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In a review article entitled “Neurochemical Basis of Acupuncture Analgesia” [1]
I summarized the relevant information up to 1980 on a worldwide basis. The
present review will cover only studies performed in the 1980s in my laboratory -
which are relevant to central neurotransmitters mediating acupuncture analgesia
(AA). To make the review brief there are no lengthy discussions on each topic. ’I‘he
reader is referred to original articles for relevant comments.

Animal Models for Acupuncture Analgesia

The study was started in 1965 by observing the basic phenomena of AA in healthy
human volunteers and in patients with or without neurological disorders [2]. To
study the mechanisms of AA, rabbits [3-5], rats [6-8], and occasionally mice [9]
were used as animal models. For nociceptive tests, I recorded the latency of the
tail flick response [7-9] or head jerk response [3-5] induced by radiant heat
applied to the skin of the tail or nostril region, or the threshold of vocalization in
response to subcutaneous electrical stimulation [6].

There has been some controversy over the category of afferent fibers carrys sig-
nals from acupuncture or electroacupuncture (EA) stimulation, especially over the
involvement of C fibers in the afferent nerves. To abolish C-fiber input capsaicin
was applied topically on the sciatic nerves of the rat. Blockade of C-fiber trans-
mission was verified by the disappearance of the C component in the composite
nerve impulse recordings and by the abolishment of the withdrawal of the hind
limb in response to noxious heating applied to the hind leg region. EA stimulation
was then adminstered through stainless steel needles inserted into the St.36 Zu-
sanli point (located below the knee joint) and Sp.6 Sanyinjiao point (in front of
the Achilles tendon). No significant difference in the effect of EA analgesia was
found between the capsaicin group and the control group in which the vehicle
(tween 80) was applied on both sciatic nerves. The results imply that C fibers are
not indispensible for the transmission of signals aroused by EA stimulation [10].

Concerning the question of whether the neuronal circuit of AA resides in the
spinal cord, the effect of AA in rats with spinal transection made at T3 level was
tested. The analgesic effect induced by EA (frequency from 2 Hz up to 100 Hz,
intensity from 3 V up to 9 V) applied to the hind legs, as assessed by the tail flick
latency (TFL), was almost totally abolished in the spinal animal, although the lum-
bosacral cord remained intact for the intraspinal connection between the neural
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structures receiving acupuncture input from the hind legs and that controlling the
tail flick response. The results suggest that a suprasegmental connection is cardi-
nal for the mediation of AA in this rat model [11].

One of the basic phenomena common in humans and in laboratory animals is
that while most of the individuals respond to acupuncture stimulation with an
increase in pain threshold (responders), a certain percentage fail to do so (nonre-
sponders). The incidence of nonresponders, usually in the range of 15%-20% in
rats, tends to increase in the spring season (data to be published). The underlying
mechanisms are as yet unknown. What is clear is that a good correlation exists
between the analgesic response to EA and that to morphine (3 mg/kg, s.c.;
r=0.76, n=113, P<0.001) [12]. In other words, a good responder to EA is also a
good responder to morphine, and vice versa. Since it has been suggested that both
EA and morphine release endogenous opioids, a decreased ability to release opi-
oids and an increased capability of releasing endogenous antagonists to opioids
might be the mechanisms underlying the nonresponsiveness to EA and morphine
(see below).

Classical Neurotransmitters Involved in Acupuncture Analgesia

5-Hydroxytryptamine

A series of studies were published in the 1970s to document the importance of
central 5-hydroxytryptamine (5-HT) in mediating AA in rabbits [13, 14], rats [15,
16], mice [16a], and humans [17]. In recent years attempts have been made to iden-
tify its site of action in the CNS and to characterize the necessary parameters of
EA to activate the 5-HT system.

To clarify the relative importance of 5-HT in the brain and in the spinal cord,
5-hydroxytryptophan (5-HTP), the precursor of 5-HT, and cinanserin, the 5-HT
receptor blocker, were injected either intracerebroventricularly (ICV) or intrathe-
cally (ITh) into the rat. Cinanserin produced a 66 % and 53 % decrease in the effect
of AA after ICV and ITh injection, respectively, whereas 5-HTP produced a 54%
and 47 % increase. The results indicate that 5-HT released in either the brain or the
spinal cord seems to play an equally important part in mediating AA [18].

Further studies were performed to identify the site of action in various brain
nuclei. The effect of AA was significantly attenuated when cinanserin was mi-
croinjected bilaterally into the nucleus accumbens [19], habenula [19], amygdala
[20], and periaqueductal gray matter (PAG) [21]. Administration of the same dose
of cinanserin (2 pg) to the vicinity of the four nuclei produced no significant
effects, showing site specificity of the 5-HT action.

It is interesting to note that while focal injection of cinanserin was very effective
in blocking analgesia produced by EA or by a small dose of morphine (2 and
4 mg/kg, SC), it failed to do so when the dose of morphine was increased to
6 mg/kg or more [21]. The former, therefore, seems to be mediated by serotonergic
pathways, whereas the latter must be the direct effect of morphine on morphine
receptors in nociceptive neurons.
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Administration of cinanserin to any of the four brain nuclei mentioned above
produced to significant changes in the pain threshold of the rabbit [18-21]. How-
ever, ITh injection of cinanserin in the rat produced a significant decrease in pain
threshold [22], suggesting a tonic release of 5-HT in the spinal cord of the rat.

In view of the notion that analgesia produced by EA of different parameters
(low versus high frequency and/or intensity, etc.) might be mediated by different
neurochemical mechanisms (see below), I decided to study the role of 5-HT in
analgesia produced by EA of different frequencies (2, 15, 100 Hz continuous, or
2-15 Hz alternate) and different intensities (3 and 9 V). Intraperitoneal (IP) injec-
tion of the 5-HT synthesis blocker parachlorophenylalanine (PCPA) methylester,
320 mg/kg, produced an almost equal degree (84%-90%) of suppression of EA
analgesia, no matter which frequency and intensity were used [23]. This is in con-
trast to the situation in the opioid system, in which different opioid peptides are
released in response to EA of different frequencies (see below).

Catecholamines

From the studies performed in the 1970s an apparently clear cut, yet oversimpli-
fied impression arose that catecholamines (CAs) and 5-HT play opposite roles in
mediating AA: AA is facilitated by 5-HT [13-17] and suppressed by central nor-
epinephrine (NE) [24, 25]. However, detailed studies revealed that NE seems to
play contradictory roles in the brain and spinal cord. Thus, dihydroxyphenylserine
(DOPS), a direct precursor of NE, suppressed AA in the brain (—65%) and po-
tentiated AA in the spinal cord (+37%); the alpha-adrenoceptor blocker phentol-
amine, in contrast, potentiated AA in the brain (+55%) and suppressed AA in the
spinal cord (—71%) [26].

To localize the site of action of NE in the brain, alpha-agonist clonidine and
alpha-antagonist phentolamine were injected into discrete brain areas in order to
observe their effects on EA analgesia [27]. The most impressive results were
obtained in the habenula, where clonidine suppressed and phentolamine poten-
tiated the effect of AA. Less marked results were obtained in the PAG and nucleus
accumbens, where clonidine lowered the effect of AA, but phentolamine showed
no significant potentiation. Injection of the same drugs into the amygdala was
without effect in this regard. : .

ITh injection of phentolamine (alpha blocker) was very effective in antagoniz-
ing EA analgesia, as it was in antagonizing the analgesia induced by systemically
administered morphine (2 and 4 mg/kg, but not 6 mg/kg, SC) [28]. That EA and
morphine may release NE in the spinal cord to exert an analgesic effect was sup-
ported by the findings that the spinal content of MHPG, a metabolic end product
of NE, was markedly increased after systemic injection of morphine, and that ITh
administered phentolamine was effective in blocking analgesia induced by systemi-
cally administered, but not ITh administered, morphine [28].



y-Aminobutyric Acid

In evaluating the role of GABA in mediating AA, a series of pharmacological
tools was used. Systematic administration of 3-mercaptopropionic acid (3-MP), an
inhibitor of GABA synthesis and release, markedly potentiated AA. This effect
was reversed by aminooxyacetic acid (AOAA), which inhibited GABA transami-
nase, thus retarding the degradation of GABA. Similar results were obtained when
morphine was used instead of EA. Administration of AOAA raised the GABA
content in the brain and suppressed EA and morphine analgesia, and this suppres-
sion could be reversed by the GABA-antagonist bicuculline, or GABA synthesis-
inhibitor isoniazid [29, 30]. In line with these results is the finding that EA and
morphine analgesia were attenuated by systematic diazepam, an effect totally
reversed by picrotoxin [31]. Radioreceptor assay revealed a several-fold increase in
the cerebral content of GABA after the inhibition of GABA transaminase by ICV
injection of y-vinyl-GABA (GVG); in the meantime there was a dose-dependent
decrease in the effect of EA and morphine analgesia. A negative correlation was
found between the cerebral GABA content and the effect of AA (r=—0.78,
n=23, P<0.01). The time course of the change in the effect of AA formed a mir-
ror image of that of the cerebral content of GABA [32]. Taken together, the results
implicate cerebral GABA as a powerful antagonist for EA and morphine anal-
gesia.

To localize its site of action, a microinjection was done into the PAG of
(a) 3-MP, 0.4 umol, to suppress GABA synthesis and release; (b) GVG, 50 nmol,
to increase GABA content, and (c) muscimol, 0.25-1 umol, to stimulate the
GABA receptor. Both EA and morphine analgesia were found to be markedly
potentiated by intra-PAG injection of 3-MP and suppressed by GVG or muscimol.
No such changes were observed when 3-MP was administered ITh to the rat. The
results implicate PAG as one of the strategic sites for GABA suppression of EA
analgesia [33].

Endogenous Opioids
Naloxone Blockade of*Acupuncture Analgesia

Following the first demonstration of blockade of AA in humans [34] and in mice
[35] by systemic naloxone, I was the first to show blockade of AA in rabbits by
ICV injection of naloxone [36]. In a mapping study naloxone was microinjected
bilaterally into discrete brain areas of the rabbit. Four nuclei were found into
which microinjection of naloxone (1 pg in each site) blocked the effect of AA by
more than 70%): PAG, nucleus accumbens, amygdala, and habenula; unilateral
injection showed significantly less effect [37]. These are the same four nuclei for
which microinjection of morphine (5-10 pg in each site) produced marked analge-
sia [38, 39]. )

Similar experiments were also carried out in rats, but the results were not as
clear. ICV injection of naloxone at doses at large as 20-40 ug was not able to
block AA [40]. It was only in rats with attenuated 5-HT function (injected with a
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moderate dose of PCPA, 200 mg/kg, IP) that ICV injection of naloxone produced -
a significant attenuation of AA [41]. In these experiments, EA stimulation was

used with frequency changing automatically from 2 Hz to 15 Hz every 5 s. Later it

was found that the reversibility of AA by naloxone depends very much on the fre-

quency of EA being used [42, 43]. Details will be discussed in the following sec-

tions.

Endogenous Opioids as Measured by Radioreceptor Assay

Radioreceptor assay revealed a 33 % increase in the cerebral content of opioids in
rats after 30-min EA stimulation. A positive correlation was found between the
effect of AA and the opioid content in the whole brain (r=0.61, n=20, P<0.01)
[44], especially in the forebrain (r=0.74, P<0.01) and the lower brain stem
(r=0.46, P<0.05), but not in the diencephalon [45].

In contrast to the 33 % increase in brain opioids, there was an 18% (P <0.05)
decrease in pituitary opioids [44]. Bilateral adrenalectomy of the rat produced a
significant increase both in pituitary opioid content (+31%) and the effect of AA
(+50%), whereas dexamethasone produced a decrease both in pituitary opioid
content (—37%) and the effect of AA (—54%) [46]. The mechanism by which
pituitary opioids mediate AA remains to be elucidated.

The blood level of opioids was measured by radioreceptor assay in a group of
healthy volunteers. Manual needling at one point, SJ.8 Sanyangluo (located in the
forearm between the radius and ulnar) for 30 min produced a marked increase
(+ 54%, paired ¢-test P<0.001) in blood opioids, and the postacupuncture opioid
level was found to be negatively correlated with changes in the pain sensitivity
(r=0.65, n=29, P<0.01). In the group without acupuncture, there was a ten-
dency towards a decrease in blood opioids in the same time period of experimen-
tation (P <0.01) [47]. The results were statistically highly significant, although the
physiological relevance of blood opioids to analgesia is still awaiting clarifica-
tion.

PB-Endorphin

A radioimmunoassay for immunoreactive f-endorphin (f-EP) was established.
using antiserum prepared in this laboratory with a titer of 1:3000, cross-reactivity '
with (Met5) enkephalin (ME) and (Leu5) enkephalin (LE) being less than 0.1%
[48]. Experiments in rats showed that EA stimulation of 2-15 Hz for 30 min pro-
duced a marked increase in ir S-EP content in the whole brain [49]. A positive
correlation was found between the effect of AA and the postacupuncture content
or ir B-EP [49]. When the brain was dissected into three parts, the telencephalon,
diencephalon, and lower brain stem, the best correlation was found in the dien-
cephalon (r=0.75, P<0.001), followed by the lower brain stem (r=0.60, P<
0.001) and telencephalon (r=0.42, P<0.05) [50]. This rank order was different
from that found by radioreceptor assay for measuring total opioids in the brain
[45], implying a differential role played by B-EP and other endogenous opioids
such as enkephalins and dynorphins.
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While the S-endorphinergic pathway has been clearly defined as emanating
from the arcuate nucleus of the hypothalamus (ARH) and ending in the PAG and
nucleus coeruleus [51], one report shows that most of the ir B-EP found in the
PAG has been N-acetylated during axoplasmic transportation in long tracts and
therefore does not function physiologically in the area of the PAG [52]. To test this
hypothesis, we injected monosodium glutamate into the arcuate nucleus of the
hypothalamus of the rat to stimulate the cell body rather than the fiber tracts. A
dose-dependent analgesia was observed, which could be completely reversed by
naloxone 1 pg injected into the PAG and partially reversed by intra-PAG injection
of B-EP-specific antiserum, and to a lesser extent by ME-specific antiserum, but
not by LE-specific antiserum [53]. The results suggest that §-EP in the PAG is not
only immunologically active but also physiologically active as a pain-modulating
peptide. Supporting this is the finding that the effect of AA can be significantly
attenuated by S-EP-specific antiserum which is supposed to bind B-EP being
released into the synaptic cleft, thus preventing its receptor activation [54].

Enkephalins

Radioimmunoassays for ir ME and LE were established using rabbit antisera pre-
pared in this laboratory [55]. The titer for ME antiserum was 1:6000, and cross-
reactivity to LE, B-EP, dynorphin A (dynA), and Met-enkephalin-Arg6-Phe7
(MEAP) was 1.1%, 0.8%, 0.12%, and 0.1%, respectively. The titer for LE anti-
serum was 1:8000, cross-reactivity to ME, §-EP, and DynA being 3.7 %, 0.1%, and
0.05 %, respectively.

EA of 2-15 Hz and 3 V was applied on hind leg points St.36 Zusanli and Sp.6
Sanyinjiao for 30 min, which produced a significant increase in the cerebral con-
tent of ir ME and LE in the caudate nucleus (P<0.05) and hypothalamus (P<
0.05). No significant changes were noted in the thalamus, brain stem, or spinal
cord. When the ir ME or LE content was plotted against the analgesic effect of
EA, a positive correlation was found for ME (caudate: r=0.44, P<0.05; hypo-
thalamus: r=0.45, P<0.05), but nor for LE. The results suggest that ME in the
brain may play a more important role than LE in mediating AA [56].

To compare the analgesic potency of ME and LE in spinal cord, rats were given
ITh injections of the two enkephalins to see their effect on the TFL. ME in the
range of 200-800 nmol produced a dose-dependent increase in TFL, whereas LE
was at least fourfold less effective. Thus, the analgesic effect of 800 nmol of LE
(+44%) was comparable to that of 200 nmol of ME (4 61%) [57].

Since enkephalins are known to be rapidly degraded by aminopeptidase and
dipeptidyl carboxypeptidase (“enkephalinase™), inhibitors of these two enzymes
were administered to try to protect enkephalins from rapid degradation. The anal-
gesic effect of ME (100 nmol) was markedly potentiated by an ITh injection of
bestatin, an aminopeptidase inhibitor, and this analgesia was totally abolished by
the.SC injection of naloxone 1 mg/kg, but not 0.1 mg/kg. Again, combined injec-
tion of bestatin with LE (200 nmol) produced no significant analgesia [58]. The
results are compatible with the notion that ME is a more powerful analgesic agent
than LE, at least at the spinal level. Concerning endogenously released enkepha-
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lins by AA, there are data to show that the effect of AA is markedly potentiated by
an ITh injection of the aminopeptidase inhibitor bestatin or the enkephalinase
inhibitor thiorphan [57], and this effect of AA could be blocked by ITh injection of
ME-specific antiserum, but not LE-specific antiserum [57].

Similar experiments were also performed in rabbits [59]. A dose-dependent
increase in the pain threshold was obtained when bestatin (0.15-0.16 pmol) or
thiorphan (0.1-0.4 pmol) was injected ICV. This effect was totally abolished by
naloxone (0.125 mg/kg, SC), which strongly indicates that the analgesia is opioid
in nature. ICV injection of bestatin or thiorphan in the rabbit was also shown to
potentiate and prolong the effect of AA, as well as the analgesia induced by a
small dose of morphine (2 mg/kg).

d-Phenylalanine (DPA) is a putative inhibitor of carboxypeptidase A as sug-
gested by Ehrenpreis [60]. ICV injection of DPA was shown to potentiate AA in
rabbits [61], rats [62], and mice [9]. This effect was drastically reversed by ICV
injection of naloxone [61]. It was interesting to note that while DPA (250 mg/kg,
IP) showed little influence on the ir ME and LE content in naive rats, it did pro-
duce a marked increase in the cerebral content of ME and LE in rats receiving EA
stimulation {62]. In light of this finding a cocktail of bestatin, thiorphan, and DPA
was prepared in an attempt to suppress completely the degradation of enkephalins
released from nerve terminals. Combined administration of bestatin and thior-
phan, 50 pug each, produced only a slight increase of ir ME in the hypothalamus,
suggesting that the turnover rate of cerebral enkephalins was rather low in a quies-
cent status. EA for 30 min increased the ME and LE content in the striatum and
hypothalamus by 40%. However, in rats given an ICV injection of bestatin and

. thiorphan together with an IP injection of DPA, EA increased the ME and LE

levels in the striatum and hypothalamus as much as 120%. The results were inter-
preted to mean that EA accelerated both the production and release of enkepha-
lins, and that the increase in release was compensated and even overcompensated
by the accelerated production. Moreover, an increase in the cerebral level of enke-
phalins induced by peptidase inhibitors was accompanied by an augmentation of
the effect of AA, which suggests that these accumulated enkephalins seem to be
physiologically active in terms of antinociception [63]. Further studies along this
line may lead to a useful in vivo technique for measuring the turnover rate of
enkephalins.

Dynorphins

Following the discoveries of enkephalins by Hughes et al. and of 8-EP by Li et al:
Goldstein and coworkers characterized a new C terminal-extended LE-dynorphin-
(1-13) [64], the full sequence of which was later shown to be composed of
17 amino acids and designated as dynorphin A (dynA) [65]. Being 700 times more
potent than LE in the guinea pig ileum assay, dynA showed little or no analgesic
effect upon IC injection. Thanks to Dr. Avram Goldstein’s generous gift of a sam-
ple of dynA, dynA was also tried at the spinal level to see whether it produces any
analgesic effect. A dose-dependent increase in TFL was found after ITh injection
of dynA in the range 5-40 pg (2.3-18.6 nmol). This finding was reported verbally
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at the 1982 International Narcotic Research Conference held near Boston [66].
The presentation raised a very interesting discussion, because people in many labo-
ratories had tried ITh injection of dynA in rats and failed to see any increase of
the nociceptive threshold. The difference between this experiment and that of
others seems to be the length of the time period between ITh cannulation and
drug administration. A clear-cut result could be obtained only when the injection
was performed within 24-48 h of cannula implantation. The decrease in the effec-
tiveness of dynA with time after cannulation was verified later by Herz and
coworkers [67] and many others [68]. It is interesting to mention that next to my
presentation in the same conference was the report given by M.F.Piercy, who
used freehand injection of dyn-(1-13) into the spinal cord of mice and found a
marked analgesic effect [69].

The mechanism by which the analgesic effect of dynA fades with time from
cannulation has not been fully clarified. Trauma to the spinal cord was shown to
increase ir dynA content in the cord tissue [70]. A tentative explanation is that can-
nulation may cause trauma to the spinal cord and that prolonged and profound
release of dynA may lead to a decreased sensitivity of or tolerance to this peptide.

A distinct characteristic of dynorphin analgesia is its relative resistance to nalo-
xone blockade. ITh injection of 5 nmol of dynA or 30 nmol of morphine pro-
duced an equipotent analgesic effect - an increase in TFL by 100%-150%. Nalo-
xone (25 nmol, ITh) completely abolished the analgesic effect of morphine, an
effect lasting for 1 h. However, it produced only a transient (15 min) and incom-
plete (50%) blockade of the analgesic effect of dynA [71]. A dose of naloxone as
high as 10 mg/kg, SC, was necessary for 50% blockade of dynorphin analgesia
[72], pointing to the possibility of activation of kappa-opioid receptors. No cross-
tolerance was found between morphine and dynA. However, rats with acquired
tolerance to dynA did show cross-tolerance to the kappa-agonist ethylketocyclazo-
cine (EKC) [71]. The results are consistent with the notion that dynA produces
analgesia in the rat by activating kappa-opioid receptors in the spinal cord.

While a low dose of dynA (2.5 nmol) elicited analgesia without motor distur-
bance, a high dose (10 nmol or more) produced various degrees of motor paralysis
which was naloxone irreversible. This motor effect seemed to be a feature com-
mon to many neuropeptides, including nonopioid peptides such as somatostatin
(S.Ferri, personal communication). Since motor paralysis may lead to prolonga-
tion of TFL, Spampinato and Candeletti used the tail flick and vocalization tests
jointly, the latter being irrelevant to spinal motor function. ITh injection of dynA
produced a significant increase in the vocalization threshold, thus providing
ample evidence for a decrease in nociception [73]. Recently, dynA-(1-13) at a dose
of 30 ug [74] and dynA-(1-13) amide at doses up to 400 pg [75] were given ITh to
patients with advanced cancer and intractable pain and proved to be a powerful
analgesic without any motor disturbance.

Since the effects of antinociception (small dose of dynA) and motor paralysis
(large dose) induced by exogenously administered dynA may represent a pharma-
cological outcome, it is essential to assess whether endogenously released dynA
shows any analgesic effect. EA was used as an effective measure of dynorphin-
release induction in the CNS. EA at hind leg points produced a marked increase
in the pain threshold measured either in the head or in the tail region. ITh injec-
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tion of dynA-specific antiserum blocks EA analgesia by 77% as measured in the
tail region but not on the head. This blocking effect lasts for at least 4 h [76]. In
rabbits with acquired tolerance to EA analgesia by long-term EA stimulation, ITh
injection of dynA no longer produces an analgesic effect. No analgesia was noted
when dynA was injected into the PAG, nor was EA analgesia blocked by antibody
injected into the PAG [76]. These results suggest that dynA reduces the nocicept
response in the spinal cord and may play an important role in mediating EA
analgesia at the spinal level.

Similar observations were performed for dynorphin B (dynB), a peptide derived
from the same precursor as dynA. A dose-dependent analgesia following its ITh
administration was observed in rats using the tail flick as a nociceptive test. A dose
of 20 nmol of dynB produced a comparable level of analgesia to 5 nmol of dynA
(increase in TFL by 90%). For the same degree of analgesia, dynB was 25% as
potent as dynA, and 50% more potent than morphine on a molar basis. The anal-
gesic effect of this dose of dynB was partially blocked by naloxone 10 mg/kg, but
not 1 mg/kg, given SC. The analgesia produced by dynB was unchanged in the
morphine-tolerant rat but was significantly decreased in rats tolerant to ethylketo-
cyclazocine (EKC) [77]. These results suggest that dynB, just as dynA, produces
analgesia by activation of kappa- rather than mu-opioid receptors in the rat spinal
cord.

Although dynA and dynB were supposed to activate the same category (kappa)
of opioid receptors, the combined use of subthreshold doses of dynA (1.25 nmol)
and dynB (5 nmol) in the rat produced a synergistic effect. Moreover, ITh injec-
tion of either dynA antiserum (1:10000, 0.25-4 ul) or dynB antiserum 1:15000,
0.5-2 pl) dose-dependently attenuated EA analgesia in rats. A combined use of
subthreshold doses of dynA antiserum (0.25 pul) and dynB antiserum (0.5 ul)
caused an 84% decrease in EA analgesia [78)]. The results indicate that dynB is
capable of potentiating the analgesic effect of dynA at the spinal cord.

Further study was done to explore the interaction between mu and kappa ago- -
nists. It was found that a composition of one-eighth the analgesic dose of dynA
(1.25 nmol) and one-quarter that of morphine (7.5 nmol) produces an analgesic
effect equipotent to a full dose of either drug applied separately [79]. The analgesic
effect induced by the dynA and morphine mixture was not accompanied by any
motor dysfunction and was easily reversed by a small dose (0.5 mg/kg) of nalo-
xone. The results indicate a synergism between dynorphin and morphine analge-
sia. In contrast to the situation in the spinal cord, dynA showed an antagonistic -
effect on morphine analgesia in the brain, the mechanism of which remains to be
elucidated [79]. The implication of mutual interaction between different opioids in
the mediation of AA will be discussed below. h

Microinjection of Antibodies for Studying Functions of Opioid Peptides

As can be seen from the previous description, the conventional method of admini-
stering exogenous peptide to the CNS to study its function has the drawback of
not being able to differentiate pharmacological effects from physiological ones.
More rational approaches of studying the functions of an endogenously released
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