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A Role of Glutamate and GABA Receptors in the Generation of Formalin-induced
Impulse Firing of Spinal Dorsal Horn Neurons in the Rat

Jung Yoon Bae, M.S., Jun Ho Jang, M.S., Young Hoon Jeon, Duck Mi Yoon, M.D.*,
Joong Woo Leem, Ph.D., Taick Sang Nam, M.D., and Kwang Se Paik, M.D.

Departments of Physiology and of *Anesthesiology, Yonsei University College of Medicine, Seoul, Korea

Background: A peripheral subcutaneous injection of formalin produces biphasic impulse firing of
the spinal nociceptive neurons. The roles of excitatory glutamatergic and inhibitory GABAergic receptors
were investigated in the formalin-induced impulse generation of rat spinal neurons.

Methods: The neuronal activity was recorded, extracellularly, from the spinal nociceptive neurons
of rats spinalized at L1. Formalin (2.5%, 50ul) was injected into the plantar spot near the receptive
field of the recorded neuron. Agonists and antagonists, for glutamatergic and GABAergic receptors,
were applied topically onto the surface of the spinal cord near the recording electrode.

Results: The plantar injection of formalin evoked typical biphasic firing of the spinal neurons. When
applied before the formalin injection, AMPA receptor antagonists blocked the first firing, while the
receptor antagonist, NMDA and mGlu, blocked the second firing. When applied before the formalin
injection, or during the interphase, receptor antagonists, GABA-A and GABA-B, facilitated the second
firing to occur. When applied during the second firing, the receptor antagonists, NMDA, AMPA and
mGlu, all blocked the second firing, while the receptor antagonists, GABA-A and GABA-B, had no
effect.

Conclusions: The results indicated that: 1) the formalin-produced first firing is mediated by AMPA
receptor activation, 2) the first firing is followed by GABAergic inhibition, which contributes to the
formation of the interphase, via activation of GABA-A and GABA-B receptors, and 3) the induction
of the second firing is mediated by the diminution of GABAergic inhibition, as well as the activation
of the NMDA and mGlu receptors, while being mediated in its maintenance by the activation of NMDA,
AMPA and mGlu receptors.
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Fig. 1. Time courses of pain behavior and impulse firing of spinal nociceptive neurons following subcutaneous injection
of formalin into the sole of the hindpaw. A: the number of flinching over 5 minutes for individual animals was
counted and averaged to represent as an index of pain behavior (n = 6). B: the number of impulse firing generated
every minute for individual spinal neurons was counted and averaged to represent as the extent of impulse firing

(n = 5). Error bars represent the mean + SEM.
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Fig. 2. Mechanical responsiveness and formalin-induced impulse firing of spinal dorsal horn neurons. In the left column,
three types of dorsal horn neurons showed different patterns of responses to three mechanical stimuli (brush,
press and pinch) applied to somatic receptive field on the hindpaw (A, B, C). For each type of dorsal horn
neuron, impulse firing induced by formalin injection was shown in the right column at the corresponding row
(D, E, F).
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Fig. 3. Effects of pre-treated glutamate receptor antagonists on the formalin-induced biphasic firing response. MK-801
(A), NBQX (B) or MCPG (C) was applied (0.03 mg each) topically onto the surface of the spinal cord near
the recording site at 5 minutes before formalin injection. In each graph, averaged numbers of impulse firings
generated every minute for sampled neurons (A, n = 3; B, n = 5; C, n = 3) were plotted against time. For
a comparison, data obtained from control groups (closed symbols, applied with vehicles, n = 5) were depicted
together in each graph with experimental data (open symbols). Error bars represent the mean + SEM. * P <
0.05 compared drug-treated group with control group at each time point as determined by Mann-Whitney rank
sum test.
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Fig. 4. Effects of glutamate receptor antagonists treated during the second phase on the formalin-induced biphasic firing
response. MK-801 (A), NBQX (B) or MCPG (C) was applied (0.03 mg each) topically onto the surface of the
spinal cord near the recording site during the second phase of the formalin-induced biphasic firing. In each graph,
experimental data (A, n = 6; B, n = 5; C, n = 3), were depicted with control data same as in Fig. 3. For other
explanation, refer to Fig. 3.
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Fig. 5. Effects of pre-treated GABA-A receptor or GABA-B receptor antagonist on the formalin-induced biphasic firing
response. GABA-A antagonist bicuculline (A) or GABA-B antagonist phaclofen (A) was applied (0.3pug each)
topically onto the surface of the spinal cord near the recording site at 5 minutes before formalin injection. In
each graph, experimental data (A, n = 4; B, n = 4), were depicted together with control data same as in Fig.

3. For other explanation, refer to Fig. 3.
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Fig. 6. Effects of GABA-A receptor or GABA-B receptor antagonist treated during the interphase on the formalin-induced
biphasic firing response. GABA-A antagonist bicuculline (A) or GABA-B antagonist phaclofen (B) was applied
(0.3pg each) topically onto the surface of the spinal cord near the recording site after ceasing the first phase
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Fig. 7. Effects of GABA-A receptor agonist or antagonist treated during the second phase on the formalin-induced
biphasic firing response. GABA-A receptor agonist muscimol (A) or GABA-A antagonist bicuculline (B) was
applied (0.3pg each) topically onto the surface of the spinal cord near the recording site during the second
phase of firing. In each graph, experimental data (A, n = 4; B, n = 2), were depicted together with control
data same as in Fig. 3. For other explanation, refer to Fig. 3.

WA sk JhelE 22w IEksAl & 958
T2 0 54 R ABAMEAA #FRE F A
of A3 AAEsE 7|E] AEETH AP X2
Y FAF & BEE T Ao BFRke T 1 AR
2 ARHAAGA oA FAEES BAT old =5
s st SR EEY FA5EAR dgolnt
WF-S-3F= 1LY X (high threshold, HT)E $Z A FAH X
o 7 9 F45EA dY 2R wgste 35
2™ 9](wide dynamic range, WDR)& 371417 A L o)
Al BEENOH, 4484 g HHo=E ¥
3l A9 X (low threshold, LT)& Zz}Al 7 A E o] A
€ FHA Gyt ¢, 19X3JH F5HEA

HAFEFAABALE SHAFEE Tl 19 5
2 Aeshod dofdta dA ok mEA ol
£ F FRY ABAEAA 2> o gE
2A70ge] B AFE 22U fE 559 54
2 FLr)AE geled 282 5 Aok

FEU] 22 H3FAL F 23754 ) 19
AR FEAYANE AAAZAAN AHE L
dete Fawd FAE Ao aFR W stEE
AMPA  F8-A|

AYA A oste] AEE= RHE,
NMDA$} mGlu &4 Z&Ao] =

A gt o] Ay A L3le] A= F
X EAstE AMPA F&A9 X457 7|5
NMDAY mGlu 839 43t ol 7o
RS 9riditt. AMPA F8A= FFEAL] 9
3 wzA ggstEe ol



WA 9 69 T2 F5 W3o] 4 Glutamate$} GABAS] <& 129

Baclofen

Spike/min

Formalin Time (Min)

Phaclofen

Spike/min

Time (Min)

Formalin

Fig. 8. Effects of GABA-B receptor agonist or antagonist treated during the second phase on the formalin-induced
biphasic firing response. GABA-B receptor agonist baclofen (A, 0.3ug) or GABA-B antagonist phaclofen (B,
0.3pg) was applied topically onto the surface of the spinal cord near the recording site during the second phase
of firing. In each graph, experimental data (A, n = 3; B, n = 3), were depicted together with control data same
as in Fig. 3. For other explanation, refer to Fig. 3.
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