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Abstract: RECENT studies suggest that the novel opioid peptide orphanin FQ (OFQ) is involved in pain modulation. We found that intracerebroventricular (i.c.v.) administration of OFQ in the rat produced a dose-dependent antagonism of the analgesia induced by 100 Hz electroacupuncture (EA) stimulation as measured in the radiant heat tail-flick assay. Antisense oligonucleotides injected i.c.v. potentiated EA analgesia, presumably by interfering with the expression of the OFQ receptor in brain. These results suggest that endogenous OFQ exerts a tonic antagonistic effect on EA-induced analgesia. No such antagonism was observed when OFQ was injected intrathecally (i.t.). Rather, it appears that spinal OFQ produced a marked analgesic effect and enhanced EA-induced analgesia. These findings are consistent with the experimental results obtained in rats where morphine-induced analgesia is antagonized by i.c.v. OFQ and potentiated by i.t. OFQ.
Author Keywords: antisense oligodeoxynucleotide; orphanin FQ; LC132; nociceptin; opiate; electroacupuncture-induced analgesia; pain inhibition

Keywords Plus: Receptor Gene Family; Opioid Receptor; Cloning; Member

Addresses:
1. Beijing Med Univ, Neurosci Res Ctr, Beijing 100083, Peoples R China
2. Oregon Hlth Sci Univ, Portland, OR 97201 USA

3. Univ Illinois, Dept Psychol, Urbana, IL 61801 USA

4. Oregon Hlth Sci Univ, Vollum Inst Adv Biomed Res, Portland, OR 97201 USA
1. Lu, N., Han, M., Yang, Z.L., Wang, Y.Q., Wu, G.C. and Zhang, Y.Q. (2010), Nociceptin/Orphanin FQ in PAG modulates the release of amino acids, serotonin and norepinephrine in the rostral ventromedial medulla and spinal cord in rats. Pain, 148 (3), 414-425.

2. Turner, Y., Wallukat, G., Saalik, P., Wiesner, B., Pritz, S. and Oehlke, J. (2010), Cellular uptake and biological activity of peptide nucleic acids conjugated with peptides with and without cell-penetrating ability. Journal of Peptide Science, 16 (1), 71-80.

3. Zadori, Z.S., Shujaa, N., Koles, L., Kiraly, K.P., Tekes, K. and Gyires, K. (2008), Nocistatin and nociceptin given centrally induce opioid-mediated gastric mucosal protection. Peptides, 29 (12), 2257-2265.

4. Zhao, Z.Q. (2008), Neural mechanism underlying acupuncture analgesia. Progress in Neurobiology, 85 (4), 355-375.

5. Scoto, G.M., Arico, G., Ronsisualle, S. and Parenti, C. (2007), Blockade of the nociceptin/orphanin FQ/NOP receptor system in the rat ventrolateral periaqueductal gray potentiates DAMGO analgesia. Peptides, 28 (7), 1441-1446.

6. Venkatesan, N. and Kim, B.H. (2006), Peptide conjugates of oligonucleotides: Synthesis and applications. Chemical Reviews, 106 (9), 3712-3761.

7. Fu, X., Wang, Y.Q. and Wu, G.C. (2006), Involvement of nociceptin/orphanin FQ and its receptor in electroacupuncture-produced anti-hyperalgesia in rats with peripheral inflammation. Brain Research, 1078, 212-218.

8. Scoto, G.M., Santangelo, N. and Parenti, C. (2005), Effect of supraspinal Nocistatin on Nociceptin/Orphanin FQ antagonism of selective opioid analgesia. Neuroscience Letters, 387 (3), 126-129.

9. Bignan, G.C., Connolly, P.J. and Middleton, S.A. (2005), Recent advances towards the discovery of ORL-1 receptor agonists and antagonists. Expert Opinion on Therapeutic Patents, 15 (4), 357-388.

10. Mollereau, C., Roumy, M. and Zajac, J.M. (2005), Opioid-modulating peptides: Mechanisms of action. Current Topics in Medicinal Chemistry, 5 (3), 341-355.

11. Kotlinska, J., Dylag, T., Rafalski, P., Talarek, S., Kosior, M. and Silberring, J. (2004), Influence of nociceptin(1-17) fragments and its tyrosine-substituted derivative on morphine-withdrawal signs in rats. Neuropeptides, 38 (5), 277-282.

12. Ma, F., Xie, H., Dong, Z.Q., Wang, Y.Q. and Wu, G.C. (2004), Effects of electroacupuncture on orphanin FQ immunoreactivity and preproorphanin FQ mRNA in nucleus of raphe magnus in the neuropathic pain rats. Brain Research Bulletin, 63 (6), 509-513.

13. Oehlke, J., Wallukat, G., Wolf, Y., Ehrlich, A., Wiesner, B., Berger, H. and Bienert, M. (2004), Enhancement of intracellular concentration and biological activity of PNA after conjugation with a cell-penetrating synthetic model peptide. European Journal of Biochemistry, 271 (14), 3043-3049.

14. Huang, C., Long, H., Shi, Y.S., Han, J.S. and Wan, Y. (2003), Nocistatin potentiates electroacupuncture antinociceptive effects and reverses chronic tolerance to electroacupuncture in mice. Neuroscience Letters, 350 (2), 93-96.

15. Heinricher, M.M. (2003), Orphanin FQ/nociceptin: from neural circuitry to behavior. Life Sciences, 73 (6), 813-822.

16. Flores, C.A., Shughrue, P., Petersen, S.L. and Mokha, S.S. (2003), Sex-related differences in the distribution of opioid receptor-like 1 receptor mRNA and colocalization with estrogen receptor mRNA in neurons of the spinal trigeminal nucleus caudalis in the rat. Neuroscience, 118 (3), 769-778.

17. Kotlinska, J., Wichmann, J., Rafalski, P., Talarek, S., Dylag, T. and Silberring, J. (2003), Non-peptidergic OP4 receptor agonist inhibits morphine antinociception but does not influence morphine dependence. Neuroreport, 14 (4), 601-604.

18. Grond, S., Meuser, T., Pietruck, C. and Sablotzki, A. (2002), Nociceptin and the ORL1 receptor: pharmacology of a new opioid receptor. Anaesthesist, 51 (12), 996-1005.

19. Irnich, D. and Beyer, A. (2002), Neurobiological mechanisms of acupuncture analgesia. Schmerz, 16 (2), 93.

20. Mucio-Ramirez, S., Miller-Perez, C., Sanchez-Isias, E. and Leon-Olea, M. (2001), The opioid receptor like-1 and its endogenous peptide nociceptin/orphanin FQ. New members of the opioid family. Salud Mental, 24 (6), 43-54.

21. Mamiya, T., Noda, Y., Ren, X., Nagai, T., Takeshima, H., Ukai, M. and Nabeshima, T. (2001), Morphine tolerance and dependence in the nociceptin receptor knockout mice. Journal of Neural Transmission, 108 (12), 1349-1361.

22. Bytner, B., Huang, Y.H., Yu, L.C., Lundeberg, T., Nylander, I. and Rosen, A. (2001), Nociceptin/orphanin FQ into the rat periaqueductal gray decreases the withdrawal latency to heat and loading, an effect reversed by (Nphe(1))nociceptin(1-13)NH2. Brain Research, 922 (1), 118-124.

23. Neal, C.R., Akil, H. and Watson, S.J. (2001), Expression of orphanin FQ and the opioid receptor-like (ORL1) receptor in the developing human and rat brain. Journal of Chemical Neuroanatomy, 22 (4), 219-249.

24. Mogil, J.S. and Pasternak, G.W. (2001), The molecular and behavioral pharmacology of the orphanin FQ/nociceptin peptide and receptor family. Pharmacological Reviews, 53 (3), 381-415.

25. Lu, J.T., Huang, Y.H., Palmer, P.P., Xie, G.X., Gabriel, A., Grond, S. and Yu, L.C. (2001), Blockade effects of (Nphe1)Nociceptin(1-13)-NH2 on anti-nociception induced by intrathecal administration of nociceptin in rats. Regulatory Peptides, 101 (1-3), 81-85.

26. Flores, C.A., Wang, X.M., Zhang, K.M. and Mokha, S.S. (2001), Orphanin FQ produces gender-specific modulation of trigeminal nociception: Behavioral and electrophysiological observations. Neuroscience, 105 (2), 489-498.

27. Sun, R.Q., Zhao, C.S., Wang, H.J., Jing, Z., Wang, W., Yang, K., Wang, Y., Chang, J.K. and Han, J.S. (2001), Nocistatin, a peptide reversing acute and chronic morphine tolerance. Neuroreport, 12 (8), 1789-1792.

28. Bigoni, R., Rizzi, A., Rizzi, D., Becker, J., Kieffer, B.L., Simonin, F., Regoli, D. and Calo, G. (2000), In vitro pharmacological profile of peptide III-BTD - A novel ligand for nociceptin/orphanin FQ and opioid receptors. Life Sciences, 68 (2), 233-239.

29. Florin, S., Meunier, J.C. and Costentin, J. (2000), Autoradiographic localization of [H-3]nociceptin binding sites in the rat brain. Brain Research, 880 (1-2), 11-16.

30. Xu, X.J., Grass, S., Hao, J.X., Xu, I.S. and Wiesenfeld-Hallin, Z. (2000), Nociceptin/orphanin FQ in spinal nociceptive mechanisms under normal and pathological conditions. Peptides, 21 (7), 1031-1036.

31. Grisel, J.E. and Mogil, J.S. (2000), Effects of supraspinal orphanin FQ/nociceptin. Peptides, 21 (7), 1037-1045.

32. Tian, J.H. and Han, J.S. (2000), Functional studies using antibodies against orphanin FQ/nociceptin. Peptides, 21 (7), 1047-1050.

33. Malin, D.H., Lake, J.R., Moon, W.D., Moy, D., Montellano, A.L., Moy, E., Campbell, T.D., Bell, M.V., Bryant, D., Harrison, L.M. and Grandy, D.K. (2000), Nociceptin/orphanin FQ (N/OFQ) induces a quasi-morphine abstinence syndrome in the rat. Psychopharmacology, 151 (4), 344-350.

34. Rizzi, A., Bigoni, R., Marzola, G., Guerrini, R., Salvadori, S., Regoli, D. and Calo, G. (2000), The nociceptin/orphanin FQ receptor antagonist, [Nphe(1)]NC(1-13)NH2, potentiates morphine analgesia. Neuroreport, 11 (11), 2369-2372.

35. Meunier, J.C. (2000), The potential therapeutic value of nociceptin receptor agonists and antagonists. Expert Opinion on Therapeutic Patents, 10 (4), 371-388.

36. Calo, G., Guerrini, R., Rizzi, A., Salvadori, S. and Regoli, D. (2000), Pharmacology of nociceptin and its receptor: a novel therapeutic target. British Journal of Pharmacology, 129 (7), 1261-1283.

37. Calo', G., Guerrini, R., Bigoni, R., Rizzi, A., Marzola, G., Okawa, H., Bianchi, C., Lambert, D.G., Salvadori, S. and Regoli, D. (2000), Characterization of [Nphe(1)]nociceptin(1-13)NH2, a new selective nociceptin receptor antagonist. British Journal of Pharmacology, 129 (6), 1183-1193.

38. Harrison, L.M. and Grandy, D.K. (2000), Opiate modulating properties of nociceptin/orphanin FQ. Peptides, 21 (1), 151-172.

39. Rosen, A., Lundeberg, T., Bytner, B. and Nylander, I. (2000), Central changes in nociceptin dynorphin B and Met-enkephalin-Arg-Phe in different models of nociception. Brain Research, 857 (1-2), 212-218.

40. Neal, C.R., Mansour, A., Reinscheid, R., Nothacker, H.P., Civelli, O., Akil, H. and Watson, S.J. (1999), Opioid receptor-like (ORL1) receptor distribution in the rat central nervous system: Comparison of ORL1 receptor mRNA expression with I-125-[(14)Tyr]-orphanin FQ binding. Journal of Comparative Neurology, 412 (4), 563-605.

41. Wang, Y., Zhang, A.X., Xu, W., Chang, J.K. and Han, J.S. (1999), Orphanin FQ antagonizes the analgesic effect of 5-HT in rat brain. Chinese Science Bulletin, 44 (9), 793-795.

42. Yuan, L., Han, Z., Chang, J.K. and Han, J.S. (1999), Accelerated release and production of orphanin FQ in brain of chronic morphine tolerant rats. Brain Research, 826 (2), 330-334.

43. Zhao, C.S., Li, B.S., Zhao, G.Y., Liu, H.X., Luo, F., Wang, Y., Tian, J.H., Chang, J.K. and Han, J.S. (1999), Nocistatin reverses the effect of orphanin FQ/nociceptin in antagonizing morphine analgesia. Neuroreport, 10 (2), 297-299.

44. Yamamoto, T., Nozaki-Taguchi, N., Sakashita, Y. and Kimura, S. (1999), Nociceptin/orphanin FQ: Role in nociceptive information processing. Progress in Neurobiology, 57 (5), 527-535.

45. Neal, C.R., Mansour, A., Reinscheid, R., Nothacker, H.P., Civelli, O. and Watson, S.J. (1999), Localization of orphanin FQ (nociceptin) peptide and messenger RNA in the central nervous system of the rat. Journal of Comparative Neurology, 406 (4), 503-547.

46. Vanderah, T.W., Raffa, R.B., Lashbrook, J., Burritt, A., Hruby, V. and Porreca, F. (1998), Orphanin-FO/nociceptin: lack of antinociceptive, hyperalgesic or allodynic effects in acute thermal or mechanical tests following intracerebroventricular or intrathecal administration to mice or rats. European Journal of Pain-London, 2 (3), 267-278.

47. Civelli, O., Nothacker, H.P. and Reinscheid, R. (1998), Reverse physiology: Discovery of the novel neuropeptide, Orphanin FQ Nociceptin. Critical Reviews in Neurobiology, 12 (3), 163-176.

48. Bryant, W., Janik, J., Baumann, M. and Callahan, P. (1998), Orphanin FQ stimulates prolactin and growth hormone release in male and female rats. Brain Research, 807 (1-2), 228-233.

49. Taylor, F. and Dickenson, A. (1998), Nociceptin/orphanin FQ. A new opioid, a new analgesic? Neuroreport, 9 (12), R65-R70.

50. Calo, G., Rizzi, A., Marzola, G., Guerrini, R., Salvadori, S., Beani, L., Regoli, D. and Bianchi, C. (1998), Pharmacological characterization of the nociceptin receptor mediating hyperalgesia in the mouse tail withdrawal assay. British Journal of Pharmacology, 125 (2), 373-378.

51. Monteillet-Agius, G., Fein, J., Anton, B. and Evans, C.J. (1998), ORL-1 and mu opioid receptor antisera label different fibers in areas involved in pain processing. Journal of Comparative Neurology, 399 (3), 373-383.

52. Hao, J.X., Xu, I.S., Wiesenfeld-Hallin, Z. and Xu, X.J. (1998), Anti-hyperalgesic and anti-allodynic effects of intrathecal nociceptin/orphanin FQ in rats after spinal cord injury, peripheral nerve injury and inflammation. Pain, 76 (3), 385-393.

53. Darland, T. and Grandy, D.K. (1998), The orphanin FQ system: an emerging target for the management of pain? British Journal of Anaesthesia, 81 (1), 29-37.

54. Zaki, P.A. and Evans, C.J. (1998), ORL-1: An awkward child of the opioid receptor family. Neuroscientist, 4 (3), 172-184.

55. Tian, J.H., Zhang, W., Fang, Y., Xu, W., Grandy, D.K. and Han, J.S. (1998), Endogenous orphanin FQ: evidence for a role in the modulation of electroacupuncture analgesia and the development of tolerance to analgesia produced by morphine and electroacupuncture. British Journal of Pharmacology, 124 (1), 21-26.

56. Darland, T., Heinricher, M.M. and Grandy, D.K. (1998), Orphanin FQ/nociceptin: a role in pain and analgesia, but so much more. Trends in Neurosciences, 21 (5), 215-221.

57. Meunier, J.C. (1997), Nociceptin/orphanin FQ and the opioid receptor-like ORL1 receptor. European Journal of Pharmacology, 340 (1), 1-15.

58. Heinricher, M.M., McGaraughty, S. and Grandy, D.K. (1997), Circuitry underlying antiopioid actions of orphanin FQ in the rostral ventromedial medulla. Journal of Neurophysiology, 78 (6), 3351-3358.

