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Abstract: Previous studies using the technique of microinjection into brain nuclei indicated that the periaqueductal gray (PAG), nucleus accumbens, habenula and amygdala play an essential role in pain modulation and that these nuclei possibly act through a ‘mesolimbic neural loop’ to exert an analgesic effect, in which Met-enkephalin (MEK) and beta-endorphin (beta-EP) have been implicated as the two major opioid peptides involved in antinociception. In the present study performed in rabbits, intracranial microinjection was supplemented with push-pull perfusion and radioimmunoassay to determine whether the release of enkephalins (ENK) and beta-EP was increased in these nuclei when the putative neural circuit was activated by morphine administered into one of the nuclei. The results showed: (1) microinjection of morphine into the PAG increased the release of ENK and beta-EP in the N. accumbens, and vice versa; (2) microinjection of morphine into the N. accumbens increased the release of ENK and beta-EP in the amygdala, and vice versa; (3) morphine microinjected into the PAG caused an increase in the release of ENK and beta-EP in the amygdala and vice versa, although the release of ENK in PAG was statistically not significant. These results indicate that PAG, N. accumbens and amygdala are connected in a network served by a positive feedback circuitry.
Author Keywords: Periaqueductal Gray; Nucleus Accumbens; Amygdala; Morphine; Enkephalin; Beta-Endorphin
Keywords Plus: Nucleus Accumbens; Raphe Nuclei; Brain-Stem; Analgesia; Morphine; Projections; Pathway; Systems; Loop; Rat
Addresses:
1. Beijing Med Univ, Neurosci Res Ctr, Dept Physiol, 38 Xueyuan Rd, Beijing 100083, Peoples R China
1. Iordanova, M.D. (2009), Dopaminergic modulation of appetitive and aversive predictive learning. Reviews in the Neurosciences, 20 (5-6), 383-404.

2. Luo, F. and Wang, J.Y. (2008), Modulation of central nociceptive coding by acupoint stimulation. Neurochemical Research, 33 (10), 1950-1955.

3. Ramos, J.K.J. (2007), Placebo effect and pain: brain bases. Neurologia, 22 (2), 99-105.

4. Ma, J.Y. and Leung, L.S. (2006), Limbic system participates in mediating the effects of general anesthetics. Neuropsychopharmacology, 31 (6), 1177-1192.

5. Benedetti, F., Mayberg, H.S., Wager, T.D., Stohler, C.S. and Zubieta, J.K. (2005), Neurobiological mechanisms of the placebo effect. Journal of Neuroscience, 25 (45), 10390-10402.

6. Kim, E.M., Quinn, J.G., Levine, A.S. and O’Hare, E. (2004), A bi-directional mu-opioid-opioid connection between the nucleus of the accumbens shell and the central nucleus of the amygdala in the rat. Brain Research, 1029 (1), 135-139.

7. Cobos, A., Lima, D., Almeida, A. and Tavares, I. (2003), Brain afferents to the lateral caudal ventrolateral medulla: A retrograde and anterograde tracing study in the rat. Neuroscience, 120 (2), 485-498.

8. De la Fuente-Fernandez, R. and Stoessl, A.J. (2002), The biochemical bases for reward - Implications for the placebo effect. Evaluation & the Health Professions, 25 (4), 387-398.

9. Ma, J.Y., Shen, B.X., Stewart, L.S., Herrick, I.A. and Leung, L.S. (2002), The septohippocampal system participates in general anesthesia. Journal of Neuroscience, 22 (2), Article Number: RC200.

10. Borszcz, G.S. and Streltsov, N.G. (2000), Amygdaloid-thalamic interactions mediate the antinociceptive action of morphine microinjected into the periaqueductal gray. Behavioral Neuroscience, 114 (3), 574-584.

11. Jain, S., Mathur, R., Sharma, R. and Nayar, U. (2000), Amygdalar tissue transplants improve recovery of nociceptive behaviour in rats. Restorative Neurology and Neuroscience, 16 (2), 143-147.

12. Paulson, P.E., Morrow, T.J. and Casey, K.L. (2000), Bilateral behavioral and regional cerebral blood flow changes during painful peripheral mononeuropathy in the rat. Pain, 84 (2-3), 233-245.

13. Altier, N. and Stewart, J. (1999), The role of dopamine in the nucleus accumbens in analgesia. Life Sciences, 65 (22), 2269-2287.

14. Borszcz, G.S. (1999), Differential contributions of medullary, thalamic, and amygdaloid serotonin to the antinociceptive action of morphine administered into the periaqueductal gray: A model of morphine analgesia. Behavioral Neuroscience, 113 (3), 612-631.

15. Burkey, A.R., Carstens, E. and Jasmin, L. (1999), Dopamine reuptake inhibition in the rostral agranular insular cortex produces antinociception. Journal of Neuroscience, 19 (10), 4169-4179.

16. Lu, G.W. and Willis, W.D. (1999), Branching and/or collateral projections of spinal dorsal horn neurons. Brain Research Reviews, 29 (1), 50-82.

17. Helmstetter, F.J., Tershner, S.A., Poore, L.H. and Bellgowan, P.S.F. (1998), Antinociception following opioid stimulation of the basolateral amygdala is expressed through the periaqueductal gray and rostral ventromedial medulla. Brain Research, 779 (1-2), 104-118.

18. Olmstead, M.C. and Franklin, K.B.J. (1997), The development of a conditioned place preference to morphine: Effects of microinjections into various CNS sites. Behavioral Neuroscience, 111 (6), 1324-1334.

19. Mesches, M.H., Bianchin, M. and McGaugh, J.L. (1996), The effects of intra-amygdala infusion of the AMPA receptor antagonist CNQX on retention performance following aversive training. Neurobiology of Learning and Memory, 66 (3), 324-340.

20. Piepponen, T.P. and Ahtee, L. (1995), Effects of Selective Opioid Receptor Antagonists on Morphine-Induced Changes in Striatal and Limbic Dopamine Metabolism. Pharmacology & Toxicology, 77 (3), 204-208.

21. Borszcz, G.S. (1995), Increases in Vocalization and Motor Reflex Thresholds Are Influenced by the Site of Morphine Microinjection - Comparisons Following Administration Into the Periaqueductal Gray, Ventral Medulla, and Spinal Subarachnoid Space. Behavioral Neuroscience, 109 (3), 502-522.

22. Gear, R.W. and Levine, J.D. (1995), Antinociception Produced by An Ascending Spino-Supraspinal Pathway. Journal of Neuroscience, 15 (4), 3154-3161.

23. Heinricher, M.M. and Tortorici, V. (1994), Interference with Gaba Transmission in the Rostral Ventromedial Medulla, Disinhibition of Off-Cells As A Central Mechanism in Nociceptive Modulation. Neuroscience, 63 (2), 533-546.

24. Gescuk, B., Lang, S., Porrino, L.J. and Kornetsky, C. (1994), The Local Cerebral Metabolic Effects of Morphine in Rats Exposed to Escapable Footshock. Brain Research, 663 (2), 303-311.

25. Kamei, J., Saitoh, A., Iwamoto, Y., Funada, M., Suzuki, T., Misawa, M., Nagase, H. and Kasuya, Y. (1994), Effects of Diabetes on Spontaneous Locomotor-Activity in Mice. Neuroscience Letters, 178 (1), 69-72.

26. Zagon, A., Totterdell, S. and Jones, R.S.G. (1994), Direct Projections from the Ventrolateral Medulla-Oblongata to the Limbic Forebrain - Anterograde and Retrograde Tract-Tracing Studies in the Rat. Journal of Comparative Neurology, 340 (4), 445-468.

27. Ma, Q.P., Zhou, Y., Yu, Y.X. and Han, J.S. (1992), Electroacupuncture Accelerated the Expression of C-Fos Protooncogene in Serotonergic Neurons of Nucleus Raphe Dorsalis. International Journal of Neuroscience, 67 (1-4), 111-117.

28. Ma, Q.P., Shi, Y.S. and Han, J.S. (1992), Further-Studies on Interactions Between Periaqueductal Gray, Nucleus-Accumbens and Habenula in Antinociception. Brain Research, 583 (1-2), 292-295.


