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ABSTRACT

Background. Many mechanisms are involved in pain transmission in the spinal cord. Therefore, combination of
drugs acting on different kinds of mechanisms might be useful for analgesia. We investigated the interaction
between y-aminobutyric acid (GABA) g receptor agonist, baclofen, and N-methyl-D-aspartate (NMDA)
receptor antagonist, AP-5, or a-amino-3-hydroxy-5-methylisoxazole-4-propionic acid ( AMPA ) receptor
antagonist, YM-872, on analgesic effects in acute thermal and formalin induced pain models of rats. Methods.
Male Sprague-Dawley rats implanted with lumbar intrathecal catheters were given intrathecal baclofen, AP-5,
YMB872 or combination of baclofen and AP-5 or YM872, then tail flick test or formalin test was performed.
Fifty % effective doses of combinations were obtained and isobolographic analysis was done. Results. The
combination of baclofen and AP-5 or YM872 showed dose dependent increases in tail flick latency and decreases
in flinching response in the formalin test. In the tail flick test, ED50s of the combination of baclofen + AP-5 or
YM872 were close to the additive points. In both phases of the formalin test, ED50s of the combination of
baclofen + AP-5 or YM872 were significantly lower than additive points. Conclusions. For acute thermal pain,
both AP-5 and YM872 had similar additive analgesic effects with baclofen. For chemical induced acute pain, both
AP-5 and YM872 had similar synergistic analgesic effects with baclofen, but for facilitated pain, YM872 had
stronger synergistic analgesic effects with baclofen than AP-5.
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INTRODUCTION

Intrathecally administered AP-5 (2-amino-5-
phosphonovaleic acid), a N-methyl-D-aspartate (NMDA)
receptor antagonist, and YM872 ([2,3-Dioxo-7-(1H-
imidazol-1-yl)-6-nitro-1,2,3,4-tetrahydro-1-quinoxalinyl]
acetic acid, an a-amino-3-hydroxy-5-methylisoxazole-4-
propionic acid (AMPA) receptor antagonist had
analgesic effects in acute thermal and formalin induced
acute and facilitated pain in the rat models in our
previous study. ™

Baclofen, a y-aminobutyric acid (GABA)g receptor
agonist had analgesic effects in acute pain, @ and
formalin induced pain P! in the rat models. Baclofen is
also clinically used as intrathecal administration to
relieve neuropathic pain. 1

There are many mechanisims concerning pain

transmission in the spinal cord, therefore, combining the
drugs acting on different mechanisms might be useful for
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analgesia. Intrathecal baclofen and ketamine, a NMDA
receptor antagonist, had synergistic analgesia in rat
model of neuropathic spinal cord injury pain. ! However,
the effects of GABAg receptor agonist in combination
with NMDA or AMPA receptor antagonist on any other
pain models have not been studied. Therefore, our
present study was performed to investigate the interaction
between GABAg receptor agonist, baclofen, and NMDA
receptor antagonist, AP-5, or AMPA receptor antagonist,
YM-872, on analgesic effects in basic acute thermal and
formalin induced pain models of rats.

MATERIALS AND METHODS

After obtaining the approval of the Research Committee
of the University of Tokyo, male Sprague-Dawley rats
(280-300 g; Nippon Bio-Supply, Tokyo, Japan) were
implanted with lumbar intrathecal catheters under
halothane (2 %) anesthesia. The experiment procedures
are the same as our previous study. ™ Briefly, an 8.5 cm
polyethylene catheter (PE-10; Clay Adams, Parsippany,
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NJ) was inserted caudally to the thoracolumbar level in
the intrathecal space through atlanto-occipital membrane.
The rostral part of the catheter was plugged with a 28-
gauge steel wire and put through to the top of the skull.
Only rats with normal motor function and behavior and
increase in body weight seven days later were used for
experiments. After the study, rats were euthanized under
halothane 5% and the location of the catheter was
confirmed anatomically and the data of the rats with mal
location of the catheter was excluded and another rat was
added to fill the number of each group.

Drug preparation

Baclofen (a GABAg receptor agonist, Sigma, St. Louis,
MO) and AP-5 (2-amino-5-phosphonovaleic acid, a
NMDA receptor antagonist, Sigma, St. Louis, MO) were
dissolved in normal saline to get the concentrations used
in each test. YM872 ([2,3-Dioxo-7-(1H-imidazol-1-yl)-6-
nitro-1,2,3,4-tetrahydro-1-quinoxalinyl] acetic acid, an
AMPA receptor antagonist, Yamanouchi Pharmaceutical
Co. Ltd., Tsukuba, Ibaraki, Japan) 10 mg was dissolved
in 0.97 mL distilled water with 30 uL 1N NaOH added to
adjust pH between 7.3 — 7.5, then dissolved in normal
saline to get the concentrations used in each test.

Nociceptive test
According to our previous study, ™ we used the same
two classic methods as nociceptive tests.

Tail-flick test

The tail-flick test was performed with the Tail-Flick
Analgesia Meter (MK-330A; Muromachi Kikai Co. Ltd.,
Tokyo, Japan). Rats were placed in a clear plastic cage
with their tails extending through a slot located of the
rear of the cage. Thermal stimulation was given by a
beam of high intensity light focused on the tail 2 to 3 cm
proximal to the end. The time between the start of the
stimulation and tail withdrawal response was measured as
a tail-flick latency. The cut-off time in the absence of a
response was set to 14 seconds to prevent tissue injury of
the tail. The test was done at 5, 10, 15, 30, 60, 90, 120,
180, and 240 minutes after drug injection. The data were
shown as the % of maximum possible effect (% MPE): %
MPE = (post-drug latency — pre-drug latency at time 0) X
100 / (cut-off time (14 sec) — pre-drug latency at time 0.

Formalin test

The formalin test was performed 10 minutes after
intrathecal drug injection. Fifty uL of 5 % formalin was
injected subcutaneously into the dorsal surface of the
right hind paw with a 30 G needle. Immediately after
injection, the rat was placed in an open clear plastic
chamber and their flinching or shaking paw response was
observed for 60 minutes. The number of flinches was
counted for 1 minute. Usually two phases were observed:
phase 1, during 0 to 6 minutes after formalin injection;
and phase 2, beginning about 10 minutes after injection
with the interval of no flinches between both phases.
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Side effects

Side effects were examined and judged as present or
absent. Agitation was judged as spontaneous irritable
movement, vocalization, or both. Allodynia-like behavior
was judged as escape, vocalization, or both induced by
lightly stroking the flank of the rat with a small probe.
The placing or stepping reflex was evoked by drawing
the dorsum of either hind paw across the edge of the table.
Normal rats try to put the paw ahead into a position to
walk. The righting reflex was assessed by placing the rat
horizontally with its back on the table. Normally rats
twist the body to an upright position immediately.
Flaccidity was judged as muscle weakness by putting the
forepaw 3 to 5 cm higher than the hind paw. Normal rats
will walk up. Pinna or corneal reflex was examined with
a paper string. When a string is put into the ear canal or
touches the cornea, rats normally shake their heads.
Behavioral side effects were checked simultaneously with
the tail flick test.

Protocol

Each drug intrathecally administered was adjusted in 10
puL and after injection of the drug, the catheter was
flushed with normal saline 10 pL to clear the dead space
of the catheter.

Baclofen

Tail flick test was performed with intrathecal baclofen
0.1, 0.3, 1, and 3 pg / 10 puL, and 50 % effective dose
(ED50) was calculated. Formalin test was performed with
intrathecal baclofen 0.003, 0.03, 0.1, 0.3, and 1 pug/ 10
pL, and ED50 was calculated. Normal saline was used as
a control. In each test and each dose, 8 rats were used.

AP-5 and YM872

These two compounds were already studied in both tests.
' In the present study, AP-5 1, 3, 10, and 30 pg / 10 pL,
and YMS872 0.3, 1, 3, 10, and 30 uL / 10 uL, each 3 rats
were used in both tail flick test and formalin test. After
we confirmed the similarity of the data with previous
study, ™ these data were added to the previous data and
recalculated ED50 from the data of 11 rats in each test to
save rats.

Combination

The combination of 1/2, 1/4, 1/8, 1/16, and 1/32 ED50s
of AP-5 and baclofen in 10 uL and 1/2, 1/4, 1/8, and 1/16
ED50s of YM872 and baclofen in 10 puL were studied in
the tail flick test. The combination of 1/2, 1/4, 1/8, and
1/16 ED50s of AP-5 or YM872 and baclofen in 10 pL
were studied in the formalin test.

The ED50 was obtained using the maximum effects in
the tail flick test and the area under the curve of the
number of flinches in the formalin test. A total fractional
dose value was calculated to describe the magnitude of
the interaction as follows: (ED50 dose of drug 1 in
combination) / (ED50 dose of drug 1 alone) + (ED50
dose of drug 2 in combination) / (ED50 dose of drug 2
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alone). The value was normalized by assigning the ED50
value of each drug given alone as 1. Values near 1
suggest an additive interaction, values > 1 implies an
antagonistic interaction, and values < 1 indicate a
synergistic interaction. To compare the theoretical
additive point with experimentally derived EDS5O0,
isobolographic analysis was used.

Data analysis

The data are shown as mean + standard deviation or 95%
confidential interval (CI). Statistical analysis was
performed with the Student’s t test to compare the
calculated ED50 values with the theoretical additive
values. A p value less than 0.05 was considered to be
statistically significant.

RESULTS

Intrathecal baclofen showed dose dependent increases in
tail flick latency and decreases in flinching response in
both phases of the formalin test. The combination of
baclofen and AP-5 or YM872 also showed dose
dependent increases in tail flick latency and decreases in
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flinching response in the formalin test. The ED50s of
each drug were shown in the Table 1. In both phases of
the formalin test, ED50s of the combination of baclofen
+ AP-5 or YM872 were significantly lower than ED50s
of each agent alone (Table 1). The isobolograms of each
test were shown in figures 1 to 6. In the tail flick test,
ED50s of the combination of baclofen + AP-5 or YM872
were close to the additive points (Figl, 2). In both phases
of the formalin test, ED50s of the combination of
baclofen + AP-5 or YM872 were significantly lower than
additive points (Fig. 3-6). The total fractional dose values
were 0.75 (95% ClI, 0.34 — 1.23) (AP-5 + baclofen, tail
flick test), 0.84 (0.24 — 1.98) (YM872 + baclofen, tail
flick test), 0.18 (0.012 -1.48) (AP-5 + baclofen, formalin
test phase 1), 0.35 (0.06 - 1.87) (YM872 + baclofen,
formalin test phase 1), 0.05 (0.002 - 1.64) (AP-5 +
baclofen, formalin test phase 2), and 0.01 (0.009 — 0.78)
(YM872 + baclofen, formalin test phase 2).

Side effects observed in each agent were not seen in each
combination (Table 2).

Table 1: ED5095% confidence interval in the parenthesis, *: P < 0.05 vs. the value of each single drug.

Tail flick Formalin phase 1 Formalin phase 2
Baclofen (ug) 0.32 (0.25-0.4) 0.0062 (0.001-0.034) 0.013 (0.002-0.076)
AP-5 (ug) 5.5 (2.3-10.8) 7.5(4.0-13.1) 1.5 (0.5-5.9)
YM872 (ng) 1.0 (0.4-2.8) 0.24 (0.08-0.75) 0.2 (0.07-0.7)
Baclofen + AP-
Baclofen (ug) 0.13 (0.08-1.44) | 0.001 (0.0004-0.026)* 0.0003 (0.0001-0.006)*
AP-5 (ug) 1.91 (1.47-2.48) 0.12 (0.005-1.93)* 0.04 (0.002-6.7)*
Baclofen + YM872
Baclofen (ug) 0.14 (0.047-0.7) | 0.001 (0.0007-0.002)* 0.0004 (0.0002-0.0007)*
YM872 (ng) 0.4 (0.35-0.55) 0.045 (0.03-0.07)* 0.016 (0.009-0.03)*

Table 2: Side effects The number of rats with each side effect. Total number of rats were 8 in baclofen and 11 in

AP-5 and YM872.

Agitation/ P?;z?zr?sigce |OrT Disturbance of Flaccidit Loss of Loss of
Allodynia rgeflexpp 9 Righting reflex Y| corneal reflex | Pinna reflex
Baclofen 1ug 0 4 4 4 0 0
3ug 0 8 8 8 0 2
AP-5 10ug 1 2 2 0 1 0
30ug 2 2 3 0 1 0
YMS872 10ug 0 4 4 3 0 0
30ug 0 5 5 6 0 0
Baclofen +
AP-5 0 0 0 0 0 0
Baclofen +
YM872 0 0 0 0 0 0
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Figure 1: Isobolograph of the tail flick test with baclofen + AP-5.
X axis and Y axis are in pg. Bars indicate 95 % confidence interval.
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Figure 2: Isobolograph of the tail flick test with baclofen + YM872.
X axis and Y axis are in pg. Bars indicate 95 % confidence interval.
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Figure 3: Isobolograph of the formalin test phase 1 with baclofen + AP-5.
X axis and Y axis are in pg. Bars indicate 95 % confidence interval.
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Figure 4: Isobolograph of the formalin test phase 2 with baclofen + AP-5.
X axis and Y axis are in pg. Bars indicate 95 % confidence interval.
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Figure 5: Isobolograph of the formalin test phase 1 with baclofen + YM872.

X axis and Y axis are in pg. Bars indicate 95 % confidence interval.
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Figure 6: Isobolograph of the formalin test phase 2 with baclofen + YM872.
X axis and Y axis are in pg. Bars indicate 95 % confidence interval.
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DISCUSSION

This study showed that baclofen and AP-5 or YM872
had synergistic analgesia in both phases of the formalin
test and additive analgesia in the tail flick test. The
combinations decreased side effects we tested.

GABAg receptors are located at both presynaptic and
postsynaptic compartments. GABAg receptor mediated
regulation of neuronal excitability and neurotransmitter
release might modulate pain transmission in the spinal
dorsal horn.®! Intrathecal baclofen significantly increased
response latency in thermal pain.? Baclofen has
antinociceptive effects in acute pain and inhibits
allodynia and hyperalgesia in chronic neuropathic pain.t®
These results are consistent with our present results in the
tail flick test and formalin test with intrathecal baclofen.

NMDA receptors in the spinal cord have a role in the
development of central sensitization and neuropathic pain
after nerve injury™ and after formalin injection,® play a
role in the initial induction of inflammatory pain, but the
NMDA receptor activity in the spinal dorsal horn is not
required for the maintenance of chronic inflammatory
pain. ™ Presynaptic NMDA receptor activity at the
spinal cord is increased in several neuropathic pain but
not in chronic inflammatory pain. Increased presynaptic
NMDA receptor activity can potentiate glutamate release
from primary afferent terminals to spinal dorsal horn
neurons.™ Our previous study™ showed that intrathecal
AP-5, a NMDA receptor antagonist, had analgesic effects
on acute thermal and formalin induced acute and
facilitated pain.

The dorsal horn of the spinal cord has a high density of
Ca®*-permeable AMPA receptors, particularly in the
superficial laminae, where primary afferents carrying
pain and thermoreceptive inputs terminate and synapse
on spinal second-order neurons.®! Spinal AMPA
receptors have a role in the mechanism of both acute and
persistent inflammatory pain.* **! Our previous study
and this additional data showed that spinally
administered YM872, an AMPA receptor antagonist, had
analgesic effects on acute thermal and formalin induced
acute ad facilitated pain in the rat models.l*®

AMPA complexes are physically coupled with NMDA
receptors in the dorsal horn.*”) During inflammation,
AMPA receptor/NMDA receptor ratio increased, but
AMPA mediated currents did not increase and NMDA
mediated  currents  decreased.®  Therefore, for
inflammatory pain, AMPA receptor antagonists might be
more useful than NMDA receptor antagonists. In our
study, the ratio of ED50 of YM872 / AP-5 was smaller in
both phases of the formalin test than in the tail flick test,
which was consistent with the results of the study by
Vikman et al.'® The total fractional dose value was
significantly lower in YM872 than AP-5 in phase 2 of the
formalin test.
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NMDA receptors and AMPA receptors are modulated
directly and indirectly by GABAg receptors.”y NMDA
receptors are present on GABAergic terminals in the
superficial dorsal horn of the spinal cord.”? Activation of
presynaptic GABAg receptors decreases synaptic
glutamate release in the spinal dorsal horn. Y Activation
of postsynaptic GABAg receptors suppresses Ca’'
permeability of NMDA receptors and reduces NMDA
receptor activity.”” Baclofen inhibits NMDA activated
current in the primary sensory neurons.”® and suppressed
the expression of NR2B, a subunit of NMDA receptor,
then decreased neuropathic pain.* Activation of NMDA
receptors leads to down regulation and degradation of
GABAgl and GABAg2 subunits,™® and also regulated
trafficking and surface expression of GABAg
receptors.”®  Therefore, GABAg receptor agonist,
baclofen and NMDA receptor antagonist, AP-5 might
have strong interaction, suggesting additive or synergistic
analgesic effects as shown in the present study. AMPA
receptors regulate GABA release in the spinal cord
dorsal horn.”®! Therefore, AMPA receptor antagonist,
YMB872 had additive or synergistic effects with baclofen
in this study. Activation of both NMDA and AMPA
receptors is required for down regulation of GABAg
receptors.””) However, which receptors, NMDA or
AMPA, have stronger interaction with GABAg receptors
in different pain stimuli, has not been shown.

In our present study, for acute thermal pain, both NMDA
receptor antagonist and AMPA receptor antagonist had
similar additive effects with GABAg receptor agonist.
For chemical induced acute pain, both NMDA receptor
antagonist and AMPA receptor antagonist had similar
synergistic effects with GABAg receptor agonist, but for
facilitated pain, AMPA receptor antagonist had stronger
synergistic effects with GABAg receptor agonist than
NMDA receptor antagonist.

REFERENCES

1. Nishiyama T, Gyermek L, Lee C, Kawasaki-Yatsugi
S, Yamaguchi T, Hanaoka K. The analgesic
interaction between intrathecal clonidine and
glutamate receptor antagonists on thermal and
formalin-induced pain in rats.

2. Anesth Analg, 2001; 92: 725-732.

3. Dirig DM, Yaksh TL. Intrathecal baclofen and
muscimol, but not midazolam, are antinociceptive
using the rat-formalin model. J Pharmacol Exp Ther,
1995; 275: 219-227.

4. Przesmycki K, Dzieciuch JA, Czuczwar SJ, Kleinrok
Z. An isobolographic analysis of drug interaction
between intrathecal clonidine and baclofen in the
formalin test in rats. Neuropharmacology, 1998; 37:
207-214.

5. van der Plas AA, van Rijn MA, Marinus J, Putter H,
van Hilten JJ. Efficacy of intrathecal baclofen on
different pain qualities in complex regional pain
syndrome. Anesth Analg, 2013; 116: 211-215.



Tomoki.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hama A, Sagen J. Combinations of intrathecal
gamma-amino-butyrate receptor agoists and N-
methyl-D-aspartate receptor antagnisis in rats with
neuropathic spinal cord injury pain. Eur J Pharmacol,
2012; 683: 101-108.

Yang K, Ma H. Blockade of GABAB receptors
facilitates evoked neurotransmitter release at spinal
dorsal horn synapse. Neurosci, 2011; 193: 411-420.
Hammond DI, Drower EJ. Effects of intrathecally
administered THIP, baclofen and muscimol on
nociceptive threshold. Eur J Pharmacol, 1984; 103:
121-125.

Patel S, Naeem S, Kesingland A, Froestl W,
Capogna M, Urban L, Fox A. The effects of GABA
(B) agonists and gabapentin on mechanical
hyperalgesia in models of neuropathic and
inflammatory pain in the rat. Pain, 2001; 90: 217-
226.

Zhou HY, Chen SR, Byun HS, Chen H, Li L, Han
HD, Lopez-Berestein G, Sood AK, Pan HL. N-
Methyl-D-aspartate receptor- and pain-mediated
proteolytic cleavage of K+ - Cl- cotransporter — 2
impairs spinal chloride homeostasis in neuropathic
pain. J Biol Chem, 2012; 287: 33854-33864.
McRoberts JA, Ennes HS, Marvizon JCG, Fanselow
MS, Mayer EA, Vissel B. Selective knockdown of
NMDA receptors in primary afferent neurons
decreases pain during phase 2 of the formalin test.
Neurosci, 2011; 172: 474-482.

Weyerbacher AR, Xu Q, Tamasdan C, Shin SJ.
Inturrisi  CE.  N-Methyl-D-aspartate  receptor
(NMDAR) independent maintenance of
inflammatory pain. Pain, 2010; 148: 237-246.

Deng M, Chen SR, Pan HL. Presynaptic NMDA
receptors control nociceptive transmission at the
spinal cord level in neuropathic pain. Cell Mol Life
Sci., 2019; 76: 1889-1899.

Engelman HS, Allen TB, MacDermott AB. The
distribution of neurons expressing calcium
permeable AMPA receptors in the superficial
laminae of the spinal cord dorsal horn. J Neurosci,
1999; 19: 2081-2089.

Wang Y, Wu J, Wu Z, Lin Q, Yue Y, Fang L.
Regulation of AMPA receptors in spinal nociception.
Molecular Pain, 2010; 6: 5.

Park JS, Yaster M, Guan X, Xu JT, Shih MH, Guan
Y, Raja SN, Tao YX. Role of spinal cord alpha-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptors in complete Freund’s adjuvant-
induced inflammatory pain. Mol Pain, 2008; 4: 67.
Nishiyama T, Gyermek L, Lee C, Kawasaki-Yatsugi
S, Yamaguchi T. The spinal antinociceptive effects
of a novel competitive AMPA receptor antagonist,
YM872, on thermal or formalin induced pain in rats.
Anesth Analg, 1999; 89: 143-147.

Park JS, Voitenko N, Petralia RS, Guan X, Xu JT,
Steinberg JP, Takamiya K, Sotnik A, Kopach O,
Huganir RL, Tao YX. Persistent inflammation
induces GIuR2 internalization via NMDA receptor-

www.ejbps.com

19.

20.

21.

22.

24,

25.

26.

27.

28.

. Chalifoux JR, Carter

European Journal of Biomedical and Pharmaceutical Sciences

triggered PKC activation in dorsal horn neurons. J
Neurosci, 2009; 29: 3206-3219.

Vikman KS, Rycroft BK, Christie MJ. Switch to
Ca2+-permeable AMPA and reduced NR2B NMDA
receptor-mediated neurotransmission at dorsal horn
nociceptive synapses during inflammatory pain in
the rat. J Physiol, 2008; 586: 515-527.

Terunuma M, Vargas KJ, Wilkins ME, Ramirez OA,
Jaureguiberry-Bravo M, Pangalos MN, Smart TG,
Moss SJ, Couve A. Prolonged activation of NMDA
receptors promotes dephospholation and alters
postendocytic sorting of GABAB receptors. Proc
Natl Acad Sci U S A., 2010; 107: 13918-13923.

Lu CR, Willcockson HH, Phend KD, Lucifora S,
Darstein M, valtschanoff JG, Rustioni A.
lonotoropic glutamate receptors are expressed in
GABAergic terminals in the rat superfiacial dorsal
horn. J Comp Neurol, 2005; 486: 169-178.

Li DP, Chen SR, Pan YZ, Levey Al, Pan HL. Role
of presynaptic muscarinic and GABA(B) receptors
in spinal glutamate release and cholinergic analgesia
in rats. J Physiol, 2002; 543(Pt 3): 807-818.

AG. GABAB receptors
modulates NMDA receptor calcium signals in
dendritic spines. Neuron, 2010; 66: 101-1013.

Qiang SJ, Wang LZ. Inhibition by baclofen of
NMDA-activated current in rat dorsal root ganglion
neurons. Acta Pharmacol Sin, 1999; 20: 324-328.
Liu P, Guo WY, Zhao XN, Bai HP, Wang Q, Wang
XL, Zhang YZ. Intrathecal baclofen, a GABAB
receptor agonist, inhibits the expression of p-CREB
and NR2B in the spinal dorsal horn in rats with
diabetic neuropathic pain. Can J Physiol Pharmacol,
2014; 92: 655-660.

Kantamneni S, Gonzalez-Gonzalez IM, Luo J,
Cimarosti H, Jacobs SC, Jaafari N, Henley JM.
Differential regulation of GABAB receptor
trafficking by different modes of N-methyl-D-
aspartate (NMDA) receptor signaling. J Biol Chem,
2014; 289: 6681-6694.

Engelman HS, Anderson RI, Daniele C, Macdermott
AB. Presynaptic alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptors modulate
release of inhibitory amino acids in rat spinal cord
dorsal horn. Neuroscience, 2006; 139: 539-553.
Maier P, Martin I, Grampp T, Sommer A, Benke D.
Sustained glutamate receptor activation down
regulates GABAB receptors by shifting the balance
from recycling to lysosomal degradation. | Biom
Chem, 2010; 285: 35606-35614.



