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ABSTRACT Electrostimulation (ES) of slow (5F, 10 Hz} or fast (Fr, S00 Hi)
frequency decreases the sleeping time of rats anaesthetized by
administration of acure doses of hexcbarbital. When ES is applied
via the ears, both SF and FF are equally efficient in reducing the
loss of righting reflex (LRR), whereas if E3 is applied
peripherally via the paws, only FF decreases the acute narcosis
time. Applied cranially, either continuous stimulation or
administration of intermittent c¢urrent (5 minutes on and off) were
equally effective in reducing narcosis. A decreased period of

30 mimutes continuous stimulation will reduce sleeping time only
if administered immediately after LRR. When restrained animals
received ES for periods of up to 3 hours prior to administratien
of the barbiturate, the sleeping time of the stimulated and sham
treated animals were pot significantly different.
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INTRODUCT KON

The possibility that therapeutic electrostimulariorn could ameliorate
pathological conditions, including various forms of intractable pain (1-4) and
those symptoms associated with the withdrawal of drugs of abuse in chronically
addicted individuals (5-7), has stimulared experimental studies te investigate
its mode of action (8, 9). Experimentzlly, determination of the efficacy of
£S in the relief of pain is hindered by the absence of readily quanctifiahls
biochemical parameters and the lack of objective determinants of analgesic
response (10-14), Uniike ECT {electro-convulsive therapy), the low intensirty

17



18 1.0. CAPEL ET AL.

currents employed for therapeutic ES are normally applied for a prolonged
pericd of time. Thus, investigation of the mode of action of ES in chronic
addiction is complicated by the necessity to restrain experimental animals to
prevent their removal of the electrcdes during the period in which the stimulus
s being applied. Restraining both stimulated or sham treated animals produces
a considerable stressful response {15). It has been demonstrated that the
neurchunoral responses to stress may be invoked by proc¢esses normally associated
with anipal husbandry, such as woving the cages (16). Thus, with restrained
animals the effects of ES are being superimposed on an abnormal endocrineclogical
situation.

The measurement of the duration ¢f the loss of righting reflex aftrer acurte
narcotic doses of anaesthetics, especially barbiturates, is frequently interpreted
as an in vive indicacvor of the hepatic metabolism {detoxication) of these
substances. The mechanlsm of actian of anazesthetics in the central nervous
system (CNS) is uncertain (17) however, so that any observed alterations in
sleeping-time may be the result of a number of interacting mechanisms. 1In
previcus experiments the LRR associated with the administration of various
barbiturates 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 narcosed animal cannot be compared with the chronic or
dependent stare, measuring the LRR in such animals provides a quantifiable
response which may be studied in a controlled relatively non-stressed situatien.
The present experiment was conducted to determine the mode of administration of
ES which produces the maximal decrease in sleeping time and elucidate irts
mechanism of action.

MATERIALS AND METHODS

Chemicals Hexcbarbital was obtained from the Sigma Chemical Company, Paole,
Dorset, U.K.

Electrostimulators The instruments used were NET (Neuro-Electric Therapy)
stimulators, developed by Dr. M_A. Patterson and manufactured by European
Electronic Systems, Maldon, Essex, U.K. The instruments used in the present
experiment were specially modified by EES to operate from a transfoyrmer connected
to the mains supply. Under these conditions the output voltage {D.C. coupled)
was adjustable from 0-4V and the cutput impedance approximately 158 1. The output
pulse width was selectable in & ranges - 0.1, 0.22, 0.47, 0.82, 1.0 and 1.5 msec
and the cutput frequency adjustable in 4 ranges - 1-10, 10-100, 100-1000,
1000-20G0 Hz.

Animals Female CD rats of body weight 250s20g were purchased from Charles River,
Manston, Kent, U.K, These animals were maintained in groups of six on mineral
bedding in high density polypropylene cages on a 12h 08.00-20.00h light : dark
cycie. Food, R & M experimental No. | (BP Nutritiomal), and water were
available ad libitum. All experiments were conducted between (09.00-12.00h.

Treatment Rats, in groups of six, were anzesthetized by intraperitoneal
administration of hexcbarbital {8C0mg/2ml/Kg)disselved in sterile alkaline
solution. Stainless steel Micheisuture clips were inserted either by piercing
the lower part of the cofichz just extermal to the zuditory meatus in the manner
described by Pert et al (19), or by clipping firwly into the plantar pads of the
fore paws. The applied current was DC square (with respect to both the vertical
axis and horizontal base line) wave of pulse width either 0.2Zmsec or ranging
from 0.1-1.0msec,
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FIG 1. All animals were anaesthetized with hexobarbital (80mg/Kg).
Electrostimilated and sham treated animals were connected to the
crocodile clips at the electrode terminals via suture clips
piercing the skin of their ears. The current at the suture clips
was monitored via an oscillescope. The current was passed
contimously to the treated animals and none co the shams and the
time taken for each rat to regain its righting reflex determined.
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The current was monitored continvously with the recipient in situ using
an oscilloscope {Advance Instruments, Hainault, Essex, U.K.}, shich was zapplied
simultanecusly at the stainless steel clips. Each NET instrument was adjusted
uantil a constant intensity of 1V [measured at the electrodes of the pinna)
registered on the calibrated oscilloscope and any necessary adjustments were
made during the experiments to maintain this potential difference. Two
frequencies of electrostimulation, either 10Hz or 500Kz, were applied ir cach
experiment. These have previously been demonstrated to be the most effective
frequencies for reducing barbiturate induced slecpimf-times (9, 18).

The groups of rats were 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 (5mins on,
Smins off) of intermittent impulses until they regained their righting reflexes.
Further groups of rats were restrained in cylindrical rubes while receiving
continuocus ES for periods of 1, 2 or 3h, After this time these animals were
anaesthetized with hexcbarbiral and the times to regain righting reflex
determined. In all experiments 6 treated animals were compared with 6 sham
treated controls in which the rats were attached to the stimulators in the same
manner as the ES animals, but no current was passed. The environwental
temperature of the anaesthetized rars was maintained at 28°C:1°C.

The righting reflex was considered to have returned when the animal was
able to rotate sufficiently to place an opposite hind paw on the surface aof the
bench.

Statistical Analyses The statistical significance of differesnces in resulis
between groups of ES and sham treated animals was determined by unpaired
Student's t test. Results were considered significant wher P < 0.05.

RESULTS

FFES or SFES decreases the time taken to regain righting reflex when
administered via the ears. Only FFES applied via the plantar pads was capable
of producing this response. In all cases, the ES reduced the sleeping-time of
the animals to approximately 60% of the control value, see Table 1.

The results in Table II indicate that 30mins continuous ES was sufficient
to reduce the righting reflex to appreximately 60% of the contrel value provided
that the stimulus is applied immediately sfter LRR., When application of the
current commenced 30mins after LRR, i_.e. for the latter half of the time the
animals were anaesthetized, there was no significant reduction in narcoesis
between sham treated and E5 rats. Intermittent stimulation (Smins bursts
administered at Smins intervals) commencing immediately on narcosis and
continuing unti] the rats regained their righting reflex was equally efficacious
in decreasing sleeping-time.

Table II] indicates that the "optimum" ES pulse widths to decrease the
duration of hexcbarbital-induced LRR were 0.22 and 0.50msec. The shortest pulse
width examined (0.lmsec) significantly inereased narcosis time.

ES of restrained rats for periods of up to 3b prior to adeinistration of
hexobarbita]l did not significantly decrease the duration of LRR induced by the
drug (Table IV).
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TABLE 1

The Influence of Cranial or Peripheral Slow or Fast freguency Elcctrestisulationt
On the Hexobarbital-Induced Loss of Righting Reflex in Fezale Rats

Mode of Sleeping-time (mins) % of control
Administration Stimulated Sham Sleeping-tirme
Slow
45 « 8* 79 « 11 58
Craniall (10Hz) - =
Fast
43 « 5+
(500Hz) 3.5 80
Slow
71 + i1 8l » & -
Peripheral? (10Hz) - B
Fast . <
(500tiz) S5t =+ 9 63

1 Voltage intensity LV, pulse width 0.22msec. Results represent the mean + S.D.
for & animals in each group.

1 Cranial - electrades applied via the pinna of the ears.

2 Peripheral - electrodes applied via plantar pads of the fore paws.

* Significantly different from contrels P < 0.05.

TABLE 1I

The Effect of Electrostimulationt of Yarying Duration an
" The Hexobarbital-~Induced Loss of Righting Reflex in Female Rats

5 .
furation of Slseping-time (mins) . of control

Stimulation Sleeping-tipe
0 : 90 + 10

Sham treated -

Continuous 55 + 7* 6l
30mins 1 60 + B+ 67
30mins 2 85 + 13 -
Intermittent

Smins trains 61 » 11"__ 63

-

Voltage imtensity 1V, frequency S0CHz, pulse width Q.22msec,
Results represernt the mean » S.0. for 6 animals in each group.
] First 30mins after loss of righting reflex.

¢ Second 30mins atter loss of righting reflex.

* Significantly differeat from the controls P < 0.05.
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TABLE III

The Influence of Pulse Width of Electrostimulaticn® on
The tzmeticn of Hexobarbital-Induced Sleeping-time in Female Rats

?Eiﬁi;mth Sleeping-time (mins) ;12552231"%
010 112 + 13~ 152

0.22 51 » 9 60
0.50 56 + 9* £€

1.0 83 + 15 163
Shan treated B5 + 8 -

T Voltage intensity 1V, frequency 10Hz.
Results represent the mean + 5.0, for 6 amimals in each group.
* Significantly different from the contrcls P < 0.05.

TABLE IV

‘T.e tffects of Varying Periods of Electrostimu:lation™ Before
Hexpbarkizal idministration on the Duration of the Leoss of Righting Reflex

Duration of Sleeping-tire

Stimuization (h) Stimulated Sham
5 63 ¢« 15 66 - 12
z 78+ 14 50 + 15
i 74 + 12 77 + 16
Q (Controls) - 81 » 8

- Voltage intensity 1V, pulse width 0.22msec,
frequency 10H2z. Results represent the mean «
S.0. for 6 animals in each group.

These d4nimals were restrained in cylindrical tubes
for electrostimulstion or sham treatment.
ilexobarbiral was administered immediately afrer the
T2:5 were removed from the restraining cages.
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DISCUSEZth

Using the present behavioural mocal [_:2
or square as opposed to sine wave ES wis :arc'strated {18} S1m11ar1/, rec-
tanguTar wave stimylation has been dererstrzzzd to be more efficacieus than
sina fn producing analgesic respcnses, 25 ‘4t is much greater in the rising
and falling phase of the pulse. In addi*<:n, pulse duration should be opti-
mally minimal in order to avoid potentiai rzcrosis of tissue around the elec-
trodes, due to electrolysis phenomana. Cetziled experimental and theoretical
analysis of these relaticnships, using sasic electrical parameters as well as
the effect of pulse repstition rate jn thz ~iZ2 range between 0.1 Hz and
500 ¥Hz, has besn reparted by Y. Omurz ir 2273 {20}, and similar findings were
reported by M. Janko et al in 1980 (33). )

It is unlikely that comparisens be-ween the LRR model and inductiom of
auto-analgesia will elucidate the differirc rasponses to SFES and FFES observ-
ed in the present exreriment. Although ths= evidence is largely equivocal, a
number of reparts reccrmend FFES for au: caf= cesia (2, 22, 33}. Regardless of
the frequency of ES, the treatment is rost szreficial for the amelioration of
cutabegus pain when applied locally (33). FﬁssibTy an additive effrct between
the pain and ES is conducted by ascending z77zrent fibres in the spinal cord
{(2}. It is unlikely, however, that the wezk low intensity ES would activate
Cor Ad f1bres and the pru}ses generated cv I35 would rmainiy activate A& fibres
(23,33). It is probable that in the case <7 electroanalgesia continucus FFES
-producas Teczl changes in excitation frequzncy and is thus efficacious in de-
creasing local pain at distal sites (33].

The ears are known to have sensory ccrrections with several c¢ranial nerves
which have diffuse connections through trz r=uroaxis end it is possibie that
only transauricular application is respcasive to SFES, whereas FFES is more
generally applicable at sites other thac trz -inna or cranium.

SFES and FFES have been demonstrate2 <= Invoke differing biochemical re-
spanses, the former bsing associated wi:h ‘rereased A -endorphie activity (24}.

raticn resulting from SFES was {mpajred 5y ="z specific opiate receptor antag-
onist naloxcne, whereas this drug enhancad ==z action of FFES {9).

FFES increases serptonin levels in CEFta*n regions of the brain (8,21,24).
In vitro studies indicate FFES increases ¢ _‘zTate receptors {25) and causaes
structural changes in the hippocampus. 1:creasing synaptosomal cannections (26).
Further experimentation using this ang ¢:Fzr ~cdals is pecessary to cetermine
the relative importance cf all the facters ccrtributing to the differences be-
tween SFES and FFES.

It has bean reascred that the meanings c7 signals are conveyed in the im-
pulse frequency rathes than the duration cr pulse width (27}. The studies con-
ducted with this (LRR) model confirm the .-:c*:ance of the frequency of £5 but
also pruv1de sceme incication that the pulsz width does influence the recponse,
which s in acccrdance with another repcrt “33}. In addition, clinical use
has established G.2~0.3 wsec as the optizus ruise duration for the treatment
of addicted patfenis and other conditicrs, sisze excessive pulse curaticn can
cause eleqctrslysis in tissue around E]EC‘“::ES {z, 20, 21).

Tha intervals between stimulation 2r= 2- zssertial determinant of sensiti-
2tien or the cdevelopment of tolerznce {3Z’. r«indling seizures are produced by
re;etitive intermittent sub-threshold sti—.?i 5 the 1imbic regions of the brain,

especial!y the amygdala (22)}. It has recze=7- teea reported that SFES i5 even
~ore poiert in inducing kindling seizurss zrz- FFES, this form of ES correspon-
ding more cTosely to the amygdaloid discrz-c= [2%). More frequent stimulation

retards kindling sefzures. It has been cereritrated that chrenically acminis-
tered ES of the amygdala, via implanted z zzzrodes, {ncreases bleoed prolactin
?nd an(amygda]chypothalam1c control of rsL-~cz7Zacrine function hés been postu-
ated (30)

The symptoms associated with the with<rzwzl of many addictive drugs may be
tikened to the kindling seizure (28) anc iz ‘s ;ossible that the efficacy of NET
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electrostimelation for drug addicts could be the result of amvgdaleid stimulation
in the absence of the drug of abuse. gB-Endorphin, previcusly implicated in the
action of SFES (8, 9), may be released indirectly as a result of this stimulatie,
of the limbic area of the brain or be another indepeadant effect of ES. Recent
evidence has shown that phenobarbital increases some opiate-antagonistic-actions
of naloxcne B31) and it has also heen suggested that a specific opiate peptide
released from a separate part of the brain prolongs barbiturate-induced LRR 32).
Tt is possible, therefore, that there is a cooplex interaction between opiate
peptides and barbiturate-induced LRR which cempjicates the interpretation of the
results of the present experiment. However, apart from potential avplications :in
anaesthesia and detoxication in the acure narcosed state, this experiment could
indicate a simple behavioural model by which the effects of 2iffering forms of E53
may be readily quantified.
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