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Spinal and Peripheral GABA-A and B Receptor Agonists for the Alleviation of Mechanical
Hypersensitivity following Compressive Nerve Injury in the Rat

Young Hoon Jeon, M.S."*, Duck Mi Yoon, M.D., Ph.D.*?, Taick Sang Nam, M.D., Ph.D."**,
Joong Woo Leem, Ph.D."**, and Gwang Se Paik, M.D., Ph.D."?

Departments of 'Physiology and 2Anesthesiology & Pain Medicine, *The Brain Research Institute,
and “The Brain Korea 21 Project for Medical Science, Yonsei University College of Medicine, Seoul, Korea

Background: This study was conducted to investigate the roles of the spinal and peripheral v-aminobutyric acid (GABA)-
ergic systems for the mechanical hypersensitivity produced by chronic compression of the dorsal root ganglion (CCD).

Methods: CCD was performed at the left 5th lumbar dorsal root ganglion. The paw withdrawal threshold (PWT) to von
Frey stimuli was measured. The mechanical responsiveness of the lumbar dorsal horn neurons was examined. GABAergic drugs
were delivered with intrathecal (i.t.) or intraplantar (i.pl.) injection or by topical application onto the spinal cord.

Results: CCD produced mechanical hypersensitivity, which was evidenced by the decrease of the PWT, and it lasting for 10
weeks. For the rats showing mechanical hypersensitivity, the mechanical responsiveness of the lumbar dorsal horn neurons was
enhanced. A similar increase was observed with the normal lumbar dorsal horn neurons when the GABA-A receptor antagonist
bicuculline was topically applied. An i.t. injection of GABA-A or GABA-B receptor agonist, muscimol or baclofen, alleviated
the CCD-induced hypersensitivity. Topical application of same drugs attenuated the CCD-induced enhanced mechanical respon-
siveness of the lumbar dorsal horn neurons. CCD-induced hypersensitivity was also improved by low-dose muscimol applied (i.pl.)
into the affected hind paw, whereas no effects could be observed with high-dose muscimol or baclofen.

Conclusions: The results suggest that the neuropathic pain associated with compression of the dorsal root ganglion is caused
by hyperexcitability of the dorsal horn neurons due to a loss of spinal GABAergic inhibition. Peripheral application of low-dose
GABA-A receptor agonist can be useful to treat this pain. (Korean J Pain 2006; 19: 22-32)

Key Words: back pain, compression of dorsal root ganglion, compressive neuropathy, GABA receptor, mechanical hyperalgesia.
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Fig. 2. Examples of mechanically evoked responses of spinal WDR neurons in normal and CCD rats. The single-pass peristimulus time histograms
(bin width, 1 s) show the responses to three different mechanical stimuli applied for 10 s each. Insets below each histogram are recordings of
neuronal activity. The stimuli included brushing, pressing, and pinching the center of the receptive field.
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Fig. 4. Effects of topical application of GABA-A receptor antagonist bicuculline onto the spinal cord surface on mechanical responsiveness of spinal

WDR neurons in normal and CCD rats. In upper graphs,

the single-pass peristimulus time histograms show typical examples of mechanical

responses to a set of three different stimuli (brush, press, pinch) applied successively for 10 sec per each with an inter-stimulus interval of 20 sec
to somatic receptive field of spinal WDR neurons obtained from normal (A) and CCD (B) rats. A set of stimuli were applied 5 min before and
every 15 min after topical application of bicuculline. The mean number of impulses evoked from individual neurons by each stimulus is evaluated.
The ratio of the mean value at 15 min post-injection to pre-injection value for each stimulus was expressed as percentage in lower graphs (C and
D). *indicates P < 0.05 as compared with pre-injection values of corresponding stimuli.
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Fig. 6. Effects of topical application of GABA receptor agonists onto the spinal cord surface on mechanical responsiveness of spinal WDR neurons in CCD rats.
In upper graphs, the single-pass peristimulus time histograms show typical examples of mechanical responses to a set of three different stimuli (brush, press, pinch)
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The mean number of impulses evoked from individual neurons by each stimulus is evaluated. The ratio of the mean value at 15 min post-injection to pre-injection
value for each stimulus was expressed as percentage in lower graphs (C and D). *indicates P < 0.05 as compared with pre-injection values of corresponding stimuli.
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Fig. 7. Effects of an intraplantar (i.pl.) injection of bicuculline on mechanical sensitivity of normal and CCD rats. An i.pl. injection of GABA-A receptor

antagonist bicuculline is given into the affected hind paw of normal (A) and CCD (B) rats. In normal rats, no significant differences are observed in

paw withdrawal threshold values at particular time points between bicuculline-treated and saline-treated groups. The same holds true for CCD rats. Pre:
pre-treatment values, Tr: drug treatment.
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Fig. 10. Effects of an intraplantar (i.pl.) injection of baclofen on mechanical sensitivity of normal and CCD rats. An ipl. injection of GABA-B
receptor agonist baclofen is given into the affected hind paw of normal (A) and CCD (B) rats. In normal rats, no significant differences are
observed in paw withdrawal threshold values at particular time points between baclofen-treated and saline-treated groups, regardless of a high (500
nmol) or low (0.01 nmol) dose of baclofen treated. The same holds true for CCD rats. Pre: pre-treatment values, Tr: drug treatment.
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