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LARSON, A. A. Intrathecal GABA, glycine, taurine or beta-alanine elicits dyskinetic movements in mice. PHARMACOL
BIOCHEM BEHAY 32(2) 505-509, 1989.—Dyskinetic, writhing-like movements, similar to those produced in mice after an
intraperitoneal (IP) injection of acetic acid, were elicted by intrathecal (IT) injection of GABA, glycine, taurine or beta-
alanine. Baclofen and muscimol failed to produce this behavior. While acetic acid-induced writhing is inhibited by narcotic
and nonnarcotic compounds, GABA-induced writhing was found to be insensitive to pretreatment with either morphine or
capsaicin. Moreover, acetic acid-induced writhing does not appear to involve GABAergic transmission as IT injections of
nipecotic acid did not alter the intensity of response to IP acetic acid while it enhanced the response to IT GABA. Writhing
induced by glycine was not inhibited by strychnine at subconvulsive doses, suggesting that it involves an action at
strychnine-insensitive receptors. Together these data suggest that while the dyskinetic movements produced by inhibitory
amino acids do not appear to reflect an alteration in nociception, they may mimic either the motor response to abdominal

pain or spasticity.
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A wide variety of evidence exists that both glycine and
GABA act as inhibitory neurotransmitters in the brain and
spinal cord. Areas such as the substantia gelatinosa and
lamina V of the spinal cord, which are thought to be involved
in the processing of pain perception, contain both glycine
and GABA (3) as well as binding sites for these compounds
(19,24).

Several studies have focused on the roles of glycine and
GABA in pain transmission. These studies generally suggest
that GABA and glycine may play a minor role in the modula-
tion of pain perception. The exact role, however, is unclear
as both agonists as well as antagonists of, e.g., GABA, have
been shown to cause antinociception (21). Poisoning with
strychnine is reported to produce intense pain in humans
(4,9), however, both strychnine and glycine, when injected
intrathecally (IT) in rats, enhance vocalization in response to
light cutaneous stimulation (6). Intrathecally injected in
mice, strychnine produces biting and scratching behavior at
subconvulsive doses (15) which has been argued to reflect
enhanced nociception. Morphine sulfate, however, a potent
analgesic agent, has also been found to produce a similar
motor response consisting of intense biting and scratching
after IT injection (23). Also reported to elicit an antinocicep-
tive effect in a variety of analgesic assays are baclofen (20,22),
a GABA-B agonist, kojic amine, an analog of GABA (17),
muscimol (10), a GABA-A agonist, and GABA itself (18).

Experiments designed to study the roles of GABA and
glycine in the production of analgesia are complicated by the
fact that GABA is too polar to cross the blood-brain barrier.
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In addition, direct IT injection of these inhibitory transmit-
ters into the cerebral spinal fluid (CSF) leads to weakness
and paralysis (5) which may be misinterpreted to reflect
analgesia in assays that require motor responses to indicate
nociception. On the other hand, experiments using
antagonists of glycine or of GABA are further complicated
by the tendency for such compounds to produce hyperactiv-
ity and convulsions.

During a series of experiments designed to examine the
anticonvulsive effect of various inhibitory transmitters on
the activity of convulsant compounds, we found that IT in-
jections of some inhibitory transmitters caused a dyskinetic
writhing response in mice at subparalytic doses. The present
studies were designed to characterize these motor effects
and compare them to those produced by the intraperitoneal
(IP) injection of acetic acid which is thought to induce pain.
Inhibition of acetic acid-induced writhing is commonly used
to screen for analgesic compounds.

METHOD
Animals

Mice weighing between 17 and 22 g were injected
intrathecally following the method of Hylden and Wilcox
(12). Briefly, unanesthetized mice are held by the iliac crests
while a 1 cm long, 30 gauge disposable needle mated to a 50
w1l Hamilton syringe is inserted percutaneously between two
lumbar vertebrae. All drugs injected IT, except capsaicin,
were dissolved in saline for injection of a 5 microliter vol-
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FIG. 1. The dose range over which GABA- and glycine-induced writh-
ing are produced is narrow as higher doses tend to produce
hindlimb paralysis. Each point represents the average value from 4
to 14 mice.

ume. Capsaicin was dissolved in a mixture (v:v) of 50%
saline and 50% dimethylsulfoxide (DMSO) which was used
as its vehicle control.

Drugs and Chemicals

Gamma-amino-n-butyric acid (GABA), glycine, beta-
alanine, strychnine, taurine, nipecotic acid, muscimol and
capsaicin were purchased from Sigma Chemical Co. (St.
Louis, MO). Morphine sulfate was purchased from Merck &
Co. (Rahway, NIJ). Baclofen (Lioresal) was a gift from
CIBA-Giegy Corp. (Summit, NJ) and naloxone hydrochloride
was a gift from Endo Laboratories, Inc. (Garden City, NY).

Writhing Assay

Writhing was produced by the intraperitoneal (IP) injec-
tion of 0.3 ml of a 1% solution of acetic acid, as described
previously by Hayashi and Takemori (11). The number of
writhes were counted over a 15-min interval beginning 3 min
after the injection of acetic acid.

Statistics

The average number of behavioral responses obtained
after a single injection of an inhibitory compound was com-
pared to that after coadministration or pretreatment with a
modifying compound. The Student’s ¢-test was used to de-
termine whether changes in the average number of behav-
ioral responses of mice were significantly altered (p<0.05)
by any manipulation.

RESULTS

The IT injection of either GABA or glycine in mice re-
sulted in the production of repeated dyskinetic movements
resembling those following the IP injection of acetic acid
(Fig. 1). Marked abdominal stretching occurred coincident
with rotating of the head and forebody from side to side.
Injections of less than S or 10 ug of glycine or GABA respec-
tively did not elicit motor activity while doses larger than 55
pg of either amino acid produced hindlimb weakness and, at
doses between 100 and 500 wg, hindlimb paralysis.

The time-course of the response to glycine was very simi-
lar to that of GABA, as shown in Fig. 2. The dyskinetic
movements typically persisted for only 5 min after an IT
injection, compared to the writhing following IP acetic acid
which may last up to 30 min following injection.
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FIG. 2. The time-course of both GABA- and glycine-induced
behaviors is relatively short, decreasing at a steady rate over a
5-minute period. The data in the upper figure represent consecutive
values obtained over a 5-min period after injection of glycine to a
group of 14 mice while that in the lower figure depict values obtained
over a 5-min period from a single group of 10 mice after GABA.

To determine whether the production of writhing-like
movements is common to all inhibitory hyperpolarizing
compounds in the spinal cord, a variety of compounds that
are thought to act at inhibitory receptors were injected IT to
determine whether similar writhing-like movements were
produced at subparalytic doses (Table 1). GABA, glycine,
taurine and beta-alanine were found to elicit dyskinesias.
Muscimol, an agonist at GABA-A receptors, and baclofen,
an agonist at GABA-B receptors, both failed to elicit
writhing-like movements at 0.1 to 160 ug and at 16 ng to 26.5
ug respectively. These dosage intervals included amounts
sufficiently high to produce hindlimb weakness and paralysis
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TABLE 1

ABILITY OF INHIBITORY COMPOUNDS TO ELICIT WRITHING IN
MICE WHEN INJECTED INTRATHECALLY

Substance Dose* Writhes/S min = S.E.
GABA 50 ug 8.5+09 (n=14)
Glycine 50 ug 9.1 +13 (n=10)
Beta-alanine 46 ug 5908 (n=14)
Taurine 15 ug 46+ 1.4 (n=5)
Muscimol ¥ 0

Baclofen t 0

*All compounds were injected in a 5 microliter volume of saline.

tInjected at doses ranging between 0.1 to 160 ug of muscimol and
16 ng to 26.5 ug of baclofen. This range of doses was sufficiently
wide to include doses that produce paralysis.

Only intrathecal injections of GABA, glycine, beta-alanine or
taurine were found to elicit writhing movements when injected
intrathecally. Muscimol, a GABA-A agonist, and baclofen, a
GABA-B agonist, failed to produce a writhing response in mice at
any dose tested.

20
8 1 D Saline
£ 15 M Capsaicin
£
=
w104
i :
z %

5 3
]
Acetic Acid i.p 40 ug GABA Lt
Treatment

FIG. 3. While writhing produced by the IP injection of acetic acid is
inhibited by pretreatment with capsaicin, those produced after the
IT injection of 40 ug of GABA were not affected by identical treat-
ment with capsaicin. These results would suggest that the release of
substance P is not necessary for the GABA-induced writhing. The
data shown above show the average values obtained from 3 to 5
mice. A dose of 0.8 ug of capsaicin or vehicle was injected
intrathecally to mice 1 week prior to testing.

as well as doses sufficiently low that no observable effects
were elicited.

Depletion of substance P in the spinal area by IT injection
of 0.8 ug of capsaicin one week prior to testing mice signifi-
cantly inhibited the number of writhing movements
produced by the IP injection of acetic acid compared to simi-
larly injected vehicle control mice (Fig. 3). In contrast, cap-
saicin pretreatment failed to aiter the response to an IT in-
jection of 40 ug of GABA compared to vehicle-pretreated
control mice. The dyskinesia elicited by the IT injection of 20
g of GABA was also found to be insensitive to inhibition by
narcotic analgesics as pretreatment with 5 mg/kg of morphine
failed to inhibit GABA-induced writhing in mice (Table 2).

While 40 ug of nipecotic acid, a GABA uptake inhibitor,
had no propensity to elicit dyskinetic movements in mice
when administered alone, coadministration of 20 ug of
GABA with this dose of nipecotic acid resulted in a smal! but

507

TABLE 2
INSENSITIVITY OF GABA-INDUCED WRITHING TO OPIATES

Pretreatment* Treatment Writhes/5 min = S.E.

Saline GABA 5.40 = 1.44 (n=5)
SC 20 ug IT

Morphine GABA 4.50 + 2.22 (n=4)
5 mg/kg SC 20 ug IT

Naloxone GABA 5.17 + 1.45 (n=6)
5 mg/kg SC 20 ug IT

*Pretreatment was administered 10 min prior to intrathecal injec-
tions.

While acetic acid-induced writhing is very sensitive to the inhibi-
tory, antinociceptive effect of both narcotic and nonnarcotic anal-
gesics, neither morphine nor naloxone pretreatment of mice altered
the number of writhing responses produced by an intrathecal injec-
tion of GABA.
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FIG. 4. GABA-induced writhing, but not acetic acid-induced writh-
ing, was potentiated by coadministration of 40 ug of nipecotic
acid, a GABA reuptake inhibitor that is believed to be especially
effective at glial membranes.

significant potentiation of the number of GABA-induced be-
haviors (Fig. 4). In contrast, the injection of 40 ug of nipeco-
tic acid, either alone or together with 20 ug of GABA, had no
effect on the number of writhes produced by the IP injection
of acetic acid.

The intensity of the writhing response to either 15 or 55
ug of glycine IT was not attenuated by coadministration of
strychnine at 0.2 ug, a subconvulsive dose (Table 3). Coad-
ministration of 0.4 or 0.8 ug of strychnine, doses which do
elicit a short period of convulsive activity, did significantly
inhibit the number of writhing movements produced by a
dose of 55 ug of glycine.

DISCUSSION

The results of these studies reveal a novel behavioral re-
sponse to the IT injection of a variety of inhibitory com-
pounds. This behavioral response is of interest in light of the
traditional concept that these inhibitory transmitters and/or
modulators not only inhibit motor reflexes when applied di-
rectly to the spinal cord but in sufficiently high doses cause
paralysis. While our results confirm the ability of these com-
pounds to elicit paralysis, the doses required to produce
dyskinetic movements were lower than those required for

" paralysis.



508

TABLE 3

EFFECT OF STRYCHNINE ON GLYCINE-INDUCED
WRITHING MOVEMENTS

Number Writhes Per

Intrathecal Injection 10 min = S.E. (n)

Glycine 18.3 = 1.0 (11)
55 png

Glycine + Strychnine 17.7 = 1.1 (8)
55 ug 0.2 ug

Glycine + Strychnine 12.3* = 0.4 9
55 ng 0.8 ug

Glycine 2.0 =0.7 )
15 pg

Glycine + Strychnine 24 =09 (&)
15 ug 0.2 ug

Coadministration of strychnine with an intrathecal injection of
glycine failed to alter the number of writhing movements produced
by the glycine until a dose of 0.8 g of strychnine was injected. At
this higher dose of strychnine, a period of convulsive behavior was
produced in all animals tested.

The dyskinetic response to inhibitory compounds is be-
haviorally similar to the writhing response that results from
the IP injection of acetic acid. Acetic acid-induced writhing
is presumed to reflect pain and to be mediated by substance
P as it is sensitive to pretreatment with capsaicin, a sub-
stance P depleter. The writhing response induced by inhibi-
tory compounds, however, appears to be unique from that
produced by IP injection of acetic acid as it was totally in-
sensitive to capsaicin pretreatment (Fig. 3). Acetic acid-
induced writhing is also sensitive to both narcotic and non-
narcotic analgesics, while inhibitory amino acid-induced
dyskinesia was insensitive to treatment with morphine (Ta-
ble 2). It is therefore unlikely that the dyskinetic writhing
response produced by the IT administration of inhibitory
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compounds is associated with perception of noxious stimu-
lation, however it could mimic the motor component of the
acetic acid-induced nociceptive response. On the other
hand, endogenously occurring GABA is probably not in-
volved in acetic acid-induced writhing as the GABA agonists
muscimol and baclofen do not elicit writhing and nipecotic
acid does not enhance acetic acid-induced writhing (Fig. 4).
Nevertheless, other amino acids could be involved in pro-
ducing this motor response.

It is possible that the dyskinetic movements reflect a
simple disinhibition of motor activity. It has recently been
reported, however, that two glycine receptors exist, i.e., the
classic strychnine-sensitive inhibitory site (Gly,) and a more
recently characterized, strychnine-insensitive site (Gly,)
(8,14) The possible existence of a Gly, receptor is supported
by autoradiographic studies which differentially localized
[*H]glycine and [°H] strychnine binding sites in the CNS (7).
Electrophysiological studies have also linked strychnine-
insensitive glycine effects to N-methyl-D-aspartate (NMDA)
receptor activity in cultured murine neuronal preparations
(13). Our laboratory has shown that when injected together
into the spinal area, glycine potentiates rather than inhibits
the convulsive effect of strychnine, which appears to be due
to an NMDA-linked Gly, receptor interaction (16).

It is thus possible that the dyskinetic response elicited by
the IT injection of these putative inhibitory transmitters re-
sults from an action on Gly, receptors that are linked to
excitatory effects in the CNS. The dyskinesia is frequently
accompanied by intermittant biting and scratching behav-
iors, consistant with stimulation of NMDA receptors (1,2).
The inability of strychnine to inhibit the dyskinetic effect
argues against involvement of Gly, receptors, and the inabil-
ity of either muscimol or baclofen to mimic the dyskinetic
effect suggests that it is not mediated by a GABA receptor.
Direct evidence of the Gly, receptor’s involvement in dys-
kinesia awaits the development of a specific antagonist of
that receptor.
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