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INTRODUCTION

CONCLUSIONS

PKC-εεεε INHIBITION SELECTIVELY 

ATTENUATES CLON-DELT SYNERGY IN VIVO

VISUALIZATION AND DISTRIBUTION OF PKC 

ISOFORMS IN DORSAL ROOT GANGLION NEURONS

METHODS •Only the PKC-ε isoform was translocated from a basal 

cytosolic localization to the plasma membrane through both 

PMA treatment and co-administration of the CLON-DELT 

combination, but not with separate agonist administration. 

•Inhibition of the PKC-ε isoform in vivo attenuates the 

synergistic interaction of the CLON-DELT combination 

without altering the effect of separate agonist administration.

•Identifying the molecular basis of spinal analgesic synergy 

may contribute to improved therapeutic strategies to control 

chronic pain and understand mechanisms of chronic pain 

induction.
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The delta opioid receptor (DOP) and the alpha-2A-adrenergic 

receptor ( 2AR) co-localize extensively in the terminals of 

primary afferent fibers in the dorsal horn of the spinal cord, 

and agonists acting at these receptors produce analgesic 

synergy in vivo. Recently, a role for protein kinase C (PKC) 

has been shown to mediate the synergistic interaction 

between the DOP agonist, deltorphin II (DELT) and the 2AR 

agonist, clonidine (CLON), but not 

the effect of separate agonist 

administration. Because several PKC 

isoforms are present in primary 

afferent sensory neurons, we sought to 

determine the isoform responsible for 

mediating DOP/ 2AR spinal synergy 

using both immunocytochemical and 

behavioral methods. 

High efficacy doses of CLON, DELT and CLON-DELT combination were tested under

control conditions (light bars) and in the presence of a PKC-ε peptide inhibitor (dark bars).

Inhibition of PKC-ε attenuated the effect of the CLON-DELT combination, but not the

effect of each agonist administered separately. Values are means ± SEM (n=6). *p < 0.01 

compared with control.

Immunocytochemistry
Primary cultures of rat dorsal root ganglia neurons were treated with CLON 

(10 nM), DELT (10 nM) or CLON-DELT combination (0.3 nM each). 

Phorbol ester (PMA) treatment was used as a positive control for PKC 

activation. Cells were then co-stained for substance P, βIII tubulin and three

isoforms of PKC. Cells positively labeled for substance P and βIII tubulin 

were examined for translocation of PKC from the cytoplasm to the 

membrane as a measure of PKC activation. PKC translocation was 

quantified using fluorescence profiles across each cell as previously 

described (Cesare et al., 1999). Whole profiles are shown below and half 

profiles are shown on right. Values are means ± SEM (n = 6-13).

Behavior
CLON, DELT and the combination were administered intrathecally (i.t.) to 

inhibit nociceptive responses from male ICR mice in the tail flick test. A 

PKC-ε peptide inhibitor (Myr-EAVSLKPT-OH) was administered i.t. as a 

pretreatment to challenge CLON-DELT synergy.
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