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RESUMO 

 

LOPES, P. S. S. Estimulação do córtex motor e antinocicepção: envolvimento da 
via de analgesia serotonérgica descendente. 2013. 48 p. Dissertação (Mestrado em 
Fisiologia Humana) – Instituto de Ciências Biomédicas, Universidade de São Paulo, 
São Paulo, 2013. 
 

A estimulação epidural do córtex motor (ECM) tem sido eficaz no tratamento de dor 
crônica refratária, porém os mecanismos envolvidos neste efeito ainda são incertos. 
Demonstrados previamente que a ECM aumenta o limiar nociceptivo mecânico de 
ratos, via opióides endógenos, sendo esse efeito decorrente, em parte, da inibição 
de núcleos talâmicos e da ativação da substância cinzenta periaquedutal 
mesencefálica (PAG). Sabendo que a ativação da PAG induz a ativação da via de 
analgesia serotonérgica descendente, fomos investigar o efeito da ECM sobre os 
principais núcleos dessa via, o núcleo dorsal da rafe (NDR) e o núcleo magno da 
rafe (NMR), assim como sobre os neurônios da coluna posterior da medula espinhal 
(CPME), para melhor elucidar os mecanismos envolvidos na analgesia induzida pela 
ECM. Ratos Wistar foram implantados com eletrodos transdurais sobre o córtex 
motor primário na área correspondente à pata posterior direita. Após uma semana 
foram estimulados (1 V, 60 Hz, 210 µs) por 15 min e ainda sob estimulação foram 
avaliados no teste de pressão da pata. Ratos naive ou falso-estimulados foram 
usados como controle. Imediatamente ou 1 h após a ECM, a imunomarcação para 
Egr-1 (marcador de ativação neuronal) ou serotonina (5HT) foi avaliada no NDR, no 
NMR e na CPME. Em adição, foi também avaliada a marcação para substância P 
(SP) na CPME. A ECM aumentou o limiar nociceptivo em 62% na pata contralateral 
a estimulação, quando comparado com os controles. A estimulação cortical não 
alterou a ativação do NDR, entretanto induziu a ativação do NMR (67%), quando 
comparado aos controles. Com relação à 5HT, a ECM induziu um aumento na 
imunomarcação para 5HT em 75% no NDR e em 92% no NMR. Na medula espinhal, 
a ECM inibiu os neurônios da CPME (48%), porém não interferiu com a marcação de 
fibras SP-positivas. Estes resultados sugerem que a antinocicepção induzida pela 
ECM é proveniente da ativação do sistema serotonérgico descendente, com 
consequente inibição dos neurônios nociceptivos espinhais levando ao aumento do 
limiar nociceptivo. Esses dados reforçam o papel do córtex motor no controle da 
resposta dolorosa. 
 
Palavras-chave: Estimulação do Córtex Motor. Via de Analgesia Descendente. 
Serotonina. Núcleo Dorsal da Rafe. Núcleo Magno da Rafe. Coluna Posterior da 
Medula Espinhal. 
 

 

 

 

 

 

 



 

 

 

ABSTRACT 

 
LOPES, P. S. S. Motor cortex stimulation and antinociception: involvement of 
descending serotonergic pain pathway. 2013. 48 p. Masters thesis (Human 
Physiology) – Instituto de Ciências Biomédicas, Universidade de São Paulo, São 
Paulo, 2013. 
 
Motor cortex stimulation (MCS) has been effective in the treatment of refractory 
chronic pain; however, the mechanisms involved in this effect remain unclear. We 
previously demonstrate that MCS increases the mechanical nociceptive threshold in 
rats, via endogenous opioids, being this effect due to thalamic nuclei inhibition and 
periqueductal gray matter (PAG) activation. Knowing that the PAG activation induces 
the activation of descending serotonergic pathway, we investigated the MCS effect 
on the main nuclei of this pathway, the dorsal raphe nucleus (DRN) and the magnus 
raphe nucleus (MRN), and also on the neurons of the dorsal horn of the spinal cord 
(DHSC), to better understand the mechanisms involved in MCS-induced analgesia. 
Male Wistar rats were implanted with transdural electrodes on the motor cortex in the 
area corresponding to the right hind paw. After one week, the animals were 
stimulated (1 V, 60 Hz, 210 µs) for 15 min and still under stimulation they were 
evaluated by paw pressure test. Naive or sham rats were used as controls. 
Immediately or 1 h after MCS, the immunostaining to Egr-1 (neuronal activation 
marker) or serotonin (5HT) were evaluated in the DRN, MRN and DHSC. 
Furthermore, it was evaluated the substance P (SP) staining in the DHSC. MCS 
increased 62% of nociceptive threshold in the contralateral hindpaw to the 
stimulation, when compared to control groups. MCS did not modify the NDR 
activation; however, induced MRN activation (67%), when compared to controls. 
Regarding to 5HT, MCS increased 75% the immunostaining for 5HT in the NDR and 
92% in the MRN. In the spinal cord, MCS inhibited the DHSC neurons (48%), 
however did not change the staining for SP-positive fibers.These results suggest that 
MCS-induced antinociception is arising to the activation of the descending 
serotonergic pathway, with subsequent inhibition of the spinal nociceptive neurons, 
leading to increasing of the nociceptive threshold. These data reinforce the role of the 
motor cortex in the control of the painful response. 
 
Keywords: Motor Cortex Stimulation. Descending Pain Pathway. Serotonin. Dorsal 
Raphe Nucleus. Magnus Raphe Nucleus. Dorsal Horn of the Spinal Cord. 
 
 

 

 

 

 

 

 

 

 

 



14 

 

1 INTRODUÇÃO E OBJETIVO 

 

Aproximadamente um terço da população mundial sofre de dor crônica ou 

persistente, tornando-se esta uma das mais frequentes razões para a procura de 

atendimento médico, trazendo altos gastos em saúde pública, quanto agravos e 

comorbidades físicas e emocionais aos pacientes (STUCKY et al., 2001). Uma 

variedade de tratamentos farmacológicos tem sido proposta para controle da dor 

neuropática, porém, até o momento, nenhum deles responde de maneira 

satisfatória. Desta maneira, o aprimoramento terapêutico em tais condições 

dolorosas se faz necessário. Nesse sentido, a estimulação do córtex motor (ECM), 

uma técnica terapêutica não destrutiva, ajustável e reversível, tem sido aplicada no 

tratamento de dores centrais complexas ou síndromes periféricas neuropáticas, 

resistentes à outros tratamentos (FAGUNDES-PEREYRA et al., 2010). Entretanto, a 

ECM falha em reverter a dor neuropática em aproximadamente um terço dos 

pacientes (NGUYEN et al., 2000), apontando para uma necessidade de prosseguir 

com a pesquisa nesse campo. Anteriormente, nosso grupo demonstrou que a ECM 

ativa a substância cinzenta periaquedutal mesencefália (PAG) (PAGANO et al., 

2012). Considerando que a PAG está intimamente ligada a neurônios do núcleo 

dorsal da rafe (NDR), que junto com o núcleo magno da rafe (NMR) modulam a 

resposta dolorosa pela via serotonérgica descendente (BAJIC; COMMONS, 2010; 

BASBAUM; FIELDS, 1984), agindo sobre neurônios nociceptivos espinhais com a 

finalidade de inibir a transmissão do estimulo nociceptivo (VIISANEN; 

PERTOVAARA, 2010b), decidimos investigar o efeito da estimulação cortical sobre a 

ativação dos núcleos serotonérgicos NDR e NMR, envolvidos na via de analgesia 

descendente, e sobre os neurônios da coluna posterior da medula espinhal (CPME). 

 

1.1 Objetivos específicos 

 

1. Avaliar o padrão de ativação neuronal no NDR, NMR e CPME, visto por 

imunomarcaçao para Egr-1; 

2. Avaliar o padrão de imunomarcação para serotonina (5HT) no NDR e NMR; 

3. Avaliar o padrão de imunomarcação para substância P (SP) na CPME. 
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6 CONCLUSÃO 

 

Os resultados sugerem que a ECM ativa neurônios serotonérgicos no NDR e 

no NMR, levando a inibição de neurônios nociceptivos presentes na CPME, via 5HT, 

consequentemente aumentando o limiar nociceptivo. Esses dados reforçam o 

envolvimento do córtex motor na via de analgesia descendente e enfatizam a 

participação do sistema serotonérgico no efeito antinociceptivo induzido pela 

estimulação cortical. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



41 

 

 

REFERÊNCIAS* 

 

AGGLETON, J. P. The amygdala: neurobiological aspects of emotion, memory and mental 
dysfunction. New York: Wiley-Liss, 1992. 
 
ALMEIDA, T. F.; ROIZENBLATT, S.; TUFIK, S. Afferent pain pathways: a neuroanatomical 
review. Brain Res., v. 1000, p. 40-56, 2004. 
 
AUERBACH, S.; FORNAL, C.; JACOBS, B. L. Response of serotonin-containing neurons in 
nucleus raphe magnus to morphine, noxious stimuli, and periaqueductal gray stimulation in 
freely moving cats. Experimental  Neurology, v. 88, p. 609-628, 1985. 
 
BAJIC, D.; COMMONS, K. G. Acute  noxious  stimulation  modifies  morphine  effect  in 
serotonergic  but  not  dopaminergic  midbrain  areas. Neuroscience, v. 166, p. 720–729, 
2010. 
 
BANDLER, R.; SHIPLEY, M. T. Columnar organization in the midbrain periaqueductal gray: 
modules for emotional expression? Trends Neurosci., v. 17, p. 379-389, 1994.  
 
BASBAUM, A. I.; FIELDS, H. L. Endogenous pain control systems: brainstem spinal 
pathways and endorphin circuitry. Annu. Rev. Neurosci., v. 7, p. 309-338, 1984. 
 
BRAZ, J. M.; ENQUIST, L. W.; BASBAUM, A. I. Inputs to serotonergic neurons revealed by 
conditional viral transneuronal tracing. J. Comp. Neurol., v. 514, p. 145-160, 2009. 
 
BECKMANN, A. M.; WILCE, P. A. Egr transcription factors in the nervous system. 
Neurochem. Int., v. 31, p. 477-510, 1997. 
 
BEHBEHANI, M. M.; FIELDS, H. L. Evidence   that   an   excitatory   connection   between   
the periaqueductal gray  and  nucleus  raphe  magnus  mediates  stimulation  produced  
analgesia. Brain Res., v. 170, p. 85-93, 1979. 
 
BEITZ, A. J. The organisation of afferent projections to the midbrain periaqueductal grey of 
the rat. Neuroscience, v. 7, p. 133-159, 1982. 
 
BINSHTOK, A. M; WANG, H; ZIMMERMANN, K; AMAYA, F.; VARDHE, D; SHI, L; 
BRENNER, G. J; JI, R; BEAN; B. P, WOOLF, C. J; SAMAD; T. A. Nociceptors are interleukin 
1β sensors. The Journal of Neuroscience, v. 28, p. 14062-14073, 2008. 

 
BRINK, T. S.; HELLMAN, K. M.; LAMBERT, A. M.; MASON, P. Raphe magnus neurons help 
protect reactions to visceral pain from interruption by cutaneous pain. J Neurophysiol., v. 
96, p. 3423-3432, 2006. 
 
BROMM, B.; TREEDE, R. D. Human cerebral potentials evoked by co2 laser stimuli causing 
pain. Exp. Brain. Res., v. 67, p. 153-162, 1987. 
 
BURITOVA, J.; HONORÉ, P.; BESSON, J. M. Indomethacin reduces both Krox-24 
expression in the rat lumbar spinal cord and inflammatory signs following intraplantar 
carrageenan. Brain Res., v. 674, p. 211-220, 1995. 
 

 

 *De acordo com: 
ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. NBR 6023: informação e documentação: 
referências: elaboração. Rio de Janeiro, 2002. 



42 

 

 

BUSHNELL, M. C.; DUNCAN, G. H.; HOFBAUER, R. K.; HA, B.; CHEN, JI.; CARRIER, B. 
Pain perception: is there a role for primary somatosensory cortex? Proc. Natl. Acad. Sci. U 
S A., v. 96, p. 7705-7709, 1999. 
 
CANAVERO, S.; BONICALZI, V. Therapeutic extradural cortical stimulation for central and 
neuropathic pain: a review. Clin. J. Pain., v. 18, p. 48-55, 2002. 
 
CICHEWICZ, D. L. Synergistic interactions between cannabinoid and opioid analgesics. Life 
Sci., v. 74, p. 1317-24, 2004. 
 
CURTIS, D. R.; HOSLI, L.; JOHNSTON, G. A. Inhibition of spinal neurons by glycine. 
Nature, v. 215, p.1502-1503, 1967. 
 
CLEMENT,  C. I.;  KEAY,  K. A.;  PODZEBENKO,  K.;  GORDON,  B. D.;  BANDLER,  R.  
Spinal  sources  of noxious   visceral   and   noxious   deep   somatic   afferent   drive   onto   
the   ventrolateral periaqueductal gray of the rat. J. Comp. Neurol., v. 425, p. 323-344, 2000. 
 
CROUL, S.; RADZIEVSKY,A.; SVERSTIUK, A.; MURRAY, M. NK1, NMDA, 5HT1a, and 
5HT2 Receptor binding sites in the rat lumbar spinal cord: modulation following sciatic nerve 
crush. Experimental Neurology, v. 154, p. 66–79, 1998. 
 
DAHLSTROM, A.; FUXE, K. Evidence for existence of monoamine containing neurons in the 
central nervous system. I Demonstration of monoamines in cell bodies of brain stem 
neurons. Acta Physiol. Scand., (Suppl. 232) v. 62, p. 1-55. 
 
DJOURI, D.; LAWSON, S. N. A-beta fiber nociceptive primary afferent neurons: a review of 
incidence and properties in relation to other afferent A-fiber neurons in mammals.  Brain 
Research Reviews, v. 46, p. 131-145, 2004. 
 
DOSTROVSKY, J. O.; CRAIG, A. D. Ascending projection systems. In: MCMAHON, S. B.; 
KOLTZENBURG, M. (Ed.). Wall and Melzack’s Textbook of Pain. Philadelphia: Elsevier, 
2006. p. 187-203. 
 
FAGUNDES-PEREYRA, W. J.; TEIXEIRA, M. J.; REYNS, N.; TOUZET, G.; DANTAS, S.; 
BLOND, S. Motor cortex electric stimulation for the treatment of neuropathic pain. Arq. 
Neuropsiquiatr., v. 68, p. 923-929, 2010. 
 
FIELDS, H. L.; BASBAUM, A. I; HEINRICHER, M. M. Central nervous systems mechanisms 
of pain modulation. In: MCMAHON, S. B.; KOLTZENBURG, M. (Ed.). Wall and Melzack’s 
Textbook of pain. Philadelphia: Elsevier, 2006. p. 125-142. 
 
FIELDS, H. L.; HEINRICHER, M. M.; MASON, P. Neurotransmitters in nociceptive 
modulatory circuits. Annu. Rev. Neurosci., v. 14, p. 219-245, 1991. 
 
FONOFF, E. T.; DALE, C. S.; PAGANO, R. L.; PACCOLA, C. C.; BALLESTER, G.; 
TEIXEIRA, M. J.; GIORGI, R. Antinociception  induced  by  epidural  motor  cortex  
stimulation  in  naive  conscious  rats  is mediated by the opioid system. Behav. Brain. Res., 
v. 196, p. 63-70, 2009a. 
 
FONOFF, E. T.; PEREIRA JR, J. P.; CAMARGO, L. V.; DALE, C. S.; PAGANO, R. L.; 
BALLESTER, G.; TEIXEIRA, M. J. Funcional mapping of the motor cortex of rat using 
transdural electrical stimulation. Behav. Brain. Res., v. 202, p. 138-141, 2009b. 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/10393884


43 

 

 

GARCIA-LARREA,  L.;  PEYRON,  R.;  MERTENS,  P.;  GREGOIRE,  M. C.;  LAVENNE,  F.;  
LE  BARS,  D.; CONVERS, P.; MAUGUIÈRE, F.; SINDOU, M.; LAURENT, B. Electrical 
stimulation of motor cortex for  pain  control:  a  combined  PET-scan  and  
electrophysiological  study.  Pain, v. 83, p. 259–73, 1999. 
 
GOGAS, K. R.; PRESLEY, R. W.; LEVINE, J. D.; BASBAUM, A. I. The antinociceptive action 
of supraspinal opioids results from an increase in descending inhibitory control: correlation of 
nociceptive behavior and c-fos expression, Neuroscience, v. 42, p. 617-628, 1991. 
 
GRAHAM, B. A.; BRICHTA, A. M.; CALLISTER, R. J. Moving from an averaged to specific 
view of spinal cord pain processing circuits. J. Neurophysiol., v. 98, p. 1057-1063, 2007. 
 
GUIARD. B. R.; FROGER, N.; HAMON, M.; GARDIER, A .M.; LANFUMEY, L. Sustained 
pharmacological blockade of NK 1 substance P receptorscauses functional desensitization of 
dorsal raphe 5-HT 1Aautoreceptors in mice. J. Neurochem., v. 95, p. 1713–1723, 2005. 
 
HAJ-DAHMANE, S. D2 -like dopamine receptor activation excites rat dorsal raphe 5-HT 
neurons in vitro. Eur. J. Neurosc., v. 14, p. 125-134, 2001. 
 
HEINRICHER, M. M.; BARBARO, N. M.; FIELDS, H. L. Putative nocicetive modulating 
neurons in the rostral ventromedial medulla of the rat: firing of on and off-cells is related to 
nociceptive responsiveness. Somatosens. Mot Res., v. 6, p. 427-439, 1989. 
 
HERBERT, H.; SAPER, C. B. Organization of medullary adrenergic and noradrenergic 
projections to the periaqueductal gray matter in the rat. J. Compar. Neurol., v. 315, p. 34-52, 
1992. 
 
HERDEGEN, T.; KOVARY, K.; LEAH, J.; BRAVO R. Specific temporal and spatial 
distribution of JUN, FOS, and KROX-24 proteins in spinal neurons following noxious 
transsynaptic stimulation. J. Comp. Neurol., v. 313, p. 178-191, 1991. 
 
HERDEGEN, T.; LEAH, J. D. Inducible and constitutive transcription factors in the 
mammalian nervous system: control of gene expression by Jun, Fos and Krox, and 
CREB/ATF proteins. Brain Res. Brain. Res. Rev, v. 28, p. 370-490,1998. 
 
HERMANN, D. M.; LUPPI, P. H.; PEYRON, C.; HINCKEL, P.; JOUVET, M. Afferent 
projections to the rat nuclei raphe magnus, raphe pallidus and reticularis gigantocellularis 
pars alpha demonstrated by iontophoretic application of choleratoxin (subunit B). J. Chem. 
Neuroanat., v. 13, p. 1-21, 1997. 
 
HERRERA, D. G.; ROBERTSON, H. A. Activation of c-Fos in the brain. Prog. Neurobiol., v. 
50, p. 83-107, 1996. 
 
HUNT, S. P.; PINI, A.; EVAN, G. Induction of c-fos-like protein in spinal cord neurons 
following sensory stimulation. Nature, v. 328, p. 632-634, 1987. 
 
JASMIN,  L.;  RABKIN,  S. D.;  GRANATO,  A.;  BOUDAH,  A.;  OHARA,  P. T.  Analgesia 
and  hyperalgesia from gaba-mediated modulation of the cerebral cortex. Nature, v. 424, p. 
316-320, 2003. 
 
JESSEL, T.; KELLY, D. D.  Pain and analgesia.  In: KANDELL, E. R. S.; JESSEL, T. M.  
(Ed.).  Principles of neuroscience. 1991. p. 385-399 
 
JULIUS, D.; BASBAUM, A. I. Molecular mechanisms of nociception. Nature, v. 413, p. 203-
210, 2001. 

http://www.ncbi.nlm.nih.gov/pubmed/3112583
http://www.ncbi.nlm.nih.gov/pubmed/3112583


44 

 

 

KANDEL, E. R; SCHWARTZ, J. H; JESSELL, T. M. (4Ed) Principles of neural science. 
New York: Mc-Graw-Hill, 2000. p 487. 
 
KEAY, K. A.; BANDLER, R. Deep   and   superficial   noxious   stimulation   increases   Fos-
like immunoreactivity  in  different  regions  of  the  midbrain  periaqueductal  grey  of  the  
rat. Neurosci. Lett., v.154, p. 23-26, 1993. 
 
KEAY, K. A.; CLEMENT,  C. I.;  OWLER,  B.;  DEPAULIS,  A.;  BANDLER,  R.   
Convergence  of  deep somatic  and  visceral  nociceptive  information  onto  a  discrete  
ventrolateral  midbrain periaqueductal gray region. Neuroscience, v. 61, p. 727-732, 1994. 
 
KUHAR, M. J.; PERT, C. B.; SNYDER, S. H. Regional distribution of opiate receptor binding 
in monkey and human brain. Nature, v. 245, p. 447-450, 1973. 
 
LANTERI-MINET, M.; ISNARDON, P.; DE POMMERY, J.; MENETREY, D. Spinal and 
hindbrain structures involved in visceroception and visceronociception as revealed by the 
expression of Fos, Jun and Krox-24 proteins. Neuroscience, v. 55, p. 737-753, 1993. 
 
LU, Y. Synaptic wiring in the deep dorsal horn. Focus on” local circuit connections between 
hamster laminae III and IV dorsal horn neurons”. Journal of Neurophysiology, v. 99, p. 
1051-1052, 2008. 
 
MALCANGIO, M.; BOWERY, N. G. GABA and its receptors in the spinal cord. Trends 
Pharmacol. Sci., v. 17, p. 457-462, 1996. 
 
MANZANARES, J.;  CORCHERO,  J.;  ROMERO,  J.;FERNANDEZ-RUIZ,  J. J.; RAMOS,  J. 
A;  FUENTES,  J. A. Pharmacological  and  biochemical  interactions  between  opioids  and  
cannabinoids. Trends Pharmacol. Sci., v. 20, p. 287-294, 1999. 
 
MASON, P.  Contributions  of  the  medullary  raphe  and  ventromedial  reticular  region  to  
pain modulation and other homeostatic functions. Annu. Rev. Neurosci., v. 24, p. 737-777, 
2001. 
 
MASON, P.; GAO, K. Raphe magnus serotonergic neurons tonically modulate nociceptive 
transmission. Pain Forum., v. 7, p. 143-150, 1998. 
 
MAZARIO, J.; BASBAUM, A. I. Contribuition of substance P and neurokinin A to the 
differential injury-induced thermal and mechanical responsiveness of lamina I and V neurons. 
J. Neurosc., v. 27, p. 762-770, 2007. 
 
MELZACK, R.; WALL, P. D. Pain mechanisms: a new theory. Science, v. 150, p. 971-979, 
1965. 
 
MERSKEY, H.; BOGDUK, N. Classification of chronic pain: Descriptions of chronic pain 
syndromes and definitions of pain terms. Seattle: IASP Press, 1994. 
 
MEYER, R. A.; RINGKAMP, M.; CAMPBELL, J. N.; RAJA, S. N. Peripheral mechanisms of 
cutaneous nociception.. In: MCMAHON, S. B.; KOLTZENBURG, M. (Ed.). Wall and 
Melzack’s Textbook of Pain. Philadelphia: Elsevier, 2006. p. 3-34.   
 
MILLAN, M. J. Descending control of pain. Prog. Neurobiol., v. 66, p. 355-474, 2002. 
 
MILLAN, M. J.; GIRARDON, S., BERVOETS,  K.  8-OH-DPAT-induced, spontaneous tail-
flicks in the rat are facilitated by the selective serotonin (5-HT2C) agonist, RO 60-0175: 



45 

 

 

blockade of its actions by the novel 5-HT2C  receptor antagonist SB 206,553. 
Neuropharmacology, 36, p. 743-745, 1997. 
 
MILLAN, M. J. The Induction of Pain: An Integrative Review. Prog. Neurobiol., v. 57, p. 1-
164, 1999. 
 
MORGAN, J. I.; CURRAN, T. Stimulus-transcription coupling in neurons: role of cellular 
immediate-early genes. Trends. Neurosci., v.12, p. 459-462, 1989. 
 
NGUYEN,  J. P.;  LEFAUCHEUR,  J. P.;  DECQ,  P.;  UCHIYAMA,  T.;  CARPENTIER,  A.;  
FONTAINE,  D.; BRUGIERES,  P.;  POLLIN,  B.;  FEVE,  A.;  ROSTAING,  S.;  CESARO,  
P.;  KERAVEL,  Y.  Chronic  motor cortex stimulation in the treatment of  central and 
neuropathic pain. Correlations between clinical, electrophysiological and anatomical data. 
Pain, v. 82, p. 245-251, 1999. 
 
NGUYEN, J. P.; LEFAUCHER, J. P.; LE GUERINEL, C.; EIZENBAUM, J. F.; NAKANO, N.; 
CARPENTIER, A.; BRUGIÈRES,  P.;  POLLIN,  B.;  ROSTAING,  S.;  KERAVEL,  Y.  Motor 
cortex  stimulation  in  the treatment of central and neuropathic pain. Arch. Med. Res., v. 31, 
p. 263-265, 2000. 
 
NISHIKAWA, T.; SCATTON, B. Evidence for a GABAergic inhibitory influence on 
serotonergic neurons originating from the dorsal raphe. Brain Res., v. 279, p. 325-329, 
1983. 
 
NUTI,  C.;  PEYRON,  R.;  GARCIA-LARREA  L.;  BRUNON,  J.;  LAURENT,  B.; SINDOU, 
M.;  MERTENS,  P.  Motor cortex  stimulation  for  refractory  neuropathic  pain:  four  year  
outcome  and  predictors  of efficacy. Pain, v. 118, p. 43-52, 2005. 
 
OHARA, P. T.; VIT,  J. P.;  JASMIN,  L.  Cortical  modulation  of  pain.  Cell.  Mol.  Life  Sci., 
v. 62, p. 44-52, 2005. 
 
OLIVERAS, J. L.; BOURGOIN, S.; HERY, F.; BESSON, J. M.; HAMON, M. The 
topographical distribution of serotoninergic terminals in the spinal cord of the cat: biochemical 
mapping by the combined use of microdissection and microassay procedures. Brain Res., v. 
138, p. 393-406, 1977. 
 
PAGANO, R. L.; ASSIS, D. V.; CLARA, J. A.; ALVES, A. S.; DALE, C. S.; TEIXEIRA, M. J.; 
FONOFF, E. T.; BRITTO, L. R. Transdural motor cortex stimulation reverses neuropathic 
pain in rats: a profile of neuronal activation. Eur. J. Pain, v. 15, p. 268-277, 2011. 
 
PAGANO, R. L.; FONOFF, E. T.; DALE, C. S.; BALLESTER, G.; TEIXEIRA, M. J.; BRITTO, 
L. R. Motor cortex stimulation inhibits thalamic sensory neurons and enhances activity of 
PAG neurons: possible pathways for antinociception. Pain, v. 153, p. 2359-2369, 2012. 
 
PALAZZO, E.; DE NOVELLIS, V.; PETROSINO, S.; MARARESE, I.; VITA, D.; GIORDANO, 
C.; DI MARZO, V.; MANGONI, G. S.; ROSSI, F.; MAIONE, S. Neuropathic pain and the 
endocannabinoid system in the dorsal raphe: pharmacological treatment and interactions 
with the serotonergic system. Eur. J. Neurosc., v. 24, p. 2011-2020, 2006. 
 
PALAZZO, E.; GENOVESE, R.; MARIANI, L.; SINISCALCO, D.; MARABESE, I.; DE 
NOVELLIS, V.; ROSSI, F.; MAIONE, S. Metabotropic glutamate receptor 5 and dorsal raphe 
serotonina release in inflammatory pain in rat. Eur. J. Pharmacol., v. 492, p. 169-176, 2004. 
 
PAXINOS, G. W.; WATSON, C. The rat brain in stereotaxic coordinates. San Diego: CA: 
Academic Press, 2006. 



46 

 

 

 
PIMENTA, C. A. M.; KOIZUMI, M. S.; TEIXEIRA, M. J. Dor crônica e depressão: Estudo em 
92 doentes. Revista da Escola de Enfermagem da USP, v. 34, p. 76-83, 2000. 
 
PLONER, M.; GROSS, J.; TIMMERMAN. L.; SCHNITZLER, A. Pain processing is faster than 
tactile processing in the human brain. The Jounal of Neuroscience, v. 26, p. 10879-10882, 
2006. 
 
RANDALL, L. O.; SELITTO, J. J. A Method for measurement of analgesic activity on 
inflamed tissue. Arch. Int. Pharmacodyn. Ther., v. 111, p. 409-419, 1957. 
 
RASCHE, D.; RUPPOLT, M.; STIPPICH, C.; UNTERBERG, A.; TRONNIER, V. M. Motor 
cortex stimulation for  long-term  relief  of  chronic  neuropathic  pain:  a  10  year  
experience.  Pain, v. 121, p. 43-52, 2006. 
 
REXED, B. The cytoarchtectonic organization of the spinal cord in the cat. J. Comp. Neurol., 
v. 96, p. 415-495, 1952. 
 
ROSENFELD, J. P.  Interacting  brain  stem  components  of  opiate-activated,  descending,  
pain-inhibitory systems. Neurosci. Biobehav. Rev., v. 18, p. 403-409, 1994. 
 
ROJO, M. L.; RODRÍGUEZ-GASTELUMENDI, A.; PAZOS, A.; DÍAZ, A. Differencial 
adaptative changes on serotonine and noradrenaline transporter in a rat model of peripheral 
neuropathic pain. Neuroscience Letters, v. 515, p. 181-186, 2012.  
 
RUSINA, R.; VACULIN, S.; YAMAMOTOVA, A.; BAREK, S.; DVORAKOVA, H.; ROKYTA, R. 
The effect of motor cortex stimulation in deafferentated rats. Neuro. Endocrinol. Lett. v. 26, 
p. 283-288, 2005. 
 
SAGAR, S. M.; SHARP, F. R.; CURRAN, T. Expression of c-fos protein in brain: metabolic 
mapping at the cellular level. Science, v. 240, p. 1328-1331, 1988. 
 
SANDKUHLER, J.  The organization and function  of  endogenous  antinociceptive  systems,  
Prog. Neurobiol., v. 50, p. 49-81, 1996. 
 
SCHNITZLER, A.; PLONER, M. Neurophysiology and functional neuroanatomy of pain 
perception. J. Clin. Neurophysiol., v. 17, p. 592-603, 2000. 
 
SENAPATI, A. K.; HUNTINGTON, P. J.; PENG, Y. B. Spinal dorsal horn neuron response to 
mechanical stimuli  is  decreased  by  electrical  stimulation  of  the  primary  motor  cortex.  
Brain  Res., v. 1036, p. 173-179, 2005a. 
 
SENAPATI,  A. K.;  LAGRAIZE,  S. C.;  HUNTINGTON,  P. J.;  WILSON,  H. D.;  FUCHS,  P. 
N.;  PENG,  Y. B. Electrical stimulation of the anterior cingulate cortex reduces responses of 
rat dorsal horn neurons to mechanical stimuli. J. Neurophysiol., v. 94, p. 845-851, 2005b. 
 
SCHOLZ, J.; WOOLF, C. J. Can we conquer the pain? Nature Neuroscience Supplement, 
v. 5, p. 1062-1067, 2002. 
 
STAMFORD, J. A. Descending  control  of  pain.  Br.  J.  Anaesth., v. 75, p. 217–227, 1995. 
 
STUCKY, C. L; GOLD, M. S.; ZHANG, X. Mechanisms of pain. Proc. Natl. Acad. Sci. U S 
A, v. 98, p. 11845-11846, 2001. 
 



47 

 

 

SUZUKI, R.; RAHMAN, W.; HUNT, S. P.; DICKENSON,  A. H.  Descending  facilitatory  
control  of mechanically  evoked  responses  is  enhanced  in  deep  dorsal  horn  neurons  
following peripheral nerve injury. Brain Res., v. 1019, p. 68-76, 2004. 
 
TAI, C.; ZHU, S.; ZHOU, N. TRPA1: The central molecule for chemical sensing in pain 
pathway. The Journal of Neuroscience, v. 28, p. 1019-1021, 2008. 
 
TAO, R.; AUERBACH, S. B. Mu-opioids disinhibit and kappa-opioids inhibit serotonin efflux 
in the dorsal raphe nucleus. Brain Res., v. 1049, p. 70-79, 2005. 
 
TRAFTON,  J. A.;  ABBADIE,  C.;  MARCHAND,  S.;  MANTYH,  P. W.;  BASBAUM,  A. I.  
Spinal  Opioid Analgesia:  How  Critical  Is  the  Regulation  of  Substance  P  Signaling?  J. 
Neurosc., v. 19, p. 9642-9653, 1999. 
 
TSUBOKAWA,  T.;  KATAYAMA,  Y.;  YAMAMOTO,  T.;  HIRAYAMA,  T.;  KOYAMA,  S.  
Chronic  motor cortex stimulation in patients with thalamic pain. J. Neurosurg., v. 78, p. 393-
401, 1993. 
 
TSUBOKAWA,  T.;  KATAYAMA,  Y.;  YAMAMOTO,  T.;  HIRAYAMA,  T.;  KAYAMA,  S.  
Motor  cortex stimulation for control of thalamic pain. Pain (Suppl.), v. 5, p. 491, 1990. 
 
TSUBOKAWA,  T.;  KATAYAMA,  Y.;  YAMAMOTO,  T.;  HIRAYAMA,  T.;  KOYAMA,  S.  
Treatment  of thalamic  pain  by  chronic  motor  cortex  stimulation.  Pacing  Clin.  
Electrophysiol., v.14, p. 131-134, 1991. 
 
URBAN, M. O.; SMITH, D. J. Nuclei within the rostral ventromedial medulla mediating 
morphine antinociception from the periaqueductal gray. Brain Res., v. 652, p. 9-16, 1994. 
 
VACULIN, S.;  FRANEK,  M.;  YAMAMOTOVA,  A.;  ROKYTA,  R.  Motor  cortex  stimulation  
in  rats  with chronic constriction injury. Exp. Brain Res., v. 185, p. 331-335, 2008. 
 
VANEGAS, H.; SCHAIBLE, H. G. Descending control of persistent pain: inhibitory or 
facilitatory? Brain Res Rev., v. 46, p. 295-309, 2004. 
 
VIISANEN-KUOPILA, H. Descending modulation of pain by motor cortex stimulation in 
the rat. Efficacy and mechanisms in peripheral neuropathy. 2012. 105 p. Ph D. thesis - 
Academic dissertation. Faculty of Medicine of the University of Helsinki. Helsinki, 2012. 
 
VIISANEN, H.; PERTOVAARA, A.  Antinociception  by  motor  cortex  stimulation  in  the  
neuropathic rat: does the locus coeruleus play a role? Exp. Brain Res., v. 201, p. 283-296, 
2010a. 
 
VIISANEN, H.;  PERTOVAARA,  A.  Roles of  the  rostroventromedial  medulla  and  the  
spinal  5-HT1Areceptor  in  descending  antinociception  induced  by  motor  cortex  
stimulation  in  the neuropathic rat. Neurosc. Lett., v. 476, p. 133-137, 2010b. 
 
WALLIN, J. SCHOTT, E. Substance P release in the spinal dorsal horn following peripheral 
nerve injury. Neuropeptides, v. 36, p. 252-256, 2002. 
 
WANG, Q.; NAKAI, Y. The Dorsal Raphe: An Important Nucleus in Pain. Brain Res. Bull., v. 
34, p. 575-585, 1994. 
 
WELCH, S. P. Interaction of the cannabinoid and opioid systems in the modulation of 
nociception. Int. Rev. Psychiatry, v. 21, p. 143-151, 2009. 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Tao%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15935332
http://www.ncbi.nlm.nih.gov/pubmed?term=Auerbach%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=15935332
http://www.ncbi.nlm.nih.gov/pubmed/15935332##


48 

 

 

WOOLF, C. J.; SALTER, M.W. Plasticity and pain: role of the dorsal horn. In: MCMAHON, S. 
B.; KOLTZENBURG, M. (Ed.). Wall and Melzack’s Textbook of Pain. Philadelphia: 
Elsevier, 2006. p. 91-105.   
 
XIE, Y.; HUO, F.; TANG, J. Cerebral cortex modulation of pain. Acta Pharmacol. Sin., v. 30, 
p. 31-41, 2009. 
 
ZIMMERMANN, M. Ethical guidelines for investigations of experimental pain in conscious 
animals. Pain, v. 16, p. 109-110, 1983. 
 
ZIMMER, M. B.; GOSHGARIAN, H. G. Spinal Activation of serotonin 1a receptors enhances 
latent respiratory activity after spinal cord injury. J. Spinal. Cord. Med., v. 29, p. 147–155, 
2006. 
 
ZORMAN, G.; BELCHER, G.; ADAMS, I. E.; FIELDS, H. L. Lumbar   intrathecal naloxone    
blocks   analgesia    produced   by microstimulation of the ventromedial medulla  in  the  rat.  
Brain  Res., v. 236, p. 77-84, 1982. 
 

 

 


	Binder1
	Dissertação Patrícia Correção folha
	Dissertação Corrigida PARCIAL
	Dissertação Corrigida OK
	Dissertação Patrícia Correção pdf
	Dissertação Patrícia pdf
	CEUA ICB USP copy
	CEUA IEP HSL
	Dissertação Patrícia Correção pdf
	Dissertação Corrigida OK.pdf
	Dissertação Patrícia Correção pdf
	Dissertação Patrícia pdf
	CEUA ICB USP copy
	CEUA IEP HSL
	Dissertação Patrícia Correção pdf

	Dissertação Corrigida OK.pdf
	Dissertação Patrícia Correção pdf
	Dissertação Patrícia pdf
	CEUA ICB USP copy
	CEUA IEP HSL
	Dissertação Patrícia Correção pdf

	Dissertação Corrigida OK.pdf
	Dissertação Patrícia Correção pdf
	Dissertação Patrícia pdf
	CEUA ICB USP copy
	CEUA IEP HSL
	Dissertação Patrícia Correção pdf



	Binder1.pdf
	Dissertação Patrícia Correção folha
	Dissertação Corrigida PARCIAL
	Dissertação Corrigida OK
	Dissertação Patrícia Correção pdf
	Dissertação Patrícia pdf
	CEUA ICB USP copy
	CEUA IEP HSL
	Dissertação Patrícia Correção pdf
	Dissertação Corrigida OK.pdf
	Dissertação Patrícia Correção pdf
	Dissertação Patrícia pdf
	CEUA ICB USP copy
	CEUA IEP HSL
	Dissertação Patrícia Correção pdf

	Dissertação Corrigida OK.pdf
	Dissertação Patrícia Correção pdf
	Dissertação Patrícia pdf
	CEUA ICB USP copy
	CEUA IEP HSL
	Dissertação Patrícia Correção pdf

	Dissertação Corrigida OK.pdf
	Dissertação Patrícia Correção pdf
	Dissertação Patrícia pdf
	CEUA ICB USP copy
	CEUA IEP HSL
	Dissertação Patrícia Correção pdf








