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A5STAACT Electrostizul.ation (£5) of slow (SF, 10 HZ) or fast (FF, SOD Hz}
frequency decre3ses the sleeping time of r3ts anaesthetized by
adoinistration of acute doses of hexobarbital. "~en ES is applied
via the ears, both SF and FF are equally efficient in reducing the
loss of righ"tillg reflex (LRR) , IoIhereas if £5 is applied
peripherally via the palo/s, only FF d~CTeases the acute narcosis
ti~e. Applied cranially, either continuous sti:ulation or
adainistration of inte~ittent current (S minutes on and off) were
equally effective in reducing narcosis. A decreased period of

30 minutes continuous stimulation will reduce sle~ping t~m~ only
if administered immediately after tRR. NOen restrained animals
received ES for periods of up to 3 hours prior to administration
of the barbiturate, the sleeping time of the stiaulated and shan
treated animals \oIere not significJntly different.

~ey ~ords ElectTOStimulation. rats, hexobarbital, narcosis, duration.

INTRODUCTION

The possibility that therapeutic e}e~trostimu13tion could ~elio~3te

patholocical conditions, includinG V3rious forms of intractable ?ain (\.4) and
those symptoms associated Io/ith the loIithJt3~al of drugs of 3bu~e in ~hronicallY

aJdicted individual~ (5.7), has stimu13ted experimental studies to investigate
its mode of action (8, 9). E;l.perimentally. dctcrmin~tion of the effica<.:y of
ES in the tt!tief of pa.in is hindered by the absence of readily quantifi;1hl",
bioche~ic~1 p~rameters and the lack of objective dete~inants of analg~sic

response (:0-14). Unlike ECT (electro-convulsi\'c theTlpy), the 10" intensity
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18 1.0. CAPEL ET AL.

cur:-ents elllployed for therapeutic ES are nornal!y applied for :l prolong~d

pl!'riod of til:le. Thus, inYcstigation of the lI".od~ of action of ~s in chronic
addiction is complicated by the necessity to restrain e~peTimental animals to
prevent their removal of the electrcdes during the period in "hich the stimulus
15 being applied. Restrainin, both stimulated or sham treated a~i~als produces
a considerable stressful response (IS). It has been de~onstratcd lh~t the
neuTohlitlOral responses to stress l:Iay be invoked by processes norm:Llly associated
with ani~al husbandry. such as ~.ovinq the cages (16). Thus, wi~h restrair.ed
animals the effects of ES are being superimposed on an abnormal endocrinological
situation.

The measurement of the duration of the loss of righting reflex after ac~te

narcotic doses of anaesthetics. especially barbiturates, is frequen~ly interpreted
as an in vivo indicator of the hepatic metabolisa (detoxication) of these
substances. The mechaniSM of action of anaesthetics in the central nervous
system (eNS) is uncertain (17) however, so that any observed alterations in
sleepinb-t~e may be the result of a number of interacting mechanisms. In
previous experinents the LRR associated with the adninistration of various
~arbiturates was decreased by square wave ES of either SF or FF (18). This
effect of SFES, but not FF. was inhibited by prior administration of the specific
opioid peptide antagonist ~ naloxone.

Although the acute narco5ed animal cannot be compared with the chronic or
depenJent state, ~easuring the LRR in such 1Oi031s provides a quantifiable
response ~hich may be studied in a cont~lled relatively non-stressed situation.
The present experiment was conducted to dete~ine the mode' of a~inistration of
ES which produces the ~imal decrease in Sleeping ti~~ and elucidate its
mechanism of action.

"lATERIALS AND ~IETI-!OOS

Cheoicals Hexobar~jtaI was obtained from the Sigma Checlcal Co~?any, P~oIe,

Dorset, U.K.

Electrostimulators The instruments used were NET (Neuro-ElectTic therapy)
sticu!<1tors, developed by Dr. M.A. Patterson and lll::L'lufacturt'd by European
Electronic SYSteJ:ls, Haldon, Essex, U.K. The instn.u:lents U:'led in the present
experi~ent ~ere specially codified by EES to operate froo a transforeer connected
to the mains supply. Under these conditions the output volt<1gc (D.C. coupled)
was adjustable from 0-4V and the output impedance approxill'.::ltl!ly 15011.. The output
pulse width was selec'table in 6 r:ll\ges 0.1,0.22,0.47,0.82, 1.0 and 1.S lll.5ec
and the output frequency adju:'ltable in 4 ranees - 1~IO, 10-100, 100~IOOO,

10(){)-2000 Hz.

Animals Female CD rats of body weight 2S0~ZOg were purchased froll! Charles River,
~Ianston, Kent, U.K. These animals were maintained in groups of six on lIIineral
bedding in high density polypropylene cages on a l2h OR.OO-~O.OOh light: dark
cycle. Food, R & ~l experilr.enUI No.1 (SP Nutritional), and ",ater "'ere
available ad libit~. All experi~ents were conducted between 09.00·l2.00h.

Treatment Rats, in groups of six, were anaesthetized by intraperitoneal
administration of hexobarbital (S~/2ml/Kg)dissolved in sterile alk~line

solutivn. StainleS5 steel ~lichel~suture clips ",ere inserted either b~' pierdng
the lo~e~ part of the conch~ just e~tern~l to the auditor~ meatus in the Mw<ner
.lescribed by Pert et al (19), or by clipping fim!y into the plant"r pacs of the
fore paws. The applied c~rrent was DC square (with respect to both t~e vertical
axis and hori:ont .. l base line) wave of pulse width either O.22msec or ranging
from O.I-l.Omsec.
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FIC 1. All animals ...·ere maestheti:ed with hexobarbital (SOt.Jg./I;:g).
Elect.rostil:iUlateu and sha.':I tre3ted anima.ls were conr.ected to the
crocodile clips a.t the electrode terminalS via sutur~ clLps
piercing the skin of their ears. The current. at t.he sut~re clips
~as ~nitored via. an oscilloscope. The current was ~assed

continuouslr to the treated animals J.nd none to the shallls and the
time t;lken for each rat to rega.in its righting refle.l: deteIT.l.ined.
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The curTent was ~onitored continuousl~ with the recipient in situ using
an oscilloscope (Advilnce Inst:ru.:nents. Hainault, Essex, U.K.), ""hich ',;,lS ~pplied

sim:ltaneously at the stainless steel clips. Each NET instT'Urlcnt ...as 3djusted
until a constant intensity of IV (measured ~t the electrodes of t~e pinna)
registered on the calibrated oscilloscope and any necessary adjustments ~c~e

cade during the experi~ents to maintain this potential difference. ~o

frequencies of electrostinulation. either 10Hz or SOOH:, \;ere applied in eac~

expe~ioent. These have previouslr been demonstrated to be the cost ef!ective
frequencies for reducing barbiturate induced slecp~-times (9. IS).

The groupS of rats ~ere either stimulated continuously until they regained
their righting reflex or for the first or second 30 minutes immediately after
loss of conciousness. Another group of animals received trains (Smins on,
Smins off) of intenlittent impUlses until they regained th~ir righting reflexes.
Further group, of rat, were restrained in cylindrical tubes ~hile receiving
continuous ES for periods of 1, 2 or 3h. After this time these animals ....ere
anaesthetized ~tth hexobarbital and the times to regain ri~hting reflex
determined. In all experiments 6 treated anim.als were compared ..lith 6 sham
treated controls in which the rats were attached to the stimulators in the same
manner ~s the ES animals, but no current was passed. The environ~ental

temperature of the anaestheti:ed rats was maintained at 28·C~1·C.

The righting reflex was considered to have returned when the ani~l ~as

able to rut~te sufficiently to place an opposite hind paw on the surface of the
bench.

Statistical Analyses The statistical significance of differ~~ces in results
ben.een groups of CS and sham treated animals was determined by unpaired
Student'S t t~St. Results were cpnsidered significant ~hen P < 0.05.

RESULTS

FFES or SFES decreases
ad::ninist.ered via the ears.
of producing tnis response.
the ani.=.als to apPToximately

the ti~e taken to regain righting reilex .hen
Only FFES applied via the plantar pads .as capable

In all cases, the ES reduced the sleeping-time of
60"; of the control value, see Table 1.

The results in Table II indicate that 30mins continuous ES ~as sufficient
to reduce the righting reflex to approximately 60% of the control val~e prOVided
that the sti1llUlus is applied illDllediately after LRR. \I'hcn application of t~e

current co~enced 30mins after LRR, i.e. for the latter half of the time the
animals ~ere anaesthetized, there was no significant reduction in narcosis
bet....een shiUll treated and ES rats. Intermittent stimulation (Smins bursts
administered at Smins intervals) commencing i~ediatcly on narcosis and
continuing until the rats regained their righting reflex ~as equally efficacious
in decreasing sleeping. time.

Table III indic3.tes that the "opti.::lu::l" ES pulse -.;idths to 1:!(cre.as~ the
duration of hexobarbital-induced LRR were 0.22 and 0.50r.1.sec. The shortest ;::ulse
~idth ex~~ned (O.lmsec) significantly increased nar~osis ti~e.

ES of restT"3in~ rats for periods of up to 3h prior to ac.r.liniStriition of
he~obarbit.l did not significantly decrease the duration of lRR indu~ed by :he
drug (T3~h IV).
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TASLE I

"

The Influence of Cranial o~ Peripheral Slow or Fast frequency Elcctrostioulation~

On the Hexobarbital-Induced loss of ~ighting Refle~ ~n F~~ale Rats

~lode of
Administration

Cr:mial l

Periphen12

Sleeping-time
Stimulated

Slow

" • "(lOHt)

Fast .. S'(500Hz)

Slow
71 11(10Hz)

Fast
Sl 9'(5000::)

(mins)
Sh""

19 .. 11

81 .. 6

'; of control
Sleeping-ti~e

'0

63

t Voltage intensity IV, pulse width 0.22msec. Results re?resent the iIIe3.n • S.D.
for 6 animals in each group.

1 Cranial - elect~des applied via the pinna of the ears.
2 Peripheral - electrOde:5. applied via plantar pnds of the fore pa....s.

Significantly different fro~ controls P < 0.05.

TABLE II

The Effect of Electrostimulationt of Varying Duration on
"The He~~obJ.rbiul-lnduced Loss of Right.ing Reflex in Fe:n.:lle ~ts

Dura t ion 0 f
StiCIulation

o
Sha!ll treat.ed

Continuous

30mins I

SOl:lins 2

Intermittent
Smins tr:lins

Sleeping-time (mins)

90 .. 10

SS + P

60 + 8"

as

61 .. lP

\ of CO:ltT"Ol
Sleeping-time

61

67

.,
t ....oltJ.ge int!nsit>" 1\", fnquency SOOH~. puhe width O.:!~msec.

Results represer.t the m~an • S.D. for 6 ani~ls in e3ch ~roup.

1 First '>Omins after loss of righting reflex.
Z Second 30l:lin5 .liter loss of righting reflex.

Significantl~ uiffcr~nt from the controls P ( 0.05.
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TABLE II I

1.11! Influence of Pulse Width of Elec~ros~imuldticn7on
7he ~~~~tio~ of H~~obarbital-InducedSleeping-time in Fe~ale Rats

Pulse il.!. dth Sleeping-time (mins)
, of control

(r.,sec:' Slee?inC-ti!:l1!

O. !O lJ~ • 13' 132

0.22 " ,- bO

0.50 5b • ,.
"1.0 S3 • IS 1(-0

ShOUl t:"c3ted 8S • 8

•

Yclta;e intensiLy IV, frequency 10Hz.
Re~~lts represent the mean. S.D. for 6 ~~:mals in each group.
Si~::ican~ly different fro" the cnntrc~~ ? < 0.05 .

TABLE IV

d:e Effects of \',lrying Periods of Elect.rostillll.:l3.tionf Before
Hexob~r~ital Administration on the Duration of the Loss of Righting Reflex

(I:; ,3 t ion of SI ecping-_t i ro.!
SUllIU 1:H ion (h) Sti£JUl3.ted Sham

3 '3 IS 06 "
" • 14 SO IS

; 74 • " " • I'
0 (Contro1:» Sl • 8

Voltagc intensity IV, pulse ~idth O.22~sec.

frequency IOH:. Results rcp~e$en[ t~e mean
S.D. faT b 3nim3ls in each group.

T:~.~se J.nill'.als ... cre restrained in cylindrical tubes
:or electrostimul~tionor sham treatment.
Ecxoharbit:d ","a.s administared imrr.cdiately after t!",e
rJ:s ~ere removed fro~ the restraining c~~es.
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DISCUS~::."

Using the present behavioura1 ~~cel :~:~}. the superiority of re~tan~ular

or square as opposed to sine ~ave ES ~cs =~-c~~tTated (18). Similarly. rec­
tar.sular wave stimulation has been der.cr-s:~~:=d to be h.ore efficacicws than
sine in producing analgesic responses, ~s ti/dt is ~ch greater in t~e rising
and falling phase of the pulse. In acc~~~:~. ~ulse duration should be opti­
r..ally minimal in order to avoid potential r=cr-::Jsis of tissue around the elec­
trodes, due to electrolysis phenorr~na. C~:~~:ed experi~ental and theoretical
analysis of these relaticnships, using: ~as~c electric"l parameters as well as
the effect of pulse repetition rate in ~~= ~;=e range between 0_1 Hz and
500 KHz. has been reported by V. Omul"a. :l"'. :~;) (20), and similar findfngs were
reported by M. Janko et al in 1980 (33).

It is unlikely that comparisons be~A~r. :r.e lRR rrcdel and induction of
auto-analgesia ~i~l elucidate the differir.~ responses to SFES and FFES obser/­
ed in the present e.x~erirr~nt. Although t~= evidence is largely equfvocal, a
nun-ter of n:!ports reccmr,end FFES for au:ca!':.!:·;es'ia (2. 22, 33). Regardless of
the frequency of [S, the treatment is ~5t ::reficial for the a;,~l;oration of
cutaneous pain when applied locally (33j. ~:ssibly an additive effect between
the pain and ES is conducted by ascendir.g :~fcrent fibres in ~~e spinal cord
(2). Jt is unlikely, however, that the ~~~( ~G~ intensity £S ~ould activate
( or A.&fibres and the impulses generat~ r,y =.s would rr:ainly acti'late'\6 fibres
(23,33). It is probable that in the ca5e cd electroanalgesia continucus FFES
,prtlduces local changes in excitation fre<:;L=r.c:1 and is thus efficacious in de­
creasIng local pain at distal sites (33i.

The ears are known to have sensory cc,rections with several cranial nerves
which have diffuse connections through :M= ~=~roaxis and it is possib~e that
only transauricular application is respcns~.~ to SFES. whereas FFES is ~re

generally applicable at sites other tha~ t~~ ;inna or cranicm.
SfES and fFES have been demonstratc~ :: :r.voke differing biochemical re­

sponses, the forr.er being associated ~i:~ :~~~~asedfl-endorph;~activity (24).
Jt ~as previously demonstrated that the c=~~=~~e 1n barbiturate-induced lRR du­
ration resultir.g from SFES was impaired ':.1 ::-2 specffic opiate re~eptor antag­
onist naloxone, whereas this drug enhanc~a :~= action of FFES (9).

FFES increases serotonin levels in ce~~~'n regions of the brain (8.21,24).
In vitro studies indicate FfES increase~ 1,;- _ ~.:..:-ate receptors (25) and causes
structural changes 1n the hippocampus, 1~c~~~~ng synaptosomal connections (26).
Further experimentation using this and c:r=~ ~c=els is necessary to determine
the relative importance af all the facters ~c~~ributing to the differences be­
n.een SFES and FFES.

It has been reasc~ed that the meaninS3 ~7 si;nals are conveyed in the im­
pulse frequency rathe~ t.":an the duration C'" ,c-'l1se .... idth (27). The studies con­
ducted with this (~R?) h.odel confirm the j::~"'"tance of the frequer.cy of ES but
~lso provide so~e ir.~ication that the ~~;s= ~:1th does influence the re£ponse,
which is in dcccr~ance wi~h another repcrt ~Z3~. In addition. clinical use
has established 0.2-0.3 ~sec as the opti~~ ;~ise duration for the treatment
of addicted patients and other conditicr.s. ~~~:e exceSSlve pulse duraticn can
c~use electr~lysis in tissue around elec~~::=s (~. 20, 21).

The interv~ls between stimulation a~~ ~, =sser.tial determinant of sensiti­
=Hion or H,c ce'lelopment of toler~nce (Z:::. ....ir.o1 ing seizures are prodl.:ced by
re;etitive in~ermittent sub-threshold st:~~:: :~ tr.e li~bic reglons of the brain,
eSj:'ecially the atlygdala (2~)_ It has rec~r::~ .. :een reported that SFES is even
~ore potei.t in inducing kindli~g sp.i!ur~5 ::~~ FF~S. this ferm of £5 correspon­
ding more closely to the aWY9daloid disc~e~;= :!~). rore frequent stiwulation
retards kindling seizures. It has been C~;(~::,ated that chrcnically acminis~

tered (5 of the amygdala, via i~;llanted :'=,::~c:o:!!s, increases bloed prolactin
i!nd an amygc:!alchypotl'lalamic control of r=;"---:'=~~:JCri[1e function hc.$ been postu­
la'ed (30).

. The symptoms associated ~ith the w;:f:~~~~1 cf ~ij(l~ addictive drl.:gs may be
11kened to the kindling ~p.izur~ (28) ar.c ~: '; ;ossicle that the efficacy of NET
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electrostimul~tion for drug addic~s could be the result of amygdaloid stimulstio~

in the Jbsence of the drug of abuse. 5-Endorphin, preyiously implicated in the
action of SFES (8. 9). l::Jy be :-elezsed indirectl:", as a result of this stiT.lulatiol.
of the limbic 3Te~ of the brain or be ~other inde?end~t effect of ES. Recent
e~idence has sho.~ that phenobarbi~al increases some opiate-antagonistic. actions
of naloJ.one (31) and it has also been suggested that a specific opiate peptide
r~lea5ed horn a separate part of the brai:'! prolongs barbit.urate-ind:.:ced LRR :J2).
It is possible, therefore, that there is a cOrlplex inter:tction "betlOeen opiate
pc?t1des and barbiturate· induced LRR ~hich cemplicatcs the i~terpreta~ion of the
n=sults of the present. e:tpcril!)cl'lt.. However, apart froc potent.ial applications i:;
anaesthesia ;;,nd det.o.-ic3tion jn t~e acute narc;)sed 5t3te, this experinent cO:.l]d
incicat~ a simple behavioural ~odel by which the effects of cti:feri~g fc~s of E5
m;;.y be readily quantified.
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