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ABSTRACT. This study was performed to investigate the effects of glycine on the development of
tolerance to and physical dependence on morphine. Repeated administration of morphine (10 mg/
kg) developed tolerance and physical dependence. Glycine (100, 200 and 400 mg/kg) was adminis-
tered intraperitoneally (i.p.) to mice for 7 days prior to the morphine injection. Analgesic effects were
estimated by the fail flick methods. The inhibitory degree of the development of morphine-induced
analgsic tolerance by ip. administration of glycine was evidenced by the increase in analgesic
response to morphine. Glycine inhibited the development of tolerance to morphine. In addition, we
separately measured jumping response as the naloxone-precipitated withdrawal sign in mice that
had received the same morphine. Glycine reduced the number of jumping behaviors in morphine
dependent mice. These results suggest that glycine might be useful the prevention or treatment of

morphine tolerance and physical dependence.
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INTRODUCTION

Although opioid-drugs such as morphine are widely
used for the management of pain, their clinical useful-
ness is limited by development of tolerance and depen-
dence that occurs after repeated treatment. Thus, there
is considerable interest in the search of drugs that
delay, inhibit and reverse the development of morphine
tolerance and dependence. Recent studies have impli-
cated the excitatory amino acids and their receptors in
the chronic action of opioids {Bhargava, 1994; Herman
et al., 1995; Inturrisi, 1997) and nociception (Dickinson,
1994; Dickinson et al, 1997). Many behavioral studies
have demonstrated that competitive and noncompeti-
tive N-methyl-D-aspartate (NMDA) antagonists attenu-
ate or reverse the development of analgesic tolerance
to and physical dependence on morphine in rodents
(Truijillo, 1995; Elliott et al, 1995; Herman et al., 1995).
Therefore, NMDA receptors are involved in the develop-
ment of analgesic tolerance to and physical depen-
dence on morphine. Pharmacological modulation of
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the NMDA receptors at the glycine recognition site is a
recent and potentially more attractive therapeutic
approach of psychosis such as schizophrenia than the
dopamine (DA) receptors. It is generally accepted that
glycine is required for the activation of NMDA receptors
(Johnson and Ascher, 1987). Glycine also acts a modu-
lator of excitatory amino acid transmission mediated by
NMDA receptors. However, glycine is one of the major
inhibitory neurotransmitters in the mammalian central
nervous systems (CNS), predominantly active in the
spinal cord and brain stem. Until now, there are contra-
versal opinions that glycine agonists and antagonists
inhibited the development of analgesic tolerance to and
physical dependence on morphine.

Therefore, we are interested in whether glycine itself
inhibits the development of analgesic tolerance to and
physical dependence on morphine in mice.

MATERIALS AND METHODS

Animals

White ICR male mice, weighing 25~30 g, in a group
of 10~15, were used in all experiments. The animals
are housed in plastic cages in a group of 5 per cage,
and unlimited access water and lab chow. The mice
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were kept under constant temperature (20+22°C) and on
a controlled 12 hours light/dark cycle. The animals were
adapted to the laboratory conditions for at least 4 days.

Measurement of Analgesic Tolerance

To induce morphine tolerance and dependence in
mice, morphine hydrochloride (Sam-Sung Pharm. Co.,
Korea) was administered (10 mg/kg/day, s.c.) in a vol-
ume of 0.1 ml/kg, every 24 hours for a period of 7 days.
Glycine 100, 200 and 400 mg/kg (G 100, G 200 and G
400) were pretreated every 30 min before morphine
injection.

The inhibitory degree of morphine tolerance develop-
ment of the test drugs was evidenced by the increase
in analgesic response to morphine hydrochloride 5 mg/
kg as an analgesic response, estimated at 0. 30, 60, 90
and 120 min by the tail flick method’s 24 hours after the
final injection of morphine and calculated as area under
the curve (DAmour and Smith, 1941; Kaneto et al,
1987). The tail-flick latencies to thermal stimulation were
determined in second prior to and at 30, 60, 90 and
minutes after the morphine injection. A value of 10 sec-
onds was used as a cut-off point to avoid damage to
the tail. The analgesic response for each mouse was
calculated by the following formula;

Percent analgesia (%)=T, - T/T, - T,x100

Where T, is the base line or pre-morphine tail flick reac-
tion time. T, is the reaction time at t minutes after mor-
phine injection, Tc is cut-off time. The base lines of tail
flick latencies in different groups were around 2+0.2
seconds. The effects were calculated as area under the
curve (A.U.C.) that was obtained by plotting the analge-
sia percent on the ordinate and the time intervals (min)
on the abscissa, and expressed as a percent of the
effects obtained in control animals treated only with
morphine 5 mg/kg.

Measurement of Naloxone-Precipitated Jumping
Behaviors

The inhibition of naloxone induced jumping behavior
in mice treated with morphine alone and in morphine
treated mice with test drugs was estimated by the
decreased number of jumping response induced by
naloxone 5 mg/kg (i.p.) for 30 minutes, 24 hours just
after the final injection of morphine on the 8th day. The
jumping response was quantified by placing animals on
a diaphanous circular cylinder 35cm in diameter and
70 cm in height.

Statistics
The data were expressed as mean+SEM. The sig-

nificant of drug effects was assessed by an analysis
of variance (ANOVA). In case of significant variation,
the individual values were compared with Dunnett’s
t-test.

RESULTS

Inhibitory Effects of Glycine on Morphine-Induced
Analgesic Tolerance

Repeated administration of morphine for 7 days
caused remarkable reduction of analgesic effects of sin-
gle administration of morphine. Concomitant administra-
tion of glycine 400 mg/kg resulted in the inhibition of the
development of analgesic tolerance in mice (Fig. 1).
The analgesia of glycine 400 mg/kg calculated by the
AUC to morphine 5mg/kg showed the comparative
value of 1.6 times, compared with that of control group
(P<0.05).

Inhibitory Effects of Glycine on Naloxone-Precipi-
tated Jumping Behavior

Repeated administration of morphine for 7 days also
developed the naloxone-precipitated withdrawals, dra-
matically increasing jumping behavior. We measured
this behavior because jumping is a typical withdrawal
sign at morphine-dependent mice (Fig. 2). Glycine 400
mg/kg significantly decreased naloxone-precipitated
jumping behavior (P<0.05).
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Fig. 1. Inhibitory effects of glycine on the development of
analgesic tolerance induced by morphine. Morphine hydro-
chloride (MOR) 10 mg/kg was administered every 24 hours
for a period of 7 days. Glycine 100, 200 and 400 mg/kg (G
100, G 200 and G 400) were pretreated every 30 min
before morphine injection for 7 days. Morphine 5 mg/kg was
given as test dose to measure analgesic tolerance, 24 hours
after the final morphine 10 mg/kg. *P<0.05, compared with
that of SAL group. *P<0.01, compared with that of mor-
phine control.
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Fig. 2. Inhibitory effects of glycine on the development of
physical dependence induced by morphine. Morphine hydro-
chloride (MOR) 10 mg/kg was administered every 24 hours
for a period of 7 days. Glycine 100, 200 and 400 mg/kg (G
100, G 200 and G 400) were pretreated every 30 min
before morphine injection for 7days. Naloxone 5 mg/kg (i.p.)
was injected 24 hours after the final injection of morphine on
the 8th day. The number of jumping behavior was observed
for 30 min just after naloxone injection by placing animals
on a diaphanous circular cylinder. *P<0.05, compared with
that of SAL control group.

DISCUSSION

From these experiments, we confirmed that glycine
inhibited the development of tolerance to and depen-
dence on morphine. It has been reported that NMDA
antagonists attenuate the development of tolerance to
and dependence on morphine. In contrast, glycine site
NMDA antagonist failed to alter the development of
tolerance following chronic morphine administration
(Trujillo and Akil, 1991; Trujillo and Akil, 1994; Guen et
al, 1999). Pharmacological modulation of the NMDA
receptor at the glycine recognition site is a recent and
potentially more atiractive therapeutic approach than the
glutamate binding site. It is now generally accepted that
glycine is required for the activation of NMDA receptors
(Johnson and Ascher, 1987). This discovery causes a
stir, because glycine had hitherto been recognized as
an inhibitory transmitter, so to find it facilitating excita-
tion ran counter to the prevailing doctrine. Competitive
NMDA antagonists are known, which block this action
of glycine, thus indirectly inhibit the action of glutamate.
The physiological role of glycines action at NMDA
receptors is still uncertain. The concentration required is
fow in relation to the concentration of glycine normally
present in the brain, suggesting that it may serve as a
constant enabling factor for NMDA-receptor-mediated
effects of glutamate, rather than as a regulatory mecha-

nism.

Therefore, glycine is one of the major inhibitory neu-
rofransmitters in the mammalian central nervous sys-
tems (CNS), predominantly active in the spinal cord and
brain stem. The hyperactivity induced by phencyclidine
(PCP) was inhibited by pretreatment with glycine (Javitt
et al, 1997). Glycine at the higher dosage than we
used in these experiments inhibited the action of psy-
chostimulant, suggesting that higher dosage of glycine
would be required to inhibit the action of simulative
drugs. In microdialysis studies, glycine significantly
inhibited PCP-induced stimulation of subcortical DA
release in a dose-dependent manner. In behavioral
studies, glycine also reversed the effects of PCP in
rodents (Daniel et al., 1999).

Qverall, we confirmed that glycine inhibited the devel-
opment of tolerance to and dependence on morphine,
suggesting that glycine inhibits dopaminergic functions.
High doses of glycine are needed to inhibit the analge-
sic tolerance to and physical dependence on morphine,
Glycine may be useful for the treatment or prevention of
the adverse action of morphine. Further studies are
needed to understand the possible mechanism of the
effects of glycine.
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