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ABSTRACT

Capel, 1.0., M.H. Pinnock, N.J. WIthey, D.C. Williams, and M.A. Patterson: The effec:
of electrcslimulclion on barbiturale-induced sleeping times in ra!s. Drug Dev. Res.
2:073·079, 1982.

Female ralS. anaesthetized with hexobarbital. regained their righting reflex more rapidly
following,eleclrostimulation than sham-treated controls. The extent of the decreased sleep­
ing times in these animals varied according to the frequency (cycles per second) of the
elec.rOSllmulation applied. The frequency which produced the largest decrease in sleeping
lime was 10Hz. Determination of the activity of some microsomal enzymes indicated that
the decreased sleeping time was not the result 01 increased hepatic enzyme activity. Animals
which had received prior treatment with naloxone exhiblled increased sleeping times fol­
lowing barbiturate administration. but ltle effects of eleClros:imulatlon on the sleeping time
at 10 Hz. was diminished, while lhe effect 01 eleclrOSlrmulaticn al hIgh frequency (500 Hz}
was enhanced. Although repealed daily administration 01 hexobarbital progreSSively de­
creased sleeping times lor all the animals. electroslimulatlon decreased the sleeping :imes
of the treated rats by a similar percentage of the control animals on each successive day.
Electros:imulation at a frequency of 10 Hz produced a signilicanl decrease in serum cor­
ticosterone levels, whereas sao Hz resulted in an increase.

Key words: el&trosllmulatJon, frequency, barbiturates, sle-eplng times, rats, hepatic
enzymes
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INTRODUCTION

The practice of Jcupuncture hJS bt:cn sup.:rccdcd in Ihe West by c:lectroacupuncturc:, which
is pres~n1ly {he subject of lnfensive expcrimcnlJ.1 rcsl'J.rch to c.'I.;:>loit {he phcnom.:no:'l of nJuto;Jn_
algesi:l" (a:-Hinociccptive dfec(j. Th,;' needles JSSoci:.Jled with Jcupunc:ure rna)' be rcpl:.Jccd in
clinical practice by electrodes which are pbced on the surface of Ihe skin (HeidJ et a1.. 1979:
Woolf. 1979).

Ncurodcctric therapy (NET) is an e!ectrostimublian technique '>\.hicn Invohes pl.lcng cu­
t::mcou<, electrodes over (he hum:m m:lstotd area<, ::and pJssing il milliJmp..:rc current :1; s(Xcilic
frequencies :lnd pulse widths for a gIven intcr"\/JI oflimc lPJncrso~. 1976). The m:lJority of pr<:vluu~

e:~p<=rimcntal rcpo"s eumine vJrious e~ectriCJI stirnubtory pJrJmCfcrs Jnd the:r :otluerlcc on the
:lr.Jlgcsic c~fc:o::ts produced IChcng :md Pomc~:lnl. 1979. 1980: Heidi <.:1.11.. 1979. \\'oolf. 19,9)
The sumulJwry apparJfUS (NET) cnploye:d in the presenr expe:1ment t'l.lS be;:n ccrntJn:>trJI~d 1(I

am.:Jiorote: some of lh.: biochcmic::l! dk;::~ resuiling from rC$tr:Jilll stress IC:Jyc! ct ;:Ii.. 1979)
Clinically. thIS fOrm of e!ectrostimulotion (NET) is bell1g successfully employed to okvi:Jtc tho:
wllhdrawal SYnlpfoms associ:lled With the tre:lIment of p:llicnts addiCted to narcotJc drugs a~d

alcohol IP::merson. 1976J. This slUdy was conducled. thereiore, 10 Invesligate the biochemical bJ.sis
by which elcc!rostjmulation might influence drug de:toxication. The time: t::tkcn to reg::ain flg.hting
reflex following barbiturate anaesthesia (sJeeping time) may provide an in VIVO eSlimJIC of hcpaw:
function. Thus, the effect of elcctroslimulalion Jt v:lrious frequencies on barbilUrale-induced sleep.
ing times was monilOred to detennip.e ..... hether Ihis trcatmenl influences drug detO'tic3tion by Jltcring
hC:;J:Hic function and .....hether lhe fr~quenc: at which the current is applied influences the rcsult.

The specific ~arcotic antagonist. naloxone, has been demonstrate:d to p~t:':enl the ::IOJlgc:sic
response induced by peripheral eleclrOstimulation [Bucket!, 1979; Cheng and PomerJnz. 1980].
The hyperJlgc:si:l r::suhing from pret~e:llment with nJloxone is ge:ne~aJJy reg3!'dcd as lndicJfjvC that
e:-ldorphins have mcdialed the tolerance to the nociceptive ~!imu!us (Cheng and POr:1er::lnz. 19791.
N310xone was Jdministcred prior to c!ectrostimulafion in 'his stucy. therefore. CO determine u,'hcthcr
the obser--ed d'fecls on barbiturale anaestht:sia was mediated vi:l these ncuropetJlides.

MATERIALS AND METHODS

Chemicals

Narcan~ (naloxone) and TuinaJ3I (equ:lI quantities of quinalbarblloneiamyJobJibltoncJ were
obt:lined from BOQ(s, Nouingham, NoltS .. U.K. Evipan Nafrium:ll (soluble hexoearbitJl) was J

generous gin from Bayer. H:lywards He:llh, Sussex. U.K. PenlOlhaPll (thiopeOlone, sodium) W:J.S

purchased from Abbot;s Llboratories, Romford. Esse.'t, U.K. CORTK1Cl IUts for conicOSleronc
ass::ay were obt::linc:d from Sorin. Gruppo R:ldiochimica. S3Juggi::l. II-aly. All other chemicJls ;Jnd
reagents were of the purest gr:lde aV:lilablc ilnd purchased from Sigma. Poole. Dorsct. U,K.

Animals and Treatment

Female Spf:lguc.Dawley r:lts of body weight 250-350 g were used throughout. These Jntrn31s

were purchased from Ol:lc, Blcester. Oxon .. U.K .. and maintJined. six per cage. on Dixon's
(W:u-e, HeftS., U.K.) PRM diet. After seven days acc1imafiz::Hion to the slJndJrd laboratory con­
ditions (lemperature 21~ ~ 2"C. 60% relarive humidity and 12·hour light-dark cycle). the eAper,
iments were conducted on naive (ex:cep( whe~c specifically menrioncd) rats. The tests were begun
l>etween 9-11 a.m. after 3n overnight fast .

... : Animals •. .ifol ,groups. of six. we~e an:lCSlhetized by intrJpcntone:l1 administrJtion of either
hexobarbil:ll (100 mgikg), loiope:l.tone (56 mglkg), or quinalbarbitone/amylobarbilone (25 mglkg).
Michel~ suture clips were inscned through e:lch ex:em:J1 pinna of the ears of e:lch ral. Crocodile':
clips. leading from Ihe terminJls of NET stimulators. were :lllolched to the sUlurc clIps on lhe: CJ.J""S
of e:lch rJt individually. Trealed anlmJ!S we:re stimulated until they regained lheir righting relk...
with a squ:lrc WJve current viJ Ihese suture clip-clt:ctroJcs ;J.[ a Constant voltage (1 V) and pulse:
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width (0.22 msc..:) which W;I$ monitored cl)nslanrly on an oscilloscope (Adv:lncC In:.rflJmcnts.
H:linaulr, Esse", U.K.) In the CJSc. of anim::lls which received thiopentone or quin:.tlbarbitllnel
amylobJ.rbitone, only one frequency. [0 Hz. was applied. Groups of six anim:lls. an;1cSlhctizcu
with hexobarbit.:l!. werc elccfriCJlly s{imu!.:lted .:It one of the frequencies indiC:lIcd in Tab[e II. In
thc case of sham trc:llcl! controls. the pion3 of Ihe r.:lts wcre 3150 connected to ill.'.otruf:lcl1fs. but
Ihesc were not s·....·j'dll::d on.

Sleeping rime W;lS mcas~red JS the.: rOlJ1 time t:!ken by rhe Jnima[s to reg:lin their righring
reflex. The r:::um of the righting retlcx was considc=rcd to be the point when lhe aoJesrt:ctized ral
rccove.cd sufJicienlly to fOl:.tte and plJce cither opposite hmd hmb on the surfJce of [hI.: r..e:1Ch.

Sham trc:Hcd. Jnd the group of animals in which cketroslimulJtion e.'l;erted its m;nim:.d effect on
sleeping: rim::. were $,lcrdic::d by c.u':l.I1guinariun via c.:Irdi:.tc puncrure. The seru(\1 w:.tS scp:U-J.td
by centrifugal ion ~:ld Slored ar - 7o'C pflor ro anJlysis. Th~ livers of these animJ!s '''''ae also
e,(cls~d. hOml)~o:=::isd in il::.:-cold 1.15'-;' KCI, and th.: mlcrO!\Omes prc:~arcd b?, ul::J ...'er:!Tlillg2tlun.

Pnor r:';Jlr.lcnl \,ith n:llo\ooc .....as .lchi,;·,·ed by inrrJpcr:ror.t:.:l1 at~r:-:jlllsrrJ.uon or" .".:J.n:;=n·'i:
(I mg/kg) I hour beforl' :ldr:lir:im:lIion of hexobarbir:ll (100 mg/kg) (Tabk ':).

In two furtner groups of six r;,lIS (one control and 0l'11: sham), the effect of de::tfOSllmu1:lIion
Jt 10 Hz on lhe hoobarbitaJ-induccd sleeping lime w~s de:crrnined onc~ c:.tily for four suc::essivc
dJys.

Assays

:-"licroSOOlal prolcin and cylochrome: P",W were dc:ennined by rhe fJ.mlliar lechnH;l:CS pre­
viously <:!escribd [C::lpel cr al.. 19791. The Jromalic hydroxy!arion of aniline and N-'::e::J.c:~ylarion

or" aminupyrillc wen:: determined by rhe t~chniques cited by K:uo and Gi!Ir:::~ [1965]. SertJr.1
cor-icostc:one '...·:\s d,,:!cr:7lined by a cornpclltive protein binding rJdioimm:..:noassay [Fiore!!i C! 31.

1972J.

Statistical Analyses

The statisric.:II ~igniflc:.tnce bel .....een eleclrostimulaled and sham lreated r:lts WJS Ct::e.mined
by unpaired Srude:lr's t (esc The differe~c~ berween me:!ns was considered slgnlnCant whe~ p <
0.05.

RESULTS

Female r:ltS rec:ivlng eleClros(imuJacion regained their righting rdle,; more r:.tpicly than
shJm-lre:lIe:1 ::lOimals following adminisrrafion of anaesthetic doses of eilher hexoca;birJ1. rhio­
pe:ltone. or quinalbarbitonelamylobarbirone (Table 1). Two frequencies. either 101Hz (;J <
0.001) or 500 Hz (p< 0.001) were most effec:ive in decreasing the hexobarbital·induc::d
slee;>ing lime (Table 2).

The w:Jrment produced no significant difference In microsomal prolein or cytochrome P. IO

levels (Table 3). PJ.r::tdo.'(icJ.lly, the two mixed funcrion oxidase enzyme activities tnVest:g,ued,
aminopyrine N·demethy!:l.se and Jndine hydroxylase, were signincJntly lower (p < O.OOl) in the
eleclrosrimulaled animals th:ln rheir sham lre:;lIed liuermates.

Pretre3tmenl with naloxone inere3sed the hexobarbiral-induced sleeping times of Ihe non­
elecHos[imulared anImals (TJble 4). EIeC[fOSlimulation at a frequency of 10 Hz W25 far less

effective (p < 0.00 I) in reducing sleeping time following pretre:!!menr with naloxone. whereas the
reduclion of slc::ping timc resulting from eleCtfOSrimulation 3t 500 Hz was gre:1tly enhanced (p
< 0.00 I) by prior adminiS!fJrion of lhis drug.
''''''::'-::'., Adminislration of hewb:lrbital on successi'..-e d:lys fI::sulleu in :l decrease.in .slc~ping time
of the untreated animals. However, c!eetrosrimu!afion af 10 Hz reduced the sJe:ping time on each

succ::-ssive d::ly by a similar pe:-cenrage (Table 5). R::lts receiving e1ec:rostimulacion::n 10 Hz had
signlf'ic:::lntly lower (p < 0.001), and rhose stlmuJared at 500 Hz signIficantly highe: (p < 0.025),
serum cortisol levels (han rhe sham (reated controls (Table 6).
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TAijLE L The EfTt'Ct of E'eclroslimublioll III ~ Frequency of 10 liz on lht Sleeping Times
Induced by Various Barbiturates in Fern:!lr R~1.5

Dose Sk.:ping lim.: {min)

mglkg c,:;' D.:~re~5e ill

BJrhl(urJu: I_p. Slimul;H<:d sham sh;~ping (im~

Hexocubll:i! 100 62 10 " 0 " ::!5
Pentothal 56 '267 33 371 0 ''I "TumJI 25 107 0 10 l::g 0 " 16

TABl.E 1. The EfTect of Eleclrosrimu!:llion at Various fre1lut"ncks nn tht" Hnob3rhit:!1 (100
mg...:kg).Induced Sleeping Times in Fern:!!!! RalS

Fre4u<:ncy

(Hzl

5
10

"20
:0
9Q

1C<l
200
500

1000
ShJrn (con1rol)

Rcsults represent the m<:J.n

Sleeping tIme % ReduCllon III

(min) slcc;JinS limc

61 ~ 12 23
56 ~ " ::9
'6 ~ 8 .:2

59 ~ 16 "'

" ~ 6 "" ~ 'I }~

68 6 l'
72 ~ 'I '!
7' 13 l
'8 ~ l J<)

58 ~ 6 ,--,
79 ~ 13

5_0. for indi ... idual iS$ays on 5U JnirnJls in <:Jch group.

TABLE J. The EITect of Elcctrostimulation (10 Hz) on Some Micrusom.. l Enzymt' Activities

in He.'tobarbital (100 mgikg)-Anacsthctized Female Rats

Body MicrosomJ!
weIght prolein Cytochrome Aniline Aminopyrine

Group (,I (mg/g) p~JQ' hydro)(ybsc~ dc:mc:~hyIOl~C:"

Electro- "_._ .. - ,--- n., --:;...."."
stimulited 303 ~ • 35.7 3.' 0.86 0_12 0.68 :: 0.04 0.08 =0.01
ShJm 310 10 32.8 ~ 3.2 0.99 = 0.21 0.56 :: 0.07 0.12 =001

Results rc:prc:se:'lt Ihc mCJO 5 D. for dupJic:l1e :lssays on SIX indlVH!ua) rJI5 m each gruup.

'E.. presscd as nmQlclmg protein.

bE.{pn:~sc:tl ::IS !'~ product fonnc:d/mg proleinlmlO.
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T.J,BLE 4. The Etreel of Prior Administration of :lIOlCont On tht Decreased Huo'barbil:ll
SI~pioR Tim~ of Ftm:JJI:' ROILS Indul."ed by £lectrostimul:ltioo 31 Frequencies of 10 or 500

fh

Skl."ping lime

Group NJIO:l;one' (min)

Sham > 10ii "" II

10 Hz. > 96 = ,
6J = ;

500 Hz. J7 = ,
71 = Il

% DccrrJS(: in

slec;:Jing lime

""66

"
Rcs:Jlis r;::?rc~<:n; the me:Jn = S.D. ftJr Slot J.'lJm.!l~ l~, C;H:!l i!~flUP

'I r;lg;I.::g Jdmimslered 00<: hour bciur~ hc:\ob:l.rhu:al.

TABLE 5. The Etreet or Repe:Hed D:Ji!y F.lectrostimulatioo (JO Hli 00 the Hexobarbital­
Inductd Slctping Times of Female R:HS

S:c:;ling time
DJy Group (min), conlrol " ="eJeCtroslllllu Iated 6' ") coorrol i5 = ,

eleclrostimulJlcd " = II, control ;3 = II
electrostimulaled '9 ,

5 control 76 7
cleCtWSlimulalcd 58 9

q, Dccrea~e in

SJc:;li.'l!j rime.

,­- ,

33

Results represent the mean ~ S.D. for six animals in each group.

TABLE 6. Serum Corticosterone Levels in Hu.obarbital-.-\n3tSlhetized Female ROIlS
ReceiVing Elcctrostimul:uion at Frequencies of Either 10 or SOO Hz

91 16

~S =18
130 35

Conicoslerone
level in pla.sma

(nglml)
.. Sleepmg (I me % Decre:!.Sc in

Group '"~-'''

(min) .deeping time

Sham 95 18
10 Hz. 6) , 3'
500 Hz 67 IJ "
R:sul:s rC;Jresenl th~ m~~n ::: S D. for indt ...·ldual ~ssays on Sl( anlmJ.ls in clen .e;rOUD.
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DISCUSSION

The majority of the work previously conducted to elucidate the therapeutic applications of
elecfroslimulalion has concentr;1ted on the demonslrable an:::l1gesic proper1ies evoked by this fonn
of trcatment (Cheng and Pomaanz. 1979. 1980; Hiedl et al.. 1979; Woolf. 19791. The prescnt
expcrimenl d~scrjbes :l mode:! by which anOlher effeci. i.e. drug detoxic;Jtion. may be investigJted.
J.nd also indiC21cS thai Ihe results obtained will V:J.rf according to the frequency (Hz) oi Ihe
stimulation applied.

The observed decrease in sleeping limes resuiting from electroslimu/;Jtjon in the presenl
experiment could be indiCJtive of inc~eJsd he;;.alic functiOn. ParJdoxically. far the subslrales used,
aniline Jnd aminopyrine. dectrostimul:l.tion inhibited these lWO mIXed func!lon ()xidase activities.
~1J!e r;:HS c.'l:pe'lcnce J. large Increase in he pat i\,' mlcrosom.:ll mixed (unction oxidase aC:lvi{:. after
s~.\ual matl:r:ll:on so t~at immature m.:l!t: rats are genaally better Ind:c;ltors 01 the Inducing :eITec:s
oi v<lnous '\::nct-:ollcS IConn-:=y. 19671. Frm;J!;: r::llS we:~e used in lhe: present e:tpcnment. t-'Jt rhe
observed decreJ.s,: lf\ th~ In ~itro microsomal :::nZ:;mc acllvH)' In<..i1C::Ht:S that (he eriect on s~.::::pi"g

tim~ is nOl the result of slimulared hepaflc enzyme activity.
E!ec:ros:lmub!lCn irequencies bc!ow 100 Hz have been lc:-mcd "slow" <lnd those abo~e 100

Hz "fasl" lNa:han. 19/5J. Some comr:ldiclOry rc;mn:s have appC:lIcd rc:garding the "opumal frc­
qucncy"to lnduce aU!O:lIl::J.!gesla [Ch~ng and Pomeranz:, J979, Hiedl t:! al.. 1979~ Nathan. 1978J
Most repons r~~omrnend slow frequenc~es [Cheng and Pome:"anz. 1980; Hledl et al.. [979J. but
comp:uisons are difficull because diifering fomls of e!ectroslimulation al differing intensilies have
been employed. ,.;. recent article [Cheng and Pomeranz, 1979) describes IWO "efficJcious frquen­
c:es" (4 and 100 Hz:) for induction of aUloan;J!g:si.::l expe:1ment:dly and suggests that these fre­
quencies mig hi elecit their response by differing mechanisms. implic::Hing a serotonergic mechanism
at fasl-frequency stlmu/<ltion (Cheng ilnd Pomeranz. 1979), The results of the present e,'l:pc~iment

Indicate that some s?e~iRc slow and fast elcctrostimubtion frequencies enJ.ble barbiturJte·an:lesthe­
tiz:ed rats to n:g<lin their righting rctle.~ more rapidly but also sllggesl lh:r.t differing bioc;,~mical

mechanisms produce lhis response ill the differing frequencies .
• The drug naloxone. '.I.·hen al.!minislered <II higher dose levels. is gC:leraJly regarde': as :l

specific opioid Jntagonist and. althaugh it m:lY have other pharmacological inierlctioClS in a sySler:l
WhlC~ might compromise lhe interprel<llion 01 its dfects ISawynck et ::11 .. 19791. ils revers~1 of a
p:utlcuJar ac:ion is al Je:ls! presumptIve evidence of tht involvcment of opioid pcptides ia that
reactiOn [Cheng and Pomeranz. 1979: Sawynok et aI., 1979J. It has been demonstrated tr,.:H tr.e
an:llgesi<l produced by slow frequency dectrDacupuncture may be abolished by nJ.loxonc:: whereJ.s
faSI frequency <luloanalgesia is unaffected [Cheng and Pomeranz. 1979). Similarly. the usc of
naloxone in the present experiment suggesls that at lhe slow eleclraslimulation frequencies "opioid
pe~l!ides" comribule 10. or are responsible for. the dccrease in sleeping time. where<ls JI fast
frequencies they amagonise Ihe effect.

II h.:ls be:::l reponed Ihal the aUfOan:llgeslc effects induced by noxious stimuli. suc!'! as
footshock or condltioned fear. cannot be completely mi1lbited by either nJ.]oxone or the ACTH
inhibitor. dexameth<lsone lCh:lllce and Rosecrans, 1979; Lewis et al.. 1980J. Indeed. it has been
reponed thai nJltre;conl:: prettealmenl enhJ.nces footshock Slress-induced analgesia IAmir and Amit.
1979). If these observ.:llions on aUloanalgl::sia m.:Jy be compared wiTh barbiturate narcosis. Ihey add
suppon to Ihe hypothesis Ih:lt f.:lst frequency e1ecltostimulation dicits its response by a differing
biochemic:l1 mechanism from slow frequency e1ectrostimulalion and [h,Jt the fJ.sI frequency probably
cvokes the syslems which enable (he animal 10 cope wilh no;c.ious slimuli.

FUrlher evidence that slow and f:lst frequency electrostimulation invoke differing biochemical
mechanisms to decrease sleeping time is J.fforded by the observed difference in serum corticosterone

,:.:.... ...;····levels. It is possible Ihat fast' frequency electrostimulation induces rhe biochemiC<l1 systems aSso- ...
ci.:l(ed with stressiul stimuli. In the presenl study the microsom:ll enzyme activities were invesrigated
only in animals which received slow frequency eleclrostimulalion. The hormones induced by
5!ressful stimuli. including cortlSo!. normally increase hepallc microsomal metabolism IC0nney.
19671. II is possible. thercfore. that fasl frequency e[ectraslimllialion mighl be decrcning sle~j)ing
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times by enhancing drug met;.zbolism. Adrenocorticotropic hormone and l3-cndorphin originate from
the S.:lme neuropeplide precursor and it has been demonstr:lled thaI c:lcctfoaCupunclure increases
production of both hormones (Cheng c( al.. 19791. The endorphins produc~d by the fast frequency
stimulation would ame!ior:lle the Slressful stimulus. which would inhibit any hc?atostimulatory
action of the stress-assocl:lfed hormones.

C1c::ufy, further work is necessary to establish the mC::J.ns by whICh both fast and slow
frequency dcctrostimulation reduce b:J.Ibitur:J.te-lnduced sleeping time. The present experiment

docs. however. provide J model system by which differing forms of dec:rostimulation may be
compJfed and also establishes that the frequency or the current influences (he respome. The apparenl
bcr;~riciJI effects on de:o.-.:ic:HlOn and barbiruf:He narcosis of dectroslimul:\tion also mdicates .l

poss:bk b.:!sis for c1inic;Jlly observed cffiC.1cious ;}c;:on~ in the tre.:ltlTlc:u of p;Jlir.=r.:s with various
fonns of cr..:g Jcdlcrion IGol:la :lnd \1ik:;:JiJ. 1979: Pal:crson. 19761
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