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Abstract: This work was designed to elucidate the possible involvement of endogenous endomorphin-1 (EM1) in analgesia induced by electroacupuncture of low or high frequencies. Taking radiant heat tail flick latency (TFL) as an indication of nociception, rats were subjected to intrathecal (i.t.) injection of 10 mu l antiserum against EM1 (EM1-AS) or normal rabbit serum (NRS, as control) and then followed by 2 or 100 Hz electroacupuncture stimulation for 30 min. The analgesia induced by 2 Hz electroacupuncture was attenuated by i.t. injection of EM1-AS at 1:10 and 1:100 but not at 1:1000 dilution. No such suppressive effect was observed for 100 Hz EA analgesia when EM1-AS was injected i.t. at any dilutions. These results indicate that EM1 is involved in 2 Hz but not 100 Hz electroacupuncture analgesia at spinal level. (C) 1999 Elsevier Science Ireland Ltd. All rights reserved.
Author Keywords: endomorphin; mu-opioid receptor; microinjection of antiserum; electroacupuncture; frequency dependence
Keywords Plus: Beta-Endorphin; Brain; Neuropeptides; Frequencies; Serum
Reprint Address: Han, JS (reprint author), Beijing Med Univ, Neurosci Res Inst, Beijing 100083, Peoples R China
Addresses:
1. Beijing Med Univ, Neurosci Res Inst, Beijing 100083, Peoples R China
2. Phoenix Pharmaceut Inc, California, CA USA
1. Baratto, L., Calza, L., Capra, R., Gallamini, M., Giardino, L., Giuliani, A., Lorenzini, L. and Traverso, S. (2011), Ultra-low-level laser therapy. Lasers in Medical Science, 26 (1), 103-112.
2. Liu, H.R., Qi, L., Wu, L.Y., Ma, X.P., Qin, X.D., Huang, W.Y., Dong, M. and Wu, H.G. (2010), Effects of moxibustion on dynorphin and endomorphin in rats with chronic visceral hyperalgesia. World Journal of Gastroenterology, 16 (32), 4079-4083.
3. Liang, J., Ping, X.J., Li, Y.J., Ma, Y.Y., Wu, L.Z., Han, J.S. and Cui, C.L. (2010), Morphine-induced conditioned place preference in rats is inhibited by electroacupuncture at 2 Hz: Role of enkephalin in the nucleus accumbens. Neuropharmacology, 58 (1), 233-240.

4. Lee, H.J., Lee, J.H., Lee, E.O., Lee, H.J., Kim, K.H., Kim, S.H., Lee, K.S., Jung, H.J. and Kim, S.H. (2009), Substance P and beta-endorphin mediate electro-acupuncture induced analgesia in mouse cancer pain model (Retracted article. See vol. 28, art. no. 137, 2009). Journal of Experimental & Clinical Cancer Research, 28, Article Number: 102.
5. Nohama, P. and Silverio-Lopes, S.M. (2009), Influence of the stimulating frequency involved in analgesic effects induced by electroacupuncture for neck pain due to muscular tension. Revista Brasileira de Fisioterapia, 13 (2), 152-158.

6. Zhou, E.H., Liu, H.R., Wu, H.G., Shi, Y., Wang, X.M., Tan, L.Y., Yao, L.Q., Zhong, Y.S., Jiang, Y. and Zhang, L.L. (2009), Suspended moxibustion relieves chronic visceral hyperalgesia via serotonin pathway in the colon. Neuroscience Letters, 451 (2), 144-147.

7. Han, J.B., Kim, C.W., Sun, B., Kim, S.K., Lee, M.G., Park, D.S. and Min, B.I. (2008), The Antipruritic Effect of Acupuncture on Serotonin-Evoked Itch in Rats. Acupuncture & Electro-Therapeutics Research, 33 (3-4), 145-156.

8. Cabioglu, M.T., Gundogan, N. and Ergene, N. (2008), The Efficacy of Electroacupuncture Therapy for Weight Loss Changes Plasma Lipoprotein A, Apolipoprotein A and Apolipoprotein B Levels in Obese Women. American Journal of Chinese Medicine, 36 (6), 1029-1039.

9. Almeida, R.T., Perez, A.C., Francischi, J.N., Castro, M.S. and Duarte, I.D.G. (2008), Opioidergic orofacial antinociception induced by electroacupuncture at acupoint St36. Brazilian Journal of Medical and Biological Research, 41 (7), 621-626.

10. Lin, J.G. and Chen, W.L. (2008), Acupuncture analgesia: A review of its mechanisms of actions. American Journal of Chinese Medicine, 36 (4), 635-645.

11. Maeda, Y., Wacnik, P.W. and Sluka, K.A. (2008), Low frequencies, but not high frequencies of bi-polar spinal cord stimulation reduce cutaneous and muscle hyperalgesia induced by nerve injury. Pain, 138 (1), 143-152.

12. Sun, Y., Gan, T.J., Dubose, J.W. and Habib, A.S. (2008), Acupuncture and related techniques for postoperative pain: a systematic review of randomized controlled trials. British Journal of Anaesthesia, 101 (2), 151-160.

13. Ma, Y.Y., Shi, X.D., Han, J.S. and Cui, C.L. (2008), Peripheral electrical stimulation-induced suppression of morphine-induced CCP in rats: A role for dopamine in the nucleus accumbens. Brain Research, 1212, 63-70.

14. DeSantana, J.M., Santana-Filho, V.J. and Sluka, K.A. (2008), Modulation between high- and low-frequency transcutaneous electric nerve stimulation delays the development of analgesic tolerance in arthritic rats. Archives of Physical Medicine and Rehabilitation, 89 (4), 754-760.

15. Zanette, S.D., Born, I.G., Brenol, J.C.T. and Xavier, R.M. (2008), A pilot study of acupuncture as adjunctive treatment of rheumatoid arthritis. Clinical Rheumatology, 27 (5), 627-635.

16. Wu, G.C. (2007), Acupuncture anesthesia in China: Retrospect and prospect. Chinese Journal of Integrative Medicine, 13 (3), 163-165.

17. Cabioglu, M.T. and Cetin, B.E. (2008), Acupuncture and immunomodulation. American Journal of Chinese Medicine, 36 (1), 25-36.

18. Kim, Y.S., Hong, J.W., Na, B.J., Park, S.U., Jung, W.S., Moon, S.K., Park, J.M., Ko, C.N., Cho, K.H. and Bae, H.S. (2008), The effect of low versus high frequency electrical acupoint stimulation on motor recovery after ischemic stroke by motor evoked potentials study. American Journal of Chinese Medicine, 36 (1), 45-54.

19. Straub, R.H., Wolff, C., Fassold, A., Hofbauer, R., Chover-Gonzalez, A., Richards, L.J. and Jessop, D.S. (2008), Antiinflammatory role of endomorphins in osteoarthritis, rheumatoid arthritis, and adjuvant-induced polyarthritis. Arthritis and Rheumatism, 58 (2), 456-466.

20. Almeida, R.T. and Duarte, I.D.G. (2008), Nitric oxide/cGMP pathway mediates orofacial antinociception induced by electroacupuncture at the St36 acupoint. Brain Research, 1188, 54-60.

21. Cabioglu, M.T., Ergene, N., Surucu, H.S., Celik, H.H. and Findik, D. (2007), Serum IgG, IgA, IgM, and IgE levels after electroacupuncture and diet therapy in obese women. American Journal of Chinese Medicine, 35 (6), 955-965.

22. Pan, W. and Kastin, A.J. (2007), From MIF-1 to endomorphin: The Tyr-MIF-1 family of peptides. Peptides, 28 (12), 2411-2434.

23. Tong, K.C., Lo, S.K. and Cheing, G.L. (2007), Alternating frequencies of transcutaneous electric nerve stimulation: Does it produce greater analgesic effects on mechanical and thermal pain thresholds? Archives of Physical Medicine and Rehabilitation, 88 (10), 1344-1349.

24. Hahm, T.S. (2007), The effect of 2 Hz and 100 Hz electrical stimulation of acupoint on ankle sprain in rats. Journal of Korean Medical Science, 22 (2), 347-351.

25. Cabioglu, M.T., Ergene, N. and Tan, U. (2007), Smoking cessation after acupuncture treatment. International Journal of Neuroscience, 117 (5), 571-578.

26. Cabioglu, M.T., Ergene, N. and Tan, U. (2007), Electroacupuncture treatment of obesity with psychological symptoms. International Journal of Neuroscience, 117 (5), 579-590.

27. Kim, E.H., Park, H.J., Lee, H., Seo, J.C., Hong, M.S., Park, H.K., Jang, M.H., Kim, C.J., Ha, E., Lee, H., Kang, S.K., Choi, S., Ryu, Y. and Chung, J.H. (2007), Analgesic effects by electroacupuncture were decreased in inducible nitric oxide synthase knockout mice. Neurological Research, 29, S28-S31.

28. Qu, F. and Zhou, J. (2007), Electro-acupuncture in relieving labor pain. Evidence-Based Complementary and Alternative Medicine, 4 (1), 125-130.

29. Labuz, D., Berger, S., Mousa, S.A., Zollner, C., Rittner, H.L., Shaqura, M.A., Segovia-Silvestre, T., Przewlocka, B., Stein, C. and Machelska, H. (2006), Peripheral antinociceptive effects of exogenous and immune cell-derived endomorphins in prolonged inflammatory pain. Journal of Neuroscience, 26 (16), 4350-4358.

30. Cabioglu, M.T. and Ergene, N. (2006), Changes in serum leptin and beta endorphin levels with weight loss by electroacupuncture and diet restriction in obesity treatment. American Journal of Chinese Medicine, 34 (1), 1-11.

31. Cabyoglu, M.T., Ergene, N. and Tan, U. (2006), The treatment of obesity by acupuncture. International Journal of Neuroscience, 116 (2), 165-175.

32. Zhang, G.G., Yu, C.S., Lee, W.L., Lao, L.X., Ren, K. and Berman, B.M. (2005), Involvement of peripheral opioid mechanisms in electroacupuncture analgesia. Explore-the Journal of Science and Healing, 1 (5), 365-371.

33. Cabioglu, M.T. and Ergene, N. (2005), Electroacupuncture therapy for weight loss reduces serum total cholesterol, triglycerides, and LDL cholesterol levels in obese women. American Journal of Chinese Medicine, 33 (4), 525-533.

34. Chen, J.H., Liang, J., Wang, G.B., Han, J.S. and Cui, C.L. (2005), Repeated 2 Hz peripheral electrical stimulations suppress morphine-induced CPP and improve spatial memory ability in rats. Experimental Neurology, 194 (2), 550-556.

35. Zhang, R.X., Wang, L.B., Wang, X.Y., Ren, K., Berman, B.M. and Lao, L.X. (2005), Electroacupuncture combined with MK-801 prolongs anti-hyperalgesia in rats with peripheral inflammation. Pharmacology Biochemistry and Behavior, 81 (1), 146-151.

36. Chan, H.H.L., Leung, M.C.P. and So, K.F. (2005), Electroacupuncture provides a new approach to neuroprotection in rats with induced glaucoma. Journal of Alternative and Complementary Medicine, 11 (2), 315-322.

37. Zhao, H., Tian, Z.Z. and Chen, B.Y. (2005), Electroacupuncture stimulates hypothalamic aromatization. Brain Research, 1037 (1-2), 164-170.

38. Napadow, V., Makris, N., Liu, J., Kettner, N.W., Kwong, K.K. and Hui, K.K.S. (2005), Effects of electroacupuncture versus manual acupuncture on the human brain as measured by fMRI. Human Brain Mapping, 24 (3), 193-205.

39. Wang, Y., Zhang, Y., Wang, W., Cao, Y. and Han, J.S. (2005), Effects of synchronous or asynchronous electroacupuncture stimulation with low versus high frequency on spinal opioid release and tail flick nociception. Experimental Neurology, 192 (1), 156-162.

40. Chernyak, G., Sengupta, P., Lenhardt, R., Liem, E., Doufas, A.G., Sessler, D.I. and Akca, O. (2005), The timing of acupuncture stimulation does not influence anesthetic requirement. Anesthesia and Analgesia, 100 (2), 387-392.

41. Huang, C., Li, H.T., Shi, Y.S., Han, J.S. and Wan, Y. (2004), Ketamine potentiates the effect of electroacupuncture on mechanical allodynia in a rat model of neuropathic pain. Neuroscience Letters, 368 (3), 327-331.

42. Law, P.P.W. and Cheing, G.L.Y. (2004), Optimal stimulation frequency of transcutaneous electrical nerve stimulation on people with knee osteoarthritis. Journal of Rehabilitation Medicine, 36 (5), 220-225.

43. Lao, L.X., Zhang, R.X., Zhang, G., Wang, X.Y., Berman, B.M. and Ren, K. (2004), A parametric study of electroacupuncture on persistent hyperalgesia and Fos protein expression in rats. Brain Research, 1020 (1-2), 18-29.

44. Sun, R.Q., Wang, H.C., Wan, Y., Jing, Z., Luo, F., Han, J.S. and Wang, Y. (2004), Suppression of neuropathic pain by peripheral electrical stimulation in rats: mu-opioid receptor and NMDA receptor implicated. Experimental Neurology, 187 (1), 23-29.

45. Han, J.S. (2004), Acupuncture and endorphins. Neuroscience Letters, 361 (1-3), 258-261.

46. Zhao, H., Tian, Z.Z. and Chen, B.Y. (2003), Increased corticortropin-releasing hormone release in ovariectomized rats’ paraventricular nucleus: effects of electroacupuncture. Neuroscience Letters, 353 (1), 37-40.

47. Rapson, L.M., Wells, N., Pepper, J., Majid, N. and Boon, H. (2003), Acupuncture as a promising treatment for below-level central neuropathic pain: A retrospective study. Journal of Spinal Cord Medicine, 26 (1), 21-26.

48. Zhao, H., Tian, Z.Z. and Chen, B.Y. (2003), An important role of corticotropin-releasing hormone in electroacupuncture normalizing the subnormal function of hypothalamus-pituitary-ovary axis in ovariectomized rats. Neuroscience Letters, 349 (1), 25-28.

49. Chandran, P. and Sluka, K.A. (2003), Development of opioid tolerance with repeated transcutaneous electrical nerve stimulation administration. Pain, 102 (1-2), 195-201.

50. Han, J.S. (2003), Acupuncture: neuropeptide release produced by electrical stimulation of different frequencies. Trends in Neurosciences, 26 (1), 17-22.

51. Ren, Y.H., Wang, B., Luo, F., Cui, C.L., Zheng, J.W. and Han, J.S. (2002), Peripheral electric stimulation attenuates the expression of cocaine-induced place preference in rats. Brain Research, 957 (1), 129-135.

52. Koo, S.T., Park, Y.I., Lim, K.S., Chung, K.S. and Chung, J.M. (2002), Acupuncture analgesia in a new rat model of ankle sprain pain. Pain, 99 (3), 423-431.

53. Lin, J.G., Lob, M.W., Wen, Y.R., Hsieh, C.L., Tsai, S.K. and Sun, W.Z. (2002), The effect of high and low frequency electroacupuncture in pain after lower abdominal surgery. Pain, 99 (3), 509-514.

54. Huang, C., Wang, Y., Han, J.S. and Wan, Y. (2002), Characteristics of electroacupuncture-induced analgesia in mice: variation with strain, frequency, intensity and opioid involvement. Brain Research, 945 (1), 20-25.

55. Morioka, N., Akca, O., Doufas, A.G., Chernyak, G. and Sessler, D.I. (2002), Electro-acupuncture at the Zusanli, Yanglingquan, and Kunlun points does not reduce anesthetic requirement. Anesthesia and Analgesia, 95 (1), 98-102.

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

57. Wu, L.M., Chen, J.H., Zhong, D.L., Lin, C.T. and Wang, X.C. (2002), Proteolysis of endomorphin-1 by brain synaptic membrane-associated peptidases. Acta Neurobiologiae Experimentalis, 62 (1), 1-5.

58. Park, H.J., Lee, H.S., Lee, H.J., Yoo, Y.M., Lee, H.J., Kim, S.A., Leem, K., Kim, H.C., Seo, J.C., Kim, E.H., Lim, S. and Chung, J.H. (2002), Decrease of the electroacupuncture-induced analgesic effects in nuclear factor-kappa B1 knockout mice. Neuroscience Letters, 319 (3), 141-144.

59. Yun, S.J., Park, H.J., Yeom, M.J., Hahm, D.H., Lee, H.J. and Lee, E.H. (2002), Effect of electroacupuncture on the stress-induced changes in brain-derived neurotrophic factor expression in rat hippocampus. Neuroscience Letters, 318 (2), 85-88.

60. Horvath, G. (2000), Endomorphin-1 and endomorphin-2: pharmacology of the selective endogenous mu-opioid receptor agonists. Pharmacology & Therapeutics, 88 (3), 437-463.

61. Huang, C., Wang, Y., Chang, J.K. and Han, J.S. (2000), Endomorphin and mu-opioid receptors in mouse brain mediate the analgesic effect induced by 2 Hz but not 100 Hz electroacupuncture stimulation. Neuroscience Letters, 294 (3), 159-162.

62. Hao, S., Takahata, O. and Iwasaki, H. (2000), Electroacupuncture potentiates the antinociceptive effect of intrathecal endomorphin-1 in the rat formalin test. Neuroscience Letters, 287 (1), 9-12.

