagonist, phentolamine, allows for
the differentiation of sympathetically maintained pain
that may respond to interventional or pharmacological
sympathetic blockade [12,19,20]. Lidocaine can inhibit
neuronal hyperexcitability of damaged peripheral pri-
mary afferents characterized by spontaneous (ectopic)
impulses and repetitive firing [12,14,21]. Excitatory
amino acids acting on the N-methyl-d-aspartic acid
(NMDA) receptor may contribute to central sensitiza-
tion, and the NMDA receptor antagonist ketamine is
often effective in relieving neuropathic pain in which
such central mechanisms are involved [12–14,22].

ADO also may allow for the alleviation of neuro-
pathic pain through its neuromodulatory effects, medi-
ated primarily by the spinal adenosine A1 receptor
[1,5,6,23,24]. In Japan, not ADO but ATP is available as
a pharmaceutical formulation. Intravenous infusion of
ATP may exert pain-relieving effects, contrary to its
pronounced algogenic effects mediated by the P2X
purinoceptors [9,10], because of its extremely rapid con-
version to ADO in the blood stream [7,11]. The side-
effect profile of ATP infusion appears to be almost
identical to that of ADO infusion; ATP infusion at a
rate of 100 µg·kg�1·min�1 [7] and ADO infusion at a rate
of more than 70µg·kg�1·min�1 [1] both cause chest pain/
discomfort in conscious humans. In agreement with the
above reports, ATP infusion at 100µg·kg�1·min�1, but
not at 75µg·kg�1·min�1 caused chest discomfort in our
patient.

In the present patient with severe postherpetic neu-
ralgia, gradual-onset but remarkable and extremely
longlasting analgesic as well as antiallodynic effects
were observed with ATP; complete abolition of resting
pain and tactile allodynia, lasting for over 18 months,
was achieved after a single treatment with ATP. In pre-
vious studies, analgesic and/or antiallodynic effects of
ADO or its analog lasting for months have been re-
ported in some, albeit not all, patients with neuropathic
pain, though the mechanisms underlying such
longlasting effects have not been elucidated [5,6,23].
Our patient had suffered not only from spontaneous
pain but also from pronounced tactile allodynia, and
both the pain and the allodynia had been transiently but
effectively reduced with ketamine. These observations
suggest that central mechanisms might have primarily
contributed to her postherpetic neuralgic pain [12–
14,22]. Although the mechanisms underlying ATP’s
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extremely longlasting analgesic action are not clearly
understood, intravenous ATP may have acted, at least
in part, as ADO on the central adenosine A1 receptor
to modulate and affect the pathophysiological changes
responsible for neuropathic pain [1,5,6,23,24]. Further-
more, although ATP facilitates pain transmission by
activating the P2X purinoceptor [9,10], a recent report
suggests that the P2Y purinoceptor (another ATP re-
ceptor subtype) activation results in both analgesic and
antiallodynic effects in an animal model of neuropathic
pain [25]. Moreover, in human peripheral nerves, ATP
activates both adenosine receptors and P2Y, but not
P2X, purinoceptors [26]. These observations highlight
the possibility that ATP itself may exert antinociceptive
effects in humans.

In a patient with severe postherpetic neuralgia,
a single session of ATP infusion therapy exerted a
remarkable and longlasting analgesic as well as
antiallodynic effect. The results suggest that a low-dose
ATP infusion may provide safe and effective analgesia
in some intractable neuropathic pain conditions, includ-
ing some postherpetic neuralgias.
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