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‘(::_;i;ly* It has been hypothesized (Cheng, M.Sc. thesis, '1957)

' ithat electroacupuncture 'analgesia (EAA)' is mediated by

N

.”ﬁ endorphins. the endogenous.morphine-like peptides.' Accord- _

ing _to this ‘previous hypothfsis electroacupuncture (gA)

krstimulates the periaqueductal gray (PAG “in the\midbrain)-°to*:fv'«

. solateral fasctculus) descending inhibitory system to block

N the_'pain“ me ssages (nociception) at the’ spinal cord level.

In parallei, EAF m3§ Stimulate‘ the . pituitary to releaseg
'Vendorphins to\produce.analgesia.‘-'f-‘” R |

To fur ther explore this-hypothesis, seyeral—investiga—

”tions were carried out on the mechanisms of EAA as related

«, -ty s

-.to endorphins and the monoamines (serotonin, dopamine~ and"

'nerepinephrine). EA experiments were carried out on BGAFl/U

.

fmice which were put in paper receptacles. Noxxous responses

- -

_ to' radiant heat were measured by the latencies ‘to squeak
'EA was’ applied by 1nserting stainless steel needles into the

acupuncture point, HoKu (the first dorsal interosseus mus-— .

-

clesf. Drug ingections (intraperitoneally) were. done in a

blind manner. ' Results suggest that BAA is mediated by

o

stereospecific opiate receptors, the chief component may be s
lxthe Type 1 opiate receptors (the latter are located mainly
in the analgesic areas in the central nervous system and may

-

be responsible for opiate analgesia). Evidence also demon-

release -enkephalins which will activate the raphe-DLF (dor- jv

p

-

kst
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#The combined treatments w1th EA ‘and. DAA proddzza a higher

stgated that EAA may. involve p1tu1tary endorphlns and ACTH

thCh are usually released together. Dexamethasone,.a cor-__

.-jtisone derivative, suppressed EAA probably by a “negative

feedback inhibition of pituitary} reieaser Two percent
sarine, which depressas pituitary endorphins also .reduced'
the effectiveness o; EAA The ACTH released hy EA causes

elevated cortisol levels and a study shows that~EA'increases

"blood - cortisol 1levels .in’ horses.'_ Several: experimen;s

Z

(including one in this thesis) " suggest that the"D4amin%

acids (DAA), D-ﬂhenylalanine and D- leucine, produce anal-

\_

-gesia by. protecting endorphins from enzymatic degradation.

analgesia 1n m1ce than either treatment alone. -Thls sug-

gests that EA may release endorphins which'hre pmotected by

l

DAA, and hence, ‘EA plus DAA together produce a higher anal-

: gesaa. The present study also shows - that EAA does not show}

cross-tolerance with morphine and that EA reduces signs of
withdrawal in the morphine addicted mouse. In anotHer

experimentlit was,found that low frequency (4 Hz) EAA may-be

' mediated by endorphins while high frequency (200 Hz) EAA may

-be mediated by serotonin. ' Further EA experiments show that

dopamine - and norepinephrine modifying drugs .do'not give
coherent results while thosel with serotonin manipulations

3

- <
are very consistent. *

M .
’
v .
. s .
v

-



By comhining the results in this thesis uith those in
the literatuge 1 propose an intricate system for the mechan-
'isms‘of_hhh’(Figure A). EA at 4 Hz may Stimulate the sen-
sory afferent nerJes to severalrhrain regionsr In the mid-
brain PAG, these stimuli release enkephalins ‘which activate
the raphe nucuei to send descending inhibition along the DLF'
to.the spinal cord and block' incoming pain messages. The
DLF4descending inhibitory system may be partlyimediated by
“the neurotransmitter, serotonin. In parallel, EA (4 Hzﬁqnay
stimulate the beta-endorphin neurons in the hypothalamugiand'
pituitary}. The pituitary endorphins may be released into
.the blood circulation, or may backflow directly into the CSF
(the endorphins ig the c1rcu1ation have to pass through the
blood-brain barrier to bind to the opiate receptors in the
E;j}n'for analgesia). If the acupuncture points -and the .

inful areas are in the same segnental levels, EAS(L‘HZ)

It

.may also directly stimulate ‘the release of endorphins in.the
spinal cord. High frequency (200 Hz) EAA may activate sen-
_sory nerves which directly .Stimulate th ﬂh(\descending
serotonin inhibitory systems, thus by-passing the PAG—.;

endorphin systems.

In ‘summary, low frequency (4 HZ) EA‘may stimulate the
release of endorphins- in the spinal cord, midbrain,
hypothalamus and pituitary for pain-relief, while ‘high fre-

| _ .

quency (200 Hz) EA may directly stimulate the DLF-serotonin

1nhibitory systems, thus avoiding the endorphin links.

-~
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Figu?g A

‘At 1ow frequency(4ﬂz); EA may stimulate the midbrain
(fAG) to relefse enkephalins which‘will ind;rectl; stimulate
Athe. ;éphe  ch1eu$(RN; and/o;,, reticﬁlar magnpcelluiar
‘nucleﬁs(Rmc)..to send a déscending inhibition on the spinal
¢ord pain cells. 'Serotonin:and noradrenaline are ©probably
the heurottansmittéré involved in the RN and Rmc systems

respéétively. In pérallé%, EA may also stimulate the-
hypothalamus and pituitatf to release beta—end%tphin‘ot
'a§notphin. The pituitéry endqrphins may eithé: go . through
the blood-?;ain -barrier or backflow to thé\hypothalamus or
CSF and bind to the opiqte receptors in the spina} cofd -and
the Brain. 1In addition, low frgqué;cy(4ﬂz) ;A may cause the
segmental éelease of endorphins from the spinal cord inter-'
neurans ‘gnd' bipd to .the opiate te§eptors in the pain
transmission cells. .

High frequéncy (200Hz) EA appears to- stimulgte
directly the RN and Rmc descending inhibitory syséems, by-
passing the endorphin syétem. ' |
(Details of these systems are described in the text.)

. v
Y
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INTRODUCTION

A N . ) i -
. . S
. A

-~

(A) GENERAL INTRODUCTION _
‘ - _

. _
. [ . . ’
In a previous stud;"(Cheng,, M.S@es thesis, 1977,

‘Pomeranz and Cheng, 1979) it was hypothésized that elec-

Y

troacupunctbre analgesia (EAA)Wﬁiéht be mediated by endor-

~phins, the endogénous morphine-like peptides. This is'based

‘on the Sbsérvatlén' that upaloxone, an  opiate antagoﬁist,
bloéﬁed'~e1ectroacupuncture (EA) effects in cat #pinalacord
neurons and hypophysectomy'abolished EAA in. mice éthe pi €ui-
tary contains béta-endorphiﬁ)} }iggre B is a schemafic

diagram summarizing the hypothesis'proposed in my master's

thesis. It was postulated that EA may stimulate thé‘peria-\

v

~queductal gray in the mi@brainbxq release enkephalins which

will activate ‘'the raphe-DLF (dorsolateral -fasiculus) des-

cehdinq inhibitory system to block thé pain messages ‘(noci~

Y

. ception) at the spinal cord level via serotonin. 1In paral-

lel, EA may stimulate the pituitary ‘'to release éndorphihS'

into the .blood circulation; these pituitary endorphins may
go through the blood-bréin barrier and bind to the qpiate
receptors in the brain and spinal cord td prod;ce analgesia,
In the past few years, numerous stg%jes have indicated that
this endg;phin-acupuncture hygothesﬁg m;y be va}id (Maye; et
al’, 1977; Pomeranz and Chiu, 1976; Sjolund et -al, .1977;
Pomeranz and Cheng, 1979; Cﬁapman and'Benédettr, 1977; Han,

et al 1979; Tsou, et al 1979).

- ¥
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Figure B

'

‘

Acupuni::tu.r.e to a sensory receptor in thé deep.'musclev
- 'cahses the, bréin/ to stimulate the pit'uitary gland- (an'd/.or\
midbrain) to:x ;"el.'e_a".‘se>en‘dorp'hin ‘which in turn bind with" the
opiate ) re.céptors- in the pain ceils to block ?ain sti'n.\ul.i."'
‘The‘i'Mastf'er's thesis inéiuded: (i) injecting naloxone. whi-ch.

prévented endorphins from'biﬁding with the paih'cells. (ii)

cut'tihg central nervous processes and pteve'nting pituitary

9 and mid-brain stimulation. (iii) removal of the pituitary.

.- SPINAL CORD

‘

E - ENDORPHINS PIT- PITUITARY
N- iiTerneurON R - rapue :
P - periaquibucTAL GRAY S - SENsORY RECEPTOR o




) To fur ther xplore the mechanism . of acupuncture and
[ T '

C
its reiat1on to endorphins and othet neurochemicals, inves-

tlgations were carried out -on the mechani;ms "and the , func-

v,
tions of electroacupuncture. In order to do so, I attempted

, ‘ v G .
to*block EAA by suppressing endorphins, serotonin, noradre-

naline and dopamine. I also examined the enhincement of EAA

by increasing these neurochemicals. Consistént results were .

-

obtained only for ehdorphins and serotonin. The generall

.objectives of this thesis can be summarized as follows:-

(i)  To invesﬁigéte whether EAA ié mediated by ste;eoéa
pecific opiate.receptors and to éetetminé whau type of opi-
. at re;;ptors m1ght be involved.

(iE) To nge evidence that pituitary ;endorphin, ACTE -and
curtisol are involvgd in EAA, | .

(v) - To enhance EAA by using D-amino acids fhut may protect
endorphins from enzymatic degradation.
,(iii) .To‘different}ate ghe role played by endorphins: and
, .the DLF-serotonin ?nhibié&ry system in EAA.
(iv) To test the monoamineréic mechanisms{of EAA by ,using
dr@gs_.tha: -éan“affect éither sggofonin,udopamine'or norep-
@nephrine levels in the CNS. )
(vi) .To see if there is crbss-tolerauge. between EAA and

morphiné.
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(B) ' LITERATURE SURVEY : . 8

Ce - (i) PAIN
. In hgm#n experience, pain is';ne of the most debiii4 
.tating symptoms known to man. Pain éan be roughly categof-i,
t iged intQ two classes - acute and chronic. In acute staées;
“pain serves as ag élarm system wa(niﬁg us that something
_biologically-harmful is happening ,go >6ut body, and " in
chronfct\stages, pain often causes drastic emptional.énd N
physical stfess. It has been estimat;d thét chrohic pain
cééts the American people alone Between 40 to 50 billion!
dollars per year (Qonica; 1979). This economic burden and .
physiolpéical» disorder induced by .pain.creates a serious '
national and worldwide health problem. The mechanisﬁ"of
pain, therefore, has beenAinQest;gated by numerous profés- '
.siongls‘in the field of psychology, biology and .medicifie. -
The contributions made by thesé people toﬁard understanding
the mﬁghanisms of pain have 6ften given rise to conflicting
. ébigrvgtions - , the result being an overabundance of

interpretations of ﬁain meéhagisms. In spite of this, a

general undérstanding "of pain preception and transmission

.
.-

has. prompted a great deal of research. ’ : »
) * %,

v+ Psychologically and physiologically, sgientists try to :

LY
classify pain and its pathways into'th:ee aspects (Melzack,

t"

v:.l 1973):- : . s . ‘ ’ - p ]
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(1) The sensory-discriminative dimension -- this is a sen-’

sory type of pain and is subserved, at least in paft,-bi_the_

neospino;halamic projéctiép to the vehtrobasa1 tha1amus ‘“and
‘ghe_sgaatoséﬁSOIY'cO;ng, (via anﬁerolate{al thélamic traét,
aLT). . | |

(ii) Theimotivationalﬁaffective dimensio; -- this 1is the
epdtional type of pain ahdkis beliéved‘that this involvés
the brainstem reticular- formatigﬁ"aﬁd the li;bidb system
which receive projectionsf from the spinoreticular ar
paleospinoth;iamic comﬁonents of the ‘anterolaleral soma-
tosensory Rgthway (via ALT). ‘

.(iii) The cognitiye-evaluative dimension -- it is known
#g ’ ' L :

that cultural values, anxiety, attention and'suggestion have

a.prsfound effect on pain expefhence which may involve the -

cortical control. on the sensory-discriminative and

<

motivational-affective dimension of paiéi

However, pain'often arises from intense stimuli that
cause tissue damage. It i§'be11eved that this tissue damage
leads to an accumulation of certain chemicals, sucb as , his-
tamine, btad§kiniﬁ} pro;taélandin E etc. which induce thg
dischargéAof afferentAhéfve impulses. Lindahl (1974), with
the use of a pH microelectrode in the tissues, has found
that.pH is very acid in the tissues where the bare nerve
endings are siguated. Thds he has proposed that a' pH change
is ghe final cheﬁicél change that causes pain. Howevgr pain

' y

ié?/also elicited by mechanical deformation of'siMplé'free

nmerve endings (Basbaum and Fields, 1978).

PO



Many hypotheses have been proposed to explain the
mechanisms of hdin.‘ Some of them are still consiaered to be
useful ih explainihg certaih physiologieel phenoqena:-.

(1) The specific modality theory hypothesizes that paini is:h
i“detected by high threshold/free nerve endings and transmit-
ted through small afferent fibres (like A-delta or C fibres)

and 'the spinothalamic tracts to the focal paih centres in
the brain. | o

(2) The pattern theory proposes that all sensory 1nputs ;re
trahsmitted through the same pathway bue‘are interpreted
differentially according to the spatiotemporal pattern of
the sensgry impulses at the higher nervous centre. |

(3) The gate control theory which was proposed by Melzack

and wall (1965) suagests that a gatetfor the control of paid

o _exists at the spinal cordplevel. Pain can be facilitated or

inhibited according to ‘the quantity of small afferent and
large afferent inputs. However, the facilitation of pain by
primary afferent hyperpolarization cPAH) ooes not ehist;
oth primary afferent depolarization (PAD) exists in large
' fibres (Zimmerman, 1977); Thus the gate control theory as
described'by Melzack and Wall (1965) requires a neurophysio-
logieal EevisiOn. Despite the controversy and conflicting
evidence, the gate control theory gave a stimdlating idea on
the mechanism of pain and widened the field of pain
research. Melzack (1973) later stressed that this gete is .

also subjected to the influence of higher brain centres.
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'I. Primary Afferent Neurbns - | 3
© There is cohvincing'physiologicalleQidence that spe-

H
3

cialization exists within -the somaesthetic system. The skdn'

recéptdts«have“specializea pﬁySioldgical pro*etties, ‘yég,
ftée nérve-epdﬁngs may all look.alike despite their'highly
specialized properties. Recéntly, Hensel and Andres (1974)
foundlaé correlation’ bepweén the structure of thé receptor
‘and the afferent discharge. They marééd the égnsi;ive Spot
on Athe. skin, and excised it and examined it with the elec-
tron microscope. Tﬁey claimed fo have found distinctive

structure for the free nerve endings. &

- The sbecial prope}t}es_of different primaryA af%Frent'

neurons have been extensively studied.  They were briefly
summarized as, follows (Price and Dubner, 1977):- X
A. 'Mechano-sensitive neurons

(i) High threshold A-delta mechgﬁoreceptive afferents - .

These ‘neurons respond énly to intenge mechanjéal
.stimuli' and have been found in the skin of cat'andvmonkey
extremities (Beck et al, 1974;. Burgess aﬁd Perl, 1967;
Burgess and Perl, 1973; Dykes, 1971; Georgopoulos, 1976;
Perl, 1968)‘§nd monkey facial skin (DUbnér et al, 1974).

Conduction - velocities usually.range from 15 - 25 m/sec and

o 1, TN N

receptive fields on limbs are from 1 to 8 sqg-cm, wi;h more '

“than one sensitive spot.

(ii) Low sensitivity and moderate pressure A-delta

mechanoreceptive afferents -

’-
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tive fields of small C fibre papulation (Be
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1

_Tnese neurons are_found in the same

.respond ‘to tissue -  threatening and  t{¥sue’ - .damaging
stimuli (Burgess, 1974; Burgess and Perl, 1973).
(11i) 'High threshold C-mechanoreceptiyevaff rents - ¥

These are'supefficialpunmyelinated-neu ons innervating

" . P . .
‘the extremities of cats and monkey. They h

sou and ‘Perl,

1969; “Fields ,et~a1, 1975). Some.of*thes neurons in catd

-

also respond to cold temperatire (Bessou and Pefl;_ 1969;

Burgess and Perl, 1973).

(iv) Low threshoild myelinated'(AB and A-delta) .mechanore- '

¥ ;
ceptive afferents - | . o
» ‘ .. |

These_neutone are'senLitive to weak mechanical stimuli

~and ‘show no  differential response éo nox ious mechanieall
stimuli (Burgess, 1974; Burgess and Perl, .1973; perl,

1968). : Host of these neurons function as position and/or

They synapse ‘with the spin$1 cord interneurons that project

. and- spinoreticular pathways. Electtical stimulation of AB‘

fibres in the periphery ot4do:sa1<columns does not  produce

pain. ‘aowevef, some low threshold, .slowly adapting AB
mechanosehéitive_effetents converge on spinothalamic. ;nd'
trigeminothalamic neurons that most likely participate in
the sensory - disctiminative aspect of pain (Dubner et el,

1976; Price et a}, 1976; 2rice and Mayer, 1974; Price'ago

rea. as (i) but

ve small recep- .

S

velocity detectots on the skin (Burgess and ‘Perl, 973).t

- to the dorsal column, spinocervicothalamic,f spinothalamic o

-
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Mayer, 1975) and theit'aotivity‘may summate with nociceptive -
inﬁut tetninatiné on thése central nenrons« They may play a

roie in. pain modulation .as thai:,‘majot effects are to

‘suppregs spontaneous activity and nooiceptive responses of
5vanious types of spinal cord neurons ggethro ét‘ al, 1976;
Foreman et ai;' 1§76; ﬂengwerko:;et.al, 1§75{;§Brr1 n and

Wail, 1969). - Electroacupunctute ~ or‘ _/transcutaneous-

T electrital stimulation effects ‘may be m'.ia;ed by thege
slowly adapting “law  threshold AB fibres and/or A-d Yta
'fibres (Lu. et al, 1979). -

(v) Low threshold unmyelinated c neqhanofecéptiae'afferents

- : P ) . -

.
These neurons respond to weak, slowly moving mechani-

cal . Istimuli (Bessou and Perl, 1969; Burgess and Perl(
1973). _They comprise about 50& of the C fibnzs in cat, 10%
in Monkey (Beitel and Dubner, "1976; Burgess and Perl, 1973,
Georgopoulos, 1976) and nonée in humans (Torebjork, = 1973;
Van Hees and GYbals, 1972).Q
B.::Tpetmosensiti;e Nenrons

(i)' *Cold" A-delta thermoréceptive afferents -

These rrspond’to anall decreaaea in temperaiure (<1 C)
" with. fqubti%e . fields '(single spotsr‘less'thanlsob um in
diameter. '&hey may respond to sﬁeady:%tate. temperature 'ﬁn ‘
tha noxious- heat range (45-52 C)(Eoring, 1942; ‘Dodt ‘and
Zotterman, 1952) and exhibit spontaneous activity at 20 - 30

4

-C range.

BT
-‘

‘b
<

. . . . .
B R D s i T R T ar b e e et T N s e e T T L e S .
- B . 1 - . N & - R K g

[— - A




o SR . ‘
k84 \1"~ ) . * - ‘ "
' . ;F Ty " \‘ - 15 - “
.”, . 'w. ‘ ; v ,‘_‘ . * k ’ i -. ,’ - - .
iy ‘ (i) - “Warm A-delta and C thernoreceptive afferents - N

. 7 .. . - - .
~ T 4 . KU
: e .

: a . .—”. o~ : s Q... 2 :
SO Thesé*neuj;;s are-similar to (i) and are: sensitive to

‘ﬂ ff‘ $ <l C. changes-.in’ temperature, but warming increases and 'cool-
.é.;.;'fi‘ ing SuppreSses’theit diqghgrges (Hensel, 1971). Regular S
A;;-;figédv:neuronal fdiséharg\g‘:re seen.at steady-state temperature in.

o i{; *%he range 30 - 53 . They comprise 50% of A-delta fibres in"_
3“i7fﬂffg ‘the monkey§ face (Dubner “et. al, 1975; Sumino- et a1, 1973). .

LT , (iii); High thfeshold A—delta . and .C thermoreceptive

et afferent§ “f ﬂF\

These fibres- receive wide—dynamic range of ‘stimuli and
e ~° very few of them respond only to noxious heat or cold (Beck,
‘u\\”ﬁ: Lo 1974 Georgopoulos, 1976,. Iggo, 1959)

. ij?..é.i Mechanical thermosensitive neurons | I -

) A-delta heat nociceptive neurons

These neurons can be found in limb and facial skin of
monkey (éurgess and Perl,~ 1973; Dubner and Beitel, 1976;
i Dubner et al, 1976; Georgopoulos, 1976; Iggo and Ogawa)-
1971) and limb skin of cat (Beck, 1974). The receptive
fields are usually less ‘than 5 sq. mmvand respond to a tem-

ey perature range of 45 4= 53 C as well as to non-noxious
. ‘mechanical stimuli. .
ii.- To(ii)  © polymodalunociceptive afferents: -
These-fibres constitute_ 8Q - -90% of the primate C
. S , - N
fibre 'population (Beitel and Dubner,; 1976,_ Burgess and

2 . Perl,1973) and reSpond'to high threshold mechanical ~ and
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the4£a1 stimuli as well as irritant chemical stimuli. Non-i ;-v
noxious mechanical (<lg) and heat (>38-40 C) stimuli also
activate these | neurons. Strong ev1dence T/dicates that C
polymodal- nociceptors are the important afferents that. sig-
nal the presence of tissue damage. | |

s/
(iid) Mechanical cold A-delta and C nociceptiVe afferents //

Several reports (Bnrgess and Perl, 1973; Georgdpoulos[
. ' L - ‘

. E 1976; * -~ Iggo, 1959; Iriuchyima and Zotterman, 1960) indicate

that these.primary afferents respond only to noxious cold

and high threshold mechanicai’stinuli.
TII. Spinal Cord : ) / S /

By using different technique:\‘sgch as suppressive
silver staining and ‘axqgnal transport, LaMotte (1977)rhas
demonstrated that small. fibres end in laminae I, II and -III )

whereas large fibres are believed to end in laminae IV, V

A .and VI. The primary afferent inputs  to ‘dorsal horn have
been studied by many researChers and are described in a
\ review by Kerr and Casey (1978). Ev1dence has -also indi-v :
| cated that the medial aspect of the tract of Lissauer exerts
‘<C} a facilitatory effect and tnat_the lateral partA is inhibi-

tory (Denny Brown et al, 1973). B

Rexed (1952) divided the dorsal gray into nine 1ldyers

(laminaeY according to the different sizes of the neurons.

In general, Cervero»et al (1976) have classified the dorsal

horn neurons into 3 tYpes:- _ - .

(i) Class Ii--excitedvby chtaneOUS'mechanoreceptors, ‘these
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neurons are located in lamina IV and some in V.

(ii) Class 11 - excited by both mechano and ndciceptors;
‘these neurons are the wide-dynamic range neurons described
by Price end Mayer (1975), Iggo (19233 -and gervero et al
(1976)2 These neurons are located in lamina V. LI
(iii) Class III - respond only to noxious input, some of

them receive A-delta input and the others may be excited by

'v
3

both A-delta and C fibres; these neurons are located mostly .
in lamina I and occassionally in lamina II; thuslthey may e
represent another type of nociceptive processing as compared

to class II1 neurons.

Kumazawa and Perl (1978) have reported that A-delra
1nput is localized to neurons in the marg1na1 zone while the
c-fiber 1nputs ‘synapse mostly in the substantia gelatinosa.
Visceral and somatic activities'usuelly converge on single
neurons in deeper layers such as lamina V, VI and VII of ;he
dorsal horn (Pomeranz et.‘al, 1968). In conclusion, it
appears that two populations of nbciceptive neurons exist in
the .dorsal horn; the marginal neurons, which are mostly ”
excited by high threshold polymodal nocieeptqrs, and the
lamina V_cells‘which respond‘to wide dynamic range of thres-_~
holds. By meShs»of retrograde\axoplasmic transport studies
‘and'recordings of the aﬁtidromic spikes, seurpns frbm layers
I,IV,V,Vf and VII shoﬁ projectiqﬁs to the thalamus (Trevino
et al, 1973; Trevino and Carstens, 1975), and layer VIII

cells show projection to reficular'formation (Aibe- Fesgard

. et al, 1974). The existence of different.types of neurons in
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lamina I to V has been extensively reviewed in my M.Sc.
Thesis (Cheng, 1977).

- I1I1I1. KXScending pain-signalliﬁé pathways

Experimental “evidence indicates that' nociceptive
transmition is by/many pathways. A review (Dennis and Mel-
zack, 1977).shows that there are six paln-sig;slling sys-
tems: three lateral and three ﬁedial. The lateral group
“is comprised of:- (1) the neo-spinothalahic ergct, (22. the
spino cerwical tract and (3) the postsynapticltract of dor-
sal column. The medial group is formed by (4) the paleo-
spinotha&emic tract, (5) the spinoreficular tract and (6)
the diffuse polysynaptic- propriospinal tract. The medial
’groups differ from the lateral groups by having slower con-
duction veloqity, cell bodies‘locgted more deeply in the
spinal gray and Hifférent patterns of tormination. Obvi-

ously, the two groups would exert different functions in

pain-signalling systems. Moreover, all six pain—signLlling

pathways (either lateral or medial) have different anatoyi{

cal routes ascending from the spinal cord to the brain and

are controlled by different pain-inhibitory systems from the N

"brain.

The deta:led 'studies of these pain- transmioting path-
ways are thoroughly reviewed by Dennis and Melzack (1977);
They are briefly discussed as follows &
(1) Neo-spinothalamic tract (nSTT) - it ascends from ven-

tral and ventrolateral regions of the spinal cqrd to the

P
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thalamus. In primates, 30% of the tract fibreé ;eéponq to
intense mechanical. or thermal stimuli, 38% to hair movement,
21% -to ljghé pressure and 11% to deep, subcqtaneous stimula-
tion (Trevino et‘ al,;;l974). I£ is éstimated (Price and
_ Mayer, 1974) that 12.2€ of ventrolaterallcbrd fibres'rESpond
only to noxious stimuli, 26.8% to gentle tactile stimuli and
61% to both lighé and noxious stimuli. Thus both light tac-

- tile énd pain-related information are carried by the ngoséi-
__nothalamic tract in primates (Albe-Fessard et al, 19f4; _
Foreman et ai,.l975; Price and Mayer, 1974; Willis et al,’
1974) and cats (McCreery #nd Bloedel, 1975; ﬁanfredif and

Castelluci, 1969; Pomeranz, 1973).

(2) The spinocervical tract (SCT)- - postsynaptic fibres’
ascend the vdqrsolqteral épinal funiculus to the lateral
cervical nucleus which projects to ~ the somatosensory -
thalamus énd adjaéent areas and to the retﬁcular'formatioﬁwi
through the medial iemniscus (Morin, 1955); Bf&an éf 51
(1974) showed.that recording from 25 SCT cells which resppnd
to light tactile'stimﬁli,_ll (44%) increased discharge to
intehse- mechahidél-,stimulation; 6 of 16 cells were sensi=«
i:i\(e to ndxious. heat while one tespondéd onlywus’
stimulation.  About 75 % of the fibres ascend ipsflaterall;
to the lateral cervical nucleus and 25% go to the rostral
dorsal coluﬁn nucleus . (Dart and Gordon, 1973;‘Gotdon and
Grant, 1972; Nijensohn and Kerr, 1975; Rustioni, 1973;

Rustioni and Molenaar, 1975{ Tomasulo and Emmers, 1972).

“The SCT is vestigial in some people as the lateral cervical ‘




nhcleus .was detected only in 9 out of 16 human spinal cords
. (Kerr, 1975). . In conclusion, é high percentage of the SCT
fibres respond tO'peripherél A-delta and C'fibre s%imulation“
(Btoyn et al, 1974; B;LWn et al, 1973; Mendell, 1966),
showing the “wind-up“ effect which may be related to slow
pain (Mendell, 1966 Mendell and Wall, 1965).

(3) . The dorsal column system - It has been known for
decades that thé‘ primafy afferent fibres ascending to the
dorsal column npclei (Déﬁ) carry only innécuous tactile . and
propr ioceptive sensation. However Uddenberg (1968 a &b)
showed that the dorsal column postsynaptlc ‘(DCPS) fibres
trénsmit nox ious messages. Recording from the cervical dor-
_ sal column of cats, he found that 79 out of 295 axons
responded to small peripheral fibré (A-delta and C fibres)
stimulgtion. Angaut-Petit (1975 a & b), and Petit (1972)
confirmed Uddenberg's findivng by showing that 92 units (9.3%
of the DC flbres) were DCPS axons of which 77.2% were sensi-
tive to both gentle and npxious stimuli, 6.5% only to noxi-
ous.mechanical stimuli and the rest only to 1ight mechanical
stimﬁ;i. Thus pain-signallﬁng information may be carried by
the DC;SHto tﬁe'dorsal coldmn nuclei which project to vari-
o;é ”thaiéqic ahd collicular regions and to the zona incerta‘
by the medigiﬁlemniscps; and eventua11y4 relay to cortex

(Boivie, 197l;t“ﬂand and Liu, 1966; Lund and Webste;, 1967).
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These ‘three. lateral systems have seveFél similar
dimensidns of pain signalling. Each has rapid c0nductiqn’
velocity, carries qo*ioué, Lhermal and ligﬁt tactile sensa-
tions. Tﬁey'all oridihate‘frﬁm,thg dbrsal horn of the spi-
nal gray éndbproject mginly to the lateral thalamus (ventro-
basal, postéfior and subthaiamic complexés). Howeve;, qual-
ita@ive and quantitative differenées exist; .for example
about 6.7% (Angauﬁ-Petit, 1975) of the;}eline DCPS dells
rgépond exclusively to noxious.stimulation, while 20% of the
SCT do so (Br§wn and Franz, 1969; Willis et al, 19745. The
ihhibitofy controls on these thrée system -can be achieved by
stimul ating many spinal cord and brain areas (Brown,-1970;

Brown, 1971; Brown et al, 1974; B;own et al, 1973; Brown et

Ve

~al, 1972) such as the contralateral dorsalateral and ven-

tromedial cord, the dorsal column, the mesencephalic tegmen-
tum,hcentrai'gfntobulbar éore and several-cergbellar reéions
(Taub, 1964) ahd specific cprtical regions (Brown, 1974;
Brown. et al, 1975). The‘idhibitory control of SCT appears

to be both'cottiéal and subcortical because decerebration

does not abolish SCT:inhibition (Brown, ®1971). The inhibi-

\ S,
"tory effects are mo§tly exerted on noxious signals in the

SCT system léaving' the 1light tactile responses unaltered"

(Brown, 1971; Bréga, 1970; zimmermah and Handwerker, 1974).

‘In contrast, - cortfcal stimulation ohly inhibits the light

tactile inputs, leaving "the nociceptive responses (espe-
cially from lamina i) intact in the nSTT units (Coulter'et

T - . . .
al, 1974; Coulter. et al, 1975). Inhibition of the noxious

-,

v !
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input {n the nSTT cells can be triggered by stimulating the
pucleus }aphe magnus (Beall and Martin, 1976) and the caudal
part of the nuclegs gigéntdcellularis (McCree{y and Bloedel,
1975r; .Becéntly, J.Doétrovsky‘ found that stimulating
hucleds fraphe, mag nus caused’some inhibition of'non—hoxious
inputs (pgrsonal_communjcation).

The thtge.medial ?aiﬁ-éignalling systems;f

-

(4) The paleo-spinothalamic tract - also ascends from the

ventral and ventrolaterall regions of the spinal cord but

projects to the midline nd intralaminar thalamic nuclei

{Meher, 1969} Méhfer, 19%7). Nociceptive;signpls.have'been

detected in the midlinefintralaminar nuclei {Albe-Fessard

and Besson‘ 1973; Albe-Fessard and Kruger, 1962; Casey,

1966; Kruger and Albe-Felssard, 1960; B

.-

Rerl and . whitlock,

1961).

(5) The spinoreticular

8

ract - it ascends from the .ventral
and.vehtrblaterai regions of the -spinal cord and projects to
various sites of feticulat fdrmétion and brain stem central
grey (Mehler, 1562;‘\9 mpe iano, 1973). The spinal input to
the reticular formation|is difﬁusg, multisynaptic and'{pter-
relatéd'to other sensor‘ modalities (Bell et al, 1§64).—A
(§) Propriospinal tra f = ociceptions may be carried wup
and down the spinal ,Qlong the ventral and laferal
région of the spinal grey, forming synépses with otber sen-
sory systems or pa This tract is lisggd here for
compl eteness.

IV. Endogenous pain ontrol mdchanisms
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The recent advances that indicate several typés of
endogenods ‘pain controi systems have been extensiveiy
reviewed by Bdsbauﬂ and FieIGS‘({978). Evidence shows that
there are several pain-suppression ‘system (Basbaum and
Fields, 1978) which can be summarized as follaws:-

(i) Segmental system - pain itransmiésion neuxons can  be

inhibited at the'spinal cord level by stimulating the large

'peripheral fibres (e.g. AB) or the dorsai column * fibres.

This agrees with the Gate control theory proposed by Melzack

and wWall (1965).A7 (ii) ‘Medial , system - ascending pain-

}trénsmission by ‘the media; (paleospinothalamic and‘spinore-,'

tiéular) ttaét may activafé the feedback loop thch' induce
descending inhibitions on the pain-transmission célls. ‘The
major sites for this medial deséendingb inhibition are: the
périaqueductal gray (PKE), the dorS;l raphe nucleus, the

nucleus raphe magnhus (NRM) and the nuclus reticularis magTo-

cellularis (Rmc). Stimulation-produced-analgesia (SPA) by .

impiantihg electrodes at PAG is partially'blocged byﬂfgalox-'

one (an opiate antagonist) = (Akil et al, 1976) or is not

blocked by naloxone in cats (Carstens et al, 1979) while»SPA ‘

produced by stimulating NRM Ls cogpletely blocked by nal ox-
one (Oliveras et al, 1977). :The PAG projecfs to both NRM
and Rﬁc -which have\\projections to identicalﬁzbnés of the
dorsal horn via. the dorsolateral funiculus ‘(Basbaum and

, /S
Fields, 1977). Since the NRM is serotonergic ‘and has an

enkephalin link, and the Rmc is« not serotonergic, it ‘is

hypothesized that the medial descending inhibitions have two

-

iy
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mechanisms:- enkephalin-serotonergic.and non-endorphinergic
systéms; By . using " the method of ré;roéra e horseradish
peroxidase transport and.midthoracic cord 1es§6ns, Basbaum
and Fields (1977) were able to show that neurons in other
brain regions, expecially the 1locus coerulus and  the
hYﬁothalamusA'alsb'have projections in the DLF. Since locus
coerulus is rich in catecholamine and opiate receptors (Bas-

endogenous opiate (endorphin), serotonin and

catecholami e important in hediating this descending
inhibitory gyste ecently, év;dence suggests that noradre-
naiine icoul e one of the neurotransmitters that |is
involved in the descending pain inhibition (Yaksh, 1979).

(iii) Lateral syséem - Mesencephalic tractotomy, which iso-

lates the medi#® system, résults in spontaneous diffuse,

bur ning paiﬁ; while electrical stimulétion of the central

.~ postero-lateral and ventral posteromedial (VPL-VPM) thalamic

nuclei inhibits spogtaneous pain (Hosobuchi et al, 1973).

- This pain-;eljeving system is not antagohized by naloxone

(Hosobuchi et al, 1977) and is not endorphinergic.

. The detectioh,of stereospecé‘ic opiate receptors (Pgt}
and Snyder, 1973) led to the’discovery of endogenous opioid
ﬁeptides - endorphins (Hughes et al, 1975; Li et al, 1976;
Terenius and Wahlsirom, 1975). Numerous séudies demon-~-
strated that endérphins are major endogenous neuro-

substances that mediate pain-suppression. The recent

advances in endorphin research will be reviewed later.

-
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Substance P is a potent hypotensive peptide first
discovered by Von Euler and Gaddum (1931). It is idgﬁtifieq
to be an undecapeptide by Chang and Leeman (1970) and  is
¢oncentratéd in Synabtosomal fractions of the sﬁbétantia
niéra, hypothalémus and dorsal horns of the épinal cord
(Chang et al, 1971). Microiontophoretic application of sub-
stance P excited neurons in the spinal cord and the brain

(Davis and Pray, 1976). Recent evidence indicates that sub-

‘éténce P is a neurotransmitter at the téfminals of the smali
primary afferent (A-delta and C) fibres an coexisté with
other bﬁtative neurotransmifters e.g. serotonin in some
specific areas (Leeman, 1979). Immu?ohistochemical analysis
revealed ;hat énkephalin'and 2353?2265 P neurons have ihti;
mate spafiél relation. in the spinal cord and brain stem
(Hokfelt et al, 1977). Met-enkephalin and éubétance P are
found to 1localize in-Subcellular organelles in axon termi-
nals in the locus coeruleus and A2 region of rat brain;
these axon terminals form synapses with dendrites of the
catécholaminergic neurons (Pickel et al, 1979). Evidencé
also'lsh§ws that acetylcholine, mét—enkeﬁhalin and substance
P are three separate indepehdenf inputs on the noradrenéline

- containing cells (Guyenet and Aghajanian, 1979).

: ‘ ‘Primaty sensory neuron culture‘shows that substance P

is synthesized by some of 'thesg neurons (Leeman, 1979).
Depolarization with high K+ releases this peptide from the

neurons and the release can be inhibited by enkephalin,

serotonin, GABA or norepinephrine (Leeman, 1979;' Mudge et

+
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al, 1979). If ‘substanée P is the neurotransmitter that
plays a role in the perception of pain, the closeiy associ-
ated enkephalin .neurons couldfbe the antagonist that inbi-
bits the noxious inbut. Intraperitoneal or intracerebroyen-
tricular adminisﬁration "of substance P produces analqesia
which. is Analoxone' reversible (Stewart et al, -1976).
Intraventricular application of small doses of substance P

(1.25 €b 5 ng/mouse) produces analgesia which 1is naloxone

reversible, but at higher doses (50 ng/mouse), substance P

produces hyperalgesia when combined with naloxone, and anal-
gesia when combined with baéiofen (4 chlorophenyl - gamma-
aminobutyric acid); thus it is postulated thar substancew‘P
releases endorphins Et very low doses and direcrly excites

neuronal activity in nociceptive pathways at higher doses

(Frederickson et al, 1978).

Thus the endogenous pain control systems can be

divided into two m.in classes:-

(A) The endorbhin system - this can be subdivided into two

"levels offanalgesiaé-

(i) The enkephalin-serotonergic mediation - electrical

stimulation of PAG which releases enkephalin (Akil et al,

L
1978) or microinjection of opiates into PAG will send down

descending inhibition aiong"the DLF into the spinal cord and

this~.descending inhibition 1is mediated .by' serotonin.

Recently, Yaksh and Tyce (1979) showed that serotonin was|
released in the spinal cord by microinjecting morphine into~

PAG. Also serotonin blockers decreased SPA (Yaksh, 1979).
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I have also‘studied the relationshin of serotonin system to
EAA..- - ~ - | _ :
(ii)vfBeta-endorphin‘mediation - this 31 amino-acid peptide’
is_ ymainly found in the éituitary and hypothalamus.

Intraventricular (Hosobuchi and Li,; 1978). or. intravenous ‘
injecfﬁon (Loh et al, 1976) of beta-endorphin cause profound
analgesia in ‘humah and animals. Stress_.analgesia elevates
blood - beta?endorphin levels (Rossier et‘al,gl977) and SPA
-increases ventricular  beta-endorphin (Hosohuchi et ‘al,
_}1979). R | “ Sl o |
(B) Non-endorphin systems - SPA produced by stimulating the
~ dorsal column (Hosobuchi, 1979), ventral _posteromedial
thalamic nuclei (Hosobuchi et al, 1973) or éossibly: locus
coerulus (Basbaum and Fields, 1978) are not- antagonized by
nalo;one (Hosobuchi et al, 1977). Catecholamine may be one,
of ‘the mediators for these innibitory system; Yaksh-(1978)
observed that the 1nhibition of the spinal sensory system by
the PAG opiate cOﬁ%lex associated with antinociception" -f‘f.
) appeared to be mediated by the combine? excitation of sero-
‘ tonin 'and noradrenaline terminals in the spinal cord. Thus“
serotonin and noradrenaline may be the chief mediators of
SPA.' Whether catecholamine_ and ' endorphins are ;closely
related or existxin parallel systems in endogenous . pain-

control 1is still not clear. However further research is

necessary to determine. their mechanisms. o - - f'

1
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(ii) ENDORPH INS

Ld

I. Opiate Receptors

Biochemjcal eQidencé indicates the existence of multi-

Ple .opiat§ feceptots_(Chang et ai)‘1979). It has been sug-
.'gested'(nartih et al,’i§76) and demonstrated (De11; Bé11gpgt
6;7\'1978)' that there érelthreg types of oéiate ieéeptoréi

< u-receptors, k-re;éptors énd d-receptors;‘“r~/ ; '

PRI

. anch of thésé téceptors possesses a specific, ligénd:%’

morphine actiyaﬁes h-receptors fpr anaiggsia ané.édphdriaij
ketocyclazocine actiégtes k?receptors for fqéliﬂgs of seda-
'4 tion and bénzohorpyéﬁ- derivative (SKF10647) activateé d-
| receptors forudysgporié and~h$11ucinatory s?ﬁdrome‘I(Martin
et'ﬁél;~1976).‘ Recehtly Pert et al (1979) clas;ified‘_v ate

. 1 . reéeptors ihto'two’groupsébTypé I and Type II. The f:$§q§-‘ v o

‘: : o ing table. sdmmarizes ‘the propettiéé of these pwé_types 6£

receptors (Pert et al, 1979):

L 4
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(i)\Adenylat7 cyclase - coupled fi) Does not or

B

" indirectly couple

to cyclase

the analgesic

S (ii)‘Located i
» ,area (e.g.paleospinothalamic
pathway, midbtain), pig

;ileum, adtenal medulla.

e o m n o e -

4f : (iii) Antagonfsts: naloxone,’
; Naltrexone, diprenorphlne,
é cyclazocine,.N-Allyl-

normet‘zpcine. ’ .

- - -

(iv)§Agdn1st Potgncy. Morphine>

S

leu-enkephalin>benzomorphin

(iii) Naloxone resistant”

(iv) Leu- enkephalin)

(w) Fand ih both'

" invertebrates o L

(i1) Located in amygdala, A

hypothalamus,frontal
~cortex, limbic

system, pituitary,a

vas deferens .

(no available

antagqnists)

D-ala-enkephalin)

met—enkephalip “

vertebrates and
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~ Recently, Pasternak‘eg al, (i979) reported that there

| are high  and low affinity opiate binding sites. The high
affinity binding §ites are responsible for analgesia anJ the
low bindihgs>ate f;r others. Nalozaxone, a newly discovered
ahtagohist, bﬁnds irreversible (destfoys) high affinity

sites and inhibits morphine analgésia in ‘mice (at

250mg/mouse) (Pasternak et al, 1979). , ..

The high affinity binding sites, Type I receptors and
u-receptors are probably the same typé.of opiate receptors
which mediates anisgesia (G.Pasternak and C.Pert - Personal

¢tommun ication) .

I.. Types of Endorphins

The detection of the opiate receptors aroused the
search for endogenous opiates. It was predicted that opiaté

' receptors and the 'endogehoug\opi;tes' served as a lock-

= =

and-key system. The hypothesis Wwas: since there is; a lock,
Athere must be ‘a key to fit this lock. Successfu;g*resulté
were obtaiﬁed by 'several groups of workegs:l several
eAdogénous 1igands of the opiate receptors Qere detected in
~the brain (Hughes ét"al, 1975; Terenius and Waﬁlstrom;
197Sa)h pituitaty (Teschamacher et\aL£ 1975), CSF (Terenius
and,Wahlsttom, 1975 5) ahd peripheral tissues (Hdghés-et al,
{977): Theée .endogenous‘ ~ligands, “célled .endo:phins
(éndogénous. morphiné) aré péptides which have a similar

- effect to'mdtphine in ianiing analgesia, euphoria, reliev-

ing. depression and affecting other important metabolic func-
® ' ‘ )

i e s W e S
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.tions (Snydet,}l977).i‘8tain endorphin levels are indeﬁén;

dent of pituitaty endorphin- levels (Watson et al, 1978);
~

'biochemical and ‘anatomical evidence indicates the existence
-0of two separate opioid systems in brain: beta-endorphin

~containing neurons and enkephalin containing neurons, which

consizgﬁte two separate groups of brain cells (Watson et al,
l978; Rossier et al, 1977). Different types of endorphins
have been detected in the pituitary, brain spinal cotd CSF,
blood plasma and periphetal tissues. The following table
summarizes ° the ~ number ‘ of endorphins that .have been

detected:- p .
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~Table l:- Types of Endorphins

Methionine-enkephalin (H-Tyr-Gly-Gly-Phe-Met-OH)

~Leucine-enkephalin (H-Tyr-Gly-Gly-Phe-Len-OH)

Pro-opiocortin 31,000 or 37,000 daltons

(Precur-sor. for ACTH and beta-LPH)

e | : ‘ 7 17

Loerrme e RATRTEINRSEST D b

1 - 61 6§ 76

Beta-Lipotropin (1-91)

~Beta-endorphin (61-91)

Alpha-endorphin (61-76)
Gamma-endotphih.(61—77)
Des-tyrl-gamma-endorphin (62-71)

Met—enkephalin  (61-65) - (Fraction II)

,Morph;qg;like compound (non-peptide)

Beta4Leu5-endotphin SBl’amino acids)

Dynorphin (17 amino-acids)

Ftaction 1 (CSF), Plésma Factor (Plasma),
unidentified brain.opioid'peptide (brain)
Hax;peptides and Heptapeptides (unnamed)

Alpha-neo-endorphin (12 amino acidss

‘fgxw
4

_Othef.Related Substances &

Endorphin releasing facﬁor (H-TYyrzArg-OH)

Endogenous anti-opiate substance - -

o1
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III. Location of Endorbhins

1. Enkephalins

met-enkephalin and leu-enkephalin are the two penta-
peptides first identified 1in the brain extracts by Hughes
and‘colleagues (1975).‘ They appear to be neurotransmitters
A1n nerve. termznals and mimic the effect of morphine by bind-
ing to opiate receptors. By comparing the localization of
opiate receptors and enkephalins, it is found that they
occur in similar places and correspond closely to the known
bodily functions affected by opiate drugs. Met-enkephalin
and leu-enkephalin are detected'in similar areas. In every .
region studied, 1levels of met-enkephalin are higher than
levels of leudenkephalin. ,Although~.the concentration' of
met-enkephalin .ls generally 3 times higher than‘ leu;
enkephalin in the whole brain, the ratio ‘is different in
various. brain areas and peripheral tissues (Yang et al, :
1977). Recently, a l2 amino'acid al pha-neo~-endorphin which
may be the precursor'of leu-enkephalin was found in porcine

hypothalami (Kangawa et al,A1979).

Imﬁunoflhorescence shows thatbenkephalins in the brain
are confined to neurons and are mostly located in the nerve
endings, while 85% of the brain supportxng cells (glia) show
no trace of enkephal;nA fluorescence (Snyder, 1977). By

using colchicine to block—the movement of enkephalins from

cell - body to nerve endilings, enkephalin concentration

(
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increases in the cell bodies and can bi detecte@ﬂ by immu-~-
nofluoresceﬁce. . It waé‘found that brain areas with a high
density of enkephalinergic herve terminals also have a large
number of -enkephalin;containinq cell bodies. ‘It is thus
suggested that enkephalins are c?ntained in smgll neurons
Qhose cell bodi&s, axons and nerve terminals are confined to
circumscribed brain areas and spinal cord (Snyder, 1977).
Both the regional distribution of high affinity binding
sites;fpr leu-enkephalin in striatum and their decreased
number after chemical of mechanical intefruption of the
nigrostriétall bundle, \spppért the assumption  that
enkephalinergic >neurons tefmin;te presynaptically on dop;m-
inergic términals in the.striatum. fhis also suggests .that
énkephalinergiclneuions do not project from mesencephalon to
striatum. Ten days after intfa-striatal injection of kainic"
acid. (1 ug) (a more botent‘depolarizing.agént then gluta;
' mate) , met-enkephalin levels in the striatum decreased more

thén 50%. The results suggest that either neostriatum con-

tains met-enkephalin neurons "or that cell bodies i of

enkeéﬁalinergic neurons of striatum may be located in globus

pallidus (Yang et al, 1977).

_ Indireét immunofluorescence revealed mef—enkephalin
immunoactive ‘cell bodies f;—ZEEerl-, di-, mes- and rhom-
beneqephalon (Yang ét al, 1977). 1In genéral, high concen-

~tration of 'énkepﬁaiins were found in thé brain reéions in

the order ofﬁ—
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. :;‘tk
Striatum)Hypothalamus)Thalamus)Hippocampus)
Pons and medulla>Cortex>>Cerebe11um

Enkephalins are ‘also found in rat pituftary (by

- radioimmundassay) . The 1levels of met-enkephalin and leu-

enkephalin are highest in pars intermedia (7 and 4 b mble/mg‘
fespectively), medium in pars nervosa (2.2 and 2.2 p mole/mg
rgsﬁzttively) and the least in pars anterior (0.51 and 0.36
P mole/mg 'respectively) (Duka et.al, 1978). In human CSF,

enkepH.lin concentration is about 3.12 to 3.25 p ‘moles/ml

. (Akil et al, 1978).

Iﬁ the spinal cord, enkephqiins are loca;ed in the

grey matter especially iéminae I, 1I1I ana I1I which are.

packed with small neurons that interact with each other and

impinge on the nerve endings of the sensory neurons.

Chronic lesion of the primary afferents decreases the number
of opiate' recgptars in the dorsal horn with no loss of
enkephalin in cell bodies in the‘spinal cord (Hokfelt et al,

1977). It is also shown that electrical stimulation (Otsuka

~and Konishi,.1976) or K+ provoke the release of substance P

from slices of rat tzigeminal nucleus and of rat substantia
nigra (Jessell and Iversen, 1977), and that morphine and
endorphins ‘cause a concentration-dependent, stereospecific,

naloxone antadonizable reduction of its release (Jeésell and
Iversen, 197?). . This suggests that~met-enkephalins are. in.

¢

neurons in the dorsal horn and that enkephalins act as

- presynaptic inhibitors in the épina1~éord.
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Enkephalins also appear in the peripheral tissues and

digestive tract| (Hughes et al, 1977). Large emoun£§ of \
enkephalins were fouqd _iﬁ the small 1ntestine with the

highest concentration occurring in the longitudinal muscle-

lmyenteric Pl ex u; layer and smalluquentities-in/the ‘circular
mucosal layer. Bothimet-enkephalln-and leu-enkephalin are
also found in he coeiiec and superior eervicai ganglie' of
retsQ(Di Giulip et al, 1978), and in adrenal medullary gland

_cells (Schultzberg et al, 1978).

2. Beta-endorphin

A 'biqL beta-lipotropin :(LPH) or "big-big" beta-
endorphin (pro-opiocortin) is found to be the precursor for
ACTH and beta-LPH (beta endorphin) with molecular weight of
37 000 daltons in human and 31,000 daltons in: rat pitui-
" taries (?o imi et al, 1978) and bra1n (Graf et .al, »1577).
The |[:o-opiocortin .is broken down by peptidase to ACTH and
beta-lipo ropin and beta-}.igtropin is further cleaved into .
beta—endo phin (Graf et al, 1977). It is believed the: small.
amount Jf alpha-endorphin, gamma-endorphin, 'des-TYri-
gamma-endorphin are detiVed_from beta—lipottobin. ACTH’and
beta-endorphins are stored in the seﬁe secretory granules of
anterior pituitary cortieoﬁrophs (Weber et al, 1978) and are
secretéd“coheomitantly by tﬁe adenohypoghysis (Guillemin et
al, ﬂ977{ Structural analysis of beta-LPH indicates that
some of its sequence portions are related to secretln, human
growth hormone (HGH),. ACTH and 'proinsulin (Graf et al,

1971). These ‘locei sequence ' homologies, from  an
/ 2 ’

! N r}
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evolutionary point of view, reveal that the genome of beta-

LPH may hqve arisen from the fds{ons of primordial. genes for

various small peptides, like sécretin-glucagon, connecting

peptides of proinsulin.

Large amounts of beta~endorphin and alpha-endorphin

. are found in the pars Iintermedia of hypophysis, and in ;

discrete cells>of adenohypophysis (pars d}stalis) (Bloom et
al, 1977). 'These adenohypobhysial cells, cohtalning the
beta-éndorphin and.alpha-eﬁdorphin,_dften appear~to be adja-
cent -to blood vessgls. Thé pars nérVoSa (neurohypophysis,
- posterior lobe) and the interlobular stroma of pars inter-
media contain ~no trace of these eﬁdorphips (Bloom et al,
1977). Beta-endorphin is alfg/pfesent iﬁ-the brain and |is
not derived from the pisp{%ary.because hypophysectomy does
not alter the level ogyybrain endorphins including beta-
'endérphin' (Cheung':agd \Goldstein, 1976). In,monkéy;btain,
highest beté-endorﬁhin levels are found in the inte;geduncu;
lar,.followEd by the habenula and the hypothalamic subafeas.
High amounfs of beta-endorbhin; are also detected in the’
preéptic areas, the substantia nigra, the'pallidum and the
sup;rior and inferior colliculi.. Low values are found in
;imbic cortéex and cgrebral cortiéal area while the qerebel-
lar ‘cortex contains' the lowest wvalue (Matsukura et al,
1978). in hum;n plasma, the 1level of beta-endorphin is

about 21+7.3 pg/ml 0536.2+2.2 f mole/ml (Wardlaw and F;éntz,
\ . ' .

'1979) .
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Similarly, béta-LPH in,the rat brain is detected 1in
the . hypothalamus, periventricular, nuc}eus of the thalamus,
ansa leﬁticularis,_zona ‘compacta of the substantia nigra,
m?dial amygdaloid nucleus; zona incerta, PAG, locus coeru-
leus and a few fibres in the reticular formation (Watson et
al,. 1977). In human plasma, beta-LPH is from <20 to 150

pPg/ml (Wiedemann.et al, 1977).

Anothef peptide,‘ Des-Tyr-gamma-endorphin, hay' be' derived
from beta-LPH;MNBEta:ggdorphin or gamma-eﬁdorphini' It has
been detected in the pit&itary gland (Loeber ét al, 1979)
and bra}n (Van ReeAet al, 1978). 1t is shown that this pep-
tide has no §pioid activity but can interact with neurolep-
tic binding sites in varioug areas of rat brain (Van Ree et

al, 1978).

3. Morphine-like compound (MLC)

““In 1976, Gintzler and Levy found an endogenous non-’

' <
peptide morphine-like compound which cross-reacts with
ﬁorphinefspecific antibodies. This MLC was 1localized in

neuronal perikarya and/or processes in nuclei related. to

" vestibular, cerebellar and raphe systems by means of immuno-

cftochemistry (Gintzler et al, 1978). MLC can also be found
in rat‘pituitéry (Rubinstein et al, 1977) and in- human ven-
tficular CSF (Shorr et al, 1978). MLC is shéwn to bind to
obiate fqéept&rs éf the'mousé neuroblastoma X glioma hybrid

cells (Blume et al, 1977). o : .
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4. Leucine-endorphin

It has been reported that 1eu(5)-beta-e$dorphin is
o detected in kidney dialysis of schizophrepic'paﬁients
and may play a role in the chemical etiology of schizo-
phrenia (Palmour _and é;vin; 1977; PalmoPt et ai, 1979;
Lewis et al, 1979). Schizophrenics have been .succéssfully
treéted by_bemodialysis (wégemaker.and Cade, 1977). Despite
tﬁe high éross reactivity of leu-enkephélin antibodies with
beta—eﬁdo:phin,‘ no .beta-endorphin immunoréqctivity was
detected ih dialyzates éf nonpsychotic renal pétients and
schizoéhrenic pétients (Ross et al,‘1979). Thgsg/;gsults'
show no compatible agreement with thé idea of extremely high
concentrations’ of leu(5)-beta-endorphin in hemodialyzates

from schizophrenic patients. Perhaps,-a'noVel endorphin may

exist in these dialyzates.

5. Dynorphin

i

v
Recently, Goldstein and colleagues (1979) have suc-

cessfully identified a novel pituitary endorphin - dynor-
phfn. It is a triaécaﬁep£ide containing [Lehi—enkephalin
- and is 700 times more potent than leu-enkephalin in inhibit-
_iné the guinea pig ileum longitudinal ~mus¢1e. contraction.
»Tﬂis effect is only,partial{y revgrsed'by.naloxone.

6. . Other‘unidentified endogenous opioid peptides are found
in human CSF (Fraction I elhtion‘- Tereﬁjus et al, 1976),
human plasma (Ho et al, 1979) and braih» (Hughes et al,

1979). The properties, molecular weight and»charactgrisa-

< - v
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tion of these. peptides indicate that they are not .enkepha-
lins nor beta-endorphin. Further research is necessary to
look for the functions and similarity of these unidentified

——ty

peptides.

6. Other related substances

1. Endorphin Releasing Factor - A dipeptide: H-Tyr-Arg-OH,

is found to_be an endotphin,releesiqg factor in'hypothelamus
and has analgesic potency of'4,2-tihes higher than morphihe
(Beaumont et la, 1979; ‘Takagi et.al, 1979)

2, Endogenous adti;opiate substance - This aopears to be a
physiologxcal induced substance either by chronic mofohine
(Ungar, 1976; Han et al, 1979) or chronic acupuncture'

treatment ' (Han et al, 1979).

Intfa#entricular injection of this anti-opiate-like
substance, the .crude extracts from the brain of motphine
addicted or acupuncture tolerant animals, reverses morphine.

. ‘ , ) . _
or acupuncture analgesie in naive animals (Han et al, 1979). ) Tf

- IV. Function of Endorphins

———

- In general, endogenous opioid peptides act 'similar1§ |
to morphine which has a profound effect on the bodily func- ‘
tions including physiological. and behavioral in human and
animals. There are diffetent types of opiate receptors and

' endorphins whlch are located in numerous areas of the <CNS

and other parts of the body. The functions of endo;phins g .-

are numerous and variable. The phys1ologica1 or behaviotal
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variability -and characteristics of endorphin actions depend
on the location, action and types of endorphin—opiate recep- '
tor activities. In the past few years, met-enkephalin,

leu-enkephalin, beta-enkephalin and”their analogues asg.well

as other endorphins have been extensively stud ed. Their

effects on animals can be summarized in the  fgTlowing list4

(to be amplified later in the text):- . /.
L -(l) Analgesia - relieve pain and modulate stress.

(2) Homeostasis-- :

1
(a) Releasing regulator of other hormones

“Prolactin + e ¥
‘Growth hormone 1 FsH ¥ - o
N . Thyrotrophin .4 . — Release oxytocin

Corticosterone synthesis 1 afd vasopressin’

- ‘ (Beta-endorphin and ACTH secreted concomitantly)
. ‘ N . -

~ (b)  TPhermoregulation :

| 'Hypothermia-\(Alpha-endorpﬁin)

\e

_ H&perthernia ~(Beta-endorphin)
“‘~I(c)"Digestive system" - Inhibit pancreatic secretionsl and -
increase. 1nsulin' and' glucagon release.v- Suppressw ‘
~ C ‘; . intestinal motility in small intestine. ‘ o
A (d)\ Cardiovascular system = Depress heart and blood pressure
" (e) Respiratory.system - Depress respiration.' e SR

(3) Méntal illness:- o S ' ot

[y

(a) Schizophrenia (abnormal high 1eve1 Of__/FF endorphins,
Leu(S)—beta-endorphin found in kidney d1a1y51s). S ; -

(b)' Small dose of beta- endorphln causes catatonla (akine51s),




N
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(c) High doses of naloxone reduces hallucination of schizo-

e et e v e at et tut e 5

-‘42 o

epilepsy and.limbic seizures.
phrenic patients;
(d) des-Tyr -gamma-endorphin - a neuroleptic substance. 3

(4) Behaviour:-

'(a) Interact with other neurotransmitters - acetylcholine,

dopamine, GABA, SHTf-noradrenalinei" .
{b) Maintain normal behaviour - ig'
| _alpha-endorphin (tranquilization)
gamma—endorphin (agitation and violent behavior)
heta-endorphin‘(catatonia)
Morphine and Endorphins (Euphoria)
Leu-enkephalin (Reward- Pleasure-Learning)
Abnormally high pituitary beta—endorphin (Obesity)
des-tyr-gamma-endorphin (tranquilizer)

il

High dose (6ug) suppressed copulatory behavior of rats.

H(c) Sexugi}'bgulation - ‘ " f N

' Low dose (3ug) increased-mounting and..intromission

| latencies.

(d). Naloxone was'found - to 'enhance memory and morphine

antagqnized this effect (Messing et al, 1979)
(5) Addiction.f Morphine and endorphin are addictive.

- ’ : °

(1) Analgesia - It hds been verified thaj endorphins

mimic the. effect of'opiates. Opiate heceptors appear most

idensely in the. paleospinothalamic pathway ‘that transmitsa
diffuse pain, ‘and. application of endorphins either in the‘

CSF or in various'nociceptive centres of the brain causes - -

» e
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g analgesia. ' Presently Pert and. colleagues. (1979) have

report that Type I opiate receptors are located in the

probably responsible for mediating endogenous pain-relief

. while Type II opiate receptors are responsible for the feel-

¥

'ing of sedation, dysphoric and’ hallucinatory syndromes.

fExperimental evidence indicahes that analgesia is observed
»

after microin)ection of met-enkephalin (120 ug/injectiop)

_ into or near the ventral, caudal midbrain, PAG (Belluzzi et

»”ical EEG changes are seen with injections into or near fthe'i'

,'ity of nociceptive dorsal horn neurons located\in 1aminae, Vw

.

Met—enkephalin (0.2 = 20" ug/rat) and leu-en

al, 1976; Bradley et. al, 1976- Buscher et al, 1976 Freder-

forebrain dorsomedial nucleus of the thalamus (Frenk et al,

1978). The noxious response of thalamic nociceptive neurons
:is also depressed by systemic or. iontophoretic inJections ofv

,D-ala(2) or D-Leu(S) enkephalins (Hill and Pepper, 1978).'

phalin:(l-zo

ug/rat) produced a dose-related and naloxon antagonizahle

" analgesia when microinjected into the nudleus retichl\riS'f

gigantocellularis and’ nucleus reticularis
laris of the medulla 'oblongata (Takagi| et al,",l978).

Microiontophoretical application. of met-

laminae I, II and’ III selectively suppresse

K

(Duggan et aljr1977).

—_
-
... Ce
%, . . .

. )r-

kephal in . into

the excitabil-‘

rbrain areas that mediate analgesia. Type' 1 receptors are 3

icksoa and Norris, 1976), while seizures and other pathologéf‘

aragigantocel}uf :ff'

N
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énkepﬁalin analgesia is one type of the .endogenous
pain-controll.system which functions at the brainstem and
sainal cord levels. ' Met-enkephalin acts like - neuro-
/transmitters that are released through the synapses of herve
terminals (Snyder, 1977). Enkephalin-degradating enzymes
(enkephalinasell and opiate receptors have markedly hetero-
genous and parailel distribution between regions of mouse
brain (Malfroy et a1, 1979). , thremely rapid degradation of
met-enkephalin is observed in vivo and vitro (Dupont et al,
- 1977). Ihus‘ a enkephalin paithontrol system tends to be
localized at‘tbe segmental oL regional areas of the body and

'the'analgesic effect uill be Short-lasting. -

The totdl brain enkephalin levels fby radioimmunpas—d
say, RIA) represent only '2-13% of the total endorphin's ‘
‘;dioreceptor assay, RRA (Gros et al, 1978;. Llorens-Cortes
et al, 1977). Perhaps the other endorphins may play a role
for moré‘profound, generalized and longélasting pain-relief
(e.g. .beta-endorphin andldynorphin). |

Evidence indicates that intraventricular- (Moroni et
al, u1978; -Hosobucni and Li, 1978) and 1ntravenous (Loh et

al, 1976) adminjistration of beta- endorphin can induce' ana14
f-ges1a §ﬂ’ﬁﬁﬁg;}and animals._ Stimulation-produced analgesia
by implanting electrodes at PAG (Hosobuchi et al, 1979) or
.;.periVentricular brain' areas - (Akil et al, 1978) 1ncreases
;beta-endorphin in human ventricular CSF by 50 to 300% whiIe

3_'stimulating_ the posterior limb of the internal capsule has
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no such effect (Hosobuchi'et al, 1979). Foot—shock"ihduced

: analgesxa is reversed by naloxone and is cross—tolerant with

morphine in mice (Chesher and Chan, 1977). However this is

contrast to ‘the- results observed by Akil et al (1978) in

rats in which stresséinduced analgesia shows no " cross=--

tolerance ' to morphinei' This‘foot-shock induced stress pro-

duces naloxone-reversible hyperthermia (Blasic et al, 1978) |

and 1ncreases plasma beta—-endorphin levels by six fold (Ros-

‘sier et al, 1977). beta-LPH, beta-MSH and beta endorphin

can pass from the ,circulation‘to the CSF and circulating

beta—ufi_;jnkye/cleaved to beta -endorphin (Pezalla et al,

‘1978)4, eta-endorphin has a half-life of 9 3+0.75 minutes

(Chang et al, 1978), but the pain-relief induced by systemic(”
injection of beta-endorphin will _be long-lastzfy and

throughout the whole body.. o

Naloione reverses endotoxin hypotension (Holaday and

Faden, 1978) and has great potential therapeutic value foré

shock (like severe blood loss) (Faden and Holaday, 1979).

These results suggest that.endorphins play a role in shockl

but the true mechanism still has to be explored.

Recently synthetic analogues of enkephalins which have.

~ been made by changing the amino acid sequence can resist_

enzymatic degradation and can pass through the blood-brain
(.

barrier. \\Qhus they can be taken orally to cause analgesia

and their analge51c potency can be tremend usl .increased

(even up é}rjao,poo fold as compared to met—enkephalin)»

i

o
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(Snyder, 1977). Unfortunately they are ._highly addictive

drugs. . - RS

(2) Homeostgsis - High concentrations of. endorphins
g8 == |

in the hypothalamus-fand adenohypophysis suggest that they

piay a rTole in pituitary” endocrinological functionst
Enhephalin neurons proﬁect from the hypothalamus to the‘pars
nervosa~in~the‘pituitary and may be inQoIVed in the regula-
tion: of neurohypophyseal neurosecretion (Rossier et al,
1979). Enkephaiins (May et al, 1979; Stuhbs et al, i978)
and beta-endorphins (Kato et al, 1978; Guillemin, 1978) have
been shown to stimulate prolactin, growth hormone, thyrotro-
phin but deoress luteinfzing hormone, thyroid stimulating
hormone and FSH secretions. rtlhas also been demonstrated
that- beta-endorphin releases oxytoc1n (Haldar et al, 1979)

and D-ala(2)-enkephalinamide releases . vasopresszn (Bisset et

‘al, 1978). Beta-endorphin stimulates corticosterone syn-

’thesis in isolated rat adrenal cells . by - binding to the

adrenocorticotropic “hormone receptors (Shanker and Sharma,

1979). ACTH and beta-endorphin are stored in the same

B secretory granules of anterior pituitary - (Weber-et al,

1978) and are secreted concomitantly (Guillemin et al,

1977).- There is a feedback loop between the beta- endorphin
(or ACTH) and corticosterone (or cortisol), as dehydration
(Mata et al; ~1977;- Cox et 'al, 1978) or dexamethasone
administration (French et al, 1978) reduces beta-endorphin

-

and ACTH secretion, while adrenaiectomy or metyrapone

{

administration elevates plasma beta?endorphin levels by 71

N
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f5ld  (Hollt et al, 1978; Tseng and Li, 1979). Endorphins
in the'pituitary seem to be rele#sing factors or .pfééu:sots'
to releasing faétoré of corticosterone. Furthermore, in
normal animalé, nal oxone alone‘produced opposite effects in
modul ating the hormohal gelease (Meites et al, 1979). This.
'~ suggests that endorphins participate ‘in rgguléting " normal
secretions of the pifuitaty. Ehkephalinergic cells are
fduﬁd in the islets of. Langerhans and beta-endorphin and
enkephaiins have beeﬁ-shown to inhibit pancreatic secretions
and increase insulin and glucégon‘ release (Meites et al;
Kohtureklet ai,‘1978). Large amqpnf of opiate receptors are
:foundvin fhe intestihe and stimhlation of enképhalinérgic
neurons in the small intestine supptesses intestinal motil;
ity." Bgtaéendbrphin produces 'hypotﬁermia | and 'alpha- ,
.endorphin . prbduces hypeftherhi$ '4Gui11emin et al, 1977).
Finally.met-enkephalin hasvbeen shown to_dgﬁress heart rate,
_blood. ptéssure and respiration when applied to brain stem
(Laubie et al, 1977). WAll“ige above gesulés ihdicate that
/gndorphins are involved ih’the_pﬁysiological regqulation of
‘the B car_diovascular. systeuf, the . tesp‘ira'tory system, thg:"

‘digestive system and body éemperature.

(3) Mental illness - Endorphins have been shown to
produée profound physioclogical effects. ﬁhenradministereg
‘direqtly into the brain. They cause 'wethog"'shakes, sedgg
tion, catatoniq'and catalepsy (Guillemin et al, 1977; Frenk
et él, 1978; Elazar et al, 1979). Seizufes and long lasting

epileptiform ,Changeé in EEG are observed_with‘fnjectidns 6f
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net-enkephalin»(l70 ug/injection) into or near‘the forebrain
dorsomedial nucleus- of the thalamus (Frenk et al, 1978f or
leu-enkephalin gl-zb ug) into the dorsal hippocampus (Elazar
et al; l979j. Low (non—analgesic) doses of beta#endorphin
induces’non-conyulsive limbic seizures (Henrikson ‘et al;

1978)-and catalepsy_(Mdronilet al, 1978).

Beta-endorphin has been used to induce akinesia\ in
anixals and a significant increase in concentration of 5-
hydroxytryptamine is observed in the midbraln (Izumi et..al,
1977); ,the induced akinesia can be reversed by methylmor-
phlne, L-dopa and partially by L-amphetamines. It has been
demonstrated that beta-endorphin or dF;la(2)-enkephalin
analogue increase serotonin metabol iem in\.hypothalamus‘ and
dopamine turnover in neostriatum, tuberculum olfactorium and
nucleus accumhens (Fuxe et al, 1577; ‘Van Loon et al, 1978;

Biggio et al, 1978). It is proposed that there is a feed-

back relatlonshxp between endorphin neurons and dopaminergIC' '

— . . \ L

neurons.

. A

The potent and divergent behavioral responses of
animals to naturally occurring substances (especially beta-
endorph1n which has a ‘more marked prolonged effect even  at
very minute doses) indicate that alteration in their homeos-
tatic levels might have etiological signiflcance in mental
illness. CSF endorphln levels were found to be higher than
normal in depressed or schlzophrenzc patients (Terenius et

al, 1976) and lower than normal in chronic pain patients
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(Terenius, 1977). This might explain how electric shock'
therapy has therapeutic effect on schizophrenic patients as

it might reduce their endorphin levels. Chronic - schizo-

;phrenic .patients under neuroleptic medication show rapid

inactivation of C.S.F. endorphin (Dupont et al, 1978). Type
II opiate receptors (or K and d receptors) may be the'ones
that mediate sedation, dysphoric and hallucinatory syndromes
(Pert et al, 1979 and Martin et al, 1977). High doses of

naloxone, have been reported to eliminate hallucinations in

’schizophrenic patients' (Gunne et al, 1977; Watson etlal,

,1978). Leu(S) beta-ﬁndorphin are only detected i‘ ‘ kidney

dialysis of schizophrenic patients and it has been suggested
that this may play a role in the ' chemical etiology ofA

schizophrenia (Govoni et al, 1979)

Recently, Van Ree and colleagues (1978) reported that

des-Tyr(1)'gamma-endorphin is a neuroleptic substance, it

~contains no opioid activity but can interact with neurolep-

tic binding sites in various areas of rat brain. Beta-

endorphin and other opiates have-no affinity for-neuroleptic
' binding sites (Czhonkowski et al, 1978). Des-Tyr(l) -gamma-

~endorph1n is found to be very effective in treating schizo-

phrenic patients (Verhoeven et al, 1979; Van Ree et al,
1979)°, They postulate a dual‘system that endorphin reduces

stress and des-tyr-gammahendorphin‘produces sedation.
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(A;:j;:;;viour - Endorphinergic neurons are shown to

_have‘.extensive interactions with acetylcholine, dopamine,

SHT, notadrenaline and GABA neuronal systems in the brain

(Costa et al, 1978). Beta-endorphin 1ncreases the turnover‘

rate of GABA in the substantla nigra and lobus but decreases

‘the turnover rate in nucleus caudatus (Moroni et al, 1978).

The turnover .rate of acetylcholine is decreased by beta-

endorphin in cortex, hippocampus. nucleus accumbens and

-

globus pallidus but not in nucless caudatus (Moroni et al,
1977). Met-enkephalin and leu-enkephalin also inhibit the
spontaneous release of" acetylcholine from the cerebral cor- -
tex: in vivo (Thamandas et al,'1977). This indicates that

endorphins ma& act as presynaptic inhibitors of cholinergic

1

" neurons. The interactions of endorphins with other neuro- .

substances may preserve a homeostatic state of bodily func-

tioning which helps to maintain-normal oehaviour. Evidence

" has Shown that ,alpha-endorphin"induces 'tranquilization,

gamma-endorphin produces agitation and sometimes violent

behaviour, beta-endorphin causes catatonia (Costa et al,

41978) and hypotension which is reduced by PCPA (temaire'et
L

al, 1978), and des-Tyr (1)- gamma-endorphin improves schizo- -

phtenia (Van Ree et al, 1979). All these effects suggest

that. the endorphinetgic systems ate ,probably, involved in

-maintaining normal behaviour and that a malfunction of this

system may result in psychiatric illnesses or abnormal

behaviour. . For example, evidence.indicates that overeating

' is probably caused by the abnormally_ high pituitary ibetaﬁ
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/, : by
endorphin 1level (5 time% "higher than normal animals) in:

- ' /
obese mice (ob/ob) and rats (fa/fa). (Margules et.al, 1978).

Naloxone selectively//abolishes oveteating in these geneti-

cally obese mice anq/rats (Margules et al, 1978).

T

Endotphins,jiike morphine,'produce euphoria. It has .~

been found that leu-enkephalin induces higher rates of

self-administgation in the self-administered bar-pressing
/ : ¢

bghaVibur asf compared to ‘met-enkephalin when they are

injected into.the limbic ateae in rats (Belluzzi et al,

- 1977). It is 'possible that leu-enkephalin 1is a major

intrinsic substance that elicits pleasure and“reWard-system.

/ : .
Zocial and sexual behaviours are also affected by
endorp

ins. Beta-endorphin increases gfooming activity,

3decreases mounting and increases the 1ength of time before

(6 :ug) ' of D-Ala(2)-met-enkephalinamide (analogue) . 3180*57

sUppresses the .copulatory behaviour of rats but a low dose o

)

I,eJaculation in rats (Meyerson and Berg, 1977)¢\\n high doseu'

(3 ug)_'increaaes mounting - and intromission latenciesf

(Quarantotti et al, 1978).

(5) Addiction - Endorphins, like morphine, produce.

tolerance, cross—tolerance and withdrawal effects&on’long—

term treatment, i;e. they are alsé addictive (Tseng et al,

1976). Bndorphin can modify the relative activities of

* adenylate oyclase and guanylate Eyélaée. which ~are two

enzymes floating freely in the double layer of lipid’A

moleouleé‘that make ‘up the cell membrane. These two enzymes
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will be activated to‘synthesizé cyclic AMP and cyclic‘GMP
when appropr iate neufotransmitters bind to the membrane -
receptors. Often, these two enzyﬁes displa& antagénistic
action in mediating the . same hormonal effecﬁ inside the
cell. In neuroblastoma—giioma hybrid cell cultures, long-
term exposure to opiates or endorphiné will induce an abnor-
mal production of adenylate cyclaée which enhances cyclic
AMP synthesis to compefisate for the opiate-inhibited level.
As a result, more opiates or endorphins are required to pro-
‘duce decfeases in cyclic AMP levels (Klee et al, 1975).' On
wighﬁ;awal of opiate or endorphin, cyclic AMP levels.
increase markedly owing to the abnormally high .quantity of
adenylafe cyclase. This increase in cyclic AMP level corre-
.latgs biochemically ‘to - the withdrawal' symptoms. The
increase in ‘the cyclases during and afier long-term opiate
or endorphiﬁ treatment may act as1a bio-feedback mechanism

: which "will change the firing rate of'endorphin neurons,
inaucing tﬁe deQeiopmenf of tolérance‘ and physical 'depen-
dence. It Hhaé been shown that SPA of PAG or chronic beta-
ehdorphin adminisﬁration cause tolerance which can be
revgrsed by S-hydroxyt:yptophén (H&sobuchi et al, 1977; .
Hosobuchi et al, 1978). Thus sérotonin may play an impor-b
tant role in addiction and analgesia.

C .

V. Enkephalinase:-
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Mét—enképhalin and léu-enkephalin are sensitive to

trypsin and chymotrypsin (Kastin et al, 1976) and carboxy-

peptidase A and 1eu-amjnopeptidase‘(Hughes et al, 1975). It
is éuggeﬁted that rapid inactivation of enkephalins may be

due to at least two different enzymes localized in d%ffetent

Y

structures of cell, a peptidyl dipeptidase which is a com-

—

n

ponent of plasma .membrane may degrade enkephalin by’

liberating a C-terminalbdipebtide while anfaminopeptidasé;in

‘endothelial cells may cleave peptides that are taken up as

bloo flows past the endothelial surface (Erdos et al,

1978). Aminopeptidases are also found in the brain pomogeh-

'ates (Shaw and Cook, 1978) and recently a high affinity

enkepHa1in-dipeptidyl-cafboxypeptidase (enkephal inase) is
found to have markedly-heterogenous,and parailél dféfribu-
tioq;to opiate receptors'invdifferent regfqns of mbusé brain
(Malfroy et al, 1979), vThé conéentra;ion.of‘enkephalinase
in mOusé‘brain is in the order of:- |
'Striatum)ﬂypothalahus)Cortex)Brainstém)

' Hippocampus>Cerebellum )

(Malfroy et al, 1978; Gorenstein and Sn 1979).
Enkephalinasé‘iﬁ brain. is increased aftét‘ﬁor_hine
tration (Malfroy et al, 1978)- $nd ka
hydrodeppamine lesions of . the nigtbstri d hgfgic

pathways" lead to similar décteasés in th¥Ys peptidase and

opiate receptors.

B -‘M B "uﬂ
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PéptidaSe-ihhibitors sach as puromycin inhibit fhe.

degradation of ~leu-enkephalin' by énzymatic éétiv;éi;s
prééeht iﬁ'rat brainJhomogenates and guinea pig ileum (Vogéi
and Altstein} 1979i-whi1e bacitracin potientiatéd and pro-
longed the in vivo. -analgesic activity of‘.beta-éndofphiﬁ
(Patthy‘"et al, 19775 énd acqpuhcture anélgesia (Han et al,
1979). | Inhibitors of bc rboxypeptidase A and | leu-~

aminopeptidase, - D-phenyl&lamine and - D-leucine (respec-

tivély), also indué;‘naloxoﬂé reversible analgesia in hdman'

. ) ~
and mice (Ehrenphreis et al, 1978; Cheng and Pomeranz,

1979). Thus drugs that protect endogenous ?endorbhins from

»

enzymatic fdpgradation may be very'useful for cliniéél pain-
relief..  Recent biochemicali evlgfncg supports .this

hypothesis;

' . . [ . : :
~ blood=-brain barrier (Okafqr -et - al., -1980) and - inhibit

enkephalinases in quinea pig ileum. assay (Grééggérg'et‘él.,

- 1980). Cohbining the D-amino acids and EA treatments .pro4

dudéd"a ﬂiqher.ﬁnalgesia in*latger~n&mbers of mice as com-

pared to eithei treatment alone (Cheng and Pomeranz, '1980) .
It is postulated that EA feleases endorphins which are pro-

. _ X L
tected by the D~amino -acids to produce a higher analgesia. .

d¥phe6y1a1anine and Dfleucive ‘can dfoésltﬁe
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(C) SPECIAL OBJECTIVES

" This thesis is‘composed‘ of'. ten chapters. ' Each of~

. which was Written a paper for publication. The object of

.-

each chapter is summarized as follows~-

- o . ‘
, . . .
e

. Chapter 1: Since the methodology depended'on a novel

technique of measuring pain, the purpose of this paper is to

'compare my methods with a more established technique, which -

S »uses,ﬁadiantxheat. ff,.' TR ;;;;,)///i - .? R

.

Chapter 2° Since the discovery that naloxone reverses: fh
. acupuncture &nalgesia in ‘man and animals (Mayer et’ al, 1976-:
“ Pomerpnz and Chiu, - 1976‘ Pomeranz and Cheng, 1979; Chapman
: and Benedetti,. 1977), it has been suggested that-naloxone"f ,_:

.may have other unknown pharmacological actions unrelated to

?j} ;its opiate antagonist role, thus, inhibition of acupuncture_”
£
analgesia by naloxone does not necessarily prove ' that" this
. &
N activity is. mediated by opiate receptors. To solve this

ambiguityT*Irused three different approaches to fest thei'

EAA-opiQte ‘receptor ph"nomenon. (1) Firstly, d tronalox-'
one,‘the enantiomer (+)naloxone, was used inaparallel exper-_;
iments with ..(- )' naloxone to - test their effegt on EAA in
,mice. The (+) naloxone, which ‘was recently synthesized by
Iijima et al., (1978), showed very poor binding activity to
' opiate_receptors.; Thus it is predicted that dextro—naloxonez,
o o shopld-;have a much smallef/effect than the levoisomer‘in

reversing BAA and would thus implicate stereospecific opiate

- receptors’ in. EAA. (if) Secondly, I studied- the hlocking‘
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' effects.of levo-naﬂoxdne on EAA at dosesias low as 0.025 to -

' 0'65 mg/kg and plotted a dose-response 'curve to’see if |
naloxone works in a dose-dependent manner. (iii) ¢Thirdly, , .
other opiate receptor antagonists such as naltrexone, cycla-

,zocine and diprenorphine were used to ‘test EAA. ‘These- sub-
stances are the antagonists of Type 1 opiate receptorsl(?ert

et al’, 1979). Type 1 opiate receptors are located in _the "\

;brain areas which meaiate analgesia (Pert et al, 1979),, ,

Chapter'd: It hasﬂbeen shoun that removing"the. pitu14 .
' tary. abolishes EAA in mice (Cheng, Master thesis, '1977): I uﬁ
'extended this study with -other methods of depleting pitui-;_‘:
.- tary endorphins to see if they also reduce EAA (Cheng et al,f
| 1979); This.is ‘dohe by treating the animal with dex-
‘amethasone,,.a cortisol analogue, which has béen shown in a
negative feedback system (high serum cottisol level inhibits
ithe‘ release of corticotrophic releasing factor) to inhibit
tie. rLlease of ACTH ‘and beta-endorphin (Schapiro et al;
‘1958). ! Another method I used as ‘to- feed the animals & 2%&
="+ NaCl solution for ‘three days; ’ ‘this had been 1shown-fto e
- ;deplete the' pituitary endorphins (Cox et al, 1978, Mata et' |
yal, 1977);- if both methods of chemically suppressing the J'?-
‘pituitary endorphins reduced EAA they would confirm the J
results of hypophysectomy that EAA may be partially mediated

: by pituitary endorphfns. S ' o

~ . - L : . .

-

. wb
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..e. 200 Hz) transcutaneous nerve stimulation (TNS), wag

-'Chapter 4. Moreover, recent evidence suggests. that

' pituitary endorphins and ACTH are. released together from the

pituitary (Guillemin et/al, 1977).‘ I thus predicted that EA

'.should release ACTH which’ should enhance cortisol release in .
" the adrenal gland. l' studied plasma ertisol .levels in

,_aﬁake'horses before and after EA.

Chapter 5: Evidence indicated-that acupuncture.'anal=W
gesia wa.s mediated by endorphins (Cheng, M.Sc. thesis, 1977;

Mayer et al, 1977' Pomeranz and bhiu, 1%76; . Pomeranz and

.Cheng, \1979; Sjolund et al, 1977, Take‘ ige et al. 1978). |

This acupuncture analgesia induced by low frequency stimula-

~tigﬂr\1§ -6 sz wa s reversed by naloxone in human (Mayer et .
“al, 1977), cats (Pomeranz and Cheng, 1979), rats (Takeshige

- et al, 197BJ and mice (Pomeranz and Chiu, 1976). Recently,

we demonstrated that pituitary endorphin is involved in
lectroacupuncture (EA) analgesia (Cheng et al, 1979) while_

McLenna et al, (1977) showed that electrical uo ;chemical

lesions 'of raphe serotonin -output abolishes "EA analgesia in

"rabbits. Thus more than one pain-relieving mechanism may be

involved in EA analge51a. Furthermore Chapman and.

t

(1977) showed ‘that analgesia fnduced by high frequenc (l00

only

partially reversed by nanxone, moreover, Sjolund and Erik-

5son~ (1978) repprted that’ naloxone blocked low frequency TNS

analgesia but had no. effect on ‘the high-frequency TNS anal-

: | .
‘gesia in humans' This implies that different mechanisms of

T P I DR ey A ECCAvamd frnmmm-{ne ~f

i

enedetti_"



‘gesia.at high or low frequency stimulation.

- 58 - . ‘ .
stlmulation during TNS or acupuncture. I wondered whether

EAA 1nducedoby low. frequency stimulation is, mediated by

,endorphin while high frequency stimulation may be mediated

E by Serotonin. Tﬁe present study undertook to compare ‘the

o

effect of naloxone (an opiate antagpnist) and/or parachloro—

phenylalanine (a serotonin synthesis inhibitor) on EA anal-
T

Chapter 6: 2akil and Liebeskind (1975) _had demon-
-~ ¢ ’
strated the role played by the three monoamines (dopamine,

" noradrenaline and serotonin) inSPA. .In order to compare
. : . : :

SPA and EAA and to -look for monoaminergic mechanisms of EAA,

I used various.drugs ahle of depleting or enhancing sero-

tonin, dopamine noradrenaline to test effects on

EAA.

Chapter 7 Recen oreports suggest that systemic treat-

-

'ment with D-amino acids (DAA) can cause analgesia in man and

mice (Ehrenpreis et { al, ., 1978). .D-leucine and D-"

~e

phenylalanine’ were postulated to produce analgesia through

the endorphinergic system, since the analgesia they produced

<

was -naloxone-reversible. To“further test the D-amino acid-

. endorphinergic hypothesis} threefstrains of mice were com-

pared. One strain (CXBK) is low in opiate receptors .(Baran
et al, 1975) and exhibits poor EA (Peets and Pomeranz, 1978)
and morphine analgesia‘(Baran et al, 1975); anotherfstrain

(ob/ob) was found to have abnormally high levels of pitui-

' tary endorphins (Marqules et al. 1978). A third c<train

e e i e men o vy .r.....,,,.v‘.,_,___.«-m-,-.ﬂ‘amf-w;'ﬁnﬁﬂ-“ ¢
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ABGAFI/U, was used as control as - it exhibits normal' EA

-

which is naloxone—reversible; all three strains are relatedi"

- as they art descended from CS7BL. It is predicted that the .
‘DAA analgesia should have the following rank order: : .ob/oh‘
‘5 BGKEI/U > CXBK based on differences in endorphin systems.

If true, this would give further support to the ideas that

KX

DAA_analgesia is mediated by.endorphins.
Chapter 8: - DAA, b-phenylalanine and D-leucine pro-

[

X4 : _ _ ,
duce. naloxone reversible analgesia. Electroacupuncture (EA)

:also produces analgesia which is blocked by naloxone. Com-

bining ,the' two treatments may)produce a greater analgesic

. effect than that produced by either treatment alone. " Thus

this experiment is carried ‘out to test the idea. that the .

combination of EA with DAA will provide a more”potent method

for the treatment'of'clinical pain.

Chapter 9: In clinical pr tice,‘it‘has“been' observed
that EAA has-an accumul /effect after repeated treat-
ments. However, this observation has ‘never been studied in

animal experimentation. Thus an experiment was set up to

.test whether the second EA treatment can produce a more pro-

found analgesia then. the@ first when mice receive two EA

treatments 3 hours apart.

hapter lO. Acupuncture was reported to show success-

’

ful result in treating human addicts (Wen,v1977) and reduc-.

ing morphine withdrawal syndromes in animal experimentation "

. (Na et al. 1977).- Endorphins -have been shown to be
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addicﬁive (Tséng et al., 1976). If acupunctpre is mediated
by endofphiﬁ‘ (Mayer et al, 1978; Pomeranz and Chiu, 1976;f
-.'Bdmefanz and éﬂgng, lé79§ Sjolund et al, 1977), it is impo r-
tant:;tb know whether acupuhcturé is addictive or not. Thus
fhe presént experiment tried to fiﬁd whether éAA will > show
croSSftolefance teo morphine in morphiég add&ctedﬁﬁice.

/;
e

Lo ,
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MATEKIALS AND METHODS OF ELECTROACUPUNCTURE IN MICE

|

¥ Animals: B6AF1l/J female'mice (mus’musculus) were used

for the EA exper iments. because they squeaked reliably to

noxious heat stimulation. The BEAF1/J mice (8 weefs 0ld)
L . : .

were purchased  from Jackson Labotatories and were hoased in'

'the animal rooms of the'ZOology Department; ﬁniversity of -

Toronto for at least one week before the experiment. Five

.r“\

mice were stored in each cage with a 12 hours light cfcle
from~6 a.m. to 6 p.m. The time of EA treatments ranged from

11 a.m. to 6 p,m.

Methods: Figure l'depicts a schematic diagram for the'

fiexperimental set-up. - The ' mouse was placed in a paper recep-

. ~
ticle, the -forelimbs ‘and the tail were immobilized by

- masking-tapes. Noxious ‘heat stimuli' were delivered'by a

sylvania ELH, 300 watt, 120-volt light _bulb positioned at

[N

about 9 cm from the animal's mose. A sWitch would'activate_'

.simultaneously the heat source and the sweep conttol of the'

.Tektronix 5103N storage oscilloscope. The squeak latencies

were recorded by a small_microphome\i:r::mizg}z watt ) con-
nected to the oscillospe through a ¥§s. P15 preamplifier.

Thus an audiogram was displayed on the oscilloscope and was
confirmed and identified 'by~ ear-phones connected to the

preamplifier. The cut-off point for the heat 'stimuiation
' /

was 9 seconds in order to avoid tissue damage. Fourfsqueak

-

latencies (pain threshold) were measured four times a) ‘three
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FI1G 1 T
)

A-schematic-digram depicting the-éet—up'of EA egberi-

ments on the mouse restrainted in a paper recepticleé The
foreiimbs and the ﬁail were immobilized by maéking %tépe.'

The nose was also exposed to a radiant heat lamp at %‘dis-

. . v r !
tance of 9 cm. Squeak audiogram 'was recorded by a osscillo-

scope thrbugh a small microphone. ‘Electrical currenté-we;e,‘

supplied by a Grass SD 9'sfimulator. The negative pole was

connected to the-acupuncthgp needles inserted into the first

< L

dorsal interosseué,mUscles and positive pole was connected

to the - needlc - that was inserted thrbughcﬁhe middle of the °

tail.



2dosoynsg
N £0]g Xaryay

3
=

: : _ | mWWr::m. | R

. e e -

[duoyd L E ¥
aeq Sid Ty |

hd ) . .
e v = ———————— s+ n v el

!
s
a
~0
I

A..‘ _s’oom
YV ey .
g TOTNIS _

.V./u )

4“



-63'-

minutes apart in the control period. Only ‘those mice giving

reproducible responses (with latencies between: 3 to 5;5 -

'seconds) were used for subsequent EA tests. The mean of fhe

last' three vocalization measurements determioed thé\contrOIA

squeak {pain) latency for each animal.

L4
i
¥

EA was applied by inserting two stainless steel nee-

dles (34 gauge) into the first dorsal interosseus muscles

(Hoku or‘L.I.é point).. Electrical stimulation was 'applied'

for 20 minutes at 4.Hz 0.1 ms duration by a Grass SD9 stimu-

lator. The negative pole was connected to the needle

1nserted into the’ Hoku point and the posit1ve pole connected
to a needle inserted\in the middle of the tail -ﬁVoltage was
adjusted to be above the threshold for muscle vibration but

below the threshold of vocalizat1on.

The electrical currents were measured .to raoge from
0.1 to 0.4 mA. An opening underneath the paper recepticle
allowed intraperitoneal injection of drugs{ Squeak latency.
was .aoain measured 20 minotes after EA before removingvthe

needles. The the post-EA responses were Measured at 10

' m1nute apart for a total of 50 (or 120) m1nutes.'

Other details about materials and mathods " are

presented in the respective chapters which were written as

'papets for publication.
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CHAPTER 1: COMRARISON OF TWO TECHNIQUES OF BEHAVIORAL MEAS-

UREMENTS IN MICE USING NGXIOUS RADIANT,HEAT STIMULATION

SUMMQRY

.
)///,y Two different'noxious responses-wete'measuked‘and com- -
/ pared. in ipe sahe mice by shining a hot lamp on the heel of
// the-mice. Two - kinds of noxious tesponses were obtained by
‘l measuring the latencies for leg withdrawal and vocalizationA
(squeak) In 58 mice, the average leg-withdrawal latency
+ is 2.4710.02 sec. and average squeak latency is 3.64+0.02
sec. ' These two responseS'showed a high coefficienttcorrela-‘

tion (r = 0.73). : - ' : | ; ,i
RS 7 ) o :

G

INTRODUCTION -

, )
‘Behavioral nociceptive measurements in experimental

animals pgovide an ‘important’.tool' in medical research.
;’Thene ate aiffefent methoos ot\producing pain and..quantify-
. inof'the noclceptive reséonseIthus produeed; Although pain .
can. be aroused in a variety of ways, it is not easy to find

a stimulating device which will perm‘quantlfication of:
painful effects. For example mechanical stimulators damage
tissues or create radical deformations, chemical stimuli: are
,practically impossible to control in that they cannot be
specifiéall&“ confined.' .Elect}ical stimuli are not con-

sidered a natural tybe of painful stimulus. However there
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is general agreement that the productioq7of pain by thermal
stimuli currently offers the best possibility of experimen-
tal control of the noxious/;agut (Kerr and Casey, 1978).

Fur thermore radiant heat “avoids . touching_ thie skin which

¢

might confuse -pain and touch stimuli. There are different

5

A ways of measuring the painful response eligited in ani?als

by the radiant heat and these may give arylng results. .The.
aifferent types of pain measurements may emphasi ze diffetent
aspects of  pain pe;ceptign such as sharp (fest) pain, dull
(siow) ﬁédn or emotional pi}n;l The Present experiment was
carried out to compare two ways of measgring noxious
response - reflex withdrawal and vecalization in the séme.
animal receiving the same  painful stimulus (i.e..radient
heat) . - : | ) i ‘ //// ;

PR

. * METHODS

S

" Female BGAFI/J mice (Jackson'é‘Leb.) are used ”because
they -squeak reliably. te.'painful stimulation;; These mice
we;el immobilized in cardboard holders, leaving ~ both
.forelegs, left hindleg, and tail accessible. The holders
and the forlegs were taped to a thread which led to a force '
tfansducet ‘(G;ass.frensducer FTO3C) which is connected to a
pteamplifger and sterage oscilloscope. Noxious thermal
stimulation‘ was applieq by shining a hot lamp (GE; Quersz-

‘line ELH, 300 watts) on the exposed heel blackened with a

black marking pen. This Slackening gave a con;istent'a;ea'



for stimulation. Vocalization by the mice weS‘monitored by
.en;audioéram:tranSmitted by aISmell'mircrophone connected to
an“ampiifiervand-oscilloscope. The distance;of'the hot-ianp:‘
.to  the exposed. heel was kept eenstant‘.at, 9 ‘cm} The
apparatus consistind'of'a restrained mouse; ‘force trans-
ducer, hot lamp and microphone was‘centeined in a large

SOund-preof box. Bain‘threshold’of each mouse was testéd

”feur times-at three minutes apart. For eech m.aSurement the
hot lamp was turned on until the mouse- pulled

squeaked. The latencies of leg withdrawal and vo alizption ‘

Fifty eign} mice were testedland tHe last three

'ysis.

each mouse ‘were aQeraged for statistical an

RESULTS

_- On the average the mice exhibited leg withdrawal at
2. 47 + 0 02 sec. and then.produced vacalization at 3. 64i+
0.02 sec. (#SE.). The cbrrelatdbn netweenilleg withdrawal'
and squeak 1is plotted in figure 1; - a. straight line is
' onferved and the correiation coefficiency is r = 0.73

(p<0. 001, t- test two tailed) which indicates a. highly signi-

ficant interrelationship between the two responses.

-

”
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Fig 1

v

Figuts 1 shows the ;elationships - between leg wi th-
drawal latencies and squeak latencies. Ordinate indicates
latencies fgr the leg to withdraw and the abscissa shous the'

latencies to squeak after the onset of thermal. stimulation.'

’58 mice were used. . A straight line is drawn through the.

- mi dle of the points givihgta COrf:;€§$Q?4coéffic1ency: R=
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The mean difference between leg withdrawal. and vocali-
zation is 1. 17 sec. It is. similar to the’ phenomenon whereby
ye withdraw our hand from a’ hot stove before we cry out from’

pain. ' This result is consistent with the idea that noxious

withdrawal reflex is mediated by lower central nervous con- A

trol, possibly a spinal reflex, while vocalization may be

“mediated through higher brain centres such as cortex. If

true, this conclusion SuggestsvthatAvocalization represents _
a more cognitive response, while the withdrawal'response may
be merely a reflex.L It is interesting to note that in pre-
vious papers "from our laboratory it was reported that elec-‘

troacupuncture caused. a naloxone reversible analgesia, this

'.3analgesia occurred, whether the behaviour measure was vocal-

‘.ization (Pomeranz and Chiu, 1976) or leg withdrawal (Peets

and Pomeranz, 1978). In the human studies,‘ it was alsa

- found tiat nociceptive flexion reflex corresponded “to the‘

threshold of pain sensation (Willer, 1977).
Other common or standard’ behavioral pain threshold

tests may include tail flicks and paw licking in hot-plate'

tests which appear to be similar to leg-withdrawal response.__

It was reported that naloxone faciliated the nociceptive

response of Jumping off the hot-plate but had no effect on

v

the latency ‘of 'paw-=lick in 'mice (Grevert and Goldstein,_

1977). By using three tYpes of pain tests, Dennis and co-

4 -

.
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fresponse -may be elicited or controll_

\"workers (1979) ‘also.observed that the type of'pain\test‘iS'n

crucial in determining the pattern o ug influences.

Similarly, nocfceptive"responses like Jumping off the hot-

'plate, vocalization - and  formalin-J#nduced nociceptive

by different central

Adnervous systems as compared tp “tai —flick, paw—lick. nd

L,yithdrawal- reflex.; Further experiment is necessary to dif— '

ferentiate which nociceptive responses are more subjective
A

to the.‘endbgenous pain. control system medlated by endor-.

~ oo ) e : N

phins.
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' CHAPTER 2% mc'rROAcupuncruas ANALGESIA IS MEDIATED .BY

STEREOSPECIFIC OPIATE RECEPTORS AND IS REVERSED BY ANTA:\“’

GONISTS OF 'rypz 1 chsp'rons T
‘. v L. T - | N L X .. V. ' ’ : v .
ST I - € SUMMARY

Dextro-naloxone, a recent1y~synthes;zed stereoisomer, .

which wds shoinwtonpossess much less opiate.receptor affin-;l

l.,

" if'ity'than levoqnaloxone, produces no reversal of electrdacu-

f‘f - ";puncturei analgesia (EAA) in mice. Since levoénaloxone com=
rgiﬁijxﬁ;jgff~'jpletelygreverses EAA, this proves that stereospecific opiate

:‘;f ji‘ : 'féreceptors are involved. It has been . reported ‘that there are-

iﬁ;;k ;}hg»‘ﬁ};tWo classes of opi;te receptors. Type I and Type II.. Type
L;;fﬁ. %i{”:iﬁ 1. 5opiate receptors may be responsible for opiate analgesia.__
| "ff-f@yf' ' AntagonistQ)of Type L receptors, levo-naloxone, naltrexone,ﬁ e
Ll ’”ﬁi:;: pyclazocine and diprenorphine, a11 block electroacupupcture‘ﬁ |
; ;fciif:{%ai' iahq&gesiei_at Iow doses.‘ All together,' these‘i~result5" e

ig'jff-flflv *stsongly support‘ ;he hypothesis that electroacupuncture . ;fi}

analgesia is mediated by opiate receptors. Possibly Type = ‘gw'_;fﬁ

St : J& )%, - .
e;eceptors are the ma]or component of thfs system.. e = ; .
I ‘3}«7 P W . ,‘ -_lb . -‘fil. ‘“"*‘ B . . ('. ) ) e Y . ’...::,i.“ : :~.“
A '.”q~ﬂ"/‘,' o c _'“,3_;¢.5r.._

~~ INTRODSCTION =
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© thesized by Ifjima’ et al (1978)"4} Inactivity of the dex-

'one_has been verified as'a pure antagonist‘for opiates with -

‘.analge51a in mice.” " The (+) naloxonei;was' recently syn-‘
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»

Mayer et al.,1977{;?omeranz and\Chéng,41979; Pomeranz and

Chiu, 1976). The best evidence is that naloxoz;/)an opiate

antagonist) inhibits the following processés:’ (a) elec-

troacupuncture"(EA) -~ mediated reducthn 'of noxiou

-

responses of neurons in cat spxnal cord (Pomeranz and Cheng,_

- -

'1979) ;.. (b) eiectroatupuncture anaigesia (EAA) in mice

(Pomeranz and ' Chiu, 1976); an (c) analge51a induced in

,humans by acupuncture (Mayer et al, 1977) or transcutaneous

G

‘stimulatlon {Chapman and Bgnedetti, ]077)5 Although nalox;'

no agonist \activ1ty (Blumberg et al, 1961; Blumberg et al,

1965), it may have~ other unknown pharmacological actions

.tunrelated ‘to 1ts opiate. antagonlst role, thus, inhlbitlon of 4

acupuncture- analgesia by naloxone does not necessarily

demonstrate that this,activity is mediated by opiate recep-
- D

tOrs.' To: solve this ambigulty we used several approaches to

teSt: thp EAA-op1ate receptor phenomenon. Eirstly, dextro-

. ) :
naloxone, the enantiomer, wa's used ‘.ln par'allel experiments . ‘

-

with ( ) naloxone to test their effect on electroacupuncture

I3

troisomer relative to the (-) isomer 'was shown by these

ll

'authors in7{3‘cdifferent systems: . (i) rat brain receptor oy

‘bind1ng assay, ‘-(ii)v'electrically _stimulated guinea pig o

.'a *1-.

‘éassay,, (111) neuroblastoma x glzoma adenylate—cyclase_'
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receptors (Ii]ima et al, 1978). These studies were done in

vitro, but opiate receptors also 1nhibit stereospecificity

o

in vivo.,for example, dextrorphan has much less than 1/100th
the analgesic potency. of “levorphanol both igivivo (mice)
(Gorhstein and* Sheehan, 1969) and in vitro (Goldstein_et al,
1971). ‘We thus predicted that dextro—nilﬂxone should have a
-much smaller effect than the levoisomer in reversihg ‘acu—‘
puncture .effectsg in vivo and.would thus implicate stereos—b
-pecific‘receptors in”acupuncture analgesia, the results in
this paper support this prediction. Secondly, wefdemon;
strated that levo-naloxone inhibits EAA- at doses as 'low as
0. 025 to OsOS cmg/kg land in-. ‘3;dose dependent manner.
Thirdly,—we tested other: opiate ;eceptor antagonists. Martin
et al. (1976) and Della Bella et al (1978) have described
- that there are 3 types of opiate receptors: u, .k and ' d-
receptgrf:/--norphine is the agonist for: u—receptors and‘can

provoke analgesia and euphoria. : Recently Pert and colr

"leagues ‘(1979)_preported that there are two‘types of opiate

\ ) ';receptofs; 'rype I~ and Type II. 'TYPe?I' receptors: are -

j located 1n‘the brain areas which mediate analgésia. ‘TypeZI
- receptors may be u-receptors. To test whether EAA is - medi-

ated by the Type I receptors, we measured the*&ffect of four-

-

Type I receptor antagonists, levo-naloxone (0 05 O 025,

0. 0125 mg/ g), naltrexone (2 mg/kg), cyclazocine (1, 0.1, -f/’
0.05, 0 ‘02 mg/kg) and diprenorphine (2,.1, 0 3, 0. 05 mg/kg)

-

on EAA in mice. BT . , - : .3, e
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" METHODS

The methods used ;A the ptesent studybwere similar to
those descfibed in gthe,'previous work»(Pomeranz'and Chiu,‘.
1976) . 'BPiefly I used 'a behavioural pain threshold measure-
ment in female ‘micetof'an Fl cross between CB57 BL/GJ and
A/J;fron Jackson Laboratoriesj the . latency to squeak was
determined'iin response to noxious.heat stimul i applied.to
the nose. The latency was;measureo'from an audiogram of the -
squeak Three control ‘tests were given, 3 minutes apart, to
the restrained mice. The mean of these 3 tests ‘gave zero
.time controllvalue‘for each mouse (before electroacubuncture
began);..Oniy.those mice giving 3 reproducible responsesg in

the control period, with latencies betwee 3 to 5.5 seconds,

were used for subsequent acupuncture treatment. 'Electroacu-
MR . puncture was then admlnistered to the mice by inserting fine
A“needles (34G stainless steel) into Hoku - (L.I. 4), a. point
‘which is located on the forepaw between the first and second
'dlgits. Electrical stimulation Zwas applied for ‘twenty
-mlnuteS'“by means of séuare‘pulses,from a G:ass SD9 stimula-.
tor,at 4Hz, 0.1 msec_duration and voltage was adjusted to be .
aboVe, threshold for'muscle contraction but below threshold
Afot pain vocallzatlon. Electrical current was measured to

tange from 0.%)to 0.3 mA. :

4

7y
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For the stsﬁeospecific experiments, there: were five

matched groups of mice with 15 mice- in each group- I, EA

plus saline (0. 9%), II, EA plus dextro-naloxone (1 mg/kg),
.III, EA ‘ﬁqu dexﬁﬁo-naloxone (4 mg/kg), IV, EA plus levo—'k'

"_ naloxone (1 mg/kg) and V, EA plus levo-naloxone (4 mg/kg).

Injections were given intraperitoneally in a 'blind'-manner

(i.e. the experimenter did not know which mouse received (+)

'

‘naloxone, (-)  naloxone or saline)." For -each mouse the

l

'vinjection was' -administered twice immediately before and

again after electroacupuncture treatment. .Squeak (pain)

‘latencies were taken Just before the] acupuncture needles

were removed (i.e. after 20 minutes of EA treatment); - next

the squeak latencies‘ were again mea%ured at 30 and 40

'-minutes (1.e. 10 and 20 min. after removing the needles).

f‘For statistical analysis, the 20 to _4+ minute values for

<

each ‘mouse were averaged, ‘and statistics were done an this

averaged value. This time window was preselected on~_the

-basis ~o£ several previous_ acupuncture papers in humans

(Mayer‘et al, 1977- Chapman and Benedetti t 1977) ‘and

animals (Pomeranz and Chiu, 1976) uhich shoued that anal-

:ﬁgesia peaks at 20 to 40 minutes*after onset of acupuncture. R

I

. Then a within group Student s paired tvtest (two tailed) was_,»

M
i

control value. Statistics were also done y using a between -

group analysis of variance on the 20 - 40 minute means} and'

‘_ a subsequent Newman—l(eul's test to compare the 5 group o )
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_ To test thereffect of Type 1I antagonistsmon EAA, vari-
ous doses of levo-naloxone (0.1, 0.05, 0.025 and 0.125
- -mg/kg)., naltrexone (2 mg/kg), cyclazocine (1, 0.1, 0.05 and
~0.02 mg/kd) and diprenorphine (2, 1, 0.3 and 0.05 mg/kg)
were used. Each dose was tested on 15 mice.' Similar_ EA
_experiments were carried out as in the stereospeciflc stu- -
dies above, excent that the,injection of these drugs was
admlnlstered once (immediately before,EA).‘ Cyclazocine was
disolved in‘a vehicle centaining a few drops of 1. normal
, NaOHrA Vehicle or 0. 9% saline and drugs were injected in a

blind manner (0 4 ml/injection, I.P. ).

 RESULTS

- . o

i,

_éA) 'Dextronaloxone: Mice. that were treated with
either . salxne (0 9%) or dextronaloxone (1 mg/kg and 4 mg/kg)
showed significant EAA (F1g 1, p«<o. 001, t-test two tailed)"‘
while those mice that were treated with levo-naloxone (1
mg/kg and 4 mg/kg) showed no EAA (Fig. 1, p>0.05). ?he
average percentage change versus time for each group of iS'
mice was plotted in Figure 1, showing that EAA peaks at:'30
to. 40 minutes,_- while the average uneak latency decreased
(hyperalgesia) at 20 minute for the 1evo-naloxone treated

groups, Statistical ~analysis indicated that there: were no

significant differences amonq the saline and dextro-naloxone
\

treated grouRs (fag 1, p>0 05, Newman-Keul's test). Thered

was also no difference between the 1 mg/kg and 4 mg/kg levo-
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naloxone treated groups (Fig. 1, p>0.05, t-test). However,

there were significant“differences betweeni saline (I) and

Alevo-naloxone (IV or V) treated groups (Fig. 1, p<0 01, F-

test and Newman-geul s test). Thus levo-naloxone blocks EAA

but dextro- naloxone does not. . ‘H
. > L ' ]
also~'antagonizes EA effect. Figute 2 shows the effect of

naloxone, at several small doses (0. 1, 0.05, O. ozs,‘ 0.0124

mg/kg), on EA analgesia in mice. St tistical analysis sbows‘

to

that all the above doses -significan ly antagonize”‘the' EA
_effect as compared to the saline (0 9%) conttol.' The aver-
age percentage change for each dose at 40 minutes is taken,

to plot’ a dose-response curve for the effect,of levo—.W

naloxone oii EAA (Fig. 3).

L

(C)f'Naltreﬁone:: Atlé' mg/kg, nalttexone,,'uhich is,_

 similar . to ~levo-nalo£one, also antagonizes EAA and causes

hyperalgesia in BGAFl/U mice (Fig. 4).

: [y
- (B) Levo-naloxone:. At small"doses, levo-naloxone

Sea
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Fig. 1 /| . o

f

- Effect of (i) naloxone, [(-).: naloxone or saline. on
~electroacupuncture analgesia in‘mice. Ordinate shows per—
centage change in laténcy to squeak as compared to zero time
Pretreatment control value. Positive values denote anal-.
" gesia.” +Nal 1 shows effect of electroacupuncture plus dex-
tronaloxone (1 mg/kg). +Nal 4 shows EA plus dextronaloxone
(4 mg/kg).;, Sal shows EA plus.saline.(0.9%). -Nal 1 shows
levonaloxone (1 mg/kg) plus EA. -Nal 4 shows levonaloxone .
(4 mg/kg) plus EA. Each point ‘is :'the mean for 15 mice.
Bars show standard error. Arrows and 'ACU' inddcate time of
treatment: EA.start;d after zero time and stopped at 20
minutes; injections were given at zero time and again at 20
. minutes (booster). (-) naloxone blocks electroacupuncture
analgesia, while saline (0.9%) and (+) naloxone do not: '
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Fig..2
Effect of'fqut different ldw'dOSes 6£ levonaloxone on

¢ EAA 1:1';"

™ [

. mice. This figure .is “similar to ' figure " 1,
- Levonaloxone doéeéfare'indjcafed'bfpthe:nhﬁetals 0.1, 0.05,

1 0.025 and: 0.0125 in'fmg/kg.'.Eaéh curve is the mean of 15

mice. _
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ing ,thét levonaloxone reverses EAAV.in'_a dose-relalted

- 7G -

 Fig. 3 . o

»

A dose-response curve derived from Fig. 1 and 2 show-

mannef?f Ordinate yepreseﬁ;s the average Z change in squeak
laiéncy takes from . the 490 minute values. Abscissa
represents the dose of (=) naloxone in mg/kg. - Each poiﬁt is

the mean. o 15 mice. _Dotted‘iine indicates'changé of scale.

Bars show standard error.
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"saline (control‘) is adininistered_ once' '(immediatelil before EA

indicated by the arrow). Naltrexone reverses EAA

- 8o -

. R Fig. 4
Effect of naltrexone (2 mg/kg) on EAA in mice. - This
diagram is similar to Fig._l and 2 except naltrexone or 0.9%

tn mice.
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Fig.'S , \:v )

Effect of cyclazocine on EAA in mice.‘-This diagram is

similar \to figure 1 and 2 except that cyclazocine is admin-

)

1stered once (immediately before EA). Doses of cyclezgcine

for each group of mice are indicated by. the. numerals 1, o. 1, =

0. 05 and 0.02 in mg/kg., Each,curve represents the mean of,

15 mice. Vehicle (0.5 ml/mouse, I.P.) is made by mixing 0. 2

- ml of l N hydrochlor1c ac1d and 0.2 ml of 1N NaOH and the

S

solution is brought'to;lo,ml_with dlstilled water.

Y

CYCLAZOCINE | o .
(mg/kg) o A e

AVERAGE % CHANGE IN LATENGY
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._adﬁinistg;qd onceA(émmediétely'begotgigﬁf ipéiéatgd  b& _thes

_aztoﬁ),_ ,boses-'isf indicatéd Qy.thé

- Effectt@f;diprehorphinefon EAA in mice. This dfagram

is ‘similar to figure 1, 2, '4 and 5. Diprenorphine was ' -

‘o' "-'"—.

0.05 in mg/kg. .
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Dose-response eurves showing that cyclazocine and E

U ..
) . o

<

.diprenorphine reverses EAA 1n a dose-related manner in mice.

’ fffijrdinate represents the EA effect (a&erage change, of
squeak latency at the 40 minute GErived from Fig 5 and 6).f°
Abscissa 1ndicates the dose concentration in mg/kg. .~Each
'point is'mean of 15 nice._ Upper ‘curve shows the cyclazocine
effect and lower curve shows the diprenorphlne effect on EAA,
‘ at various doses. _'; | : ﬂ'. Co Q} . -_~‘b
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‘*(D) Cyclazocine and Diprenophine: Fig. 5 shows that

.cyclazocine.inhibits the EAA .at doses 1, 0.1,  0.05, and 0.02

“mg/kg as compared to the vehicle control (p<0.05, F-test and

Newman-Xeul's test).' The. maximum cinhibitory effect is
obsefved at 0 l mg/kg (Fig. 7 upper line, the dose-response
vgcurve). . Mixed agonistic and antagonistic effects began to
show at dose higher than 1 mg/kg. - At 1 mg/kg, 5 out of 15§

mice.showed profound EA analgesia.

Similarly diprenorphine ‘also blocks EAA at doses 2, 1,

'D 3 and 0 05 mg/kg (Fig. 6). Maximum inhibitory effect

o

occurs at 1 mg/kg, hyperalgesia is observed .at 20 minutes

after the drug'administrationV?Fig. 6). The bottom line of

\

Fig. 7 shows  a dose—response curve for' the effect of

r

diprenorphine on EAA. '

DISCUSSION -

. ' \

. The results of‘thiS'study show that electroacupuncture

analgesia is mediated by stereospec1f1c opiate receptors.

When the opiate receptor sites were occupied by (-) nalox-

one, electroacupuncture analgesia was blocked On the other

~hand, the dextroisomer “(+) naloxone (having 1/1000 -

;1/10 000th the affinity of (-) naloxone for opiate recep-
torsl did not "bléck electroacupuncture analgesia. Levé~
naloxone, naltrexone and diprenorphine are all antagonists

vof Type I opiate receptors and they all 1nh1bit EAA. All



‘ - ' " - T .
[ , S : - : - .
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_‘tﬁe%e _resufts-feonverge to "the same conclusion that_EAA is

mést likely the reeeptors responsible for exogenous or

.Type II receptors are 1nvolved in EAA since Type I "antagon-

14
.
l'

[o o]
[§,]
|

s

meQiated.By Type I receptors. B . ;f P .
. . . o J . . S E . v

Type I oplate receptors are found mostly 1n the. brain

areas whlch mediate analge51a (Pert et al,_1979) They are T .

endogenous opiate analge51a. Cyclazoczne at doses of 0.02

o

.and 0. 03 w111 antagonlze meperidine analgesia in m1ce (Pearl

.and Harris, 1966) and morphxne analge51a in.rats (Machne et
al, 1974) respectlvely. " EAA is sign1ficant1y -inhibited by
all these antagonists- at 'doses. rang@né'fron 4 to 0.0124

mg/kg . Type 11 opiate receptors are probably responsible

for feellngs of sedat1on, dysphoﬂla and the halluc1natory

syn?xome. Unfortunately, no antagonlst has yet been found

)i

' le
—

for Type LJ,receptors. However, it is highly unlikely that

1sts‘ completely reverse ‘ERAA. These results {the stereos-

il

pec1fic1ty data, and vthe ‘effects of Type I blockers)_

strongly support the hypothe51s that op1ate reéeptors are

1nvolVed 1n electroacupuncture analge51a.
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' CHAPTER 3: DEXAMETHASONE PARTIALLY REDUCES AND:.2% SALINE-

TREATMENT' ABOLISHES . ELECTROACUPUNCTURE ANALGESIA: THESE

R ] - .
FINDINGS IMPLICATE PITUITARY ENDORPHINS “
SUMMARY
N —_— — o ‘ ,

Dexame thasone, a cortiéol.analgaue whichliﬁhiSitS'ACTH
‘and endofphin -rélea;e in a negative féeaﬁaék,systém} par-
‘t;allyAreduces:elegtrbacupunéture'analgésia {EAA) .in micg.
}n_addzgion,.micg forced to drink 2% saliﬁe for 3 qéys (thié
‘.'réduces’pitﬁitary endotphin‘léveIS) had a complete loss of
EAA{ These two expepﬁmentgl support ourhprévfous'finding

that hypophysgctomy “abolishes EAA. Altogether, these

results. implicate pifuitary endorphins in EAA.

" INTRODUCTION : p

Ay

Seyéxal.feporté have indicated fhat electroacupuncture
analgeSia (EAA) 'may be medi;ted by éndorphin (Pomeranz,
1977; Pdﬁeraﬁz et.‘al, 1977; Pomeranz and Chiu, 1976;
:'éheng, Master Thésisﬁ'1977; Mayer et al, 1977). .Endotbhin
levels are elevated in hﬁman CSF after - transcutaneous EAA
but the fractioh I involved is néé'beta—endérphin (Sjolund
et al, 1977; Akil et al, 1978). However, applying electri-
-éal?‘ﬂb§t-shock to the rats elevated’ their blood beta-

.endorphin‘levels (Rossiqr et al, 1977). Recently Hosbuchi




) ‘ ' .
et al (1978) reported that beta;endornhin levels inerease }n-
human ventricular CSF after brain Stimulatidn (SPA). .. How-
ever, little evidence has yet been published to show that
‘beta-endorphin is elevated in EAA The previous resplts
showed that _hypophysectomy " abol ished gAA:in‘mice-(Ch;ng,
- 1977),‘but removing the pituitary is a very drastic prd-ff

cedure, so more subtle means of reducing pxtuztary endorphin

were used for th1s expe iment.

he present stufies demonstrated th effeet of dex-

injectio s and 2% saline . freatment on EAA in

und that ACTH and betaEendorphin are

e prohormone and are reieased‘concomitantly
(Guillemi 51,_;977); AC&H causes the adrenall gland to
releasej corticosterone; and cortleo} which will, in a nega-
tive feedbaek system, reduce the further release of ACTHF
(Schapiro et al, 1958). Dexamethasone is a potent cdrtisol
analogue which can strongiy~inhibit. ACTH (Mangili"et‘ al,
1966; De Wied, 1964) and beta-endorphin releaseffron the
pituitatY.(Santagoatind et al, 1978).' Recently it was shown
that merphine or stress-induced increase pf plasma‘geta-
endorphin and prelactin are prevented by dexamethasone_ pre-
treatment (French et al, 1978). If “beta-en orphin‘ is
involved in EAA, dexamethasone shouid block EAA by inhibit-'

1ng release of beta -endorphin.




.t

:nox1ous stimuli apblied to the nose. The squeak latency was -

. The mean of the last .3 tests gave the zero time. control

N | o , J
B. M. Cox et al (1978) and Mata et al (1977) reported
that 50% of ‘the' rats drinking 2% saline for one to seven

days showed a significant reduction of the pituitary endor-

phins. The above reduction.should also reduce the effect of _

EAA, if pituitary endorphins are involved.

METHODS

The‘methods'used_in this study were similar to tnose

described in thelfirst paper. Briefly, a behavioural pain

‘threshold measurement was used in female mice of ah FlICtossb

/between C57 BL6J and A/J from Jackson Laboratory; the

L4

latency to squeak (vocalize)'waS'detetmined in .response to

/ -

measured from noxious stimuli applied to, the nose. ‘The

squeak latency was measured from ag audiod{am. _Foui'control
)

tests were given, 3 minutes apartb to‘the%.restraié;d; mice.

‘ . ”

value for. eacn mouse (before . electroacupunctu;e began).f*

-

o Only those'mice giving 3 reproducible responses in the con-

~

trol perlod, were used for subsequent acupuncture treatment.

o

(i) In the flrst study, mice were injected with either dex~-

ame thasone (500 ug/kg, I.M.) or vehicle . control (0.9%

e

saline) four hours befdre the testing began.in av'blindf‘
manner. Eighty mice were used in;this experiment with 40

randomly assigned to each substance. Electnical stimulaticn'

was applied for 20 minutées by means of 'diphasic sQuare

’
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‘pulses fron a Grass SD9 stimulator at 4 Hz, 0. l msec. dura-‘
tion and with voltages ranging from 6 - 18 volts, ' Voltage"
was again adjusted to maximum (just below-the squeak thres-
hold) at 10 minutes after the'onset of EA.; Tbe 'acupuncture | /
' ‘needles were removed after a 20-minute treétment period and
. recovery was monitored for. another 30 minutes. (ii) In the
" other study, 40 mice were given only 2% saline to drink and
40 mice.were given ordinary tap—water_fqr 72 . hours before
the electroacupuncture ‘treatment began. ,In both of_the
above studies, mice were randomly assigned ‘to either the
8 ' -:i"//

T control or experimental group.

Sta;istics wee done with Student's t-test (2 tailed)
on the average of 0 to 40, minute values. This time window
—was preselected on e basis of . several previous adupuncture

‘papers in humans (Mayer et al,. 1977- Chapman and[Benedetti,

.1977) and animals {Pomeranz and Chiu, 1976) whi h showed
that analgesia peaks at 20 to 40 minutes after onsgt of acu-

ﬁpuncture.

RESULTS =~ . .

(i) In the first experiment, ‘there is a significant

. difference between the 20 to 40 minute means and preacupunc—

ture control values in both dexamethasone-treated mice (Fig.
_ " -1, bottom .line) (p<0.001) and vehicle-treated mice (Fig.1,

PR .topfline)'(p<0.001). . - fF/




- 92 -

Fig. 1

., i Effect of dexamethasone on electroacupuncture in mice.
/Pe{centage change in latency to squeak as compared to zero
time preacupuncture control value. Positive ‘values -denote’
analgesia. Mice were pretreated with either dexamethasone
(500 ug/kg, I.M.) or vehicle (0.9% saline) 4 hours. before
‘the experiment. Average baseline pain latencies just prior
. to EAA were 4.37 + 0.23 sec. for vehicle-treated Tice and
4.02 + 0,24 sec. for dexamethasone-treated mice. Top-line
shows the acupuncture effect on.vehicle-treated mice. Each
point is the meaﬁ)for}40'mice. " Lower line shows the acu-
puncture effect on dexgmethasone-treated mice. Bars show
. S.E.: Arrows indicate time of electroacupuncture which starts
after zero time and stops at 20 minutes{ D@xamethasone par-
tially blocks.acupgggﬁure-analgesia. . -
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“Fig. 2

. Effect of 2% saline-treatment on electroacupunct
mice. Percentage change n. latency to squéak as compa
. ,zero time preacupuncture -control value. Positive
. denote analgesia. - Micé were fed with either 2% sal
° - .orainary tap-wa t¥r for 3-days before the experiment.
’ : .. age 'baseline. pain thresholds just prior to EAA were
0.26 sec. fQ1,2% saline-treated mice and 4.23 + . 0.15
" for tap-water treated mice. - Top ‘Tine shows. the acupu
effect on tap-water fed mice. . Lower .line shows the ac
ture effect on 2% saline-fedﬁmice. Each point is th
for 40 pice. Bars show S.E. Arrows indicate time of
' troacupuncture which starts -‘after  zero and «stops
minutes. .Long term feeding with -2% saline abol ishes
ttoacupuncture. _ . : .

control

LATENCY

2% NaCl

IN

CHANGE

o
b
. Q

—~O-
—
]

20 30 40

~—
‘ 26

EA

IN MINUTE

X

ure in

red to -

values
ine or

- Aver-

4.14 +
- sec.
ncture

upupnc-
e meéan -

elec-

at 20. °

elec=

v s i AR R R R




NUMBER OF MICE

- 94 -

o 'Fig' 3 ) ’

This is a histogram of EAA on the mice that .were

treated with 2% NaCl SOlutibn, dexamethasone and water (40

pér_g;oup). Ordinate shows the number' of - mice, ) Abscissa

indicateé EAA which is averaged from the 20, 30 and 40
minute measugements for each mouse. Significant EAA (>15%)

wefe oﬁsetv d in 22 control mice, 19 dexamethasone treated

'-L~mi¢e.and 9. )~ saline-treated mice.
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However, a begween-group significant difference existsr in

the 20 to 40 minute means in both group “(p<0.05) indicating

that dexamethasone partially blocks EAA.

j

/(ii) 1In the second experiment,‘the 20 to 40 minute
mean / shows no significant difference as compared tolthe.

pre; cupuncture control value (p>0.1) in' the 2% saline-.

treated mice (Fig. 2, bottom line) while the control group

1

W(Fig. 2, top line) shows significant'EAA (p<0.001). More-

over, there'is a significant difference between the 20 to 40

minute means in the Zf_fsalineeféa mice and the  normal

watet-fed mice (p<0 001). ' This tfsult indicates that the

'depletion of beta erfdorphin (by 2% saline) ‘Llocks acupunc-

ture analgesia.

2

groups of mice(40 -per group) that were treated with 2%
saline, dexamethasone, and water(control).

¢

DISCUSSION

. -

Recently it was: shown that dexamethasone 1nhibits the

release of beta-endorphin (Santagostino et al, 1978- ' French

ettal, 1978) and’ ACTH (Mangili et al, 1966; De Wied, 1964).

\The "present results have shown that it also reduces EAA in

mice. From this it may be concluded that EAA requires

beta-endorphin.

(iii) Figure 3 showed a histogram of - EAA ~on three
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Pituitary endorphins.are significantly‘oepleted;by 2%
saline-treatment in 50% of the animals (Cox et al, 1978;
. Mata et al, 1977).‘ This'depletion of endorphin completely
.abolishes EAA in mice and shows that pituitary endorphin may

"be involved in EAA. ‘ : o

In the experiments of both-Cox et al (1978) ‘and  Mata
et al (1977), pigiitary endorphin levels were measured by

bioassay.A Since other opioid peptides, dynorphin (Goldstein

‘et al, 1'979):_and__enxggna4'—5n -—Rossier_—et avlt;_Jalai_ue;j,_,-:;——
reporteo to be.present in pituitary, it is possible that 2% ’
saline treatment may affect endorphins other thanebeta-
endorphin.x~1n addition, both dexametnasone and 2% saline

-~ ' "treatments may affect the endorphins in the brain as: well as

| | pituitary. Although-the;present results and the previous

hypophysectomy data strongly sdpport the pit:iti:z/égdorpnin

mediation of EAA, they cannot exeludef a. role for brain
endo IPW EAA’. N

' In conclusion, thd present results show that EAA may
be mediated by* * pitultary endorphins . (possibly beta-

. ' | endorphin), This supports e previoys results using- anoAg

'physectomized mice (Pomeran?\et al, 1977). An interesting
clinical correlation might be the concemitant release of
ACTH and endorphin by acupuncture: one prevents. inflammation

and the other causes analgesia, both of which would benefit

diseases like arthritis.

Al

R i TR T T e e e g e b 4 2 o e e a5

Hi T B ¥

.
«

»




. . - N . - " ..\\ )
R Y . . . - . -
~ ! Co - ¢ \ . : < S 3
. » . - R - e
.

A —— . _a¥ e e e e - e e et e ek el g— o e tem—— PPN
w“- v !
,:\ Vo
: ) A R
AP Le= 97 -
“ B <
S R < o o o
N T . REFERENCES -

Akil H.,‘ Richardson,D E.,\ Hu hes, 3. ‘and Barchas,J—D.,
(1978), EnkepﬁaIIn-lTke ‘material ;elevated in’ ventricular
cereErospinal fluid of pain patients after analgetic focal
stimulation. Science, 201, 463-365. : A

.‘ Chapman,c R. . and Benedetti,c., (1&77),‘ AnalgeSfa ﬂfolloWing“

trangcutaneous electrical stimulation -.and " its ‘partial

' . reversaI by . narcotic antagonist, Life ﬁSci,,fﬂZLy’ 1645- .

16480 . . B . g - RS _~. : . ’ ~
’g Cheng, R., (1977), Electroacupuncturl’effect on cat 'spinal

cord neurons and - conscious mices ,A new hypothesis is pro-
posed M. 5. Thesis, Univer51ty qf Torcnto.« :

“ Cox,B M.,ff Barizman,E R., Su,T P.,”‘ Osman, : 0.§ o andif'

Goldstein,A., (1978), Furhter < studies on the nature. and”:.“b

functions of pitultary endorphins, in The "Endorphins;’ ed. T
by - E.. .Costa and M. Trabuispi, Vol. 18, pp 183-189, Raven‘

Press, N Y.

De wied D., (1964), The 51te of the blocking action oﬁ dex—‘_
amethasone on stress-~induced pitu1tary ACTH release, J. of

Endocridplqu, 29, 29- 37.ELAU

'LFrench F. D., ' Bloom,F E., - Riv1er,C o Guillemin,R. . -and”

Rossier,J., T1978)% Morphine or stress Thduced. increases

: "of plasma B-endorphin and prolactin are . prevented by - dex-
amethasone pretreatment’, Soc. for Neurosc1., Abstract 4,
p 1285, St. Louis,. Missouri o . S

Goldstein,A., Tachibana,s., Lowne L I., Hunkapiller,M. and
Hood,L., (197397, DynorpEIn—(¥-T3T, - an AextraordTnarTT§
potent opioid peptide, Proc. Natl, Acad. Sc1., U.S.A.,
76, 6666-6670- Y R : . : .

- Guillemin,R., Vargo,T., Rososxer,J., Minick,S., Ling,H.,
RIvier,C., Vale,W. and Blbom,R., (1977), B-endorphin and
’adrenocoroticotropin are'-secreted concomitantly by  the

“ pitu1tary glaud Science, 197, 1367-1369._

'Hosobuchi,Y., Rossier,J.,‘ Bloom,F E. and Gu1llem1n R.,

Tstimulatlion of human periaqueductal gray for: painf

relie f 1ncreases immunoreactive beta- endorphin in ventric-
ular. fluid Science, 203, 279- 281. ‘

-

Mangili G., Motta,M. and Martini L., (1966), In Martini,L.
—-and Canong,w F. (Eds.), Neuroendocri ogy, Vol.l, p 297,
N. Y...Academic Press. - - o

v
L]

LEY




S . .
BEG — OO U e RSN, JUOU USRI . e e e e e s

/\ - 98 - .

F Mata M.M., Gainer,H. and Klee WAL, (1977), Effect of - dehy-
gration on endogenous opiate content of rat neuro-
'ééntermediate Yobe, Life Sci., 21, 1159-1162.

Maxe #0.J., Price,D.d. and Rafii,A., (1977), Antagonism of
. . acupuncture ,analge51a ~in man by the narcotic antagonist
W naloxone, Brain Res., 121, 368-372.

Pomeranz,B., (1957), Brain opiates at work in acupuncture?
» .7 .. New Sc1entist, 87, 12-13. - o ‘ g
o ;“Pomeranz,B H., Cheng,R. and Law,P., (1977), Acupuncture
reduces electrophy51ological "~ and behavioral responses to

o noxious stimuli: Pitu1tary is implicated, Exp. . Neurol.,
T C 54, 172- k78 . \ ' - '
Pomeranz,B H. and Chiu, D., (1976), Naloxone blocks acupunc-'
. ture analgesxa- -and causes hyperalge51a. Endorphin is

implicated, Life Sci., 19, 1757-1762. ' .

Rossier;J;}' Battenberg,ﬁ L.F., Bayon,A., Shibasaki T

e f fnl' “Guillemin,R., M er,R.J. “and Bloom F.E., (1978), EnEepBa-
PR ”' 1in fibers are present In. tﬁe -pars _nervosa of the rat

“pituitary. ' Dehydration decreases markedly their enkepha-
14¥n content, Sco. for Neuroscx., Abstract 4, 1309, p.414,
. - St. Lou1s, Missouri B o

R0551er.J., French Dey s R1v1er C., "Ling,N., Guillemin,R.
and Bloom,?.E., (19775 Foot-shock™ induced stress
increases beta-endorphin ledels in blood but not brain,
Nature, 270(, 618~ 620. : : ST

. " '
Santagostino,A., Cocchi,D., Giagnoni G., Cori (E., Muller,E.
and Ferri,s., (I978), In Costa E. and Trabucchi M. (eds. T,
. : Advances in Biochemical Psychopharmacology, Vol.18,
. T pp.175-181, N Y.. Raven Press. '

_Schapiro,s., Marmorston,J. and Sobel He (1958), The steroid .
feedback mechanism American J. of Physiology, 192, 58-62.

. - Sjolund,B., Terenius L. and Eriksson Mo, (1977), Increased
) <. cerebrospinal f1u1d levels of endorphins after electr acu-
‘ puncture,.Acta Physiol. Scand., 100 382 384. 1




Z o9 -

CHAPTER 4: ELECTROACUPUNCTURE ELEVATES BLOOD CORTISOL LEV-

ELS IN NAIVE HORSES; SHAM TREATMENT HAS NO EFFECT .
SUMMARY

It was ‘hypothesized that electroacupuncture releases
. \ _ N , ul

A“beta-endprphin vahd iACTHZ from the pituitary.' Since ACTH

fnducés,the release of cortisol from the aﬁgghal glands,
blood:cortisol‘levéllshquld be enhéhceéﬁgy éiécﬁroacupuhc—
ture. iThe present result shows that the. bYoed ~cortisol
levels of horses are siénificantly increased after 30 min.
pf electroacupuncture treatmgnt whi1e thef sham ‘treatmeqt
(control) shows an insignifiééht'effect. |

L

INTRODUCTION

Numerous ‘experiments suggest that 'electroécupuncture

P

. (EA)  induces ‘paih reduction (anélgésia)1which may be medi-
ated by endotphins (Pomeranz & Chiu, l§76; Maier et al.,
11977 Pomeranz  et al., 1977; Chehg,v1979{ Chengiét al.,
f 1§77),H Sjélﬁnd et al. (1977) reported that transcutaneous
}e;gcﬁ{dupuﬁ#tUre _elévates human CSF'gndorphin which is not

'beta-éhdorphip. However, foot-shock raises blood beta-

endorphin' levels in rats (Rossier-et ai., 1977) and brain

stimulatioh (SPA)Zincrgasgs-beta-endorphin in human ventric-

ular CSF (Hosobuchi et al., 1979).: Beta-endorphin is mainly

found in.the pituitaty'(Goldsteiﬁ, 1976) and our 'previOus 

N
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results show that reduction oprituitary endorphihs abol ish
eleétroacupdnctufe analgesia (EAA) in mice (Cheng et al.,
1979). It ' has beep?reported that ACTH ana beta-endorphin

are made from the same prohormone and are released concomi--

‘tantly +(Guillemin et al., 1977). 'ACTH.indqqes the adféna1¢

gland to release cortisol which will, in a negative feedback
system, reduce the further release of ACTH (Schapiro et al.,

1958). Dexame

ne is. a pote?t cortisol ahalbgue %yhich'
can strongly inhibiy- ACTH (Mangili & Martini, 1966;_'be
Wied, 1964) and beta-endorphin releasé from the. pitui;ary
(Santagostino et al.;' 1978). Recently we hayé Shown‘l%at

- , 4
dexamethasone partially blocks EAA in mice (Cheng et al.,

1979): this. show;;that EAA is at least partially mediated

by beta-endorphin (and ACTH). However, it is possible that

-EA 'could release beta-endorphin (and/or othe; endorphins)

!

for pain relief as.weil as ACTH for therapeutic functions.

For éxample, ACTH 1is used to prevent inflammation in the
treatment of qrthritis. Thus, if is hypothésized that if EA
releases ACTH it wili eVentuélly enhahce blood corti;ol
level. The present paper shows thét bloodﬂ cortisol 1levels
are greatiy elevated after EA in awake, néive horées.

‘o

& METHOD

petiments‘Were carried out in awake, naive horses (at Dr.
‘McKibbin's "Wheatley JHall Farm,-Ontario, Canada). For

each horse blood samples (5 ml/sample from .the right jugular

‘vein) were taken .twice ihmediately before and 30 min. after



‘about 5

- were random
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EA or sham EA. The ,blood samples wgre heparinized ande
1immediately vcentrifuged to obtain the plasma which was

frozen for later cortisol assay by radioimmunoassay (RIA).'

The RIA_ assay forA‘eortisol yaq, recently developed and

. . . . . . . &
reported. by Wong et al.-(l&79). EA*uas done by inserting 4
or 5 sterilized needles (14 gauge, 10.cm . long) to 3 to 5 cm.

_ ¥l .
deep at 4 or 5 of the- following acupuncture points. BlB,ﬂ-

Y -

B65, GBZG,'.PCQ,..Ki 1 or Ki 2. These points are generally»v

used to’treat pain and-arthritis in the hind limbS»and fore

llimbs'kShanghai Instifute; 1973). All the needles were“eon- A

&

nected to a five channel neuro- stimulatpr . (MRL Medical

3

'Research Lab borp.;"Chicago).'Electrical stimulation was

L

' applied at 5 Hz, voltage was adjusted to be above threshold
for muscle contraction, 0 25 msec_ duration and biphasic .
pulses for a period of 30 min. Similar-treatmentl was car-

'r1ed out dur ing sham EA, except that 4 or5. needles were' .

inserted su cutaneously at nonacupuncture points located, at

Similar electricyl parameters were used for sham EA. - Horses

assigned either for EA op sham treatment.
’ _
. ¢

RESufTs

Tne resultsiﬁixe shown in Figure 1. 1In 15 horses, EA pro—

duced a significant increase in cortisol levels (p<0.0l1,:t-

- test, two tailed), while sham treatment in aqother 15 norSes.

showed a  small but"non-significant elevation (p>0}05; t-

>,,”,?’#
4

low the points GB%O, G29, B13, B18 and B47. .

\
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» ~ test, two tailed). Those w»two results were 51gn1ficant1y
differgnt':(ﬁk0.0I, t-test,'two tailed). Since the sham .EA

controlled for sdch variableé as tréés and’ learnlng, we are,

confldent that the results refl ct a genuxne EA effect.v

ety

R

\""?
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°
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‘0

Th effect of elect oacupuncture- (EA) .on - blqod cor-
tisol - level ©of iporses. Ordinates indicfte the averdge ‘%
ingrease of cortisol levels. Solid- colu indicates the
average % increase of cortisol level of 15 horses after EA.
Open column indicates the average % increase of blood -cor-
tisol 1level after sham EA in 15 horses.  Bars indicate S.E.
Star indicates statistical 51gn1ficance. "EA significantly.
y increases blood cortisol levels 1n horses. :
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. DISCUSSION

bleod cortisol -levels' in horses. This may indicate that

-/

DDAV -

s

This e{periméﬁt .showed ‘that’ electroacupunctdre enhances'

/electroacupunctuqe has a. doal effect: first :toﬂ'releaSe._,

endorphlns for the relief of pain, and second the secretion _

of ACTH which could be anti inflammatory and. help cope' w1thi.

:'stress. This result may also 1nd1cate that electroacupunc-,-

[

ture is useful for the clinical treatment of problems like-“

arthritis and allergy which are often helped by ACTH or cor-.v

tisone 1n3ections. Since these drugs have serious side

would be a safer method for therapy.

s
-
N

Footnote: Dr. McKibbin has treated over: 500 racehorses for

painful- limbs w1th "EA - :' these polnts. They raced much
"better after treatment with EA and 11mping a s noticeaQiy
1mproved¢,n o ) -‘:_ S Y
, : i S X o . e
- . ’
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CHAPTER 5: ELECTROACUPUNCTURE ANALGESIA COULD BE MEDIATED

. - 'BY ‘AT LEAST TWO PAIN-RELIEVING MECHANISMS; ENDORPHIN AND

.1'2

@ ‘t
NON-ENDORPH IN' SYS TEMS

at -

- . - LT

" - SUMMARY

This'oresent experiment shows. different levels of

.elecrroacupuncture - analéesie (antinociceptive efrect)

induc ed by three different frequencies of stimulatlon (i.e,

0.2, 4 and 200 Hz),‘ highest analgesia is induced at 200 Hz

‘ and'Iowest‘ac O.Z;Hc.f Naloxone (1 mg/kg) completely .rev-

erses the'electroécopuncture effects at low frequency stimu-

v ‘ 'A.‘ | lation (4 Hz) but produces ‘ho imhibition at high frequency
jstimulation> (200 Hz) Conversely, parachlorophenylalanine
(320 mg/kg)“par;ially blocks‘;he high- freqdency (200 Hz)

Ty

enélgesia_but producesvno'effect.on t low-fredquency (4 Hz)
electroacupuncture analgeéia.‘_ Thils

troaCupuncture= analgesia induced by low frequency stimula:"

tion may be mediated by endorphins while high frequency
é?/stimulation does not activate endorphinerglc mechanisms but

,;/ may -exert its effect partly through release of serotonin.

-
L)

INTRODUCTION

- - e om e e e T T T N S e e om oy e et e

suggests that elec- '
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A considerable amount of , evidence '(Anderscn et .al,

1973: . Anderson et al,- 1974 Melzack,,1973 Pomeranz and

'Cheng, 192?)_sugge$ts ‘that acupuncture 1nduced analgesia i

_(antinociceptive effect) initiates *a ‘slow onset but long

lastfng'pain relief. The Sastc techniQue of acupuncture
involves the insertion of stalnless steel needles and vibra-

tion of the needles manually or by low. frequency (2 -6 Hz)

-

%
.electr1ca1 stimulation (Shanghaichupuncture Group, 1972).

Evidence indicated that acupuncture .analgesia .was mediated
by.endorphins_(Poneranz and Cheng,31979§ Mayer et al, 1977;

Pomeranz and Chiu, 1976; §Jolund et al, 1977; Takesh1ge et

. al, f1978)." This acupuncture analgesia induced by low fre-.

~quendcd/ stimulation was_reversed by,naloxone in humans (Mayer

et al, 1977), cats (Pomeranz and Cheng, 1979), rats (Tak-
eshige‘et al, ;978)'and mice (Pomerani 'and Chiu, 1976 .
Recently;‘f we demonstrated that pituitary endorphin . is

involved in eleCtroacupuncture’(EA) analgesia (Cheng et al, -

L)

1979) while McLenna et al (1977) showed that electrical or

" chemical lesions ofiraphe‘Serctonin output abolish EA anal-

gesia in rabbitsf Thus more than one pain-relieving mechan-

ism may be involved in EA analgesia. Furthermore Chapman

"and kBenedetti (1977) showed that analgesia induced by high

frequencyr(ldb'- 200 Hz) transcutaneous nerve stimulation
(TNS), was only partially reversed by‘nalcxone;< moreover
Sjolund and Erikson (1978) reported that naloxone blocked

low frequency TNS analgesia but had no effect on the high-

'frequency TNS'analgesia in humans. This implies that dif-
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ferent mechan£5ms of pai ) relief may be mediated by dif- -

~

fe?ent frequencies of stimulation during TNS or acupuncture.

‘Perhaps EA. analgesia induced by low frequency stimulation is

mediated by endorphin while high freque@cy ‘stimulation is

‘not’ endorphinergic. lhe present -study undertook to compare
the effect of naloxone (an opiate antagonist) and/or para-
.chlorophenylalanine (a serotonin synthesis inhibitor) on EA

‘analgeSia’at hign or low frequency stimulation.

\

 METHODS

L

A similar method to the one‘described in the previous
.papers, (Pomeranz . and Chiu, 19?6} Cheng et al, 1979) was
‘ used in thi;*study; Briefly, a pehavioral pain threshold
measurement was used in female B6AF1/J mice from Jackson
Laboratories. - This was done, by shining a hot lamp on -the
nose of the restrained mice until -they squeaked. The
latency to squeak was measured'from an audiogram displayed
on a storage oscilloscope. Three control tests were given,

3 minutes apart, to each mouse.. The mean of these 3, tests

gave zero time control value for each mouse -before EA began._

Only those mice giving 3 reproducible responses in the con-

!
trol period, with latencies between 3 to 5.5 seconds, were

used for subsequent EA treatment. EA was given by inserting
stainless steel needh@s (34G) in the first dorsal interos-

, seus muscle on each forepaw (this point is called Hoku or

i.l.{ in "the acupuncture literature, Shanghai“Acupuncture

B o i e i T i P R DU
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‘ Group, 1972). EA waskapplied;for twenty minutes_hy means of

. square pulses .from a-GrassféPSfStimulatoriat<0;2 Hz, 4 Hz,
"or 200 Hz and 0.1 msec. durationQiQVoltage was adjusted. to‘

" be.above threshold for musclefcontraction'and just beioﬁvthe -

,threshdld for«pain vocaliiation; this required‘ electricalr

current in. the range from 0. 3-0 4 ‘mA for 0.2 H#ty 0.2-0,3 mA'

1ifor 4 Hz, and 0 1-0,2 mA for 200 Hz.' Squeak latencies were

m’asured again Just-before the EA needles were removed'(i.e."

fafter 20 minutes of EA treatment); _then the squeak .laten- -

cies wereﬁ“measured at ‘10 minutes _apart for a. total of 120

EEEEN

m'nutes. The average value of the squeak latencies at 20,

30-and 40 minutes was used for statistical analysis. Injech

-

tion (I. P ) of 0. 9% saline or levo—naloxone (1 mg/kg) was

',given twice in ‘a b11nd manner, immediately beforo’and again‘

after treatment. ‘ S I -:..“j’°a. .

E:Ehe first study, there were six groups of m&ce (15‘

‘per group), two groups of mice which recelved EA with high .

‘frequency stimulation were 1n3ected either with -saline or

naloxone, two groups of mice which received*EA with low fre-'f

quency stimulatlon (4 Hz) were injected e1ther w1th saiine;'

or naloxone, the flfth group received saline inJection and

EA treatment with electrical stimulatxon at 0 2 Hz.'__ASm.a‘
\ ‘.

control, a 51xth group received naloxone.alone‘wrthouéfEA

e .
' 3

treatment.
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Naloxone reverses the EA analges1a wh1ch is induced by
electrical stlmulatlon at 4 Hz; hyperalgesia is observed at
20 minutes (Fig. 2, bottom line). Howe&@% naloxone produces
no inhibitory effect on Ehe high frequency (200 Hz) EA anal-

L)

gesia (Fig. 3).» In the control study,. naloxone given alone

'produces a small hyperalgesia"of 9% (p<0 05, t test two. »

| ;/’ r~tailed), On'the .other hand, PCPA, ay‘serotonin synthesis .
‘Jnhibltor, part1ally reverses the high-frequency (200 Hz) EA

"A analgesia (Fig. 4g line 'PCPA-ZOOHz?' and Table I-(111QB)

g . i; whlle PCPA . produces ‘no effect on low-frequency (4 Hz) EA
. , L - o
: analge51a {(Fig. 4, L1ne 'PCPA -4Hz' and Table I, (111)A).' Tb?*"

'comb1ned treatment of- PCPA vand naloxone has a profound
reversal effect on the low-frequehcy (4 Hz) EA treatment
(Flg. 4, bottom 11ne); = sxgnzficant hyeralges1a (8%) is

. observed atv20 - 40 minute interval -(péb 05, t test two

-4tailed).,: Although PCPA plus naloxone treatment shows no'

ustatistical dlfference as compared to PCPA treatment alone .

s

-

\fja “ﬂ on high-frequency EA analges1a at the 20 -40 m1nute inter-.-~<'
.‘val (Table I (iv)B) a delay and reductlon of high—frequency ’

EA analges1a,'is /observed~ at 20 minutes‘ (flg.}hg, line.
‘.‘PCPAeNal-ZOOHz'). In'the\control study, the average ;pain .
'Tfthréghéias are 5.44 +.0. 08 sec. and 5.21 '+ 0.08 sec. for 15

_"m1ce before and 3 days after 0.9% sallne 1n3ection (p>0.1, —
fbbtest"tvo taLled). and for PCPA (320 mg/hg)\treated mice
the thresholds are 4. 28 + 0. 01 sec. “and ‘4. 43MQ+V,0.01 sec.
respectively (p>0 l, t-test two ta11ed) Thus PCPA alone |

does not change the pain thresholds of the m1ce. b. '
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Naloxone 1nhibdts electroacupuncture (EA) analgesia;~f
]which qis -induced by 4: Hz electrical- stimulation.: Coordi— T
. nates: same\as Fig. 1.  Upper line shows EA (at 4 HZ) . effect " .

- on . saliné (0.9%) injected. mdce. Lower 1ine shows: EA effect_“ T

time of EA. Each point represents ‘the mean of 15 mice..

3

3.8 8

.

/CHANGE IN LATENCY |

X . TIME IN. MIN

© RICHARD Cnluo 5-179

Lﬂb ——— Bb 160&0

11,,on naloxone (1 mg/kg) - Jnjected mice. Injections ;were done
L twices immediately  before ‘and after “EA . (at "0 -and 20
" - minutes). Bars &how standard - errors._ Arrows indicate ‘the



At e e ST T TR RS R TR T e e T TR e R e o

" mice.

Fig. 3

-,Naloxone does not reverse.thé electroacupuncture (E1)

effect at high frequency (200 Hzo‘stimnla;ion; -Cgprdina;es'

Vs .

'same as Fig. 1. Dashed line (280 Hz) indicates EA in saline
injected mice. . Solid line (Nal) indicate EAQ;ﬁ naloxomne’

injected mice. injections_ vere given "twice: 'immediately

_ before -and after EA. Arrows indicate the time of EA. Bars

‘fhdicate'sténdard-érrgts;' Each point 'is the mean of 15

1}

¢

3

7 CHANGE*II; LATENCY
| G

cé -'-go H & 80 100 %o
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Fig.'4

. Parachlorophenylalanine partially blocks high fre-
.quency (200 Hz) EA analglsia but not 4 Hz EA effect. Coor-
dinates same as Fig. 1. 'PCPA-200Hz'  indicates high fre-
quency EA treatment in PCPA treated mice. 'PCPA+Nal-
,(200Hz) * indicates high frequency EA treatment-in: PCPA and
:naloxone - treated” mice. . treatment 'in PCPA treated mice.
'PCPA+Nal~-(4Hz) ' indicates low. frequegcy EA treatment in
PCPA  and -'naloxone injected mice. PCPA was injected 3 days
before the experiment. Each point is the mean of 15 mice.
Bars show standard error. Arrows indicate the beginning and
- end of EA and also the injections of naloxone or saline.
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ATo compare the effect of na}oxone and/or PCPA on EA analgesiaf
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The above results indicate that 1ow—frequency EA anal-
_gesiak is mainly mediated by endorphins while high frequency

bﬂﬂianalgesia 1sdpartially mediated by serotonin.

Table 1

(1), i) | (iii) | (iv)
Frequency Control_ Compared to Compare to i Compared to -
- (i) | S (i)
(A) 4 Hz - Y'Saline ‘Naloxone PCPA' -~ PCPA+Naloxone
t-test : -~ p<0.01% p>0.05 p<0.05*
(two-tailed) |
(B) 200Hz Saline  Naloxone PCPA -  PCPA+Naloxone
t-test p>0.1  p<0.05* P>0.05 .
gtuo?tailed) | | |

* indicate significant difference : t-test two tailed

-

s
1,

DISCUSSION
C
The'present‘results suggest that-EA analgesia may_ be

mediated by more than one pain—relieving mechanism. At low

’frequency stimulation, EA 1nduces naloxone rever51b1e,‘ana1-‘

ge51a‘ ‘but at high frequency stimulation, naloxone does not"
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" reverse the EA effects. This indicates that the former may
be mediated by endorphins and the'latter is not endorphiner-
éic;'tmoreover PCPA partially blocks hiqh-frequency EA anal-

. gesia; this. suggests - that analgesia elicited.‘by high¥

frequency stimulation is at least' partially nediated by

serotonin. It should be noted that naloxone in the controls

4

produced only a 9% hyperalgesia (refer to Jacob et al, 1974)

‘whlle reduc ing 4 Hz EA effects by 25%. ' This shows that

naloxone effectS'are not a mere subtraction but rather  a
6

true reversal of endorphmerg1c e%fects. Also %CPA controls

showed no threshold changes indicating a true abolition " of

EA effects by PCPA.

-Anderson hand* his colleagues (1973) observed that

highert“frequency"stimulation (10 and 100 Hz) gave a more

' _;3pid onsetuof the painethreshold ‘increase for tooth-pulp

stimulation. in‘ humans. However stimulatlon at a low fre-

quency (2 Hz) ~gave. ‘a more genera11zed analges1c effect which

‘appeared to have a hormonal mediatlon.b . Thus it can be
' interpreted that low frequency stimulation is mediated: by

Endorphins, while ‘high frequency _st1mu1ation'is'strictly

segmental and‘interferes with the transmission in the pain
pathway in ' the CNS at the segmental'level:KAnderson'et al;
1973). ‘Perhaps hfgh frequency electrical-'stimulation. is
si&;lar to ‘stimuLation-produced—analgesia (SPA) by elec-
trodes‘in theAdorsalhcolumn'as this analgesia is not' nalox-

one ‘reversible‘ (Hosobuchi, '1978), and/or to- SPA by elec-

trodes in the raphe nucleus in which the analgesia is
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reduced by PCPA (Akil,and'Mayer,11972)}

Clinically, it has been found that patients ‘who shgw

- no. painrrelief during high frequency stimclation obtain

analge51a from low frequency stimulation during EA treatment

~ (Sjolund. and Er ikson, 1978). R 03 is - possible that pain.

relief tor certain diseasesl'can.'be raccomplished,_only» by

" triggering a particular pain relieving mechanism. " This may .

be achieved by varying the frequencies of stimulation during

EA or TNS treatment.
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_CHAPTER 6: MONOAMINERGIC MECHANISMS OF ELECTROACUPUNCTURE

ANALGESIA
' SUMMARY . - ' . C,

. This experiment showed the effects. of systemic injec-

.tions of monoamine depletors, enhancers or receptor blockers

on 200 Hz electroacupuncture analgesia (EAA) in _mice. The

. ) L
(i) E is’reduced by depletors of monoamines (tetra~

benazine, BZ, depletes all monoamines; parachloro- ~

phenylalanine,' PCPA, depletes serotonin; alpha-methyl-

»

paratyrosine, AMPT‘ depletes catecholamines). - However,
depletion of noradrenaline ‘and incréase. of serotonin’ by

disulfiram enhances EAA. (l
(ii) Replacement of depleted monoamines after TBZ

treatment by their precorsors_(éyTP or L-DOPA) restores EAA.

(iii) EAA is enhanced by potentiating serotonin"and

dopamine by probenecid. EAA is ~also _ enhanced by the

'administration of monoamine precursors (L-DOPA for dopamine,

S "

SHTP for serotonin). ‘The dopamine receptor stimulator, apo- //rf

morphine reduces EAA. o ’ - K

(iv) EAA is also reduced by receptor blockade of
dopamine ‘(by haloperidol),; or blockade of noradrenaline_and
dopamine (by yohimbine) or serotonin (by cinanserin). - How=

ever, blockade of dopamine by.pimozide has no significant
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effect_on“EAA. ‘
) :

. There'aré‘two main coﬁclﬁsionsg (aﬁ&’EAA results are *
similar  to thoéelpreviouély répottéd for SPA.for all drugs
éxcept apbmorphine and'pimozide. -(b) EAA 'shows consistent
fesulté dnly with haﬁipulations of serotonin: the dafa indi-

.cating that EAA at 200 Hz is mediated»Sy  serotoni;; " since.
. previqus sfudies Show.that.raphe'or DLF (défSolateral fasci-

 cu1us sions abolish EAA, we, postulate'-thét descendfng

\JYaphe release serotonin to inhibit spinal cord

nocicdptio ‘during EAA.

INTRODUCTION ’ - 2

Reéently, numerous ;eSUItS indicate that  acupuncture
énaigesia “may bevmediated by éndorphins (Mayer et al, 1977; ‘-
‘Pbmerénz and Chiu, 1976;'Sjolund et al, 1977} Pomeranz and .
Ehgng, 41979; b‘Che‘ng'alnclm—'lsomeranz, 19»7'9).} Additionally, it
535 .been dehohstrated that elect;oacupuncture. analgeéia
(EAA) induced by 16w frequency electrical stimulationi(d'ﬂzi
hay be mediated by endorphins while high frequency electri-
éal stimuiation ‘(200ﬂ Hz) may cause EAA through sefotonin
.(Cheng and Pomeranz, i9§§). Therefore,bthe'zoo Hz electri-

cal stimulation was chosen to study the involvement of all

the monoamines on EAA,
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" Akil and Mayer (1972) reported that stimulation-
produc ed analgesia (SPA) elicited by stimulation of the dor-.-
sal raphe . nucleus in rats was inhibited * by para-
chlorophenylalanine (PCPA), a serotonin synthesis inhibitor,

while SPA elicited from other midbrain regions is only par—

-

e ot

tially blocked by naloxone (Akil et al, 1976), an endorphin
antagonist. Moreover in cats SPA is often not reversed by

naloxone (Carstens et al, 1979). Perhaps SPA has two

mechanisms depending on the location. of the electrpdes~' by
\

one mechanism it may trigger the release of enkephalins

'which indirectly stimulate ‘the raphe serotonergic cells to

send a descending inhibition to the spinal cord to suppress

. pain; by another mechanism SPA may'stimulate .directly the

serotonin containing cells of ‘the'raphe-to activate this
descending inhibition (Akil and Mayer,'l972; Carstens et al,
1979; Basbaum and Fields, 1978). It has.also been suggested

that-catecholamines are also involved'in"SPA' (Basbaum and

+ Fields, 1978). ‘Moreover the monoamine-mediated descending

1nhibition from SPA appears to travel mainly via the dorso-
lateral fasciculus (DLF) from raphe to spinal cord (Basbaumi
and Fields, 1978). The role played by the cerebral monoam-
ines (dopamines, serotonin, noradrenaline) in SPA has been
¥extensively studied <by A&il and Liebeskind (l975); In order
to _compare SPA and EAA with respect to the role played by
the three monoamines (dopamine, noradrenaline and serotoé
nin), we used 51milar drugs to the ones«that were employed

by Akil and Liebeskind (1975), when they 4investigated -the

A e e e s g e ————— - TR A e . — b -——-———-———~--—~—-,.,ﬁ*.--qw-——qom.-m
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monoamine mechanisms of SPA. The results showed many simi-

larities between SPA and EAA.

METHODS .

\

A. Pain threshold measurements and EA treatment

~ A method similar to the one described in our previous

papers ({Pomeranz and Chehg, 1979; Cheng and Pomeranz, 1979)

- was used in this study. Briefly, we used a behavioral pain

thresho{p measurement in female B6AF1/J mice from Jackson

Laboratories. This was done_by prgjecting radiant heat on
the nose -of restrained mice until théyasqueaked. Tﬁe dis-
tance from the hot lamp to the nose was keét constant at 9
cm. The latency to’ vecalfzetion was measured from an
audiogram displayed on e storage.oscilioséope. Three con-
trol tests were ‘given, 3 mlnuteé -apart, to each mouse three
days before. the EA experiments began- these 3 tests gave
cont:ol (pre-drug) values for each mouse. Drugs were than
admlnistered at differeht times during those 3 days as indi-
cated 1n the following 'RESULTS' After glv1ng these drugs,
EAA was studied during the optimun’ time for the drug effects

(see results) in the fo)ig::ng manner : three squeak laten-

cies taken just before EA treatment began and the méqn'-gave

‘a meesure .0f the post-drug (baseline) effect. Then EA was

Yo

given by inserting stainless steel needles (34G) in the
first dGrsal.interosseus.muscle on -each forepaw (tHis point

is called Hoku or 'Large Intestine 4',in; the 'acupunéture

e e e 2 n i -z s T SR e £ kT ket e B bt

R v
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literature, iShanghai,‘Institute(i1973)r' EA was applied for .

"twenty'minutes'by)means of square ‘pulses from a  Grass SD9

-

“l.

“stimul ator at ’260 Hz and 0. l .msec duration.‘ Voltage was

adjusted to be above threshold for muscle contraction _and'

below the threshold for‘ pain vocalization, this required

s from O 1to 0.2 mA.‘ This electrical current was just above' i
" the threshold for stimulating AB fibers (Pomeranz and Paley,.
3 B . 1979) and was a non-noxious stimulus (i e. the mice did not
squeak during EA). Previous -results indicated that mice:

1

shoyed no significant EAA 1f they were treated 1n a. similar
\ .
" way except “with 0.2 Hz (Cheng and Pomeranz, 1979), this

served as a control for stresses caused by restraint and
L needle insertions. Squeak threshold was measured again just:
before the EA needles were removed (i. e. after 20 min of EA

A

treatment)i f%then "the squeak ‘threshold was. measured at -

- N

intervals of 10 min for a total of 50 min after the 1qit1a-
tion of EA. The average value of the squeak latenciesﬁats'—ﬁﬁa ;
20, 30 and 40 min was used 'faf statistical analysis, as o
‘numerous previous studies showed this time to be the optimum
for EAA (Pomeranz and Chiu, 1976 Mayer et al, l977; Cheng
and Pomeranz, 1979).” Percentage analgesia for EAA was
. determined for each mouse from the formula. 1008 sL(Post 'EA o
latency - Predrug latency) / Predrug latency. Injection of
0.5 ml vehicle or ‘drug was given intraperitoneally in a
blind manner 'to, 336. naive mice randomlvdassigned to 28
‘_groups (12 mice per group). Unpaired Studentfsit;teit (two

* tailed) . wa s used to compare two groups;of animals; for more
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than two groups of animals, ANOVA : and Newman-Keul‘s_ tests

; were employed._' W1th1n group comparisons' were,done with

—

' .benazine methyl sulfate TBZ) and more specific depletors‘

:alpha-methyl paratyr051ne, AMPT for catecholamine and disul—l

>

paired Student s t-: ast (tuo tailed). The criterion ‘for

51gn1f1cance was p<o0. 05 for all tests. : ‘
~ !

B. General approach and d?ugs employed- o ‘; -

Four approaches sxmilar to those described by Akil and

Liebeskind (1975) were used to alter transm1551on in monoam-

l

‘ine pathways in order to study their effects on EAA. (this

was. done to facilitate comparisong,w1th SPA):
-

(i)r Monoamine depletion with non-specific depletors (tetra-

(parachlorophenylalamine methyl egﬁer, PCPA ijr‘ serotonin,

K

fitam for norepinephrine) were used.

R

=

(11) _Cerebral monoamines depleted . by treatments ~in
(i) (above) were replaced by administration of their precur-o'

sors - ‘(DL S-hydroxytryptophan,,_. SHTP and - -3,4;'

dihydrbxyphenylalanine methy1~éster, -DOPA). (iii) Sero-

tonin and dopamine were potentiated by probenec1d, dopamine-
was enhanced by administration of precursor L-DOPA and sero-

tonin waspaugmented by g1v1ng the precursor SHTP or by

'disulfiram._ The effect of apomorphine, a specific dopamine

receptor stimulator, on EAA was also tested.

(1v) Finally, studies were done by using reCeptor 'blockade

o

of dopamine (hy' haloperidol or by pim021de) or norep— )

1nephrfne (by yohimbine), or serotonin (by c1nanserin).,
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THZ was used to. deplete all 3 brain. monoemines " (ou

et a1, 1959)._ SHTP or L-DOEA were then administﬁred‘to some'
‘
mice to- replace serotonin (Way and Shen, 1971) -or: dopaminejA“jf“

;‘_(Bartholini et al, 1967) respectively after TBZ treatmengsp a

R Four groups of mice (12 mice per group) were fse
this study. Group I f,was inJected with vehicle - (0.9%"
saline). Group 11 was inJected with 10 mg/kg TBZ dissolved o

in 0. 9% saline."broups III and IV were used for ‘replace- j';é

[V 1

ment' experiments' 25 minutes after TBz breatments, group L
- III and IV were qnjec?ed with 50 mg/kg of benserazide hydrp-f |
"‘chloride, a peripheral decarboxylase' inhibitor to prEVent-.
peripher L-DORA S OF_ SHTP degradation,‘then group III was)f
inJected with sa'rp (zoo mg/kg) and group v with L-DOPA (200'1?- .
mg/kgw 55 minutes after TBz As a control group II was givenig
vehicle instéad of replacement drug.j EAA was theh studied _L'f

30 min later at the time of optimum drug effect.v
' 1*{ Table 1 shows the effect”of TBZ alone or of . ngf\; '

lowed by SHTP or: L-DOPA replagement on pain baseline thres-ﬁ

B

holds (post-drug) and on éiA;

U
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__u ,Eff¢ct of TBZ and (5HTP and L-DOPA) repléchment on baseliné ”

©. .and on EAA.

- Pre-drug  Post-drug EAA
) T T T T B
I. Vehicle: - ' T - o
Latency (sec)  3.9940.05 4.0140.05 = 5.5430.15
“Analgesia (§) . 0.71 40.53  40.8143.98%

~ Latency (sec) 4.6610.03  4.7430.04  5.100.12
. Analgesia (3) 3 1.68+0.20 9.04+2.18

- - - - . - -----_,.----_--_-__---_-.__‘--__.g-__._..__......_j-‘-

‘o

III. TBZASHTP:

;  Latency (sec) . 3.9840.05  3.9740.05 6.1240.16
. Analgesia (%) B -0.3440.2 "_53.9434;18%’
G ‘ ) . : . . v . .. R N .' '

IV. '‘TBZ+L-DOPA: | | o |
IATENCY (SEC)  4.5640.03  4.5940.03  5.6340.13

. ANALGESIA (%) ~0.7310.15  24.0242.91%

'.These.are-the means of 12 mice + S.E.

x Ihdiéates’thaﬁ the % analgesia was significantly greater
than pre-drug levels at p<0.05 using within group t-test.
.. This format is used in tables I-XI. ' :
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" Fig. 1

- L . :

"Effect of tetrabenaéine (TBZ) on EAA. Ordinate indi-
cates the average % change in squeak latency as compared to
the control value. Positive denotes analgesia. . Abscissa
shows the time_ in minutes. Bars indicate S.E. (Pre) = pain
thresholds taken as the zero control wvalue before " the
administration of drugs. (Post) = average change of post-
drug pain threshold. EA was applied from 0 to 20 minutes.
Each data point represents ‘the average of 12 mice. TBZ
inhibits EAA. Replacement of SHT (TBZ + SHTP) enhances EAA
as compared -to that of vehicle-treated (0.9% saline) mice. -
~Replacing. dopamine (TBZ + L<DOPA) partially restores EAA.
© (Note: a similar legend is applied to fig II to x;i‘-

)
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fig. 1 shows theiEAA'of group I, 1I, III and IV at the dif-
ferent times of measurement. BetWeen group comparisons,
using Newman-Keul 's test showed the - following: EAA. was
decreased by TBZ; SHTP (fully) and 'L-DOPAi (partially)
reversed the blockade of'analgesia'by TBZ; moreover,\ SHTP
actually enhanced EAA. Prior to EAA, however, the drugs-did
not 51gnif1cantly change the baseline pain threshold (within
-

group t-test comparlng pre- and post-drug latency to

squeak).

PCPA and SHTP¢rep1acement

The effect’ of PCPA (a serotonln synthesis 1nh1b1tor,

'Koe ‘and Weissman,,1966) and replacement with SHTP (a sero- -

tonin precursor) (Way and Shen, 1971) on EAA were tested on

'three groups of mice ; 1I- vehicle (0 9% saline), II-PCPA +

vehicle, I11- PCPA + SHTP. In groups II. and ‘III, animals
were 1n3ected with PCPA (320 mg/kg) ‘immediately after pre-.
drug tests. Seventy-two hoars later, group III animals were

1njected w1th SHTP (200 mg/kg) preceded by 50 mg/kg bensera-~;

zide hydrochloride to prevent degradation.“ _EAA was studied;

_ 30_.m1n later. Group I was 1nJected w1th vehicle only.

Table I1 summarlzes the results and figure 2 shows the time
course. PCPA partially blocks EAA while SHTP reverses this.
PCPA blockade (Newman-Keul s tests) ' These drugs themselves

caused no change in baseline (w1thin group t-test of predrug

'versus postdrug data).
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Fi-g .2
Effct of PCPA and SHTP on EAA, PCPA partially blocks

ERA. Replacing serotonin (PCPA + SHTP) restores the EAA. -

I3

70
. Z -~
3 E )

. 5 50T- . A ‘ Pcf‘\
Z , o " . SHTP- ‘
~ 40— o B AT

. g . s - ’ - \_.\\
o . 4 VEHI

s g veucLe

< U7 i
: "

z : .-
- 20
5 10— -
<
. - QP
g . 9 PCPA
IR oo
f‘c : o T ] ] T
PRl ofos] 20 30 a0 80
~ TIME IN MIN




-. . . .. .
o vty e e e e e e e - nri a e - 5 .. . T TR

-
, N
- 131 -«
Table 1II ~ ,
Effect of PCPA and SHTP on baseline and on EAA.
S | o I . Pre-drug = Post-drug ‘ »EAA
. ) . . . ) \;\3
"y . I Vehicle: \? _
Latency (sec) _4;3710.05 4.4110.0§. 6.1510;13 C
Analgesia (%) - 0.5340.51 . 44.44+3.22%
.- . ) . ‘\. . . . . . ] L.
------------------------------------------ _\_-—---———-——-——————
» ! \\
II. PCRA: .
Latency (sec) . 4.1540.04  4.00+0.08  4.9630.11 §
Analgesia (3) = - | 0.4240.30  19.7142.33%
. © . III. PCPA+SHTP:
. Latency (sec)  4.39+0.06 . 4.39:0.07  6.4140.14
N o ‘Analgesia (%) | ~0.4940.22 - 47.79+3.00*

\

AMPT éhd,E-DOPA CaEecho1aminé.synthesis is blocked by
) bAMPT“(Spector'_ét;al, 19655. L-DOPA broduceé higher levels
offdopaminé_within ﬁhg_f&rét'hour‘;of admihisfration while
‘Ehe btaih'noradrenaline levels restore to nprﬁal. -TWO héu;s
aftg: L-DOPA administraﬁion, bdth dépamine and noradrenaline
| are ai’:notmal ‘leVels (Corrodi "and Hgnsoh, 1966); We‘made' Lo
' ;use of this time coursé of dtug,effecfs in our study..

H

o A i e w1 e m e i —

o
SRR R VTR e
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'vehicle (0.9; saline), II- - AMPT, III - AMPT T+ L«DOPA (1
- hr), IV - AMPT + L-DOPA (2 Hr). Group II, III and IV were
injected with AMPT methyl ester (250 mg/kg) sixteen hours:

before the experiment. Group I was .inJected. with' vehicle

A3

(0 9% saline). Sixteen hours after AMPT 1njection, group -

| W

Four groups of mice were designated as follows* I"e

III and IV were injected with L—DORA (100 mg/kg) twenty-five\////

o /
minutes after benserazide hydrochloride (50 mg/kg) adminis-

tration. ' EA treatment was done 1 hour after 1 eDQPA injec-

tion'in group_III_and 2 hours after LfDOPA administration in
,'grqup IV}e'Similar treatments vereAdoneeon droups I and °II
. except'vehéele instead of.L-DOPA.was’used. Results are sum-
' mariied in Table IlI,fandfin‘figure 3. AMPT suppresses. tpel
analgesic. effect :of 'EA ‘(between :group and Newman Kenl's
.test)‘without'changing'baseline'(within group t-test). L-

"DOPA 1 hour_'after- injection reverses the AMPT-inhibitdry

. . S , . ' L . _
effect on EAA (Newman Keul's tests) when brain dopamine lev-

~ depressed. However at 2 hours after L-DOPA injection, 'when

the noradrenalinevlevels 1ncrease to'normal level and dopam-

1ne decreases, there is less effective restoration of EAA in

AMPT treated animals (Newman Keul s tests).v

S
.

‘els are . elevated 'and brain noradrenaline levels are .

o S e A e i o e e g i S 3 4 e et oy e s i o Barmi —— e o e o —
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Table III

‘Effect of_AMPT_and/L;DOPA\replacement. on baseline and on

EAA. T S
Pre-drug Post-drug : EAA
1 L . i
o I. Vehicle: } ,
Latency (sec) - 4.18%0.13  4.130.1 = 5.3840.18
' Analgesia (%) % "t- 2.1141.98  47.6743.9 *
BN "3:":;.:;? ’ . .
e Y‘b --------------------------------------
II.  AMPT: '
‘Latency (sec) 4.640.08 4.7140.09 5.0440.16
Analgesia (3) T 1.84+0.36 9.6842.79

Latency (sec)  4.7540.07  5.1640.1 6.4940.14

Analgesia (%) o  7.8740.59 39.69+3.18+%
—--‘_-____-____-—-1—-—--—-——-- —————— 3 -—-—-———-—--——--,——— ——————— -

IV. AMPT+L-DOPA KZ,h;s)t
 Latency.(sec).  4.3240.05  4.82+0.08 4.9540.16
Analgesia (%) . 12.3441.49  16,1743.72-
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Fig. 3 '
AMPT abolishes EAA. .Replacing dopamfne . (AMPT + L-
DOPA~-1) _by_ L-DOPA in one hour re'st:ores‘ EAA. However,
replacing noradrenaline (AMPT + L-l')OPA-Z)‘ by L-DOPA over a 2
' hour period only‘partially restores EAA. o .
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Disulfiram

Disulfiram, a specific dopamine-beta-hydroxylase inhi--
bitor, depletes ﬁorepinephrihé (Goldstein aﬁd Nakéjimq,
1967) without changing levels of dopamine. Recent;y; it was
found tpét- disulfiram also may'ihciease serotonin in the

. brain (Fﬁkumori et al, 1980). Group I received 100 rg/kg
disulfiram and group II received a matched volume of the

vehicle (OQiS%'methyl cellulose). Six hours "after injec-

‘tion, the mice were studied for EAA.

. “ N * ‘1.
Table IV | :
Effect of disulfiram on baseline and on.EAA.

Pre-drug. Post-drug - 'EAA
I.. Vehicle: .
Latency - (sec) ~ 3.9640.08 3.91+0.09 . 5.3140.13
Analgesia (%) -1.73#0.32  38.65+3.55%
. ‘ - .---__." ------- “—---—-—-——--———--“-‘-".—.‘-—-------——;-Q-‘ .....
II. Disulfiram: .
Latency (sec) 4.0540.08 - 4.07+0.09 6.5140. 11
Analgesia (%) 0.3230,2. o F7.3+4.14%
----------------- —--—------------------------------—-‘------- ‘:‘W---

.-Tébie IV shows that disuifirém does not affect.the ‘Baseline-
pain-tﬁreshqldvlévelilwiﬁhin group t-test) but 'significantly
pot;ntiatés EAA (betweeh gréup t-test). fig 4 shows the_
time coutée of the EA‘éffect of the disulfiram and vehicle

‘treated mice. . . . v
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Fig. 4

_.Effect of disulfiram on EAA. "Divsuifiram, - which

; - Q\depletes norad'renavline. and may increase sérotonin, enhksnces
EAA. | ’
‘, '
‘ |
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~ Precursors (SHTP, E-Qgg&)'r
To test the éffect.6§ elevated Serotonin or dopamine
lévgls on EAA, tﬁe’precursors,SHTP‘(Way agd.shen; 1551) or
.L-DOPA (Bartholini e£ al,_1967) were éiven Tgspectiveiy to
two groups of"brevidusly untreated animals. Animals were
injected with 200 mg/kg SHTP or 200 mg/kg L-DOPA 30 minutes
-after: tteatment with'benserazide hyardchlbride.(so mg/kg;.
30 minutes later, an}malﬁ,werg‘given EA. Gféﬁp IiI. animals
.’were~'treang !wifh the vsahg..pr0cedure‘.exceptl that they
received ;he.véhicie (0Q9%‘sa1ihe).:
Table V. | L

Effect of SHTP or L-DOPA on;béseling scores and on EAA.

- Pre~drug vépost-drug. . | . EAA
1. Vehicle:
| i latency (sec) . 3.95$0.08 3.7840.09 5.3240.42
~ Analgesia (%) . -4.054l.01 39.443.41+%
II. SHTP: | S
Latency (sec)  4.8340.07 5.06+0.1 7.2940.16
Analgesia (8) . 4.0940.66 - 53,18+43.0%-
"III. L-DOPA: - |
Latency (sec) 4.5740.1 5.6240.18 °  7.0440.14
Analgesia (%) | 27.3144.28*  67/54+6.28%




= 2138
Table v and figure 5 shows the result of SHTP and L-DOPA .on

EAAv EAA ‘was increased by giving either of the- cerebral
-G

emonoamine precursors (Newman Keul's tests). S5HTP does not

- R

itself affect the baseline noxious responses (within group

t-test). However,. -DOPA alone.without.EA produced signifi-

cant analgesia (withinggroup t-test) evidenced by a rise in

L : o S ). .
post~drug baseline threshold to nociception." Hence the

B

increase 'in EAA causedo by L-DOPA . is probably Qpe to the'

analgesis effect of L-DOPA which occurs ‘even before EA

treatment is given (67.53 minus 27.31 leaves only 40. 23%

analgesia). In contrast SHTP truly enhanced EAA. acting in a

synergistic manner with EA treatment.
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Eig. 5

Effect of enhanc1ng serotonin (by SHTP) of or dopamine

(by L-DOPA)  on EAA. This figure .is  sim11aruto fig I.

: Elther L-DOPA or SHTP increases EAA.
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2 ;jEffect of probenecid on EaaA.

;‘brainﬁtryptophan<enhancing EAA.'
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Cinanserin

Cinanserin was used as a serotonin receptor antagonistllf
(Barasi and‘ Roberts, 1975). Mice »were in]ected»with 20

. mg/kg of cinanserin dissolved in ‘0. 9% saline. EA was. given 2
hours after injection. Experiments were paired with 0. 9%
saline controls. ‘The - results show that ‘cinanserin com-f
‘pletely inhibits EAA. - Table VII and Fig. 7 demonstrate the.-u.
: beffect. Even though cinanserin alone caused } small but

insignificant 13% hyperalgesia -(within group t-test), onenl

cannot .rely subtract this 13% from 45% and obtain ,a' com- -

» abolition of EAA, hence cinanserin must truly block“

Table.VII

c. .

Effect of cinanserin on baseline and on EAA.

_f&" 'Pre— rug ”" Post-dr g. 'f*.f'nfEAAuc

Vehicle-fi } _ _ _ _
Latency (sec) . 4.00+0.66 4. 16+0 10 {. 2-5,74+o 15
s _Ahalgesiaw(%);, R o 3. L9241 8 ‘j 45 1s+3

- —— - - -

'A:II. Cinanserin. | _ N , .
| Latency (seC) . 4:0240.1 . - 3.3740.13 . . 4.0530:16

"vv‘Analgesia,(%)_] LT -12,6543.15 2;;3,83§;29 |

- -
S e,




antagonist, inhibjts Eaa.
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i

 Fig. 7 S

- Effect of cinanserin on EAA.- ‘Cinanserin, a serotonin
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Apomorpbine‘
: Apomorphine is a selective dopamine receptor -stimula-

with 0. 5 mg/kg apomorphine and group II ‘with- vehicle

"saline).

- In*contrast to SPA‘which'is

' (Akil

by apomorphine (between group t-test)r

;8 show the results.-

Ernst, 1967).

Group I was injected

(0,9%..

EA was applied 25 min after in]ection.,"

.enhanced by apomorphine:'
nd Liebeskind, 1975), EAA was significantly reduced
Table VIII and . Fig.-

This was the maJor difference between_

EAA and SPA that we observed in the entire study. - L
Table VIII A ' ’ ) -.;;j
‘Effects of apomorphine dh baseline and on EAA - ; f
" — e . f,..; e : ‘ : 'f 2
e ?féfdf¢§ bOSt*drug;‘.'“ .EAA:
 mesimmm——n S - . S
1. véhiéie: S L RN |
“ Latency (sec) ' 4.1540.05 . . 5.8940.35
| Analgesia (%)‘1‘ -0.1320.44 . 143.8532.75%
II. Apomorphine. ‘A‘ . _ . .
Latency (sec)‘ '.4;Dtp{i ‘ 3.7210.11 "\. .4ﬂ67ip;14¢'
 Analgesia (8) . | =7.73£1.1 . 20.1643.37%
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‘Fig. 8

-' . Effect §f épomotbhine 6n‘EAA., Apomqrphine,'a dopamine

receptor stimulator, teducestAA;'
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'_Halopetidol'

LIS

Haloperidol 1s a dopamine receptor blocket (Cools ‘etv

fal;;‘ 1975).3 ‘One group of mice was . 1nJected with 0, 2 mg/kg'

haloperidol and one with the vehicle (5% dextrose).~ "EA

'”treatment began 90-min later.

Table IX and Fig. 9 shows that haloperidol does not"_

: change the baseline level of pain (within group t-test) but

: ‘reduces ‘EAA (between group t-test).

', r
Table Ix

e

bjEffects of haloperidol ‘on . baseline and on EAA. .

Pre~-drug .Postédtug‘ : 7‘{- 35545

‘Latency (sec) - = 4:1230.07  3.9740.08" :' 5.8240. 14, -

' Analgesia (8) . =3:270. 92 4. 6+4 154
-'.-_..-..-;-‘-_'. - - -.‘.' ——— . .“.'., - _-_._of..

.1I. Haloperidol: .= .

' Latency (sec) = 4.7610.08 -  4.7530.1 ., 5.650.39

~Analgesia (%) | B v_‘xf0;87ip.46 ' 2019t2.63*




" EAA.

Effect of haloperidol, a dopamine receptor blocker, on

Haloperidol partially inhibits EAA
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Pimozide

?inozide is? a ‘seieetiﬁe depaminel”rec ot; blocker.
-(Anden é:"Ai, 1970).1 One’ group of mice’ wes injected with""
0.5 mg/kg pimozide and one group with a. matched volume of‘
vehicle (a %bw drops of glacial acetic acid in 5% dextrose).i

These tun groups of mice were given EA 3.5 hours latet."{

.. . ..

T ‘o

‘- Table X - ) 1drv“ S ,v:.3“ : aﬂ;ﬁ

' Effects of pimozide on baseline and ‘on EAA.

‘Pre-drug . Post-drug .- - EAA

7;‘11;"Vehicle., T ~_'f-'.f'f¢~_,”7'__:'}ii;fv"li\?~ -
Latency (sec) , '4.24£p;oav',-4.07¢0;o$f..”.5 810.12
Analgesia (%) ‘h.' . ,"j-3.9§gli;i_-,;7 1$42 57*

o

 m— Sp— . -

II. Pimozide~,'5v' e O T
Latency (sec) - - 4.2830,1 © - 4:2720.11 5.3940.12 |
vAneigesia (%) . -0.7640.29"  33.0643.93%

A

L
-

if;i Table X shows that pimozide‘ only slightly decteasesf,
'the: EAA which shows ‘Nno significant different ftom the vehif‘,;v
' eie (conttol) velue (between gtoup t-test).ﬁ Fig. 10 illus- ;; 3
‘trates (tbis 'tesult. . In contrast, pimozide significantly -

reduced SPA (Akil and Liebeskind, 1975).




Co \Effect of pimozife, a selective dopamine receptor .
blbcker; on EAA. Pimoz
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Fig. 10

B

de shows no obvious effect-oh EAA.
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vYohimbine
It has been reported that yohimbine may block tonic.
| descending inhibition‘-descending from the lower brainstem
(Koss‘and ,Bernthalj ‘1978) aand..antagoni;es autoanaigesia_'
) f(stresséinducedc.anaigesia)"and norphine analgesia (Chance
| cand Schechter;11979)i At low doses yohimbine is  an_'a1pha-."
adrenercic _biocker' and ‘it' is postulated to act preferen-_n

B tia11y7at~pre-synaptic sites (Bernthal et‘al, 1979).

To test the effect of yohimbine on BAA, mice\(group I):
'were injected with yohimbine- (5 pg/kq,- I.P. ). , EA was .
applied 15 min later.‘ These mice were paired with group 'Ii

;.animals receiving similar - treatments with' vehicle (0.9% _"

saline).(
Pfrable X1 o
';Effect of yohimbine on baseline scores and on EAA. _"‘A': -
o \'_Pre-drug';_' Post-dfug 1» EAA

"~ I. Vehicle -

Latency (sec) - 4.2130.06  4.1530.07 /5. 9+o«12 '

Analgesia (8) - -1.53% 4a.3853.9%
| "_-,-‘_-' — '.—‘_ . - o= s » : .-  . —_———— -t
-:4Ii. Yohimbine.r o . o o , B
‘Latency (sec)7i7;,4.§;¢9;o7.;'15,6316.09" s.sp0.12 7
Analgesia’ (%)t L - i o 13.5152434'-; 23,41;2;5#'




- 151 -

Table XI and Figure 11 show the effect of yohimbine on

'1£AA.¢ EAA ‘was slightly but significantly reduced (between

@,

group t-test) 1n yohimb1ne treated animals.

Effect of yommt?/ne on EAA. Yohimbine partially inhi-

bits EAA

@
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DISCUSSION

2

_ Table XII summarizes the maJor findings in this paper

in relation .to the putative effects of the various drugs,

| and compares the EAA results with the SPA, results :of'lAKiii.

and Liebeskind (1975). As -any given drug has known (and.v>

,_,AL

unknowna side effects, a battery. of drugs giving consistenth .

results is tHe best strategy t:n::::/;pr 1nvolvement of a
transmitter; If an-excitatory tr ter mediates ,a» pro-

'cess, metabolic precursors should enhance, metabolis/dnhibi—

tors should suppress, and receptor blockers should interfere‘

!

with that process. Such con51stent results in this paper.

//i' ' were.obServed ‘only for serotonin. ;,Bn' contrast,; norep—

e -
L]

| inephrine or dopamine manipulations did not produce conver-

gent results.' This could perhaps be expiained by 'multiple

/
a

effeccs of each of these tfansmitters producing conflictingf

effects 1n different parts of the brain.i>Similar1y Akil and

.Liebeskind (1975) (see Table XII SPA column) also had incon-f

%

sistent result's. witl‘norepinephrine and dopa ne drugs/ on_

). sea.

thatv»apomorphine' blocked EAA but enhanced SPA and pimozide’
‘had no effect on EAA bug-Feduced SPA (Akil and Liebeskind,

1g75}, S

. . . . . .

» . - . e n ! *
s 8’ T ’ . > S . :
e : ) . . . . R N

B P

e 2 - o e ol

y comparing the effects of the drugs on EAA and §PA,"

' \we obs rved many similarities. The only »difference ‘were
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Table XII . _' e T -
Summary of monosmi-nergic drugs on EAA (200 ‘Hz) )
¢ : ' : L . .
and comparisons with SPA results. == R o L
Drug 4 Net Functlonal Change ' EAA _ SPA+
1. TBZ £, sy b} Nl, o ¥
‘2. PCPA o sy o v
3. AMPT | - T R oy
4. Disulfiram S'T‘ Nl, o A ‘ A .
'5;‘ TBZ+5HTP L sA D} Ny~ ».T*v' R
) C 6. TBZ+L-DOPA s} ot ny ‘R(Partial) * R
7. PCPA+SHTP ~ Normal R*. - RT
* . .8 AMPT+L<DOPA (1 hr) _ P N} R B
9. AMPT+L-DOPA (2 HRS.) D} Nt  R(Partial) = R
10. SHTR> | st ' Mo 4
11. L-DOPA I 1) A 4
12, Probenecid - s4 ot P 0 w7
13. Apomorphine _ - ot - {, T r
14. Cinaserin sy T N ND -
15. Haloperidol - o} | v -
16. Pimozide . D} - — ft |
17. Yohimbine ' . _ ' _ . N - : l/ : - JND
/ _ e
« . § = Serotonin, D = Dopamine, N = Noré’pinephrine
- "R = Recovery of EAA or SPA after replacement drugs.
‘ o~ . ND = Not done
- - ~ * Only the data related to serotonin gave consistent
' © PAA results. - :
- '+ Results on SPA in rats from Akil and Liebeskind (1975)/,

-2 . ’ . . . . . . S X,
S _ . o . ) ; -
. . - . . R )
. e : : T Sy




:Since ‘serotonin manupulation ‘gives a consistent

Zresult, the emphasis in the rest of the discussion will be

A~~on serotonin mechanisms 1n EAA.‘ Although our present paper

,i the A most extensive one on. myith serotonin mani.pula— »
L V“'
Q‘tions, there have been. several.previous ' apers.-implicating.

ll‘serotonin ﬂ in EAA,3ﬁ;In one study, McLennen et al (1977)”,
2
‘g,showed that in 2 rabbits, PCPA. 11 P ) blocked EAA,' in two

»other rabbits, cyproheptadine (I P.) a. non-specific seroto-"‘

\nin receptor blocker prevented
1 .

.'ffhf"detailed ~drug studies from two groups in China on EAA in'

_;~. There were more\-

v

rats (Kin et al 1979, Han et a1,~1979xi' In one experiment~"

in et al. 1979) it was shown’ that cinanserin (I.P,j1:'

4:~xblocked EAA whereas SHTP (I P.) -or L-tryptophan (I. P‘),_
hnhanoed EAA In another study (Han et al, 1979), it was
found that SHTP (I P. ) 'enhanced. EAA, 'uhile —tryptophanlb
(I P ) had no effect. :fv;f_‘~ “'igl; K 'Q L 114“'
In addition to dtug studies, there have been two other '
lines of evidence which strongly:implicate the raphe seroto— ,
nin system in EAA, raphe lesion experiments and biochemicalfi
studies.’on serotonin..' In studies on cats three groups ing

B China (Shen e‘t al, 1975; Shen et al, 1978- Du et al,‘ 1976)

‘_showed that cutting the dorsolateral fasciculus (DLF), which

This suggests that descending raphe serotonin pro;ections.
are important (but‘these lesions cannot distinguish between

serotonergic and other descending inhibitory systems)._ Onel

group (Chiang et al 1979) also showed that lesions of the‘

" contains the descending axons from the raphe,.abolishes EAA. o
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- raphe ‘Iﬁitself had - the same effect., Using "5,6-‘
< .
dihydroxytrypamine they were able to lesion the raphe - sero-

| tonin cells, which also suppressed EAA.

“The biochemical studies are egually \consistent. In .
\

. . /.
one study (Yi - et al, 1977), it was . shown that radioactive

o serotonin was" released 1nto the cisterna ~magna ,of' rabbits~

during acupuncture analgesia; In another study (Han et al,
: - : —
71979) S5HIAA, a catabolite of (serotonin was increased in

brain 'extracts after . In a third biochemical study,

;brain extracts after EAA showed a rise_in both'SHT'and SHIAA

oo

(Kin et al, 1979).

ines: of evidence, pharmacological, surgi-_

cal and biochemical all converge on the conclusion that. the
raphe-DLF-serotonin system mediates EAA. The relationship
of the‘;:;Xendorphin system and this descending effect is
still. unclear. In a. presious paper (Cheng ‘and Péme:anz,'
©1979) we ‘showed that different stimulus frequencies applied
to the acupuncture needles produced different results.. EAA
at 4 HZ was blocked by naloxone but not by PCPA while EAA at
200 Hz was. blocked by PCPA ‘but not by naloxone. Hence in
the. present paper all the studies were done at 200 Hz. The'“
enkephalin 1n@ut to the raphe nucleus may be in series or in
'Aparallel with . the raphe-DLF serotonin system.' The*results;
'to date in the pain 11terature are confusing on thi;‘ pointi”
(Basbaum and -Fields, 1978) Hence it is unclear at the

fg'moment, whether the endorph:n and serotonin systems “are 'in»

a4 . o E ‘
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series or inhfparallel in the EAA phenomenon, although the
differences between the 4 Hz and 200 Hz results may suggest»

a, parallel rather than a serially organized system. In the

'spinal cord the enkephalin input to the dorsal horn may .be

*pafallel with the DLF—descending 1nh1bitory neurons since

intrathecal application of naloxone does not block the anal—'*
.

- gesia induced by microinjecting_morphine into the PAG_jYaksh

and Tyce, 1959).4 Although‘more work‘is needed to_’resolvej

_”this latter question, there can be no doubt that serotonin

mediates at least some of the EAA phenomena.

-
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CHAPTER 7: CORRELATION OF GENETIC DIFFERENCE IN - ENDORPHIN
SYSTEMS WITH ANALGESIC EFFECTS OF D-AMINO ACIDS IN MICE
A .. . ‘ ' 3 “ ‘ . .0 . N
. \;\ 4

SUMMARY

-

<~

fo test the idea‘that D-amino acidpvmay produce’ anal-

;ges1a via the endorphin system, an exper)pent was ondertaken o
ine the effect of D~ leucine and D-phenylalanine ~on
_mice w th congenltally abnormal endorphin systemsi; In three
" strains| of mice D-am1no acid analgesia tanks in’ the order of4
ob/ob> AFl/J)CXBK. Th1s correlates with h | endorph1n

abnor a11t1es in these mice*i ob/ob hlgh in p1tuitary beta- .

."endo phin and CXBK low in op1ate receptors.

. INTRODUCTION -

’

Recent prelxminary reports 's'ggest :that f systemic.‘

ftreatment with D-amlno acidsfl(DrAAj. can‘cause- nalge51a’:

g (anti- noczceptivelresponse)'in man and-micel(Ehreh
-al, 1978). ' —leucxne and D—phenylalanlne were postulated to
'cause pa1n re11ef through the endorphinerglc system, 51nce

.4_ N

,the analge51a they produced was naloxone- reversible., To’

compared D-AA effects 'in= 3 strains of mice. One stra1n

(CXBK) 1s low in dpiate receptors (Baran et al,.qZE{Sji\and

exh1b1ts poor electroacupuncture (Peets and«Pomeranz, 1978)

rels et |

‘further test the D-amino aczd endorphinerg1c_ hypothesis we o
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and morphine'(Baran et al, 1975) analgesia; another Stra
g B

-(ob/ob) .was recently found to have abnormally high levels of:

‘pPituitary endorphins (Grevert and Goldstein, l977). A third

strain BGAFl/J, was used as control as it exhibits *normal™
electroacupuncture-analge51a which is naloxone-reversible
(Pomeranz and Chiu, 1976); all 3 strains'are related as they

are descended from C57BL "If the hypothe51s is .true, we

Lpredict that the‘ D-AAs -should produce the following rank

order %B analge51a. ob/ob > B6AFl/J > CXBK based on differ-

'ences ~in the. endorphin Systems. " The present results bore
‘outnthis prediction. Moreover, 'the’ D-AA 'analge51a was

»naloxone—rever51ble. The combined genetic‘%nd naloxone evi-

'dence provides a_'strong proof o£ -the‘ D-AA-endorphin_.

hypothesis.

=~ " .METHODS

To study anti-nociceptive response a hot-plate method

N wasﬁ used to obtain a measure of pain threshold This wasi'
‘done’ by placing a mouse on a hot-plate, 55 C(+ 0.5 C)' and
7measur1ng the time elapsed until _the onset of" hindpaw-
licking. The following protocol was used-'(l) two pretreat-

“ment-'values were ‘obtained for each mouse at 30 min apart;

(2) Drphenylalanine (125 mg]kg)'and D-leucTne (125 mg/kg)

4 were given in a 51ngle i.p. injection, and (3). pain thres-

hold was measured at‘60,.120 and 180 min after - the injec-V

tion. . The - last:‘3-‘measurements' were averaged to give a



- 162 -

post-drug value for later' statistical analeis. ) Fifteen

Ne = *,

mice from each strain were used in. the above D-AA experi-
_ment.- In order to test‘for naloxone—reversibility, another;
15. mice from each strain were tested with naloxone plus D-

-AAs using doses similar to those previously reported (Ehren-
;: preis et »al, 1978), namely 20 mg/kg naloxone, 125 mg/kg D-.”
| &eucine, 125 mg/kg D-phenylalanine (all i.p Yo The injec-~
tions of the D-AAs with or without naloxone were done in a-
"blind' manner ‘mice were randomly assigned to either group.”

y AIl the experiments were done at the same time of day (fromi
14.00 to 18.00 h). - | '

'RESULTS +

The repults with D-AAs are shown 1n Figs. 1 and 2 aand
in Table I (1 and 4).; There was a significant analgesia in f
BGAFI/J and ob/ob mice but'not in CXBK (see" Table I l(i) D -
D-AA vs pre-D-AA)._f There was a 51gnificant difference in
analgesia between BGAFl/J and ob/ob mice (Table I 4). K Thus

the prediction, based on endorphinergic disturbances, proved

correct: the analgesia ranking wa, ,b/ob > BGAFl/J > CXBK,
and, the' differences were all significant by Newman Keul'

test (Table I 4). This result supports the hypothesis that
the D-AAs act through the endorphin system. Moreover it ‘was-
confirmed that the D-AA effects were naloxone-rever51b1e hinb

BGAFl/J and ob/ob (Figs. 1 and 2, Table I 2)..
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""Fig.,l

- A histogram shows the effect of the D-AA on--fain
ﬁhresholds in 3 strains”?of mice and its reversal by na
one. Pain threshold was measured by recording the ime
‘elapsed (latency) before beginning. h1ndpaw-lick1ng a?ter'
mice were placed on a hot-plate at 55 C + 0.5°7C. The
. changes.  in latencies (comparing before and after DAA“treat—
ments) -were measured at .60, 120 and 180/mM. after D-AA and
were 'averaged to give one value foy each mouse. Thus the
ordinate represents . the - average hange in the 1latency
- (+5.E.) of all the mice under the fsame treatment. Abscissa
represents the strain of mice used, i.e. CXBK, B6AF1/J and-
ob/ob. - Solid bars indicate D-AA treatment. Open: bars indi--
- cate D-AA plus naloxone treatment. Each bar is the average
value of -15 mice. Stars (** and *) indicate-51gnificant1y
different D-AA’ analgesia . in the ‘order of. (**)
ob/ob> (*).B6AF1/J >C XBK. Naloxone reverses these analgesic
~effects in ob/ob and B6AF1/J mice. ' :

s
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Fig. 2 ) b
o A graph shows the effect of D-AA (D-leucine and D-
phenylalanine) on the pain thresholds on 3 strains of mice.
The ordinate represents the change in the latency . of
hindpaw-licking of the mice after the drug treatment as com-
pared to the control values. The abscissa is the time after
the injection of the drugs. The upper 3 lines show the D-AA

effect on B6AFl1/J, ob/ob and CXBK mice, while lower 3 lines
show the effect of naloxone on D-AA treated animals. Each

‘point is the mean for 15 mice. Bars show S.E. Arrow indi-

cated the time of injection after control pain thresholds
were taken. , S y R

: "~
o :
L
0
- z v
W
-z ——
oy e R
o .
<< -2+ Ob/Ob+N
| I
O |
| B .(:)_ 60 120 )
" TIMEMIN)
£

R e et o % s




 TABLE 1
_Statistical‘analyais to compare D-amino acids and the

naloxone-reVersible effects on the 3 strains of mice

l:(i);'studant's t-tesﬁ was used to test the D-AA effect in

3 strains of mice; (ii) Student's t-test was used

to analyze D-AA plus naloxone effect in 3 strains of mica;

2: a between group analysis by using Student's t-test to
show the difference between. the D-AA effect in 1(i) and the

* D-AA plus naloxone effect in: 1 In segtions 3, ¢ and '5°
we did between-strain comparisons thé two-step proce-

dure: first an ANOVA, second the wman Keul's-»test. 3%
baseline-line (pre-D-AA) pain thresholds’ .the 3 strains of

" mice cgmpared; 4: D-AA effect on the: 3 strains of mice com-

‘pared, 5: D-AA plus naloxone results on the '3 strains of

mice compared. D-AA, D-amino acids; pre-D-AA, before D-AA
treatment. - . - . ’

1 within’animal comparisons

o D R L s s . e e . 2 D s i s o . P i s s > > e i - — — - —— ——— —— -

B6AFl1/J . " CXBK ob/ob
(i) t-test (D-AA) , LT
vs (Pre-D-AA) p<0.05* p>0.1 p<0.005*
(ii) t-test (D-AA+Naloxone) ' o : ’ .
.. v§ (Pre-D -AA) A p>0.4 , p>0.2 . p>0.2
L S S T > S - ——— — - S T D s - . P > = . - - - - . - — - — 7 --------

t-test (D-AA) vs
(D-AA + Naloxone) . . p<0 005*  p>0.2 p<0.001*

.—-————---—-—-----——-——--———---—----.———--—-u——--—--—------———

‘Newman Keul's of D-AA+Naloxone Cannot be done as ANOVA

not sxgnificant

* StatiSticaily significant result.

—— - e e e e e ey w15 5

3

3 AVONA 6f pre-D-AA : pk0.0l*-for all 3 strains
Newman Keul's of pre-D-AA CXBK vs B6AF1/3 -p>0.05
Newman Keul's of pre-D-AA . CXBK vs ob/ob p<0. 01
Newman Keul's of ‘Pre=-D-AA. ~ B6AF1/3 vs ob/ob p<0.01*
4. ANOVA of D-AA analgesia | p<0.005* for all 3 strains
Newman Keul's of D-AA CXBK vs B6AF1/J p<0.01*
' Newman Keul's of D-AA : " CXBK = vs .ob/ob p<0.001%*
Newman Keul's of D-AA ‘ S B6AF1l/J vs ob/ob p<0.05*
5 ANOVA of D-AA + Naloxone p>0.1 for all 3 strains '
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!

| It should be noted that the average (+s. E ) baseline

pretreatment control values are 12,11 -+ 0. ll sec for 30

ob/ob mice. 8.73 +0. 13 sec - for 30 B6AF1/J mice ~and 8.78 +
0.11 sec for 30 CXBK mice. Thus it was found that the ‘ob/ob
mice had a significantly higher pretreatment pain threshold
level than the \PGAFI/J and CXBK strains, but there was no
.difference between BGAFI/U and CXBK' (Table l 3).a~ This
result is consistent with a. higher baseline level of pitui- ‘
tary endorphins in ob/obs. “The lack of difference in” the
other two .strains suggests that the acute pain of paw—lick
. may. not release endorphins in CXBK or BGAFI/U. A similar E
conclusion was reached by Grevertﬂind Goldstein (1977) who. f‘—
'noted' that'-naloxone did not cause hyperalgesia (pain
e -.~,lenhancement) as measured by 'paw-licking in Swiss Webster’jz
2 *ih"amice. They only noted hyperalgesia if they measured latency
‘**%ifﬂ; to jump, which involves a more prolonged pain. Frederickson
| li;et al (1977), using the Cox strain, also observed a ‘much
greater ‘naloxone hyperalgesia with jumping'than with pawe
.__licking behayiour. Finally, note that the D-AAs had a fas-

ter analgesic efﬁect on ob/ob mice than BSAFI/U mice (Fig.-

A A

‘ﬁ)i This may be due to a higher baseline level of pituitary
' endorphins in ob/obs, which is more readily available for :
A release._ Despite’ this higher baseline level, ob/ob still

'gave the highest D-AA analgesia.

T et B B sk e 4 ST el ) el 8 s Sy o e o e o o B T o Dy,




As stated in the introduction.f redicted that D-AAs

should produce different effects in the 3 strains of mice:

ob/ob > BGAFI/U > CXBK. This was

- pituitary B-endorphins in‘ob/ob (5 times the normal level)

. S < -~ o .
(Margules et al, 1978) and’a low level of opiate - receptors

in the brains of CXBK mice (about 2/3 of‘ the normal

level)(Baran et al, 1975). The preésent results suppgrt this

predictﬁon. Moreover we have biochenical evidence that

there are no significant differences * in .brain 1eve1s_,of

endorphins in ‘these 3 strains as measured by radioreceptor

binding assay and radioimmuncassay (Roy et al, 1979). This

suggests that the 'failure of D-AA effects in CXBK mice is-

entirely caused "by: the deficiency' in opiate“"receptors.

Although the receptor binding is only decreased by 50% in f?

ased on a-higherllevel of:

...-p..-.-..__..%_.....'_-....._.t.;...,A.-_..._......._.'_..._.'_._. O - . e e e e ol
- . y - ‘. . .
. a

this strain (Baran et al, 1975), a complete absence of D-AA -

\

wanalgesia is observed Similarly, electroacupuncture anal-

?.consequences of a small deficit of receptors, since recep-

'Vtors in. the total brain were measured (Baran et al, 1975)

as periaqueductal gray. Our biochemical ev1dence in ob/ob

—_— mr

‘mice, show1ng the presence of normal levels of endorphins in

the brain conf{rms the work of others (Margules et—al, 1978)_'v

N

”'localizing the abnormality to the pituitary. gland._':The_

question arises_ whether or not these elevated levels of_

pituetary B-endorphins can.cross the blood- brain barrier :tg

. . . . . . .
- . B o A L ) ot

“

'ehgesia was also absent in this strain (Peets and . Pomeranzw,‘

~gl978). It is still not 'possible to explain these extensive'.

‘.perhapsﬁthe deficit.waS-more marked 1n‘crit1cal-'areas* such“

]
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, | ]f. _ cause' analgesia in the btain” These lines of evidence sug—"
;T%i_.; #6.:'. gest that the. bartier in. mice is not as pronounced as: in~?F’ ’
@_;g;;p7;j:f;'v rat. : Firstly, systemically 1njécted B-endorphln lcaoses
i analgesia in mice (Tseng ef al,g i976). but .notA in rats.
Secondly, in mice pitqjtary endorphins are 1mplicated in
electroacupuncture analgesia (Cheng et a1, 1979, -Pometanz -
et al, 1977). Thirdly, in the present paper it ‘was obser;ed
that the ob/ob mice had a higher"baseline ﬁpain’ thtesholdﬂ‘f
tban the other’gty strains, a’ tesult which 1s consistent’whl
S wlth elevated pituitary endorphinsicausing hnalgesia.. More-
"Vtﬁig oVef, thete may exist a revetse flow from pituitary to brain‘
in the pdrtal system which could bypass tbe blood-braia bar-:
tier)A;;npaetely (Berqland and Page, 1979). In conclusion,f}'
D-AAs}mabie the first potent non-addjctive endlgesics for;}jf.
implioates the-endorphin system in. ﬁLAA@;;l
: ",t e np'f;;ﬁﬁfm “ ,ﬁh}
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3 :"REFEgl-:‘l;gES:"‘ SR A
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- EITHER TREATMENT ALONE, -]

' T,éffect with a larger analgesia than that produced by

~7:ge51a

' animals show marked analgesia with both EA plus

tnaloxone.

;treatmeu% given alone,

‘by naloxone.
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CHAPTER 8: A COMBINED TREATMENT WITH D-AMINO ACIDS ANDE,

ELECTROACUPUNCTURE ) PRODUCES A GREATER ANALGESIA THAN

NALOXONE,REVERSES;THESE EFEECTS .

SUMMARY
. The‘ Dﬂzmino ‘acids (DAA), D-phenylalanine iand: fb-_“
leucine, produce naloxoneé reversible analgesia,:,electroacu- ;-
‘puncture (EA) also produces analgesia which Eis' blécked- by

Combining the two treatments produces an additive"

either

this combinéa effect is also blocked :
show \h

80% of the.

Moreover only 62% of the mice anal--

and 53% show D-amino acid (DAA) analgesia
DAA treatd_l

ment.; Perhaps the combination of EA with DAA will provide a .

;.potent,method-for the treatment'of clinical pain.’

N : ' ~ : . .

- INTRODUCTION _ -

r-’

. Analgesia induced by endorphins”h

-

is' relatively short -

* lasting, °W1“9 to fapid degtadation by carboxypeptidase'
leucifie aminopeptidase (Hughes, 1975) and‘ other _ep;ym 1‘_
fEhrenpreis ‘et al (1978) have shoun that the D_:n S

[N

vdasd

(DAA) whichcblock carboxypeptidase A and leucine aminopepti-f»E

(D-phenylalanine and D-leucine reSpectively) induce"'-
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_fanalgesia'which is‘naloxone reversible in man. and mice. In-
a._recent study, we demonstrated that’ ob/ob mice, which have
high levels of pitu1tary beta-endorphin -(Margulesj et al,“ E
1978),> sh wed’ marked - DAA 1nduced analgesia (Cheng~ andv

igomeYanz, 1979),‘ 1n_contrast7CXBK mice which were geneti;
- cally' defiCient ,ini opiate' receptors (Baran et 51;41975)
p showed .poor .analgésia.awith DAA treatment - (Cheng ' andA

fPomeranz,: 1979). Kll-'thev above studies suggest that DAA

-

'_“produce analgesia via. the endorphin system p0551b1y by pro-

;'tecting endorphins from enzymatic degradation. The present'
Astudy was undertaken ° because _recent expriments indicated
'.that electroacupuncture (bA) may release endorphins (S)olund}
'et al, 1977).' If- these released endorphins are protected by.:

DAA, a higher analge51a may be obse\hed.‘ Thus' this paper is.

designed to. study the analge51a prod c ed by a combination of .

 EA plus DAA..

METHODS -

‘The methods used in the present study were similar-f to"
" those in the previous work (Pomeranz and Chiu, 1976).b
Briefly, a behavxoral pain latency measurement was used‘hi

-female ‘mice. (10 - 12 weeks old) of strain BGAFI/U from Jack-
',son Laboratories, the 1atency to squeak was determined in -
response» to noxigus heat- stimuli (this is done by shining a
hot lamp at ‘the nose of the mice). The latency was measured

" from - an 'audiogram of the:squeak. Three control tests were -

e - L e

* -
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given, 3 minutes apart, toithe'restainedAmice. »The mean of
'3“tests gives zero time controlrvaluesjfor‘each'mouse.:fOnlyl‘
those mice giving 3 reproducible responses‘_in_ the. control.
period, with ﬁi&encies between 3 to's seconds, were used for
subsequent treatments. Then different doses for two D-amino |
4 acids (D-phenylalanine plus D- leucine at 150 mg/kg, 300~
‘», . mg/kg or 600 mg/kg of each drug in combined injection of two‘,
- drugs) ior saline “(for. control) ‘were in]ected I. P. in 5»4
blind manner ;- there were 4 groups of mice and 15 mice peri
" group. , Pain (squeak) latehcies ‘were again. measured at one
.- hour after the injection before EA was given. AEA was 'then -
b-] administered to the mice by inserting fine needles.(34G.‘
stainless steel) in the f&rst dorsal 1nterosseus muscle -on.
each forepaw (this p01nt is called Hoku or L I. 4 in ‘the acu-ﬁr
puncture literature, and is extrapolated from veterina:ian'
if.atlases { for’ small animals,.‘Shanghai Institute, 1973).~
Electrical stimulation was applied forv twenty minutes by

4 =t

means of square pulses from a Grass SD9 stimulator at 4 Hz,
3

O.l msec. duration and with a voltage from. 8 t 12 volts,
(voltage was adjusted to be above fhreshold for muscle con-i
traction but below threshold for pain vocalization). Squeak ,}
. latencies_ were measured again Jjust before the EA needlesf'
‘were removed (1 e} after 20 minutes of EA treatment),_ next
:the squeak latencies. were meaSured 'at 30 and 40 minutes
(i e.le and 20 min. after removing the needles)fﬁi Then.f'
levo—naloxone (lOmg/kg I. P ) was administered to the mice at

.

B )40 min.‘ Squeak latencies were measured at 50 and 55 minutes

: S, . . . .
LR - . . K R IR | .
BN s H . R \ .
D - ) . .
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q&i e
(i el_‘lO 'and 15 minutes after‘ naloxone inJection) In
_another 4 groups of mice (15 per group),f sim}lar -doses 'of

.-drugs were - given to the animal except that herevyas no EA

T

| treatment.t Mice were randomly assigned toh each group.""

<Statistics were done w1th Student s t-test ‘two- tailed.

ln‘another experimental4deSign naloxonelwas ‘given at
the onset of EA (instead of 40 minutes after onset of EA)..-

“_In four groups of mice (15 per group), 51mi1ar paln thres—,

o hold tests were . done on the mice treated with DAA (350

'H;mg/kg), DAA plus EA, DAA plus naloxone (lb mg/kg) or DAA' .
':plus EA- plus naloxone (lO mg/kg). The DAA were ihjected at

GOlminutes-before EA administration.

RESULTS

| Figure.l and 2 show the results; fiqure. 2 was derived\-‘
from - figure’ l by plotting the 40 minute values, this wasii
.}selected because it is the peak time for EA effects'ai shown{
in prev1ous study (Pomeranz and Chiu, 1976), and is also.“‘
-"the time for maximum DAA analgesia (Cheng and- Pomeranz, _}
_.-1979; Ehrenpreis et al, 1978ﬁ" The soIid line in figure 2
shows that the DAA and EA produce additive efﬁocts at doses
above 300 mg/kg. Both the*300 and 600 mg/kg values are sig-
‘ nificantly higher than the 0 mg/kg values (p<0 05), indicatd“t
~11ng that DAA and EA produce additive effects.' Moreover, the

EA plus DAA results, the solid line in figure 2, were always
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hsignificantly' above fther effects  of DAA alone, the dotted
line in figure 2,'(p<Q{01 for each dose). It is noteworthy
that DAA alone (dotted line, figure 2) causes significant
analgesia only at above 300 mg/kg which is_'the 'same dose

A required ‘to' show additive effects with EA'-analgesia.
.1'_'(p<0 Ol).‘ The analgesia cau5ed by ‘EA plus saline 'ipéo 01),.
| ‘or_ EA plus DAA,4 or. DAA alone, all were reversed by naloxone
given at 40 minutes (p<0.01, figure l,i K - D)." Previous=
';astudies showed that EA analgesia (Pomeranz'and'Chiu;-l976)m

_and DAA analgesia (Cheng and Pomeranz, 1979; - Ehrenpreis fetv__

(i e. there is no spontaneous recovery after 40 minutes). A'
control study indicated- that :the‘ restraint used’ in this
T experiment 1nduced insignifiCant zpain--threshold’ changes'
: through the two hour period (fiqure lA dotted line) . Figure'
sthows that-naloxone given atkzero time completelyf‘abolf‘
ishes‘hoth_hAA~analgesia_or‘the DAh<pluSNEA1analgesia, ‘Fig-'
ure 4 shous that 28 out .of 45 mice (62%)' have ('marked ;‘ EA
analgesia (>16%) and 24 out of 45 (53%) mice show marked DAA
h._analgesia, while 34 out of 45 mice (80%). shows marked " anal- )
gesia by the combined treatment of EA and DAA. This shows
l that EA plus DAA treatment can induce analgesia in someu'

animals that show poor response to either EA or DAA é}eat-

:é‘menthalonebi‘

v"al,f l978) last for 1 - 2 hours in the absence of naloxone-.
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Fig. 1

, _The effect of D~amino acids (DAA) (D-leucine plus D-
- phenylalanine)  plus electroacupuncture (EA) analgesia.
Ordinate shows ‘percentage change in latency to squeak as
‘compared to ‘pretreatment control value (before the -60
lmin.). - Positive values denote -analgesia. Abscissa shows
‘the time” of measurement. Injections were given 1 h before-
acupuncture began (i.e. <60 min.).  Pre drug - tests were
done just before the -60 min. period and post drug tests at
0 min. Electroacupuncture was'adm&nistetedffrémko to 20 min. .
Each point’ is the mean' of observations on 15 mice. A:
‘solid line shows EA + saline . (0.9%); dashed 1line shows -
saline alone. . B: ' solid 1line shows EA + DAA (150 mg/kg -
- ~I.P.); dashed line shows DAA (150 mg/kg I.P.) .alone. C:.
solid " line shows EA’' + DAA (300 mg/kg I.P.); . dashed line
shows- DAA (300 mg/kg I.P.) alone. D:  solid line shows EA +
DAA (600 mg/kg I.P.); dashed line shows DAA (600 mg/kg I.P.)
Alalpbe.?.Bagsjshow standard errors. -Arrows indicate time of" .
EA (0-20 min.) -and naloxone ‘injection (at 40 min.). ’ :

38888

LATENCY (SQUEAK)

]N'

CHANGE




S L T L «;“. . Fig. o ','~ _'n-j B o
T Dose-tesponse curves of EA + DAA ‘and. DAA (D-leucine +
R » -phenylalanine) in mg/kg. Ordinate shows % of analgesia at
' R .. 40 min. (i.e. % change of average squeak latency at 20 ‘min.
oite Lo after: EA). Each poiﬁf“Ié'fhé‘EVérage of-observaﬂions~on-i5~ —
; - % mice.’Bars’ show 'standard ‘error.’ -Upper curve shows EA + DAA.
" .. Lower -‘curve ' shows DAA . alone.'ﬁ At - point 0 mg/kg of DAA,

- . . ‘ saline (0.9%) injection was used. + shows significant EA

= T~ _analgesia (p<0.0l, t-test two tailed). ++ indicante EA:plus

- : ... DAA analgesia which is significantly h1ghet -than EA pluS“’ '
saline. o o s o . Voo

.%Ff f§%§~j'§;.’: ‘

ANKLGES:IA.(:_I.'A'T.ENCY )

P

k'z""‘ | B g ‘. DAA ( MG/KG )




‘on.EA and EA plus DAA treatment in mice. ' Ordinate shows the .
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-The effect of naloxone given at zero time (10 img/kg)

_average % change in latency to squeak as  compared to pre-

“treatment control wvalue (before - the -60 min. ).' Positive.
values denote analgesia.  Abscissa shows the time of measur-

.ment. D-Phenylalanine (350 mg/kg) .and D- leucine (350. mg/kg)

- treated with DAA + naloxone. IV: mice treated: with DAA + EA

]-inw a. blind manner .after the 0 time measurements..  The 40
‘min. values were -taken fot statistical analysis. . Naloxone -

were injected at -60 min. Each curve represents:the average

of observations on 15 mice.  I: mice treated with DAA + EA

+ saline. II: mice treated With DAA + saline. - III:  mice -

+ naloxone. -The ‘injections of naloxone .or saline were - done -

'-s1gnif1cant1y reverses the DAA and DAA + EA effect (p<0 01,

-

Lo

t-test two-tailed): Arrows indicate the time of 1n]ections
and bars represent. standard error. - _ ‘
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" Fig. 4

- A histogram shows the effect of EA, DAA (300 mg/kg)
and DAA (300 mg/kg) plus EA on groups of 45 B6AF1/J mice.
Ordinate indicates the number of mice. Abscissa ' shows. the
percentage change in squeak (analgesia) at 40 min. after the

- initiation of EA (EA was applied for 20 min.; refer to Fig.
-3). . Open bars: mice. treated with EA.  Striped bars: mice

treated with DAA. Solid bars: mice treated with DAA plus .

' EAg.- The combined EA and DAA effect is'significantly higher

L the effect of " EA" or DAA .alone ' (p<0.01, ANOVA and-
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DISCUSSION . -

‘ ‘The present studies’show that the analoesia produces
by EA and DAA farel_additive.. This efféct is blecked by -
'-naloxone; Supporting the'possibility of the role ‘of‘,endo;;.
phins. Presumablv, ,the 'EA“releases endorphin,j the, DAA
prevent its destruction and the two together give an addiei

tive effect. . This -combined treatment could be clinically

useful to improve the results with EA. S

‘ Only about 50% to 60% of the mice show marked ‘EA or_..
DAA analgesia. Other reports 1ndicate that EA (Gunn et al,
1977) or DAA (Ehrenpreis et al, 1978) work on a similar per-‘

ﬁzentage _of humans.. however, more animals~(80%) shov~marked‘

‘3analgesia byfthe~combined'EA'and DAAitreatments.. This"come

“binatrion of EA with DAA. may be a useful clinical pain treat-
'ment for many patients in whom EA alone is ineffective. It
-4had been shown that chronic D-phenylalanine and/or D leucine‘
‘treatment cause‘no addiction in humans or mice (Ehrenpreis
et al, 1978),' the dose required to produce ‘DAA analgesian
becomes smaller and smaller after repeated injections; also

after chronic treatment there was - no sign of abstinence

Withdrawal.

Recently. it  was- demonstrated that D—phenylalanine'
'entered the mouse brain in about 30 to 45" min by systemic'
'1n3ection (Okafor et al,,. 1980): This time .course :.
'corresponded yAto . the slow"ﬁ‘onset of . D-nA .analgesia:

4 . ) -
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'ileum bioassay (Greenberg et al, 1980)., More research on

Baran, A.. Shuster, L.; Eleftherious, Ba B.

PCheng, R. S. S. and Pomeranz, (1979),. Correlation of‘ f'

-'180"-
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. Furthermore, brain enkephalinases were also found to_‘be‘

inhibited by D-phenylalanine' and:’ D-leucine in guinea:pig

,‘the mechanisms of these D-amino acid effects may . lead to'ther

'ery of a potent non-addictive method for treatment of -

N . R : i
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_ the mice showed sdgnlficant EAA. Only 53% (8/15)° of - the

v

CHAPTER 9z Twp ELECTROACUPUNCTURE TREATMENTS THREE HOURS

APART CAN INDUCE A. HIGHER ANALGESIA .THAN ONE TREATMENT

-

ALONE © . - | B

SUMMARY

4 »

_Electroacupuncture analgesia (EAA@fis.enhanced after.a;

<

sécond . EA .treatment three hours later and 100% (15/15) of

- mice showed signiflcant EAA when they ‘were treated with sham

and normal EA’ treatments at three hours apart. Addition-

ally, it was demonstrated that EA’ produced sign1ficant anal- |

gesia while 'sham EA had -no effect on mice.

INTRODUCTION

ot Clinically, it has been observed that the acnbuncture

effect accumulates after repeated treatments,‘ In many

chronic pain therapies, substantial pain-relief is observed

only ‘after several treatments (Chen and Hwang,'1977; Leung,

1979). However, this increased electroacupuncture effecf‘
has , never been properly studied nor —reported in amimal
eprrimentation. Thus the present experiment is undertaken

to find- out whether electroacupuncture analgesia can be

enhanced in the second treatment-at three hours  1later as

ccmpared to the results of one EA treatment.

2
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_tacles. . Noxious stimulation was applied by shining a hot*

METHODS . . '

. -
<

VThe technique of electroacupuncture is similar to that
described in previous papers (Pomeranz and- Chiu, 1976,.Cheng

and Pomeranz, 1979b; Cheng and Pomeranz, 1980a). Briefly,

$

-8

two groups of mice (15 per group) were put into pape recep— ;

[}

»Yamp onto the noses of. the_ mice at 9 cm apart. 'Pain

L]

(squeak) latencies were taken three times, then one group of .

‘mice was treated w1th EA and the other groups of mice were

-

=4

treated with sham EA for 20 minutes. For sham EA, needles

were placed subcutaneously at the iback' and electrical
| current was adjusted to below muscle vibration (voltage
ranged from 1-4 volts, 4 Hz and 0.1 ms ddration)a. For true
EA (needles 1nserted»1nto the first 1nterosseus muscles) .

the voltage was adjusted to produce muscle vibration (vol-

tage ranged from 8-12 volts, 4Hz and 0.1 ms duration ) Then
the animals were removed from the paper holders and .put back
into the cage.. Three hourg*‘ater, both groups of mice were

again put into the paper hglders, pain latencies were again

measured and true EA ‘'was applied to both . groups. Pain'

-

. thresholds were then measured. at 20 minutes (before needles

-

were»removed) and again at 30, 40 and 50 minutes4(1.e. 210,

220" and 230 minutes ~ see fig 1).
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RESULTS

¢ - ,e . . . . - .

Frgure 1 shpws that two EA- treatments produce a higher

. analgesia (p<oO. 001, t-test twe . tailed).’ On average mice‘

that were treated with two true EA treatments had’ double the

o,

amount of analgesza &s compared {o those mice that had been
treated with oné sham and one taye EA, A hlstoqram (Fig. 2)
indicated that only 8/15 (53%) of .the mice showed signifi-
cant EAA (>15%) 20 m1nutes after the true EA treatment (i.e.
at 220 min. ip Fig. 1), when animals were treated with both
. sham azd/t(ue EA at 3 hr.apart. ‘In two true EA treatments,
100% of the mice showed significant EAA (>158) at 20 min

after the second treatment (i.e. 220 mrn. in Flg 1) Furth-

?
>

ermore£££1gure 3 showed that the true EA produced a s1gnifi?
™~

‘-caqp”a algesia (p<0.001, t-test, two tailed) in a group of

15 nfice, while sham EA had no effect (p>0.05, t-tést, two

tailed).
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This figure showed-the effect of tvo "EA treatment (at' .
¥y ’ - L
3 hours apart) on mice.,\?rdinate indicated"he average t
;change 'in squeak latency, positive denoted ‘analgesia.
. ‘jAbscissa .showed the time of meagurement.' Solid line, solid
,squares represented the average change of 15 mice that -wereA
treated with two BA at_ 180 min. apart. ~Dashed line, open
- ;Aﬁ.ﬁsquare represented a group of 15 mice that were treated ' N
~ 'firstly with sham EA and then EA. Mice /that had two real EA
treatments gave ‘a’ highe analgesic response. . .
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A hlstogram indicated that the diffetences of EAA in:

o “two groups mice that were treated with two true EA (solid
bars) or sham EA plus true EA (open bars). Otdinate showed
the number of mice'. Abscissa showed the % of analgesia at

,.1 220 min. (refer to I-‘ig. 1).
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Thf,ﬁ_s figure is similar to Fig.J ekcept that the mite
were: treated oncé either with true EA (solid circles) or
sham EA {open circles). ) .
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‘. - DISCUSAION *

“,The enhanced EAA in mice after the sécond ‘treatment

-corresponds to the clinical observations which indicated

that EA effect is cumu ti e." Several lines .of evidence

have 1nd1cated-,,h ' acupuncture analgesia is mediated by
endorphins (Mayer {et al, 1977; Pomeranz and Chiu, ~1976;

Sjolund et al, "1977; Cheng et al, 1979f; Pomeranz and

Cheng, 1979) and serotbnin (Han et al, 1979; Cheng ami\
* - " ) ’ . .

Pomeranz,‘,lﬂ79b). .Recently, it was demonstrated .that low

‘frequenoy:(Q,Hz)‘EA may be mediated'by'endorphins while'high

frequency .(200‘ .Hz) EA may be partly me¥iated by serotonin *

(Cheng and Pomeranz, 1979b). Thus the cumulative effect of.
. Q -

EA is most probably’ due to increase of endorph%n levels.

. -

oy

In a previous paper, it wa ‘also demonstrated that EAA
showed no cross~tolerance with morph1ne (Cheng et 'a1,

19809).' Repeated EA treatments are uﬁifkely to cause addic-

‘tion. - Instead, :a higher, analgesia is‘ observed after:

repeated EA treatments. Furthermore, normally about ' 50 to
70% of the patients (Chen and Hwang, 1977- Leung, 1979, Gunn

et al., 1977) and mice (Cheng and . Pomeranz, 1980e) demon-

!

_strated 51gn1ficant EAA after single EA treatment. The

present results indicate all the mice show significant EAA’

after the seébnduEA treatment three.hours later. Since acu-

| puncture has variable effects on human subJects and. only,

about 60% of the population show EAA, this may be dwe to the

-
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differences in’ endoxphin system as proposed by Peets qnd

EA releases the endorpbins.

N Pomeranz (1980). Ho!

whicb are prevented "from enzynatic degradation by “ D=
phenylalaniqe’ and D~ 1euc1ne, more -profound analge51a is
observed in a higher percentage (80%) of mice (Cheng and

. Pomeranz; 1980e). Recent biochenical evidence'shows that

N -phenylalanine and D—leucine inhibit the action - of

’ . enkephalinases in gu1nea pig ileum assay/}Greenberg et al.,

1980). Thus ‘the 1ncrease in)endorphin levels is eéssential -

. for endogenous pain-relief. Perhaps two EA treatments’at \A‘

three' hours may be -another ~technigue enhancing

endogenous endorphins anfo'may' set an example for a time

- course for EA treatments in clinical practice.

~

.
[
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CHAPTﬁB' 10/ ELBGTROACDPUNCT&RE TREATMENT ' OF ..MORP%£§E

DE PENDENT 'MICE REDUCES SIGNS OF WITHDRAWAL, WITHO SHOW-

ING CROSS TOLERANCE

. . . )
-~ . .’ s . ~
L. ’ B ) ‘ .

SUMMARY

~

» Morphine pellets (75 mg morphine base per pellet) were

dimplanted subcutaneously in mice (BGAFI/U) and were surgi—

cally removed after 3 or 8 days. During morphine abstinence

- ‘ : ‘ . ‘ |
(7 h after pellet removal), the mice were treated with elec-

-troacupuncture (EA).' The'results indicate. that EA analgesia’

-

- shows Jno' cross-tolerance td morphine. Additionally, EA

reduced withdrawal behaviour (jumping) . in 508 of the mice

dur ing morphine abstinence. T - ‘ ot
- | © . INTRODUCTION

e o |
. Clinical reports suggest that electroacupuncture (EA)

may'beeeffective_ih the therapy against opiate dependence in:

human addicts (Wen, 1977). Moreover, recent evidence .sug-

’fgeStS thet 'EA_.analgeSia :may be mediated By eﬁdorphins,
mdrphine-like peptides in the - brain (Cheng et . al, 1979;

. Mayer et al, 1977; Pomeranz and Cheng, 1979; Pomeranz and

Chiu, 1§76- Sjolund et al, 1977). - Perhaps the, tHerapy of

‘ addicts is. somehow related to the’ release of endorphins, as

met-enkephalin levels in CSF are elevated during the treat-_

........
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ment of addicts (Ho et al, 1978). This hypothesis raises an
important question. Does morphipe tolerance in'addicts cause

“"them also to be tolerant to the endorphins released by EA

(i.e., is there cross‘tolerance betweeh morphine and EA- -

- stimulated endorphiné)? Recently it has beén sh;wn that
stimulus produced analgesia (SPA) from midb:ain iqplénted
electrodes, which also releases endorphins (Hosebuchi and
'Li,.1978), §ho§s'cré§§ tolerénce with morphine (éa&et et al,
1975). However reports show that another form of analgesia,
stress-produced-analgesia, which also involves endorphins
}M%dden et al, '1977),'does not exhibit cross tolerance to
morphfné in rats (Akil et al, 1978§\Bqd9ar et al,'1978); but
.does show cross tole:ance.in mice (Cﬁe;her and,Chen; 1877).

" We therefore désigned.the following experiment with mice  to

determine if EA showed cross tolerance with morphine. Addi-

tionally, we ihvestigated the effectiveness of EA in treat-

ing morphihe withdrawal..

‘MATERIALS AND METHODS

: : /
Examining gﬁe‘relationship between EA and . addiction
pr od uc ed -methodological difficulties. The foregoing clini-

cal EA studies have not ruled out placebo effects; moreover

they are wunreliable because of the problem of objectively

asséSsing withdrawal in human patients -(Wen, 1977 and. Blum
et al, 1978). Additionally, the EA studies in rats (Ng et

al, 1975) and mice (Ho et al, 1978) may be difficult to

MO et K

‘.
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" interpret because ‘they employed naloxone (a morphine anta-"

dgpnist{ to precipitate ,withdrawal in prphine dependent
_animals. We .felt:. that the naloxone would also block the
4endorphins presumably released by EA (Sjolund et al 1977).
To circumvent these problems, we used an animal model wnich.'

did not employ naloxone. For this’purpose we employed the

acute‘ abstinence method described by Way (Way et al, 1969;
Brase et al, 1977). It consisted of implanting a subcutanej
ous slow-release pellet (containing 75 mg morphine base).for
3 days, followed by.sucgica1~removal of the .pellet. This
‘~proddces withdra§al signs (especially jumping) 7 h afterr
pellet removal.* Preliminary resultseon 12 mice showed that

. animals ,treated‘ with morphine pellets showed marked toler-

ance.to morphine analgesia.

We used BGAFl/J female mice, 10-16 weeksl'of age,
obtained from dackson Laboratories. They~ﬁere.housed in our
_ facilities for¥at least one week prior to the study, with a
12 h light-cycle 7AM to 7PM. ‘All.tests‘were made between

4PM and 7PM.
S \
For true EA, needles were placed in the first dorsal

interosseus muscle on each forepaw (this point is called
.Hoku or L.I.4 in the acupuncture literature, and it is
ertrapolated from Veterinarian atlases for small mammals).
'Electrical pulses were applied to the needles with a fre-

QUency 'of 4 per sec, 0.1 msec duration, 8~-12 volts (which

is below. pain levels), for 30 min (Pomeranz and Chiu,. 1976).
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For. sham EA, needles were placed subcutaneously over the;
back, in noh-acupuncture .sites, ,and the same - electrical
pulsesl‘were\\applied. In a  previous study, this sham EA.
treatment did not produce analgeéia, unlike tfue EA at Soku

(Pomeranz and éhiu,.1976). Placement of sham.EA needles in

‘Hoku (withbut electrical current) is not a suitable control

©

as clinical reports suggest that the mere placement of nee-

dles in true acupuncture points could cause effects even in

the absence 6f\e1ectficél stiﬁulétibn. "Mice were randomly

- dssigned to 7 groups; 12 mice per group. Table'l.summaries

the protocols of groups I-VII, ~i;__w_~mx

N

- Groubs I-III were, embloyed in the study' of créss
tolérance .be;ween EA and morphine using a method-gf measur-
ihg EA analgesia previausly_vréprted,;(Pomeranz and Chiuf
1976).. .. Each mouse;wés placed in a cardboard restrainer and
was tested for pain threshold before and after' éA. ‘Thres-

hold was determined by the latehcy to squeak -(vocalization)

. _ . :
after turning on a hot lamp directed at the nose.

Groups 1IV-VI were used to study the effectiveness of

EA in treating withdrawal. Our quantitative mgihod, exten- .

sively studied by Way (Way et al, 1969 and Brase et al,

1977), - bonsisteq of measﬁring jumping behaviour 7 h after

pellet removal. Six mice at a time were placed on a. plét-

form, 50 cm high,‘to determine whether or not they juhbed

<

. : s - oo
within 15'min. Only the mice that jumped were given a_ " sub-
sequent . EA treatment. ’

¢
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4% higher: than pre. EA levels (p<0 001)=. -ro test whether

r"mice, group I (M3+EA), with those in normal mice, group III“

e v'.‘ o , o : A ‘e :' E _—?\_'-jjlx?-_-'i'_. o Y,

il L

' _from China (Han et al, 1979) indicated'that cross toleranceo

_ to EA. in rats develops after 8 daysyfbut not after~ 3° days)}
.pellets were removed on day 8 and tested for EA cross toler-

'data obtained from gmoup I, II, IIIuand VII we used . ANOVA

-did not show cross tolerance to morphine after 3 days (Fig. -
,‘I)._' Group I (M3+EA), addicted to morphine, still showed a

'strong EA analgesia with an average pain threshold of 59 . +f

:1this analgesia was due to EA, and not caused by an artifact'
'f(such ﬂas,’stress), group FIINF(M3+S) rece/yed sham EA, and
’showed an- 1nsignificant change in pain* threshold '(p>0.05)
h.(qp higher than pre EA control 1evels).= Group.II (M3+S) was
fsxgnificantly different from group I (M3+EA) (Newman Keul's

Etest, -p<0 Ol).. Next ‘we compared the EA effects in addicted

DRCe AR s it ; Ze -
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b After this paper was completed‘pa preliminary report

of daily injections of morphine._ Thus in group VII morphine.‘~

ance .7 h later. _ For statistical analysis to compare the.

i

>

'and Newman-Keul s tests.;fTTh F test for proportions wasj:"
uséd to compare the difference of groups v, v and VI. ':for
’within group studies (before and after EA comparisons) :

used the paired t-test, two tailed.;::

. 'RESULTS.

g
_ Table II and Fig.vﬁI. summarize the cross‘ toleranceﬁf‘

results. ' In groups I-III ‘we’ showed that EA analgesia (EAA)"-

¢

(EA) and found that he analge51a:'wa_.aenhanged in the
. . . . . . - . . N N N J S 7-
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' addlcted animals (Newman Keul S test, p<0 01). ) Moreover,_

‘"jumped, :P<0., 005, F-test).. Group YI, an additional control

‘morphine’addiction_in rats). ..

(zero out of 12 miceejumped).l -

instead of demonstrating cross tolerance, group I showed the

complete opp051te effect (1.e. ‘EA vwas.\enhanced) These

fresults seem to. suggest that- EA analgesia does not show
ncross tolerance with morphine. In gtoup VII (M8+EA), , A.
".was 51m11ar to group I (M3+EA) (p>0 1, Newman Keul s test)

;Hence the results,: after 3 days and 8 days ‘of morphine

_ &
;}.contrary to the results of Han et al (1979) (after 8.days of

»

’treatment, 'showed the same lack of cross tolerance ‘to' EA.

Table I1I also summarizes ‘the effects of EA on with-

drawal behav1our.f Group IV-VI were used to test- the effec-i

t1veness of EA in the treatment of Jumplng_behaviour (w1th-~

drawal 51gn).. -Group -IV (addicted mice, treated with EA)

showed sxgnificantly less . Jumping (only 6 out of 12 ‘mice

jumped), compared with the control group (11 out of 12 mice

/\
group, showed that' normal, non-addicted mice do not jump

'

H
H
s
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FIG. 1

: Electroacupuncture effects on morphine-add1cted mice
seven hours after morphine-pellet removal. Ordinate shows

average percentage change in latency to squeak; positive -
" values denote analgesia. Abscissa shows .the time of meas-

urements. -Each curve represents the average values from a

-gréup of. 12 mice. "M3+EA" ihdicates the EA effect on mice

that have been implanted with morph1ne pellets for 3 days.

/“M8+EA* shows the EA effect on mice that have been implanted

with morphine pellets for 8 days. “EA® indicates the . EA
effect op, non-addicated mice.  "M3+5" shows the effect of

- sham EA ofy mice that have been implanted with morphine-
pellets for 3 days. - .Bars show standard error. Arrows indi-
‘cate . -time’ bf EA treatment. ' S
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----#--;AfterApellet remova; ----- ===
Pellet Pre-requﬁsé;;Tfeatment Post-response
I (M3+4EA) _M.bbPe_llet _ Squeak: . EA . squeak
o zaays s ' R
II (M3+S) M. Pellet “Sque.ék.. Sham EA  squeak . P
3 days ‘ “
'I1I (EA) None Sqtvx"eak " EA Squeak
v M. Pellet Jumping EA ' Jumping
3 Aays ' o "
v- o M.‘Pellet'. Jumping . Restraiht "~ Jumping
3 .days “ '
vf A None _. 'Jumpiﬂg | '1§éstraint_ Jumping
VII (MB+EA) M.Péllet Squeak 'iEA‘ Squeak
8 days )
N - S S
M. = Morphline EA.=.E1ectfoécupunctufe
S‘ = Sh EA M3 =.Morphine pel;et(B days)
M8 = Mof hine pellet(8 days)
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TABLE II (RESULTS)

Group Pre- ' Post- - § Change - .Sta;isiics
n=12 -tequnse' response (pre vs Pbét)  | '
1  3.8%0.3* 5.940.3%% +5944% . P<0.001 t-test
11 4.810.2  5.310.4 +1342%° ' P>0.05 t-test
II1 4.640.2 » 5.940.15 +25%1.5% . p<0.001 t-test
" Anova, P<0.01 Newman Keul's test for III and I,« .
P<0.0l; for II and I, P<0.0l

IV 12 jumped 6 jumped -50% (6/12) ~ PX0.005,F-test
\' 12 jumped - 1lljumped *8%‘(11/12)3 for propdrtion
\'2¢ 0 jumpés\\\-—--b--- ‘ ---f;é-?-- _ ———mm oo
VII 4.510. 2 5.840.3 T~ +35#3% P<0.01 t-test

'ANOVA,‘p<d.01;.Newman Keul's test for III & VII P>0.1 0

* In Groubs.I, 11, III and VII these values were averagés of
3 conﬁréllvalues'pef”mouSef ﬁheh'thé‘aQerage of 12 mice
Qas‘ob;ainedf (+S.E.) . )

*%In groups I,1I,1II and VII thesé& values were averaged”froﬁ-g

20 min - .40 min for each mouse;—) then the average of

12 mice was obtained. (S.E

UL S~ SR ‘
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" DISCUSSION

@ B
Two clear resuf;s emerge from this paper. First tha;<
" ". : C .
EA in m1eé does not show cross tolerance with morphine;
v - . . . ‘
secondly that EA \produces beneficial effects on opiate with-

N

drawal. —
: v

‘The signifieance'of’theilack of cross tolerance is'net.
‘clear, sihce fhe ,literatqre >on cross toleranee is fu11 pf
cﬁnflic;ing evidence. 1In rats SPA and EA eeth ~shew cross -

. taleyance;,(Mayet and- Heyes, 1975; Hen et al, 1979f, but:

sﬁress analgeSie-does not (Bodnar et al, .1978).e' In mice
stress ahaléesia -shows cross tolerance (Brase et al, 1977)

i ‘but now we £ind that EA does not produce eioss tolerance in
el ‘the éouse. It is not clear whether spec1es dlfferences or
subtle d1fferences in methodology between investigators con-
tributes to these differences. Until the mechanisms of add-

iction are better understood, this conflict of results can-

not be easily resolved.

’ ‘ ‘ ) .
’ Our~experiment'on sham EA (group iI) was designed-:te.
‘rule out the effects of stress in the EA phenomenon.  More-
over the EA experiment is designed to minimize stress; vol-
tages are used which are well below the threshold for A-
delta pain f1bers (Pomeranz and Raley, 1979), he mice do
not squeak durlng the EA treatment suggesting that.EA.is.hot

a stressful procedure.
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".,compete with~naloxone.for the opiate receptovs

_the blockadelwhich causes. withdrawal effects. |
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\

" The significance of the beneficial effects of EA Zin .

!

'suppressing the 51gns of w1thdrawa1 is evident. It is con-

51stant clinical results which. show that EA helps the

addict through the difficult stages of opiate withdrawal.

' Moreover, our results agree with those in rats by Ng et al

- (1975) .and in mice by Ho et al (1978).. even though we used

an'entirely different,method of producing "withdrawal _(they .

Aused nalokone, we used acute,abstinence)._ Thus the presence
or absence of naloxone during w1thdrawal does not ;nterﬁere

w1th the effects of EA 1n reduc1ng withdrawal signs.  If EA

o

'operates by releasing endorphins, then both paradigms would

benefit from the acupuncture treatment. In the acute

abstinence experiment, the‘released endorphins wduld compen-

sate for the drop of morphine levels. In the naloxone pre-

c1pitated w1thdrawal paradigm, the- released endorphins would

and overcome

. A . .
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GENERAL DISCUSSION

-
e

of evidence supporting the 'EAA-endorphin

-’

published 'n:;hé topic of actipuncture énalgesia in the East

LS g

, éntTyn“thereAéfé numerous papers that have been
bbb _ h al

and West. More‘fmportantly, this'mpltidisciplinagy research‘

gives avconsistent.pict&te_suggqsting that EAA may be mainly

mediatedvby ‘endorphin or .serotonin.. Collectively, 'many

] lingg\\;:sJevideﬁce 'fndicate that EAA .may be mediated by
_endorph 5= _ : _ - R -

(i) EAA>is reversed by systemic (naloione in humans
(Mayer et al, 1977; Chapman éﬁd;Benedi;ti, 1977) and animals
'(Pomeranz'and'Chiu; 1976; Pomeranz andJCheng, 1975: " Cheng

and Pomeranz,. 1980a; zhang et al, 1979; Han et 31, 1979;

Takeshige et al, 1978). Microinjections of naioidne (10 ul)

into the. PAG, caudate, nucleus aéédmbens or hypothalamys

decreases aéupqncture analgesia in rats and rabbits, while
“.other éreaé which do not contain endorphins show no naloxone
effects (Zhang et al, 1979; Zou et al, 1979). ThisAﬁuggests
that cértain btain.regions céntrolling-the endogenoﬂs paiﬁ-

relieving systemé can b%-tfiggeted by acUpunéthre.v

(ii) EAA is mediated by stereospecific Opiéte recep-

tors;, dextronaloxone, an inactive isomer, has no effect on

EAA while Type I opiate antagonists, levo-naloxone, naltrex-

one, cyclazacine and diphrenorphine all block EAA (Cheng and

DALY el
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‘Pomexanz, 1980a) in mice. EAA is_also blocked by naloxazone N

(zhang, 1980), a high affinity opiate receptor blocker which

also blocks morphine analgesia (Pasternak et'al,'l9§0).

(iii) Peets and Pomeranz (1978) deﬁonst;ated that
mice (CXBK) genetically defieient in opiate receptg@ﬂ showe¥.

poor electroacupuncture anelgesie. ~« They vspechlated“that

: there‘,are geneticivariations in both humans and animals and

that about 30 to 40% of them would tespond boof}y to acu-
‘puncture dqe te-’a; poor 'endorphin system. This idea was
further confirmed by-TakeShige et al (1978) ,who obsehved
that those rats (40%).demehstrating no acupuncture analgesia
had a deficiency ih .total,’btefnihendorphins . measured by

receptor'binding assay. _

. (iv) A more direct veriiitation of the aeupuncture-

endorphin hypothesis is to measure the endorphin levels in

.

‘brain tissues, CSF and the spinal cord before and after acu-

puncture, Sjolund, Terenius and Erickson (1977) zeported
that transcutaneous electroacupuncture (TEA) on the 1lower
lumbar sbine (segmental TEA)_in.humans elevated lumbar CSF
endd{bhin.(ftaction I) concentrations, while TEA to HoKu
(noh—segmental TEA) did not. This *fraction I' endorphin
extract was found to cross-react with dynorphin. antibodies

(Terenius - persohal communication). Since‘dynorphin is

found in the dorsal root genglia (Goldstein et al, 1979), it

~is hypothesized that acupuncture can induce a local segmen-

tal release of endorphins; possibly dynorphin which may also

»




presynaptically inhibit the release of substance P. How-
&

..ever, H. Akil has shown that injecting dynorphin into thé

PAG or ventricular CSF produces no anaigesic effects in rats
(personal communication). Thus it is unclear whether dynor-

phin is an anélgesic substance. :

'

K. Tsou qnd his colleagués (1979) also found that EA
caused an ‘increése of endorphin (fraction I) levels in the '
cistefnal CSF in rabbits. Additiénally, the& found that
intraventricular injections of bacitracin ‘(retarding the
enzymatic degradation of enkephalins) plus aéupuncture
treatment' increased ‘mét-enkephalin‘_concentrations by. 3
times, whilg either treatment élohe has no significant
ef{egf’(Tsou et al,*1979). Another study by 2hang and, col~-
lesgueé (1979) demonstrated that fraction I endorphin
‘teleése was elevqted in the.PAG after acupunctufe treatment,
This experiment was done on awake rabbits bywusing phsh-pull
cannulae. HowgVer acupuncture had. no significang effect on
the fraction I levels in the caudate and nucleus accumbens.
Moreover, Candace Pert and L.K.Y. Ng also showed that endor~-
phin 1eve1§;(ftaction I) were increased in the ventriéular
CSF but decceésed in the hypoﬁhalamﬁs aftef eér-acupuncture
in rats (in press). All these results suggest that acupunc-

ture releases endorphins from brain into CSF.

Y

(v) It was shown that hypophysectomy abolishes EAA
(Cheng, M.Sc. thesis, 1977? and also that dexamethasone,

which inhibits the release of ACTH and beta-endorphin, ‘and

W W A s e e e e A A e " R a—adu,
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2% saline treatment, which depletes .pituitary endorphin all
reduce EAA (Cheng et al, l979f).“ These -findings“suggest
't;at pituitary endorphin is at least _partially involved in
mediating EAA.' Recently, it was reported that hypophysec-_
tomy ‘inhibits morphine'analgesia (Katz, 1980) and naloxone
hyperalgesia (Grevert"t al, 1978). This indicates that the;l
pituitary is a corequisite for opiate analgesia. Finally an
indirect_experiment.indicated ‘that EA may‘ release beta-

endorphin and ACTH, which'were released together into the

gp\ " . blood (Guillemln et al, 1977), Since cortisol levels - were
ﬁﬂﬁgl - elevated . after EAA in horses (Cheng et al, 1980h) and rab-‘
H . bits (Zzhang, 1980). o ' '

(vi) .It was demonstrated thatiDephenylalanine_and D-
leucine produced naloxone-revérsible analgesia in humans and
mice (Ehrenpreis et al., 1978, Cheng and Pomeranz, .1979d,

| Cheng and Pomeranz, 1980e). It was postulated that thesej
D-amino acids protected endorphins from .enzymatic' degrada-
tion. Recent biochemical evidence supports this hypotﬂesis,

-phenylalanine and D leucine can cross the blood brain bar-

rier (Okafor et al., 1980) and inhibit enkephalinases in'
guinea pig ileum assay (Greenberg et al., 1980) Combining
the D-amino acids and EA treatments- produced a higher anal-
gesia (and in larger numbers of mice) as compared to ‘éntherj"
treatment alone (Cheng and Pomeranz, 1980e). Presumbably EA
releases endorphins which are protected by the D-amino acids .
from enzymatic degradation- these combined effects pv§duce a

‘profound.analgesia. o . ) : .ﬁi_—
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II. Lineé{og.evidence suggesting EAA-serotonin mechanisms:

There are also many lines of eyidence indicating ‘that

EAA is also mediated by seroton1n. ‘ s

(1) The descendzng 1nh1bit1on by the raphe-serotonin

system - was first demonstrated by the Shen and co-workers in

-1975. They found that lesioning of the dorsolateral fasci-

::cugPs‘ (DLF) completely abollshed acupuncture analgesia in’

"_ McLennan et al. (1977) who showed that both electrical and

tabbits (Shen et al, 1975; Shen et al, 1978). In 1976,  Du

b

a Chao. . (1976) showed that lesioning the raphe magnus 1nhi- +

bited acupuncture analge51a. Thls result was: repeated by '

chemical 1e51ons of the raphe nucleus reduced .EAA 1n rabbits,

A

and rats. It was also found that the DLF system mediates'y-

" morphine analgesza and SPA (Basbaum and Fields,- 1978).

Intracerebral injection“of §,6-d1hydroxytrytag1ne in raphe

nucleus inhibited EAA. (Chiang et al, 1979).  Similarly,

m1cro1njectlon of naloxone 1nto the PAG part1ally reversed

EAA (Zhang et al, 1979).A Thus, 't» is suggested that the

raphe-DLF-serotonin system is linked in series to"thé/’

renhephal1nerg1c neurons in. the raphe nucleus and, PAG* How-‘

_ever, part of the PAG-EAA effect may by pass the bra1nstem_

‘enkephalxn system.: Recent results demonstrated that wh11e

low frequency (4Hz) EAA m1ght be mediated by endorphins high

Y

frequency (200Hz) EAA might be mediated by serotonin (and'

" not - endorphins):-~- ;he former was reversed by naloxone and-fy

R i e SRR PR

the later was partially reduced only by P—CPA,. a'»serotonin

~
-
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" synthesis inhibi};ar- (Cheng and Pome'ranz, 1979b).'

.
[

e »

(2). EAA was also abolished or reduced by manya dif-

ferent chemicals that -either depleted or antagonized the';%“

= L 4

. effect of brain serotonianshile drugs that enhanced }the

L. '
DS
P

‘; serotqnin‘ level' the CNS increased EAA (Han et al, 1979,

h Kin et al,'1979, Cheng and Pomeranz, 1980c)

,f" -

'r(q)'Another important piece of;evidence*fo;ﬁothe' EAA—

serotonin hypothe51s indicated that serotonin and its cata-; 'n"

bolite SHIAA were elevated in the CSF -('i ‘et 51; 11977),

Y ‘raphe vnucleUS and locus coerulus (Tung et al- Hen et 41,

. ~

important role in EAA.

1979), spinal cord (Chan, 1978-‘ Han et alq 1979), -and the

S whole brain (Han et-al, 1979, Kin et al, 1979) during EAA.

E
The above elevation of serotonin and 1ts-~metabolites ‘was

positively correlated ’toa the effect of EAA Han . and»co—':

workers (l979) further demonstrated that the seroton1n ‘con-"

-tent an its turnover rabe 1ncreased 1n the telencephalon,f '

B L

diencephalon, brain stem and spinal cord after one hour ofﬁ

-EA treatment in rats.‘ They also ohserved that ‘certain areas - \

of the CNS behaved differently in response to -,he same’ EA -

¥
stimulation. There was a marked 1ncrease in. SHT synthesis

in-the lower7 brain stem and spinal cord but a marked

fncrease of SHT turnover in diencephalon and telencephalon.

Thus'they concluded that the forebrain might -also .play‘_an

“~
A} . . B

-
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“ The above lines of evidence seem to"converge suggest—_

'ingv'that _EA. releases endorphin and/or serotonih for anal-A

éesia. Additionaply,~other hormones or neurotransmitters

may @ﬁrectly qr indirectly be involved (Cheng and Pomeranz,

-1980c). It appears that EA works through a' multi factorial L
,system. These may be triggered Simultaneously or indepen—

»dently which may be achieved by altering_the frequencies of

1I1I1. Otherfconsiderations:

Iontophoretically applied SHT or. noradrenaline inhi;>y

bits the response of dorsal horn cells evoked by nociceptive "

stimulation (Randic and Yu,s1976 Headly et al,.1978), while

vintrathecal application of SHT or noradrenaline in the. spi-
.and cats (Yaksh. and' Wilson, 1978)v Furthermore, it was
demonstrated (Yaksh 1979) that application of serotonin; or;

noradrenaline in the spinal cord_abolished-analgesia from

-~
-

morphine injected in the PAG. All these results implicate

) descending systems, which may modify spinal sensory process-
:ing by means- of serotonin or noradrenaline. Han and col-~
1 aguesg (1979), found that naloxone only partly blocked EAA -
in rats. ‘When the rats were "injected with P-CPA whiCh
blocked the synthesis of serotonin, EAA was also'only'partly '
~ reduced. However, when they combined the naloxone and P-CPA

treatments 1n-rabs, EAA_was completely,abolished.. It should ‘_'l

nal cordaalso prqduces profound analgesra in rats,“ rabbits.‘

RS
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be noted that Han et al (1979) used noxious electrical

.current of 5 mA to induce EAA yhich was .50 times greater
“than the threshol¢ for A-beta fiber stimulation (threshbld =
0.1mA; Pomeranz and Paley, 1979). <Zhang et al (1979) found

that "moderate strength EAA" (7.5 -~ 8 mA) was readily

reversed by naloxone in rabbits, while "superstrength EAA"'

(12.5 - 15 mA) was not. . This.would suggést that such high
gurreht stimulation may evoke a stfess-inducgd analgesia
which may.bé mediated by ndn—endorphih - systems; pdssibly

serotonin and/or noradrenaline are involved. 1In contrast,

non-noxious eleqtrical currents of low frquency EA (4 Hz,

k]

'0.2-0.3 mA at 0.1 ms duration) and high frequency (200 Hz,

) 0.1-0.2 mA at.O;l'ms duration) were able to trigger the
"endorphin and non-endorphin systems independently (Cheng and

Pomefanz,.19795);"

The results of the various studies of the mechahism of
EAA are summarized in Tables A and,B; Table A shows results
: 4

of 4 Hz and 200 Hz EAA while table B shows the results of

‘ ohly 200'Hz stimulation.

e
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Table A

Inhibit beta- endorphln

.
- —— - - -

release
3 2% saline feediﬁg Deplete pituitary a3
o J "endorphin ,
4 Type I opiate antagonists -

(1) Levo-naloxone) Block Type 1 .
(ii) Naltrexone Opiate Receptors
(iii)Cyclazocine
(iv) D1phrenorph1ne

5 Dextro-naloxone inactive isomer
6 'D-Leucine and + | may ‘enhance
D-Phenylalanine endorphins
7 ~Two EA treéatments Accumculative
at 3 hr apart. effect
8 Morphine addicted ° addiction
" mice during withdrawl
9 PCPA deplete 5-HT
10 Cinanserin 5-HT receptor
blocker
11 5-HTP J 5-HT precursor J
Key: reduce EAA; increase EAA;
* from my M.Sc. thesis ND = not

]

R

Ay S YT

P - - ————————

done -

.

no effect on EAA.
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Tablg B

Sdmmeryfof moanminergicedrugs on EAA at 200 Hz.

Drug ° Net Functional (.Zha.ng"'er EAA

1. TBZ . Sll"DJ{‘Nl,,’ »_y’*.‘ L
2. PCPA sy & IEE A

3. AMPT py Ny} |
4. Disulfiram ‘ST“ N , T o
5. - TBZ+SHTP _ s Dy Ny A »

. 6. TBZ+L-DOPA . s{ DN N} R (Partial)
7. - PCPA+5HTP . Normal ~ ~ R*
8. AMPT+L-DOPA (1 hr)- Dh N Y. R _
9. AMPT+L-DOPA (2 hrs.) . Dy NA R (Partial)
10. SHTP . sh I
11. L-DOPA o )

@ , -
12. Probenecid s4 oA ' . .1*
13. Apomorphine | ph oo | .¢
14. Cinanserin Sb. h ' - ‘_L*
15. Haloperidol | .DL | . ¥
16. Pimozide ; b} | ' .—_9
4;7. Yohimbine : . ' . Ny - ¥
S = Serotonin, D = Dopamine, N = Norepinephrine

R

ﬁecbvety of EAA after replacement drugs.
* only the data related to serotonin gave. .

consistent EAA results.
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IV. AN INTRICATE SYSTEM IS PROPOSED FOR JAA
|

By combxning the results in this thesis wiuh those in
the 11terature I propose an intricate system for the mechan-
isms of EAA (see figure B) . Namely, EA at' 4 Hz may stimu-
late 'the "sensory receptor in the deep muscle causing the

‘midbrain PAG to release enkephalins which activates the dor-

sal raphe nucleus or nucleus raphe magnus and nucleus ret*r

cularis magnocellularis (Rmc) to send down descending inhi-

‘bitions 'along the DLF to the spinal cord. The'raphe-DLF .

system may be mediated by the neurotransmitter,. serotonin

(while the Rmc-DLF systems may be mediated by noradrena-:

line). 1In parallel, EA:u(4 Hz) may . stimulate the beta-
. endorphins neurons in'tbe hypothalamus. These hypothalamic
'neurons project to diffeTemt.areas of the brain '(e.g. PAG,
'periventricular nucleus ' of: thalamus, accumbens, amygdala)
_and may release beta endorph1n for paln-rel1ef. Addition-
ally, thev bypothalamus may also produce a releasing factor
to stimulate'the.release of pitujtary endorphins and .ACTH
 The pitultary endorphlns may be released into the blood cir-
'pculatlon, or may backflow into the CSF (the endorph1ns in
the c1rculatlon have to pass through the blood- bra1n barr1er
to bind to- the_opzate receptors for analges1a).,»If theAacu-
puncture' points and the painful areas are in the same seg~
mental levels, 'EA (4 Hz) may  also directly stimulate the
'endorphlxs -“n thetspinal cord. The spinal ‘cord - -endorphins

may presynaptlcally inh1b1t the release of the neurotram-

sitters ‘small primary afferent fibres and

S
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Figure A )

At low frequency (4Hz), EA-may'stimulaté ‘the -midbrain

(PAG) to release enkephaliné which will indirectly stimulate .

~ the _raphe, nucieus(RN) and/o:’ reticular 'magnocelluiar-
hucleus(Rmc)“\;o send a deséending inhibition on the spinal
cofd'painléells: _Serotonin and noradrenaline are probably
the nmeurotransmitters' involved in .the RN and- Rmc systems
respéc;ively. Ih' parallél, EA m#y 6156 stimulate tﬁe
? hypqthalamus and pituitary. to. releﬁse beta-endpfphin or
.dynorphin. :The pitqitary endorphiﬁs‘may either go. through

+ the od-brain barrier or backflow to fhe hypothalamus or

CSF and Hind to thé qbiate receptors in the spinal cord and
the brain. In addition, low frequency(4Hz) EA may cause the
tal release of endorphins from the spinal cord  Enfer-
heurons. and bind to the opiate receptors 1in the pain

, transmission cells. . .
o \
High frequency (200Hz) ,Z EA appears to stimulate

\

directly -the RN agd Rmc descending inhibitory systems, by-
passingithe endorphin system. ‘

| (DetaiIs of these sYstems are deécribed in .the text.)
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thus block the pain message (nociception) Furthermore,
high - frequency (200 Hz) EAA may activate sensory nerves and

‘ directly stimulate the DLF-serotonin descending inhibitory

systems, by-passing the PAC-endorphin systems.

In summary, low frequency (4 Hz) EA may stimulate' thi

release of endorphfns in the spinal. cord, midbrain,

_hypothalamus and pituitary for pain relief, while high fre-\

quency 1200 Hz)‘ may directly stimulate the DLF-Jphibitory x
N ‘ systems, thus avoiding the e&dorphin 11nks. The details and

evidences for this intkicate system of EAA are discussed

according to the sites of EA actions as follows:

A

V. Possible anatomical sites.of EAA mechanisms:

Collectively,\the acupuncture-endorphin hypothesis may

be divided into three levels of analgesia:

»

(A) Local : Such analge51a is probably localizedm
-over a small area due to a segmental release of endorphins "
in the"spinal cord according to the area of stimulation.
Several lines of evidence_have suggested that substance P is
the neurotransmitter at the terminals of small primary
afferent (A-delta and C) fibres responsible for pain-
transmission (Leeman, 1979). Immunohistochemical analysis
has revealed that enkephalin and substance P neurons have an.
intimate spatial relationship in the spinal cord and brain"
stem (Hokfelt et‘al, 1977). Depleting substance P hy cap-

“ saicin produces analgesia and enhances morphine analgesia

e rbcom— o ot aa s - 4 e e et o e mm s ce eg A min mee s 4 s ¢ mem e o et e C e s - e e
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'(Yaksh, 1979). Moreovér, it hlas been demonstrated {Mudge et
al, 1979; Jessell ahd Iversen, 1977) .that endorphins are
able to euppress the telease f subethnce :’b.§onsequently,
the release of'endorphins may preeyneptically_inhibit noxi- .
‘ous input (Duggahlet‘al,.1976) If substance P fs the ngﬁro-
transmitter that plays a role in the perception of pain, the
closely assotiated enkephalinergic neurons will inhibit nox-
ious input rapidly, since it takes about 1 msec. fot the

reledsed endotphin to cross the SynapYe and cause an affect.

Clinically, it is often .observed that - EA produces
greater_'analgesia if the painful area and the acupuncture
points are at the same speciffc segment(Chapmen et al i976).
Sjolund and colleagues (1977) demonstrated that transcutane-
ous electroacepuncture (TEA) treatmentvupon'the lumber area
elevates endorphin 1levels in human lumbar CSF but TEA at a
diétal site {Hoku - First Interosseus muscle on .the hand)
does not change the %Qdorphin level in the human lumbar CSF.
Terenius and his colleagues cpefeoﬁal communication) have
found that 1low frequency transcutaneous electroacupunctere
increases endorphin levels in human lumbar CSF but that high
frequency EA has no ‘effect on CSF-enddrphins su$gesting‘thet“
low frequency EA is a better technique for releasing _spieal
endorphins for 'segmental pain-relief. Application of opi-
ates or endorphin on the spinal cord teduces the noxious
output of lamina V neurons (Duggan et, al, 1976) or'produces
a behaviorally defined analgesia in rabbits, rats, cats and

Pimates (Yaksh.and Rudy, 1976; Yaksh and Rudy, 1977} Wong,

v
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1977; Yaksh, 1978). Systemic injection of naloxone also
antagonized the EA suppression of the noxious output of lam-
ina V in cats (Cheng, M.Sc. thesis, 1977; Pomeranz and
Cheng, 1979). RecéhtIy, Peets and Pomeranz demonstrated

that miéroinjection of naloxone in the spinal cord abolisheé

transcutaneous nerve stimulation analgesia in rats (personal

[REAUNE .
PSR TS »

communiqation).
(B) Regional : Regional analgesia may bé due to- the
rélease of enkephalins in the midbrain. These enképhalinS-
stimulate the raphe nucleus promoting descending inhibitioﬁ
to -noxious input via the dorsolateral fasciculus to Spinal
regions. Ma&er et al (1971) and Liesbeskind et al (1973)°
advocate the existence of regional mapping in the midbrain
and that stimulation of certain midbrain areas will cause
analgesia in only'paft of the body. Acupuncture mﬁy exert a
similar regional-analgesic effect. For example,— low fre-
quency (4 Hz) EA may.activate'the periaqueductal'gray (PAG)
to release enkephalins (Pomeranz and Cheng, 1979; Cheng and
Pomeranz, 1979b) which can act on the brainstem area (Watson
et al, 1977). It has beén dgmonstrated that the nucleus

raphe magnus releases serotonin while the nucleus reticu-

laris magnocellulis releases noradrenaline through the DLF

(Basba®m and Fields, 1978). It should be noted in relation
to EAA that the micro-injection of naloxone into PAG partly
reversed EAA (Zhang et al, 1979), while lesioning of the DLF

(Shen, 1975) and raphe.nucleus (Shen,1976; McLennan et al,

- e p e e e gs T e e v m e s
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1977) abolished EAA. Recent evidence suggests thag mici?in-
jection of ﬁorphineiiﬁto the PAG evokes the release of Sero-
tonin from ’the spinal cord (faksh and Tyce, 1979). Conse-
queﬁtly, the inhibi£ion of the spinal sénsory system by the
PAG opiate: compl ex associated with gptinociception appears
to bé mediated by the joint excitation of serotonin and
noradrenaline terminals in the sbinal cord via the DLF .
(Yaksh, 1978). 1In the PAG, the release of enkepha&in‘iﬁay.
bind to opiéte recéptbrs ‘on the neurons that inhibit ;he
nucleus reticularis magnocellularis (NRM). or " nucleus raphe
magnus _(NRM) (Basbaum andﬂfields; 1978) . This enkephalin-
opiate receptor binding inhibits.the neurghal _firing, . pro-

"moting descending inhibitory systems.

At high freéuency stimulation, EA-probabiy stimulates
the raphe neurons also producing a descénding inhibition to
the spinal cord;through the dorsolateral fascicylus and this
seemf to be médfatea by serotonin. Since high freqdency EAA
is not bloqked by na;oxone.and is only partially reversed by
depleting serotonin (Cheng and Pomeranz, 1979b), other des-
cending systems such as the nucleus reticularis magnocellu-
lafisplmay also be stimulaéed. From ofher studies on :nal-
gesia, it is.most probable thaf noradrenaline is involved in
this ’sygtem' (Yaksh, 1979; Basbaum and Fields, 1978). Thus
high frequency EA maj direcély stimulate descending inQ{pij
tory-;ﬁeu;ons by-passing the endorphin-link mapping i% the

PAG.
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(C) Geheral : EA was shown to exert a segmental and

non-segmental 'effect.- Chapmaﬁ et al (1975)‘observed that‘

_non-segmentél EA (Hoku on the hand) pioduced a 40% analgesia

on tooth-péin, while segmental EA (chébkéagea) pfoduced 185% f‘
analgesia._‘However, it was demonstrated-‘by Chiang et ‘a1 
(1973) that the non—segmenﬁal EA s;i@ulation on ﬁoku éaus?d-'
an increase in pain threshold over tﬁé:entiie::bodyl withbuﬁ
significant differences ambng differént body areas. Thié
non-segmental EAA is quite differehé»from;ghe lécal ‘Qegmenr
tal pain relief and may be -mainl? dué to brain .and/ or
pituitary endQ;phin release. Thé:eféfé; in.a pa;alleliAsys-
tem, especially at low frequenéyfelectriggl current, EA maz;
stimulate the hypothalamus and‘pituiiafy to releése bgﬁ;fi
eﬁdorphin and. Acfh\~4éheng et ai, 1§79f),.which.may séréé '
both painfrelieving and therapeufic functiéns. Pituitary

endorphins can either be released into the blood stream or

: » o _ 4 n
" directly into the CSF.. Evidence for pituitary-brain tran="—

sport has been demonsftated by Mezey énd‘colleagues (1978).
The'backflow of pituitéty hormqﬁes to tﬁe5_hypdthaiamu§ may
be ‘bart1x$ vagéular:v{a the‘hypqthalamic hypophysial portal
system and to dthe;~5£a§n areas Qia the CSF. Hypothalahic ‘

beta-endorphin neurons in the arcuate nucleus are also shown

to project to the PAG, locus coerulus, reticular formation,
B4 . .

medial amygdala, accumbens and thé‘periveptricuiar nucleus

of thalamﬁs - (Barchas et -al, 1978). It is still not

) clea;,howevér, whether EA has a direct;effect on stimulation

- L - o
of these 1long projecting beta-endorphin neurons of the

-
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-hypothalamus.’ If indeed, EA has a strong effect in releas- o

ing hypothalamic and pituitary endorphiﬁs,- the janalgesic‘

effect will probably' cover the_ﬁhole_body and be of long

- duration, since these high molecular weight endorphins can

*

reach a wide variety of brain regions by passing through the

blood-brain barrier or via. the CSF  in- eﬁiciting generalluaiﬂ‘

analgesia. Recently, a novel endorphin, qynorphin, was found

in the posterior pituitary gland (Goldsteln ‘et- al, 1979)

bwhile beta endorphln» was found in the- anterior pituitary'

S

(Goldstein 1976). Further research is reguio&d to.find out.

whether dynorphin is involved in EA or streSs—induced anal-

,gisia.

“n




\ " GEnERAL summary

L]

This thesis is composed of ten chapters showing dif—;g.

ferent approaches to investigate the mechanisms of EAA--

(l) Chapter l.dTwo different’-nokious ~responseE’ were

measured and compared in the ~same mice by shining a hot lamp

e

H'on the heel Two kinds of noxious responses were obtaineda"'

measuring the latenCies for leg withdrawal and vocalization

(squeak).f In 58 mice, the average le’-withdrawal latency'
was 2 4740.02 sec. and .average squeak latency was 3 64+0 02

~ sec, - These two responses showed a highw'orrelation coeffi-

L cient.. Thus the vocalization method whs used to study the N
'?4/ S pain threshold during electroacupuncture analgeSia.

S S - ‘_. . | . , ‘ 'r‘-'l . 4‘.“ 'A_‘ ‘
(2)  Chapter 2: Dextro-naloxone, a. recently‘:sYan-
ST _f,ﬁthesized' ste{eoiSOmer with much'less opiate‘receptor affinEs<’h

ity than levo-naloxone, produces. no reversal of electroacu-

.

puncture anal esia (EAA) in mice._ Since levo-naloxone cqm-_*“
plitely reverses‘EhA, this’ suggests that stereospeCific opi-
ate receptors are involved Moreover it has been reported

_ T W .
that there are-two classes of opiate\receptors. Type I a~9~\

) Type 'II. . Type 1. opiate receptors may be responsib1e4f/r

- opiate analgesia. ‘In this"eXperiment I show 'that ahtagon-;

ist of Type I receptors, levo-naloxone, naltrexone, cycla<:

at low. doses. All together, these results strongly:

_suppor the hypotheSis that electroacupuncture analgesia ‘is_
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_ mediated‘by opiate receptors. Poss1bly Type I receptors are

the major component of this system. ¢

I

(3)';Chapter'3: .DeXamethasone, a- cortisol . analogue

which' inhibits 'ACTH' and' endorphin ' release in a negative'

:feedback system, partlally reduces EAA in mice. In add1-,‘

tion, mice fed 2% sal1ne for '3 days (thxs reduces p1tu1tary y f

endorphln levels) had a complete loss of EAA. These two
efgérlments support the prev;ous f1nd1ng that hypophysectomy _}

" abolishes EAA. - Altogether, these results implicate pitui-’

.-: ~

(4). Chaptér 4: It was hypothesized that electroacu-.
puncture releases beta-endofphin and ACTH from the pitui- -

tary.. Since ACTH induces the release of cortisol"from"the‘

- adrenal 'glands,_ blood cortlsol level should be enhanced by

electroacupuncture. The present result shows that the blood_-

.tagy endorphlns 1n.EEA. ' ‘ _'_Y~ 3': L e e

© o

cortisol levels of awake horses are signlficantly increasediqn;’m

after 30 min. of electroacupuncture treatment wh11e the shamjlﬁlyf7"

acupuncture treatment (control) shows _an_.nnsiqnificantf}yf'

effect. L

(5) Chapter 5: This experlment shows dlfferent levels

of EAA’ induced by three d1fferent frequencies of stlmulatlon&

(i.e. 0.2, 4 and 200 Hz): hlghest analges1a is induced ,atg

200 Hz and lowest at 0.2 Hz., Naloxone (1 mg/kg) completely
reverses the EAA effects at’ low frequency stlmulatlon (4 HZ)

but produces no inhib;\Ton at high frequency stimulat1on

(200_Hz).' Conversely, parachlorophenylalan1ne (320 mg/kg),-
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\

L’ dgdgi which. Suppfesses‘serotqnfn'levels parfiélly‘blocks”
the high fteqﬁenéy (200 Hz) analgesia but pfoducég no éffect
'onf1£hé-‘lowff;eQuency_ (4 Hz) EAA. This-suggeSts Ehat'EAA
bfinduézd by low freqdenc?_ stimulation may be mediated by
‘endorphins while .high‘ frequency stimulation is not endor-
phiﬁergﬁc but may be paftly due to setotoniﬁ._ The serotonin

méchanism-is further explored in the. next chaptérl

i

(6) Chapter 6: - R .

‘This egpetimeht-was carried out to study the effects
of systemic iﬁjections of mohoamine depletors, enhanceréfapd

receptor_blockers‘oniéAA iﬁa mice, The following results

emerged: S ‘6

- (i) EAA is reduced by using non-specific depletors of
monoamines (tetrabenazine, TBZ) or specific depletors (para-
-:'chlbrpphenylalanine; P-CPA" for serotonin, alpha-methyl—

;pq;atyrosine, _AMPT'for‘éatecholamines). 'éonversely, deple-

tion gf noradrenaline by disulfiram enhances EAA.

fii)1Rep1acement.of deﬁieteqfcerebra1 honoamines after
j:TBZ by.%heir precursors (S—hydréxytfyfophan, SHTP or L-DOPA)
restores EAA.

 (iii)'EAA is enhahced'by Hpoteﬂtiating ;efotonin and
jdopémine by pfobenecid. ‘it is also enhanced.by the adminis--
o t:atioh'of precursofs oka*pOPA(for“dbpaﬁine) and of SHTP

i

(for éerothin). The Qpecific dopamine receptor agonist,

‘apomorphine reduces EAA. -
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(iv).EAA is also reduced by dopamine receptér blockade

-

- such  as haloperidol, or specific blockade of noradrenaline

(by yohimbine) or serotonin {by cinahserin). .However,’

blockade of dopamine by pimozide has nq‘éibnjficant effect

on EAA.

These results were similar. .to SPA (stimulation-

producéd-analgeSia‘ by .implanting .electrodes in the braih)

for most of the -drugs‘.tested.‘ Consistent results were

obtained .only_ with ﬁanipulations of serotonin,'thié ind}—‘
cated that.EAAv(at 200 Hz) is mediated by serotonin. . Since
previous stqdiéé show that raﬁhe.dr DLF (dbrsolateral'fasbi-
culus) lesions aboljshed~EAA,.it is postulatéd.that the des-’
cending axons . from the'.réphe'nucleus iﬁhibit séinal cord
nociception éuring‘:EAA by vFeleasing ‘se;otonin. ; Recent
biochemical étudies on EAA aI§0<support”this‘éostulate.

(7). Chapter 7: It ﬁas‘ been hypothesized. that . D=
phenylalanine and D—léhc}ne produce analgeéia by ﬁroéééﬁing

endorphins from enzymatic degradation. ‘Thus the. idea - that

* b-amino acids may produce analgesia via the endorphin system

is’ tested-by examining the effect of D-leucine and D-

.

phenylalaniné on ‘mice with cohgenitaliy'ébnormal endorphin

.systems. In three strains of mice D-amino acid analgesia.

ranks in the order of ob/ob>B6AF1/J>CXBK. This correlates’

with the endorphin abnormalities in these mice: Obesity

~mice ‘(ob/ob) are high in pituitary beta-endorphin and CXBK:

. low in opiate receptors. This .result, along with the nalox-
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one reversibility of the analgesia, supports the inuplveﬁent
of endorphins in DAA analgesia. |

(8) Chapter 8: The -‘D-amino acids _° (DAA), D-

thehylafanine 'and D-leucine, produce  naloxone reversible

R

analgesia; electroacupuncture (EA) also produces analgesia

which - is blocked by naloxone. Combining the two treatments

'ptoduces an additive_effeat with -a larger analgesia than

- that produced by either treatment given alone; this com-

binéd.efféctAis also blocked by nalbxohe., Moreover shly'62%
of the mica show EA analgesia and 53% show DAA analgesia,
- 80% of the anlmals show marked analgesia W1th both 'EA plus
DAA treatment. Perhaps the sombination of EA with,DAAvwfll

provide a potent method for the treatment of clinical pain.

(9) Chapter 9: EAA is enhanced by ‘two treatments

given - three hours apart. 1In addition, 15/15(100%) of the

mice showed significant EAA -after the second - EA treatment,

while only 8/15 (53%) of the mice showed significant EAA

wheniihey were treated with sham and normal EA trqatments at

three hours apart.

(10) .Chapter 10: Mice were addicted to opiate using
‘morphiné pslléts (75~mg morphine base ‘per pellet) implanted

‘'subcutaneously; the'pellets were theh surgically removed

after 3 or 8 daYS. bhring horphiné/abstinenée,(7'h after

pellet reﬁbval), the mic ere treated Qith electtbacupunc;

tura._ The results 4indic te ' that EA‘ analgesia shows no

‘e

| cross-tolerance to morphine. Additia:flly, EA" reduced.

s
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withdrawal behaviour (jumping) -

, _
morphine absti&?nce.
. o \ L

In.cohc1us§on, an intricate system is proposed for the

mechanisms of électroaqupuncture analgesia (refer to "GEN-

\

| ERAL DISCUSSION®).

in 50% of the mice during’
T f . S .
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APPENDX (B)z
' LIST OF ABBREVIATIONS
' ACTHf' = corticotropin ks
. F 2 [ ' ‘ ’ L . . .
- ALT = anterolateral tract T e
AMPT .'é-'alpha-methyl para-tyros1ne 5\\‘

% GsF - = 'cerebrospinal fluid " o
DAA' _ = D-amiﬁo a01ds (D-phenylalanlne and D- 1euc1ne)

DLF

= dorsolateral fasciculus
EA = electtoacupuncture = -} o ,' ; E B
- "EAA = electroacupuncture analgesia L e
_EEG.’ = ielectroencephalogram . |
| : £SHf. "= follicle stlmulating hormone.i N i‘. ' l './-
‘ S-ﬁTP, ; 5-hydroxytryptophan.' . P .
. Bz = Herz » ‘ A
E L '_ : -L-DbRA*; L-3, 4-dlhydroxypheny1alanine
? - L  -LH"' = lutelnizing hormone NG
4f~Q : ;“lLPﬂf P ? ‘lipotropin ”?irﬁ .
g. ‘ ,.€5\.v-  j. ﬂﬁC' ﬁﬂf “morphine-like compound
| | IV-MSH 'f?%'fmelanocyte stimulat1ng hormone N - ;-‘ o i; {;
CNRM = nucleus raphe magnus ‘ - T _:“ii>
'iﬁAD:?‘ 5‘ prxmary affetent depolarxzatlon:hgi a _ ; .‘ :  ¢;“3
PAG - . =Vzperiaqueducta1 gray.v 'l".ﬁ% o

1-PAH"f = 1primary affetent hyperpolarization .

.

PO QPQPA = 'parachlorophenylalanxne

l.[l', ‘f;‘:'-'-_ RIA ‘ = zadio1mmunoassay

o . " RN o= faphae nucﬂeus
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RRA

= radio-receptor assay
. SPA = stimulatlon-produced analgesia
‘sz_'- = tetrabenazine
) i Acupuncture points:
‘,813.: "6 cm fromrthe popllteal fossa
‘818.: in the mlddle of the. gluteal sulcus
B47 : 4 .cm be51de the lower end of the splnous process
.‘of the first lumbar vertebra. o
BGS.r on the‘natural line of the ha1r, r1ght above ,
. the med1a1 end of the eyebrow. - .
G29 :

mlddle of the depression above the suprasternal
notch . - |
GB26 : on the same level as the umbilicz¥,_right

~on the mid-axillary line.

" GB30 : on the,postero-superior siaé of the greater
o trocban;er,’ . _ . .
5‘f Ki 1.3 oneféhird the disténce from thefcenter to »$f
| "the front of the planta, in the depression
wh1ch-1s present when the foot is rarsed LT
.Kiv2 : 1n the depre551on on the inferlor border .
of the tuberosity of ‘the’ nav1cu1ar bone.‘
LI 4 :.flrst interosseus muscle. |
PC @-r three cm'laterql to the nipple, over the

.gth intercostal space.
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(C) GENERAL HISTORY OF ACUPUNCTURE IN CHINESE MEDI-

?

-

2

The ancient art of treating diseases. . ahd \relieving

sae

pain by acupuncturEt s an integral part of Chinese medicine.

Although - there is no longer a record of its initial

discovery, some famous legends concerning acupuncture have

:per5151ted for about 5 000 years. According to one story,.

acupuhcture :was first discovered by ‘a group of warriors

iafter béing wounded by an arrow they sometimes noted a _sen—-

sation and miraculously recovered from ailments by which B

Q

they had been palqued for many years (The Academy of Tradi—

, tional Chinese Medicine, 1975). Another story tells of a

.w1se man who accidently struck his lower leg against a sharp

stone and relieved the pain in certain parts of hlS body.

Accordingﬂy, the first needles were made of sharp pieces of
'stones called pien ’ and thlS work eventually came to referA

“to the curring of diseases by pricking with 'a istone (Shuo

Wen - Ji Ei Analytical‘bictionary of Characterers, compiled

dur ing Han Dynasty 206 BC - ALD. 200).. Later Needles 'were'

&y

ﬂmade_ from £ bamboo, copper," 1rcn, gold, silver ‘and finally

stainless steel.'_,The‘ steql needles frequently used _at_

b'présent‘ vary from 17 to 20 cm in length and from 26 to 32 s

gauge injthickness (0.45 ‘mm to.0.26'mm.in dia.?.v

-

' The earliest record of a successfﬁi cure by .means of

acupuncture 1s described in a book called Shik chi (Histori?

cal Records) written 2,000 years ago.' The book states thatf.-”
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Pienéhueh, a famous physician of Warring IStates Period

-(475-221 BC) used acupuncture to revive a dylng patient
'already in coma. However, the classical method of acupunc—ryf
. ture is first described in Ling Shu, a special -chapter in

ang. Di Nei Ching (The Yellow Emperors s Book of Internal

Medicine) in which treatment of 51ckness, ‘meridlans and
p01nts, alleviation of pains in the head, ear, tooth, back,

,stomach, abdomen and the joints ar discussed in detaiI. and

P

embellished with Ch1nese medical theorles.
"4

3Invthe-Tsin Dynasty (A.D, 265-420) acupuncture was . in
popular usage and a more comprehen51b1e and systematic

text-book named the "ghen.Chiu Chia Yi Ching (ﬁn *Introduc-A

to Acupuncture " and Moxlbustlon) was published This

‘ted 649 acupuncture' points, maped out 349 bas1c

S on the human body and clearly reviewed the theory of

acupuncture and the needling techniques.

In the Tang Dynasty ( 18 -907) acupuncture was taught-
in the Imperial Medical College organizedlby the Chinese

Government,_and the method of needling spread to Korea,

‘Japan and India. °

‘ »
In the Ming Dynasty (1364-1644), extensive records of
pract1ca1 knowledge were accumulated and- summarxzed 1n a.

.book knownzas the ?Chen'Chiu'Ia‘Eheng” (compendium 3{.-acu-

puncture and moxibustion) which 'is stillv_inicommon use

today. e . g

'



'f During the Ching Dynasty (1644-1911) and 'Nationalistf’“
Chinese rule (1911-1949), the practice of acupuncture was v,
, suppressed, and- authorities banned the art. China was jaf.

this time being exposed to the vast body of Western science

.'.and medicine.i Yet the practice' of acupuncture»-and other- o

traditional healing arts still persisted«among the cpmmon

;~3'peop1e.j often knowledge was kept secret within families and-

g'pby means of acupuncture anesthesia.

-passed along from father to- son.. After the founding of’ the

*People s Republic of China, an attempt was made to combine:_

the ancient traditional healing arts with the relatively Lo

1'newly acquired Western technology.

1
_ There were many new developements during ‘this iaSt
'time period,,‘such as the use of electronic instruments andb
iacupuncture anesthesia starting 1n 1958. Since then, more
;than 400 000 /major and minor surgical operations (Small

yT J., 1974) have been performed on both adults and _children
SN R

'w, ’ * v
o w0

Acupuncture was first 1ntroduced in Europe by a Ger—:"'

'”;man, Dr E. Kampfer 1n 1683. ,But the significant ‘evaluation 5
“7of this subject was. done by George Soulie'. de Morant who

'wrote° Lt Acupuncture en Chine gt la Reflextherapie Moderne'

v'and Les Arguilles et 1es Moxas gn Chine 1n ‘1863.,f Acupun%ir
:j.tune' was gradually accepted by some countries in Europe,"
_ otably France, Germany and Austria.,; Only very recently;'
=(after President Richard Nixon visited Céina in 1970), wasii
r.acupunctur;’or specifically North America.:: A‘ surge# pf’
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(D) TRADITIONAL THEORY OF ACUPUNCTURE

a

_\The. classical theories of Chinese medlcine ' are'
‘“1ntegrate; with the ancient philosophy called is composed of
- a. cosmic field of force in wh1ch two basxc elements, ¥Yin and
Ylng, are. Perpetual complements in contlnuous change. Yang,'
_the positive, corresponds to such things as sun, day, heat,
'light, _ dryness, male .and life. Ying, the negatiVe,
corresponds to 'the' moon, night‘ cold, darkness,' water,.
%&emale, death and fmany others._ Yin and Yang - are said to be.
'dynamically opposed, yet are harmonizing energies' in the
'universe. Accordingly, these tw° elements are con51dered to
»comprise the balance of man's 'life energy called "ch1”
m-and; the human body 1S/Qreated as ‘a small universe system.
The ch1 c1rculates continuously throughout the body along
‘1nVisib1e pathwaySa»known as meridians, each of\wh1ch ori-"'
.ginates 1n one of the pr1ncipa1 internal 'organs' and then'
‘surfacesf to run along the outside of the body, somet1mes as‘
,1close‘as.a millimeter or two beneath»the sk1nw' The meridi— y'
ans are able to transmit sidnals of internal illness ln any
major.organ to the out51de, and can also transmit stimuli
b_..back to internal organs from the body surface..

In'all“there‘are seyenty40ne meridians in. the ~'human'

-

"laterals (Luo ).‘ Channels are the‘ main pathways running.ﬂ

Tty
N

'_lengthwise and are’ made up of twelve main channels and Eig

body and they are classified 1nto channels (Ching) and col-ff-“”f‘
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Extra-Channels, while the collaterals are d1v1sws into major
-collaterals a;d the sub—collaterals wh1ch connect one cannel
to anocher. v%ence the entire 'Chingluo system is distri-
boted over tne whole body and'connects-the viécefa with the

¢ four extremities, skin and the sense organs, making the body~

an organic whole."

‘ The twelve ChanneIS‘ate (An ontline 'of‘ Chinese Acu-
Runcture, 1975): ~ . wi o |
‘1. - The Lung Channel of hand-Taiyin (Lu) . .
"2, The larqe—%ntestfne—ehannel of Hand -Yangming (L I. )
3. The,stomach Channel of Foot-Yangming (St. ).
4, The Spleen Channel of Foot Talying (Sp. )
‘5.. TheAHeart Channel of Hand Shaoyin (H.).
' 6.‘1The small intestine Channel gf Hand- Taiyang (S 1. ).
Yil; The Ur inary. Bladder Channel of Foot-Taiyang (U B.).
| «vs. .The_Kidney Channel of Foot-Shaoyin (kl).
i:9;'_The.Per1cardium Channel of‘Hand Jueyin (P. )..
';n'%;lo, The‘Triple Warmer of Hand-shaoyang (T W. )._ﬂ
-' wll.ane_Gall Bladdev*Channel of Foot-Shaoyang (G B.).

'“#”'7_12} TheﬁLiver Channel of Foot—Jueyin (Liv ) o

Thegt are. also two 1mportant meridians’ running along

Tnthe‘midline of ‘the body.
. - \ ! ' : ]
Ty The Governing vessel (Go) runs along the back of the

%ody midline.
{‘fﬁ;,(Z) The conception vessel (Co)J}uns along:the-ffont of the
body midline.'” . | |

od R 1]
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-Acupuncture points lie along,all these meridians and

. can be used to affect the interrial organs of the body for

Y treating illneSSes. Traditional theory states that sickness
arises. when there is too much Yang"(OVer.tonification) or
too'much‘Yin (over sedation)} Therefor thé two ?forces are’
mot in gbalance and- the .chi 'doeswnot circulate smoothlyl'

| through‘ the meridians. Acupuncture will either toni\y orv.

l, - : }date the body to restore the smooth flow of this 'life

‘ernjergy’, hence balancing the Yang and Yin forces and - elim-

1nat1ng the illness.

It should be ‘borne in m1nd that this is not a' 'scien-
-tific theory but rather a methodology based ‘on an ancient
phLlosophical system. However,--it reveals 'the profound

,difference,tbetween the systems of thoughts in the East and

o theg}ist. .

=T
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LES HECANISHES DE L'ANALGESIE DE L' ELECTROACUPONCTURE DANS/LEUR RELATION
AVEC LES ENDORPBINES ET LES MONOAHINES"
UN SYSTEME ,com’uqtm EST SUGGERE
. . o b
Abstrait d'une th2se soumise en conformité avec les r2glements
pour41e diplame.de'Docteut en Philosophig a

1'Université de Toronto

RICHARD SHING SOU CHENG, 1980

Il a été suggéré (Cheng, thdse de M. Sc., 1977) que I'anéT§é91e de

1'é1e¢troaéuponcture (AEA) peut étre transmise par des endorph1nes, les

: pepiides ‘endog2nes qui ressenblent a2 la morphine.  Selon cette
" hypoth2se, 1'€lectroacuponcture (EA) peut stimuler la substan@e grise du

. périaqueduc (GPA du cerveau moyen) 2 décharger des enképhalines qui

activeront le systime inhibitif descendant du raphevFDL (falsceau

'..dorsolatérél) pour bloquer les signaux de dbuleur " (nociception) au

niveau du cordon médulaire. Parallélement 1'EA peut st1mu1er la glande _

—Lac-

.p1tu1ta1re a décharger des endorphxnes ppur produire: 1'analgés1e

4 v
Af1n d'explorer cette hypothése plus profondenent, plusieurs

études ont été faites sur les mécan1snes de 1! AEA dans leur relat1on“
avec les endorphlnes et les monoan1nes (seroton1ne, dopan;ne et  norep-
inephrine). Les expérlences d !A furent fa1tea sur des .soyris B6AF1/J

qui furent placéea dans des réceptacles en pap1er,.' Les -réactans

nocives a la .chaleur rayonnante furent mesurées ba?flea*intervalles

i ehfrg'cpuinements. L'EA futiapbliquée en insétaqt’des.aiguilleé_d'écier

T e e e e = sl e e e e i e
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inoxidable au . point d'acupgncture, HoKu (les prémiers muscles dorsaux

interosseux). -Sans saveir'lgdueile était utilieée, les drogues furent

L

ihjeetées dans 1le _péritoine. Les ﬁ_ésulfats suggdrent que 1'AEA est :‘(
tfaﬁbﬁiee par des!réce;;euis-efé:éospécifiqued opiacés; ' la -eenpoaanfe
brincipale 6tant peut-étreA%ies'.récepteurs‘ofiacée de type I-(ceux-ci
sont situés pr1nc1palemené‘fans 1es régions analgés1quea du systéme ner-
veux central et ‘sont peut-eére reaponsablea de 1'analgés1e op1acée) '
L' évxdence démontre aussi que 1 ‘AEA peut induire des béta—endorph1nes et';
dg l'ACTH qu1 sont hab1tue11ement décharsées ensemble. ~ La dex-_ﬁfel'
amethasone, un dérivé d&'la cortlsone, a sup;i1mé' 'ABA; probablementy“b
Jar une réact1on inhibitive négatxve de la déchatge p1tu1ta1te. Une:
~ ' aolugxonvsal1ne a 2Z, qui d1m1nue les endorph1nes p1tu1t31rea, réduit
| aues1 1 AEA. L' ACTH déchargée par 1! EA est cause de n1veaux élevés de
cortxsol et une étude démontre que 1 EA augmente Iea nlveaux de cortisol \
_du sang/ chez les chevaux Plusxeurs»expérxences (y-conprls uge pour—'
_cette'theée) suggErent que-les anano-ac1des-D (AAD) la phenylalanxne—n
.‘;et la 1euc1ne-D produ1sent 1! analgésxe en pr?tégeant les endorph1nes de
1a dégradatlon enzymatxque Les tra1tements conbxnés avec I‘EA et les
AAb ont ptoduxt une analgesle supér1eure chez les souris que 1 un dea
‘deux traxtementa seul. Cec1 suggére que 1'EA peut décharger des endor-
phines qui somt protégées par les AAD et ainsl 1! EA et les AAD ensemble
produisent uneianalgéaxe.supérleure.q-Cette étnde'montre~ausal-que 1'AEA

» agit chex les souris toleérant la notphlne et que 1'EA rédu1t les .

symptomes d'abstxnence chez la souris mor%%xnomane. Uneautre expér1ence

démontra que 1'AEA 2 basse fréquence 4 ﬂzjﬂpeut etre tranamlse par les
: endorpbxnes tandxs que. 1 AEA h haute fréquence (200 Hz) peut etre v

,transmlse par la seroton1ne. D'autres expér1ences de l'EA monttent que

et T e R e




les drogues qu1 mod1f1ent les nxveaux de doptnxne et de norepxnepht1nek

I3

ne vdonnent paa de réaultats cohérents tandxs que celles . qui mod1f1enti'

les niveaux de serotonine sont trés tégulxéres.

e Hre e ——— - - e i L RN SV S

Ajoutant les résultats de cette thése et ‘ceux d'autre ouvrages, Je

. . .
._suggére un syatéme compliqué des' mécanxsnes de. ﬁ;XEA L'EA 2 4 Hz

st1mu1e peut-etre les nerfs sensorlels affétenta a plusxeuts régxons du

cerveau. Dans la GPA du cerveau moyen, elle décharge des enképha11nes'

,qu1 actlvent les noyaux - du raphe A envoyer des thxbltxons deacendantea?

i

le long: du FDL au cordon médulaire afin dé bloquer leh signaux de -

'douleur'qﬁi arrivent. Le systéne 1nh1b1to1re deséendant du FDL est .

peut-étre transmis en partxe par le neurottansmetteur, ‘la eeroton1ne.

-

‘Parallélement 1 EA (k Hz) peut utlmuler les "neurons de la béta-

.'endorphxne dans 1'hypothala-ns et la glande p1tu1taire. Leo endorphxnes
';.p1tu1ta1res peuvent etre déchargéea dans la c1rcu1at1on sangu1ne, ou

_peuvent tecouler d1rectenent dans le FSC (les endorph1nes dans la cxrcu-

A L. . . J

~ lation doxvent passer par la barriare sang-cetveau pour etre 11éés aux
.téce‘pteurs.. opucés du cerveau: pout 1! analgéue) si lea .pomt:a
_ d'acuponcture et les régxona douloureuses sont dans les nane& tuveauxL
segmentaires, 1'EA (4 ‘Hz) peut asussi stimuler dxrecte-ent la dicharge
"des endorph1nes dans le: cordon nédu1a1re. L' ABA a haute fréquence (200
ﬂz) peut actxver 1es nerfs sensor1e13 qu1 stxnulent d1rectenent leg
:  syctEmes 1nh1b1to1rea de seroton1ne descendant du FDL, évxtant a1ns1 les

-

;systénes d'endorph1nes de la GPA.

Pour résumer, 1'BA a basae fréquence (4 Bz) péut stxmuler la

- . '-décharge des endorphlnes dans 1le cordon nédulaxre, le cerveau mbyen,*

'Ql'hypothalanus et la glande pxtu1ta1re pour apa1ser la donleur,, tand1s
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gue" 1'EA ‘2 .haute fréquence (200 Hz) peut stimuler directement. les
_isystdmes inhibitoires de serotonine du FDL, "évitant ainsi les ‘lienms - g
d'endorphine. e “ Ce : t )
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