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SUMMARY Objective : To test the hypothess that periphera dectric stimulation (PES) may suppress
the reinstatement of morphine-induced conditioned place preference (CPP) in rats as well as the drug
craving of detoxified heroin addicts in a f requency-dependent manner. Methods :CPP modd of the rat
was congtructed with two compartment automatic CPP gpparatus, and the craving of the heroin addicts
was assessed with a visua anadlogue scale (VAS) . Results:(1) PESof low frequency could prevent the
drug priming- or foot shock-induced reinstatement of morphine CPP; (2) this efect was naoxone re-
vershle, suggesting a possble involvement of endogenousopioid mechanisms; and (3) PESof low fre-
guency could als0 accelerate the rate of natura decay of drug craving in heroin addicts ater success ul
abstinence. Conclusion :PES might serve as a thergpeutic measure for the treatment of heroin addic

tion. (J Peking Univ [ Health Sci], 2003,35:241-247)
( 100083)
[ ]
[ ] (PES (cPpP)
: CPP CPP, “

« ) (1) PES CPP; (2)

(1 mg- kg™ ) :(3) PES
[ ] R338 | 1A [ ] 1671-167X (2003) 03-0241-07

Drug addiction involves not only the acquistion
and maintenance of drug-udng behavior , but ad< the
reingatement of this behavior ater succesful absti-
nence. High rate of relgpse ater long period of absti-
nence characterizes the behavior of experienced users
of heroin and other drugs of abuse (Jaffe, 1990).
Over the past severa decades, most of the studies
were focusng on the neurobiological mechanisms of
drug reward , which was viewed as a centra factor in
drug abuse!* ?!. Only recently had scientists begun to
focus on the neurobiology of relapse, a better under-
standing of which could lead to more efective treat-
ment strategiesfor addictive disorders.

Drug craving is a subjective description that can
only be measured in human subjects. However , rein-
statement of an operant event can be directly mea
sured when a laboratory animal reinitiates a particular
behaviora reponse. This reingatement is thought to
be able to mimic the induction of drug seeking follow-
ing extinction from drug usng. A modd of the rein-
satement of sef-administration had been built by
Shaham!**! and co-workers usng either a small
(priming) dose of morphine or a brief exposure to
foot shock stress. Another putative animal mode for
this purpose is the reinstatement of conditioned place
preference (CPP) , reported s multaneoudy by Parker
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and McDonad'® | Lu and co-workers'®! and a teamin
our lab!”). All these models can be employed for the
study of human relapse behavior. But until now , few
studies were reported aiming at the possble preven-
tion of relgpse on these paradigms.

Our previous works had shown that periphera
eectric gimulation (PES) , egpedidly those with a
component of low frequency (2 Hz) , could block the
expresson of CPP induced by morphine'® in a nalox-
onerevergble manner. Other studiesin our lab have
amply shown that PES of high frequency (100 Hz)
can suppress morphine withdrawa syndrome both in
rats’®* and heroin addictd™ *?!. Hence it becomes
interesting to test the hypothess whether PES could
alo prevent the reinstatement of morphine-induced
CPPin laboratory animas, or more directly, to di-
minish drug craving in heroine addicts.

1 Animal experiment

1.1 Materidsand Methods

1.1.1 Animas All experiments were performed
on mae Srague-Dawley rats provided by the Insti-
tute of Anima Research, Chinese Academy of Sci-
ence, weighing 180 - 200 g at the beginning of the
experiment. They were housed 6 per cage, with the
room temperature maintained at (24 + 1) , rlative
humidity at 50 %, under a 12 12 h light-dark cycle.
The experimenta procedures were approved by the
Committee of Anima Care and Use of Peking Uni-
vergty.

1.1.2 Drugs Morphine hydrochloride was pur-
chased from the Frst Pharmaceutica Factory of
Shenyang , China. Naloxone HCl waspurchased from
SIGMA Co. , Ltd. All drugswere disolvedin 0.9 %
sdine to their fina concentrations.

1.1.3 Conditioned place preference  The methods
of CPP paradigm have been described in detail e se
wherel®l. Briefly , conditioning took place in one of
the two digtinct environments, which differed in color
and texture and sgparated by a removable trangarent
clapboard. The walls of one room were painted with
vertical black and white stripes (width: 2 cm) , and
the floor comprised a layer of fiberboard bedding. In
the other room, the wals were painted with black
dots (diameter: 1.5 cm) sprinkled on white back-
ground, and the flooring material was 1 cm thick of
sawdusgt. The later was used as the drug-paring
room. In the acquidtion phase, rats were trained
once a day for 10 days by giving intrgperitonea
(i.p.) injection of morphine (4 mg-kg %) 5 min &-
ter the animals were put into the drug-pairing area,
where they were kept for another 15 minutes. On the
11th day, the trangarent clgpboard was removed,
and the rats were scored during a 10-min test sesson
with their time gared in drug-paring compartment.
Rats were only conddered as being in a compartment
when both forepaws were located in that environ
ment. Ratsthat did not show sufficient place prefer-
ence were discarded. Thus numbers of ratsin differ-

ent groups might not be equal .

1.1.4 Extinction and reingatement of CPP  Our
previous work has shown that morphine (4 mg -
kg™ ', once a day for 10 days)- induced CPP in rats
extinguished 7 days ater the lagt drugparing s
son!”. Inthe present study , observation was made 9
days ater the last drug-pairing sesson. Rats were ei-
ther injected with a priming dose (0.25 mg- kg™ *,
s.c.) of morphine 15 min before testing, or exposed
to intermittent foot shock (with square waves of am-
plitude of 0.5 mA , width of 0.5 s, the off time ran
domly distributed among 10 - 70 s with an average of
40 9 for 15 min immediately before testing. The test
procedure was the same as that mentioned above. Ap-
paratus generating the foot shock stimulation was
bought from Qinghua Hectronic Product Company ,
Bejing, China.

1.1.5 Peripherad Hectric stimulation for the rat
Rats were kept in gecial holders, with their hind legs
and tailsprotruding!™®'. Two stainless sted needles of
0.3 mm diameter were inserted into each hind leg,
onein the acupoint ST36 (5 mm lateral to the anteri-
or tubercdeof thetibia) , and theother in SP6 (3 mm
proxima to the medial mdleolus, at the posterior
border of the tibia). Constant current square-wave
eectric simulation produced by a programmed pulse
generator (HANSL H800, produced by Beijing Uni-
verdty of Aeronautics and Astronautics ) was deliv-
ered via the two needles for a tota of 30 min. The
frequency of dimulation used was 2, 100-, or
2/100- Hz (2 Hz dternating automaticaly with 100
Hz , each lagting for 3 s). The pulse width was 0. 6
msin 2 Hz and 0.2 msin 100 Hz. The intensty of
the stimulation was increased stepwise from 1 mA to
2 and 3 mA with each step lasting for 10 min. Inthis
study , PES was administered to rats 18 hours before
CPP reingatement. The control group received mock
PES, with the needles being inserted in situ without
administering electric stimulation. The motor behav
ior of the rats was un-distinguishable between the
PES group and control group before the CPP testing.
1.2 Results

1.2.1 Hfect of PESon low dose morphine or foot
shock- induced reingatement of CPP  Seventy-9Xx
rats were randomly distributed into 8 groups, with
9- 10 in each group. All groups were trained with
i.p. injection of morphine (4 mg- kg ') , once per
day for 10 days. After that they were kept in home
cagesfor an 8-day extinction. Each two groupsof rats
were then given norma saine (s.c.) 15 min prior to
PESof 2-, 100-, or 2/ 100- Hz, or needing without
electrica stimulation as control , regpectively. Egh-
teen hours ater the PES, one of the two groups re-
ceved a priming injection of morphine (0. 25
mg-kg !, s.c.). Fifteen minutes later ,they were
tested in the training apparatus again. The other four
groups were tested immediately ater an intermittent
foot shock stressof 15 min. The results are shownin

Fig.1 and Fig. 2. Training with 4 mg- kg™ * mor-
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phinefor 10 days established a sable CPP (origina
CPP). The extinguished CPP was succesS ully rein-
stated by our drug-priming paradigm and foot shock
stress (reingated CPP). Treatment with 2 Hz or 2/
100 Hz PES blocked the reingtatement of the faded
CPP ( P <0.001) , while 100 Hz PES or needling
had no such efect (P>0.05).
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Figure 1 HEfect of PESon drug-priminginduced CPP reingatement
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Figure 2 Hfect of PESon foot shock-induced CPP reinstatement

1.2.2 Naoxone blocks the effects of PES on drug
priming and foot shock- induced CPP reinstatement

Sxty-four rats were randomly distributed into 6
groups, with 10 - 11 in each group. The training,
testing, and extinction procedures were exactly the
same as mentioned above. Rats were injected with
naoxone (1 mg- kg *, s. c.) 10 min prior to
needling or PES of 2 Hz or 2/ 100 Hz, regectivey.
Eighteen hours later , they were ether injected with
0.25 mg- kg™ *(s.c.) morphine 15 min before CPP
test , or given intermittent foot shock immediately be-
fore the testing for CPP. Naoxone of 1 mg- kg™ *
completely reversed the efect of either 2 Hz or
2/ 100 Hz PES on drug priming- (Fig. 3) and foot
shock- (Fig. 4) induced reinstatement of the extin
guished CPP.

2 Human observations

2.1 Materials and Methods

2.1.1 Human subjects One hundred and seven
teen heroin abusers, aged 18 - 41 yearsold, werein-
volved in this study. All but four of the subjects were
male. They have been diagnosed as heroin depen-
dence according to the Structured Clinica Interview

for the Diagnostic and Statistica Manua of Mentd
Disorders, Fourth Edition (SCID). Their average
time period of heroin abuse was 3 years [ (2. 95 *
1.05) years] , and the dose of heroin used per day was
estimated to be in the range of 0.5- 2.0 g (purity
not identified, but estimated to be in the range of
30%- 70%) . Thei.v. route of administration conr
prised about 30 %- 35 % of the cases, with the rest
being taken viainhalation. The research protocol has
been approved by the Department of Scientific Re
sarch, Peking Univerdty Hedth Science Center,
and the Department of Public Security of the Zhanr
Jiang County, Guangdong Province. All the partici-
pants had provided written informed consent to par-
ticipate in the study.
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Figure 3 Nadoxone blocks the effects of PESon drug-pri ming-induced
CPP reinstatement
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Figure 4 Naoxone reversed the efectsof PESon foot
shock-induced CPPreinstatement

2.1.2 Transcutaneous electrical nerve stimulation

Congant current sgquarewave electric stimulations
were delivered from a HANS L H800 simulator
through two pairs of skin electrodes. One pair was
put on the acupoint of Hegu (L I-4, on the back of
the hand , between the first and the second metacar-
pus, near the centrd point of the second metacarpus)
and Laogong (P-8,0on the pamer sde of the hand,
opposte to the Hegu point) , and the other pair on
Neiguan (P-6, located at the pamer sde of the fore-
arm, 2 inches above the pamer groove, in between
the two tendens) and Waiguan (TE5, at the oppo-
dte sdeof the P-6 point) . Thefrequency of eectrica
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gimulation used was 2-, 100-, or 2/100- Hz. The
pulse width was 0.6 msin 2 Hz and 0.2 msin 100
Hz. The intendty of the stimulation was adjusted to
the maxima vaue that was tolerable by the subject
without causng any panful feding. The threshold
value (T) was5- 7 mA. The average intendty that
was tolerable for the subject in day 1 was 8 - 10 mA
(1.5xT) followed by 10- 15 mA (2x T) inday 2,
15- 20 mA (83 x T) or morein day 3 and thereater.
The treatment was administered once a day (30
minutes per sesson) for 10 days.

In the control group , the skin pads were placed
on the same points and connected to the HANS de-
vice. Thefrequency was st to 2/ 100 Hz AM (ampli-
tude modulation) mode and intendty adjused to
threshold level (5- 7 mA) , remaining there for less
than 2 minutes, and switched to 1 mA theredter.
Thisintendty has been shown to produce no dgnifi-
cant changesin pain threshold in humang*!.

2.1.3 Ratingof craving scores  Sdlf-rating of hero-
in craving scores were obtained with the use of a visur
a andog scae (VAS) . The craving rate ranged from
0 (not at al , marked on the left extreme of the scale)
to 10 (the strongest one could imaging, marked on
the right extreme of the scale) . The assessment was
performed in the morning by a trained research asss
tant , unaware of the grouping of the population.
2.1.4 Treatment procedures The detoxification
procedure was conducted by the gpplication of Harl' s
acupoint nerve simulator (HANS) , supplemented
with a small dose of methadonefor thefirst 2 - 5 days
as dexcribed previoudy!™!. The subjects were en-
rolled in the current research at least one month ater
the succesful detoxification protocol. A total of 117
heroin addicts were randomly assgned into 4 groups,
i.e. ,oontrol (n=29) ,2Hz(n=30),100 H~(n =
29) and 2/100 Hz(n = 29) HANS group. The
whole study condssted of 3 phases: (1) Pre HANS
Phase: from day 1 to day 10, the craving scores were
accessed once a day , without HANS treatment ; (2)
HANS treatment phase: from day 11 to day 20, the
subjects received HANS of different frequencies or
shamrtreatment (control group) once a day , preceded
by the assessment of craving soore; (3) Post-HANS
phase: from day 21 to day 30, the craving score was
asesed once a day , without HAN'S treat ment.
2.1.5 Satigtica andyss Data were processed by
commercialy available ooftware GrgphPad Prism 3. 0.
Results were presented as x + s;. In the animd
study, comparisons between means of groups were
made with two-way andyss of variance (ANOVA)
followed by Students Newman Keul' s test. In the
human study , for each group of patients and in each
treatment phases, linear regresson analyss was per-
formed, with the average craving score as the depen-
dent variable, and days ater succesful extinction as
independent variable. The dope of the regresson line
was calculated as an indication of the rate of decay of
the craving score. The accepted level of satistical sg-
nificance was P <0. 05.

2.2 Resllts

The effect of PES on subjective craving score in
the ex-heroin abusers was shown in Fig. 5. During
the pre-treatment phase, the craving scores of pa
tientsin these 4 groups decreased gradudly in a Smi-
lar rate. The rate of decay of the craving soores for
the control , 100 Hz, 2 Hz , and 2/ 100 Hz group were
-0.084 +£0.013, - 0.081+0.005, - 0.093 +
0.008, and - 0.082 +0. 013, regectively. The rate
of decay remained constant in the control group dur-
ing the treatment phase (- 0.083 +0.004) and the
post treatment phase (- 0.087 £0.004) . Inthe 100
Hz group , the rate of decay showed a moderate accel-
eration during the treatment phase (- 0. 102 *
0.006) and the post-treatment phase (- 0.102+
0.005) , but the difference as compared to the sham
group was datigtically not dgnificant. In contrast ,
this rate was accelerated sgnificantly in 2 Hz and
2/ 100 Hz groups (- 0.174+£0.005 and - 0.220+
0.007, regectivdy; P<0.05and P<0.01, conr
pared with the control group, regpectively) during
the treatment phase, resulting in a net decrease of
1.0- 1.5 soores as compared to the other two (con-
trol and 100 Hz) groups. In the post-treatment
phase, the dope of decay remained at alevel (2 Hz
group, - 0.131+ 0.008; 2/100 Hz group,
- 0.109 £0.002) midway between the pre-treat ment
and treatment phase. These results suggested that
PES containing a low frequency component could ac
celerate the natura decay of heroin craving in human
subjects.

3 Discussion

The most important finding in the present study
is that PES containing a low-frequency component
(either pure 2 Hz or 2/ 100 Hz) could &fectively an
tagonize the reinstatement of drug-seeking behavior
induced by drug-priming or by foot shock stressin ex-
perimental animas. This &fect could be conpletey
prevented by pretreatment with a small dose (1 mg-
kg™ 1) of nadoxone, the opioid receptor antagonist. In
the meantime, it could a 9 accelerate the decay of the
craving soore in the heroin abusers, with an identica
frequency dependency compared with that of the rat.
3.1 The possble neurd mechanism underlying the
inhibitory efect of low-frequency PES on CPP rein-
statement induced by drug-priming or foot shock

Although both stress and re-exposure to drugs
are known to be important factorsfor inducing relgpse
in humans*®* ™ aswell asin rodentd® *! | the mech-
anisms underlying the two relgpse inducers seemed to
be different. While dopamine release in the nucleus
accumbens (NAc) is essentia for opiate priming-in-
duced relgpse, this was less important in stressin-
duced CPP reinstatement!®'#! | dewite the fact that
there is a greater induction of heroi n- seeking behavior
by stresors® 4. This discrepancy suggests that
stressinduced relgpse may involve certain dopamine
independent mechanisms, including the corticotropin
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releas nq factor (CRF) neurotransmisson system, or
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Days after successful extinction
PESof 2 Hz or 2/ 100 Hz accelerated the decay of craving soores during the treatment period. P <0.01 ,compared between the 2 Hz (or 2/ 100 Hz)
and the mock group. P> 0.05 ,compared between the 100 Hz and the mock stimulation group.
Figure 5 HEfect of PESon heroin craving of humans

The preent study showed that low-frequency
PES is eéfective in preventing both drug priming- and
sress induced relgpse, suggesting that there are
me common mechanisms shared by these two re-
lapsxe pathways. Snce these dfects of PES could be
blocked by ndoxone, it is suggested that the aore
mentioned common relgpse pathway might involve
endogenous opioid receptors, presumably thel recep-
tor , which is sndtive to small dose of naloxone.

Previous studies in our lab have amply shown
that PES of identified frequencies could mobhilize dif-
ferent kinds of endogenous opioid peptides, interact-
ing with relevant receptors to induce analgesal*®!. At
the spind leve , for example, low frequency (2 Hz)
stimulation increases the release of enkephalin that in
teracts withp andd opioid receptors, while high fre-
guency (100 Hz) stimulation increases the release of
dynorphin that interact with K-opioid recep-
torl*®: 19201 At higher level of the centra nervous
system, the arcuate nucleus of hypothalamus (ARC)
wheref -endorphin containing neurons aggregate has
been shown to be the critical area that mediates the
efect of low frequency <imulation, while the
parabrachial nucleusof the pons (PBN) plays centra
role in mediating high frequency stimulation-induced
analgesa?*,

Moreover , PES could als facilitate the biosyn-
theds of endogenous opioid peptides. For instance,
Guo and his colleaguest®®! reported that the expresson
of preproenkephain mRNA in ARC darted to inr
crease at 4 h ater the electric stimulation , peaking at
24 - 48 h, and returned to normal level only after 72
h. Thiscan only be logically explained as a long-term
increased activity of the enkephainergic neurons.
Thus, PES might generate its &fect of anti-CPP re-

instatement , at least in part , by such along-term ac-
tivation of enkephalinergic neurons in certain central
areas like ARC.

Kreek!?®* 2"l and Zhou!?®! reveded that the stress
reponsve sysem (both HPA axis and non- HPA ax-
i) in humans and anima modes is partly under a
negative feedback modulation by the endogenous opi-
oids In the preent study, we tested the effect of
PESon stressinduced relgpse 18 h &ter the adminis
tration of PES. In that period the enkephainergic
andf-endorphinergic neurons in central nervous sys
tem, epecidly in the arcuate nucleugd® %2421
should be fully prepared to release enkephahlin and
endorphin to suppress the stress repondve sysem,
thus removing the motivation for drug-seeking behav-
ior. As we mentioned above, 100 Hz PES stimulate
dynorphin release in gpina cord level rather than in
brain, that may explain why PES of pure high fre-
guency can not suppress drug-seeking behavior in-
duced by foot shock stresst!.

3.2 The posible mechanisms underlying the effect
of low-frequency TENS in suppressng subjective
craving in heroin addict

Two types of PES are applicable clinicaly,
namely, (1) the dectroacupuncture (EA) that re-
quires the inserting of needlesinto the body stes, and
(2) TENS that only requires the attachment of the
«f sicking dectrodes onto the skin. A series of
studies have shown that both EA and TENS could in-
duce smilar degree of analgesc efect!®! with very
smilar , if not identica , mechanismsof action. Thus
we employed TENS asthe typeof PESin the present
observation. To digtinguish with the conventiona
TENS device, which produces only high-frequency
(100 - 200 Hz) narrow-pulse (0.1 - 0.5 ms) output
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based on the gate control theory , we used a device en-
titted HANS, which produces both high-frequency
narrow-pulse output as wel as low-frequency wide
pulseoutput , plus a dense-and-dierse (DD) mode of
simulation**. This method of stimulation provides
more flexihility in treatment and more opportunity for
the exploration of the possble mechanismsof action.

It has been generally accepted that a high con-
centration of exogenous opiate in the body would in-
duced a negative feedback control on the expresson
and release of endogenous opioid peptides®! 32,
When the exogenous opiates were abstinent , it would
naturaly generate a motivation to seek exogenousopi-
ates to maintain apathologica homeostass. Snce low
frequency periphera stimulation can activate the enr
dogenous opioidergic (enkephainergic and [3-endor-
phinergic) system!*! | it would be helpful to prevent
the reapse of drug-seeking behavior.

Mogt of the studieson the acupuncture treat ment
of heroin addiction focused on its efficacy for detoxifi-
cation,i. e. , for the treatment of physcd depen
dence!® *!. In contrast, the present study focused
on the eficacy of PESon the amelioration of craving.
Moreover , the present study stressed the importance
of the frequency- rather than the ste gecificity of
the PES. Thisis based on the previous findings that
the pecificity of the sSte of stimulation (s caled the

acupoint”) isonly relative, rather than abolute. At
the very beginning of our study on acupuncture-in-
duced analgesia (1965) , we compared the efficacy of
10 commonly used acupoints in producing a hypoal-
gedc efect. Potasum iontophoress method was ap-
plied for the detection of the pain threshold of the
skin at 8 different dtes of the body. Stimulation of
any one of the 10 points produced an increase of the
pain threshold with a very dmilar dow onset and dow
decay curve. The difference was only quantitative
rather than quaitative, with L 4 showing the high-
est efficacy!®™!. In addition, the Stesat the hand and
the am are easy to reach if one would like to put on
the skin pads by onesdf.

It has been reported that either 100 Hz or 2 Hz
EA ocould ameiorate morphine withdrawa syndrome
in the rats® 31 and in humans*?! , with 100 Hz
EA dgnificantly more effective than 2 Hz EA. Thisis
inline with the finding that spina K-opioid system
plays an important role in suppressng morphine with-
drawa syndromein the rat® ®!. Why then the high
frequency stimulation did not work for the reief of
craving ? Snce high frequency PES accelerated both
the reease'®' ! and biosynthessl®! of dynorphin,
and dynorphin per seinduces averdve rather than eu
phoric effect!®! | it would not be surprised that 100
Hz PES was not helpful to reduce craving.

It has been shown that PES could a9 activate
neurotransmissons other than the endogenous opioid
system, such as cholecystokinin, norepinephrine,
dopamine, serotonin, and many others*!. The pos
gble rolesplayed by these transmitters systemsin the

effects mentioned above should a be elucidated in
future studies.

In concluson ,PES with a component of low fre-
quency (pure 2 Hz, or 2 Hz dternating with 100 Hz)
is very powerful in preventing the drug priming- or
foot shock- induced reingtatement of morphine- seek-
ing behavior in rats, which is naloxone reversble. It
oould a0 accederate the natural decay of subjective
craving in heroin addicts. PES of pure 100 Hz pro-
duced little, if any efect. Taken together , low fre-
guency PES may serve as a putative thergpeutic mea
sure for preventing the relapse of drug abusein heroin
addicts.
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