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A pulsed DC electric field affects
P2-purinergic receptor functions by
altering the ATP levels in in vitro and
in vivo systems
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Summary Recently it was shown that extracellular ATP, acting through purinergic receptors, has many

physiological tunctions, including opening ot Caz -ion channels, activation and mediation of signal tranduction

mechanisms as well as activation ot the pain sensation. Since eiectrical stimulation is also known to alfect many

signal transduction processes as well as the alleviation of pain, we hypothesized that electric stimulation may attect

the extracellular release ol ATP. We investigated the etfects of a small DC electric f ield (10r-10'V m r range and

with frequencies below 150 Hz) on the release of ATP /n vitro (HeLa cells), and on the levels of ATP rn vivo (the plasma of

healthy volunteers). In HeLa cells ATP release was increased 50 fold, while the total amount of ATP in the cells was

increased by 163%. In the plasma a significant decrease (P.:: 0.05) in ATP concentration was seen after electrical

stimulation. in all the volunteers. The small DC electric t ield also aftected the cA[rP signal transduction system

in vitrc (Hela cells and human lymphocytes) and ln yivo (human plasma). Decreased levels of CAMP (P< 0.05) were

seen in HeLa cetts and increased levels of;!A{f !11_0_5) in isolaled }umarr lymohocytes.. f he cA[/P levels in the

ptasma ol the eiectricanyfretGd vr--lu*eers-were lower thari coni?6TTalu-ds. These results show that the trequency.

waveform and signal strength of the applied electric f ield are suitable tor effecting measurable changes on srgnal

transduction in vitro and in vivo. a) 20OZ Harcoun Publishers Ltd

INTRODUCT!ON

Lxtensive research has shown that, apart frorn i1s weil
known intracellular elTects, Al'P also lus many extra-

celluJar physiological functions (l). hxtracellular Al'P has

been identified as a ligand, as a transmitter and also as a

co transmitter that aflects numerous cellular hlnctions by
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activating Pz-purinergic rcceptors (see I lbr review).'l'here
are dillerent types of P2-receptors, the two major classes
being P2X- and P2Y-receptors. l'ltese receptols include
several subtypes that can all be activated b1, extracelhrlar

A l P ( 1,2). lhe P2x rcceptors are ligand-gated ion channels
whereas P2Y receptors are c?rotein coupled (l-3). the
Al'P-dependent P2x l igand gated channels can be per-
meable to either sodiuin, potassiun or calcium ions. Via
these channels, extracellular AIP can cause depoladza-
tion or aD increase iD the intracelhrlar levels of calcium
in activated cel1s (1,3). Five hunan P2Y (P2Y r,2,4..,.r)
C-proiein coupled receptors have been identified and they

all activate phospholipase C. 1-lrrough the fbrmation of
lP3 (inositol-.1-phosphate), intracellular cak:ium levels are
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