
119 

 

7 

References 

 

 

AGUILAR, R.; GIL, L.; FLINT, J.; GRAY, J.A.; DAWSON, G.R.; DRISCOLL, 

P.; GIMÉNEZ-LLORT, L.; ESCORIHUELA, R.M.; FERNÁNDEZ-TERUEL, A. 

& TOBEÑA, A. Learned fear, emotional reactivity and fear of heights: a factor 

analytic map from a large F(2) intercross of Roman rat strains. Brain Research 

Bulletin, 57, 17-26, 2002. 

 

AMERICAN PSYCHIATRIC ASSOCIATION: Diagnostic and Statistical 

Manual of Mental Disorders. 4th ed. Washington, DC: American Psychiatric 

Press, 1994. 

 

AMERICAN PSYCHIATRY ASSOCIATION. Diagnostic and Statistical 

Manual of Mental Disorders, 3
rd

 edition. American Psychiatric Press, 

Washington DC, 1980. 

 

ANAGNOSTARAS, S.G., JOSSELYN, S.A., FRANKLAND, P.W., SILVA, A.J. 

Computer-assisted behavioral assessment of Pavlovian fear conditioning in mice. 

Learning and Memory, Vol. 7, 58-72, 2000. 

 

ANGLADE, F., BIZOT, J.C., DODD, R.H., BAUDOIN, C. & CHAPOUTHIER, 

G. Opposite effects of cholinergic agents and benzodiazepine receptor ligands in a 

passive avoidance task in rats. Neuroscience Letters, 182, 247-250, 1994. 

 

AZAD, S.C., EDER, M., MARSICANO, G., LUTZ, B., ZIEGLGANSBERGER, 

W., RAMMES, G. Activation of the cannabinoid receptor type 1 decreases 

glutamatergic and GABAergic synaptic transmission in the lateral amygdala of 

the mouse. Learning and Memory, Vol. 10:116–128, 2003. 

 

BAKER, J.D., AZORLOSA, J.L. The NMDA antagonist MK-801 blocks the 

extinction of Pavlovian fear conditioning. Behavioral Neuroscience, Vol. 110, 

618–620, 1996. 

 

BAMMER, G. The Australian High and Low avoidance rat strains: differential 

effects of ethanol and -methyl-p-tyrosine. Behavioural Brain Research, Vol. 8, 

pp. 317-333, 1983. 

 

BATTAGLIA, M. & OGLIARI, A. Anxiety and panic: from human studies to 

animal research and back. Neuroscience and Biobehavioral Reviews, Vol. 29, 

pp. 169-179, 2005. 

 

BELL, G. Selection: the Mechanism of Evolution. Chapman & Hall, New York, 

1997. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



120 

 

BELZUNG, C. & LE PAPE, G. Comparison of different behavioral test situations 

used in psychopharmacology for measurement of anxiety. Physiology and 

Behavior, Vol. 56, 623-628, 1994. 

 

BERLAU, D.J., MCGAUGH, J.L. Enhancement of extinction memory 

consolidation: the role of the noradrenergic and GABAergic systems within the 

basolateral amygdala. Neurobiology of Learning and Memory, Vol. 86, 123–

132, 2006. 

 

BINDRA, D., & ANCHEL, H. Immobility as an avoidance response, and its 

disruption. Journal of the experimental analysis of behavior, Vol. 6, 213-218, 

1963. 

 

BIGNAMI, G. Selection for high rates and low rates of avoidance conditioning in 

the rat. Animal Behaviour, Vol. 13, 221–227, 1965. 

 

BINDRA, D. & ANCHEL, H. Immobility as an avoidance response, and its 

disruption by drugs. Journal of Experimental Analysis of Behavior, 6, 213-218, 

1963. 

 

BLANCHARD, R.J. & BLANCHARD, D.C. Crouching as an index of fear. 

Journal of Comparative Physiological Psychology, 67, 370-375, 1969. 

 

BLANCHARD, D.C., BLANCHARD, R.J. Innate and conditioned reactions to 

threat in rats with amygdaloid lesions. J. Comp. Physiol. Psychol, Vol. 81(2), 

281–290, 1972. 

BLANCHARD, D.C., SHEPHERD, J.K., DE PADUA CAROBREZ, A., 

BLANCHARD, R.J. Sex effects in defensive behavior: baseline differences and 

drug interactions. Neuroscience biobehavioral reviews, Vol. 15(4), 461-468, 

1991. 

 

BLECHERT, J., MICHAEL, T., VRIENDS, N., MARGRAF, J., WILHELM, 

F.H. Fear conditioning in posttraumatic stress disorder: evidence for delayed 

extinction of autonomic, experiential, and behavioural responses. Psychol Med, 

Vol. 35(6), 791-806, 2005. 

 

BLIZARD, D.A. & ADAMS, N. The Maudsley reactive and nonreactive strains: a 

new perspective. Behavior Genetics, 32, 277-299, 2002. 

 

BLIZARD, D.A. The Maudsley Reactive and Non-Rective strains: a North-

American perspective. Behavior Genetics, 11, 469-489, 1981. 

 

BOLLES, R. & COLLIER, A.C. The effect of predictive cues on freezing in rats. 

Animal Learning and Behavior,Vol. 4, 6-8, 1976. 

 

BOLLES, R. & RILEY, A. Freezing as an avoidance response: another look at the 

operant-respondent distinction. Learning and Motivation, Vol. 4, 268-275, 1973. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



121 

 

BOLLES, R.C. The avoidance learning problem. In Bower, G.H. (ed), The 

Psychology of Learning and Motivation, vol 6. Academic Press, New York, pp. 

97-145, 1972. 

 

BOLIVAR, V.J., POOLER, O., FLAHERTY, L. Inbred strain variation in 

contextual and cued fear conditioning behavior. Mammalian Genome, Vol. 12, 

651-656, 2001. 

 

BOURIN, M. & HASCOËT, M. The mouse light/dark box test. European  

Journal of Pharmacology, Vol. 463, 55- 65, 2003. 

BOUTON, M.E. Context, time, and memory retrieval in the interference 

paradigms of Pavlovian learning. Psychol. Bull, Vol. 114, 80–99, 1993. 

BOUTON, M.E., MINEKA, S. & BARLOW, D.H. A modern learning theory 

perspective on the etiology of panic disorder. Psychological Review, Vol. 108, 

pp. 4-32, 2001. 

 

BOUAYED, J., RAMMAL, H., SOULIMANI, R. Oxidative stress and anxiety: 

Relationship and cellular pathways. Oxid Med Cell Longev, Vol. 2(2), 63–67, 

2009. 

 

BRANDÃO, M.L., DE AGUIAR, J.C. & GRAEFF, F.G. GABA mediation of the 

anti-aversive action of minor tranquilizers. Pharmacology Biochemistry and 

Behavior, Vol. 16, pp. 397-402, 1982. 

 

BRANDÃO, M.L., ZANOVELIA, J.M., RUIZ-MARTINEZ, R.C., OLIVEIRA, 

L.C. & LANDEIRA-FERNANDEZ, J. Different patterns of freezing behavior 

organized in the periaqueductal gray of rats: association with different types of 

anxiety. Behavioural Brain Research, Vol. 188, 1-13, 2008. 

 

BROADHURST, P.L. & BIGNAMI, G. Correlative effects of psychogenetic 

selection: a study of the Roman high and low avoidance strains of rats. Behavior 

Research Therapy, Vol. 2, 273-280, 1965. 

 

BROADHURST, P.L. & LEVINE, S. (1963) Behavioural consistency in strains 

of rats selectively bred for emotional elimination. British Journal of Psychology, 

Vol. 54, 121-125, 1963. 

 

BROADHURST, P.L. Determinants of emotionality in rats: I. Situational factors. 

British Journal of Psychology, Vol. 48, 1-12, 1957. 

 

 

BROADHURST, P.L. Determinant of emotionality in the rat: II. Antecedent 

factors. British Journal of Psychology, Vol. 49, pp. 12-20, 1958. 

 

BROADHURST, P.L. The Maudsley reactive and non-reactive strains of rats: a 

survey. Behavior Genetics, Vol. 5, pp. 299-319, 1975. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



122 

 

BROWN, J.S., KALISH, H.I. & FARBER, I.E. Conditional fear as revealed by 

magnitude of startle response to an auditory stimulus. Journal of Experimental 

Psychology, Vol. 41, 317-328, 1951.  

 

BROWN, S.M., HENNING, S., WELLMAN, C.L. Mild, short-term stress alters 

dendritic morphology in rat medial prefrontal cortex. Cereb Cortex, Vol. 15, 

1714–1722, 2005. 

 

BRUNELLI, S.A. & HOFER, M.A. Development of ultrasonic vocalization 

responses in genetically heterogeneous National Institutes of Health (N:NIH) rats: 

II. Associations among variables and behaviors. Developmental Psychobiology, 

Vol. 29, pp. 517-528, 1996. 

 

BRUNELLI, S.A. Selective breeding for an infant phenotype: rat pup ultrasonic 

vocalization (USV). Behavior Genetics, Vol. 35, 53-65, 2005. 

 

BRUNELLI, S.A., KEATING, C.C., HAMILTON, N.A. & HOFER, M.A. 

Development of ultrasonic vocalization responses in genetically heterogeneous 

National Institutes of Health (N: NIH) rats: I. Influence of age, testing experience, 

and associated factors. Developmental Psychobiology, Vol. 29, 507-516, 1996. 

 

BRUSH, F.R. On the differences between animals that learn and do not learn to 

avoid electric shock. Psychonomic Science, Vol. 5, 123-124, 1966. 

 

BRUSH, F.R., BARON, S., FROEHLICH, J.C. ISON, J.R., PELLEGRINO, L.J., 

PHILLIPS, D.S., SAKELLARIS, P.C. & WILLIAMS, V.N. (1985) Genetic 

differences in avoidance learning by Rattus norvegicus: escape/avoidance 

responding, sensitivity to electric shock, discrimination learning and open-field 

behavior. Journal of Comparative Psychology, Vol. 99, 60-73, 1985. 

 

BRUSH, F.R., DEL PAINE, S.N., PELLEGRINO, L.J., RYKASZEWSKI, I.M., 

DESS, N.K. & COLLINS, P.Y. CER suppression, passive avoidance learning, and 

stress-induced suppression of drinking in the Syracuse high-and low-avoidance 

strains of rats (Rattus norvegicus). Journal of Comparative Psychology, Vol. 

102, 337-349, 1988. 

 

BRUSH, F.R., FROEHLICH, J.C. & SAKELLARIS, P.C. Genetic selection for 

avoidance behavior in the rat. Behavior Genetics, Vol. 9, 309-316, 1979. 

 

BUCCI, D.J., PHILLIPS, R.G., BURWELL, R.D. Contributions of postrhinal and 

perirhinal cortex to contextual information processing. Behavioral Neuroscience, 

Vol. 114 , 882–894, 2000. 

 

CALDARONE, B., SAAVEDRA, C., TARTAGLIA, K., WEHNER, J.M., 

DUDEK, B.C., FLAHERTY, L. Quantitative trait loci analysis affecting 

contextual conditioning in mice. Nature Genetics, Vol. 17, 335–337, 1997. 

 

CANNICH, A., WOTJAK, C.T., KAMPRATH, K., HERMANN, H., LUTZ, B., 

MARSICANO, G. CB1 cannabinoid receptors modulate kinase and phosphatase 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



123 

 

activity during extinction of conditioned fear in mice. Learning and Memory, 

Vol. 11, 625–632, 2004. 

 

CATTELL, R.B. & SCHEIER, I.H. The Meaning and Measurement of 

Neuroticism and Anxiety. Ronald Press, New York, 1961.  

 

CHANG C-H., KNAPSKA E., ORSINI C.A, RABINAK C.A., ZIMMERMAN 

J.M., MAREN S. Fear Extinction in Rodents. Curr Protoc Neurosci, Chapter 8, 

2009.  

 

CHAOULOFF, F., CASTANON, N. & MORMÈDE, P. Paradoxical differences 

in animal models of anxiety among the Roman rat lines. Neuroscience Letters, 

Vol. 182, 217-221, 1994. 

 

CLÉMENT, Y., CALATAYUD, F., BELZUNG, C. Genetic basis of anxiety-like 

behavior: A critical review. Brain Research Bulletin, Vol. 57, 57-71, 2002. 

 

COMMISSARIS, R.L., HARRINGTON, G.M., BAGINSKI, T.J., & ALTMAN, 

H.J. MR/Har and MNRA/Har Maudsley rat strains: differences in acoustic startle 

habituation. Behavior Genetics, Vol. 18, 663-669, 1988. 

 

COMMISSARIS, R.L., HARRINGTON, G.M., ORTIZ, A.M. & ALTMAN, H.J. 

Maudsley Reactive and Non-Reactive rat strains: differential performance in a 

conflict task. Physiology and Behavior, Vol. 38, 291-294, 1986. 

 

CONTARINO, A., BACA, L., KENNELLY, A., GOLD, L.H. Automated 

assessment of conditioning parameters for context and cued fear in mice. 

Learning and Memory, Vol.9, 89-96, 2002. 

 

CORDERO, M.I., MERINO, J.J., SANDI, C. Correlational relationship between 

shock intensity and corticosterone secretion on the establishment and subsequent 

expression of contextual fear conditioning. Behavioral Neuroscience, Vol. 112 

(4), 885–891, 1998. 

 

CORODIMAS, K.P., LEDOUX, J.E., 1995. Disruptive effects of posttraining 

perirhinal cortex lesions on conditioned fear: contributions of contextual cues. 

Behavioral Neuroscience, Vol. 109, 613–619, 1995. 

 

COOK, S.C., WELLMAN, C.L. Chronic stress alters dendritic morphology in rat 

medial prefrontal cortex. J Neurobiol, Vol. 60, 236–248, 2004. 

 

COUSENS, G., OTTO, T. Both pre- and posttraining excitotoxic lesions of the 

basolateral amygdala abolish the expression of olfactory and contextual fear 

conditioning. Behavioral Neuroscience, Vol. 112(5), 1092–1103, 1998. 

 

COUTINHO, F.C., DIAS, G.P., DO NASCIMENTO BEVILAQUA, M.C., 

GARDINO, P.F., PIMENTEL RANGÉ, B. & NARDI, A.E. Current concept of 

anxiety: implications from Darwin to the DSM-V for the diagnosis of generalized 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



124 

 

anxiety disorder. Expert Review of Neurotherapeutics, Vol. 10, pp. 1307-1320, 

2010. 

 

COX, J., WESTBROOK, R.F. The NMDA receptor antagonist MK-801 blocks 

acquisition and extinction of conditioned hypoalgesic responses in the rat. Q J 

Exp Psychol B, Vol. 47,187–210, 1994. 

 

CRABBE, J.C. Animal models in neurobehavioral genetics: methods for 

estimating genetic correlation. In Jones, B.C. & Mormède, P. (eds), 

Neurobehavioral Genetics: Methods and Applications. CRC Press, Boca 

Raton, pp. 121-138, 1999. 

 

CRAWLEY, J. & GOODWIN, F.K. Preliminary report of a simple animal 

behavior model for the anxiolytic effects of benzodiazepines. Pharmacology 

Biochemistry and Behavior, Vol. 13, 167-170, 1980. 

 

CRUZ, A.P.M., PINHEIRO, G., ALVES, S.H., FERREIRA, G., MENDES, M., 

FARIA, L., MACEDO, C.E., MOTTA, V. & LANDEIRA-FERNANDEZ, J. 

Behavioral effects of systemically administered MK-212 are prevented by 

ritanserin microinfusion into the basolateral amygdala of rats exposed to the 

elevated plus-maze. Psychopharmacology, Vol. 182, 345-354, 2005. 

 

CRUZ, A.P.M., FREI, F. & GRAEFF, F.G. (1994) Ethopharmacological analysis 

of rat behavior on the elevated plus-maze. Pharmacology Biochemistry and 

Behavior, Vol. 49, 171-176, 1994. 

 

DAVIS, M. Pharmacological and anatomical analysis of fear conditioning using 

the fear-potentiated startle paradigm. Behavioral Neuroscience, Vol. 100, 814-

824, 1986. 

 

DAVIS, M. Sensitization of the acoustic startle reflex by footshock. Behavioral 

Neuroscience, Vol. 103, 495-503, 1989. 

 

DAVIS, M. Animal models of anxiety based on classical conditioning: the 

conditioned emotional response (CER) and the fear-potentiated startle effect. 

Pharmacology and Therapy, Vol. 47, 147-165, 1990. 

 

DAVIS, M. Pharmacological analysis of fear-potentiated startle. Brazilian 

Journal of Medical and Biological Research, Vol. 26, 235-260, 1993. 

 

DAVIS, M., WALKER, D.L., MILES, L., GRILLON, C. Phasic vs sustained fear 

in rats and humans: Role of the extended amygdale in fear vs anxiety. 

Neuropsychopharmacology Reviews, Vol.35, 105-135, 2010.   

 

DEFRIES, J.C., GERVAIS, M.C., THOMAS, E.A. Response to 30 generations of 

selection for open-field activity in laboratory mice. Behavior Genetics, Vol. 8, 3–

13, 1978. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



125 

 

DEITER, S.E. Continuity and intensity of shock in one-way avoidance learning in 

the rat. Animal Learning and Behavior, Vol. 4, 303-307, 1976. 

 

DELGADO, M.R., NEARING, K.I., LEDOUX, J.E. & PHELPS, E.A. Neural 

circuitry underlying the regulation of conditioned fear and its relation to 

extinction. Neuron, Vol. 59, 829-838, 2008. 

 

DIAS, G.P., BEVILAQUA, M.C., SILVEIRA, A.C., LANDEIRA-

FERNANDEZ, J. & GARDINO, P.F. Behavioral profile and dorsal hippocampal 

cells in Carioca high-conditioned freezing rats. Behavioral Brain Research, Vol. 

205, 342-348, 2009. 

 

DIETER, S.E. Preexposure to situational cues and shock intensity in two-way 

avoidance learning. Learning and Behavior Animal, Vol. 5, 403-406, 1977. 

 

DITCHER, S.G., BRUNELLI, S. & HOFER, M. Elevated plus-maze behavior in 

adult offspring of selectively bred rats. Physiology and Behavior, Vol. 60, 299-

304, 1996. 

 

DITZEN, C., JASTORFF, A.M., KESSLER, M.S., BUNCK, M., TEPLYTSKA, 

L., ERHARDT, A. Protein biomarkers in a mouse model of extremes in trait 

anxiety. Mol Cell Proteomics, Vol. 5(10), 1914-20, 2006. 

 

DRISCOLL, P. & BÄTTIG, K. Behavioral, emotional and neurochemical profiles 

of rats selected for extreme differences in active, two-way avoidance 

performance. In Lieblich, I. (ed), Genetics of the Brain, Amsterdam, pp. 95-123, 

1982. 

DRISCOLL, P., ESCORIHUELA, R.M., FERNÁNDEZ-TERUEL, A., GIORGI, 

O., SCHWEGLER, H., STEIMER, TH, WIERSMA, A., CORDA, M.G., FLINT, 

J., KOOLHAAS, J.M., LANGHANS, W., SCHULZ, P.E., SIEGEL, J. & 

TOBEÑA, A. Genetic selection and differential stress responses. The Roman 

lines/strains of rats. Annals of New York Academy of Sciences, Vol. 851, 501-

510, 1998. 

DUDAI ,Y. Molecular bases of long-term memories: a question of persistence. 

Current Opinion in Neurobiology, Vol. 12, 211–216, 2002. 

EMLEN, D.J. Artificial selection on horn length-body size allometry in the 

horned beetle Onthophagus acuminatus (Coleoptera: Scarabaeidae). Evolution, 

Vol. 50, 1219–1230, 1996. 

ESCORIHUELA, R.M., FERNÁNDEZ-TERUEL, A., GIL, L., AGUILAR, R., 

TOBEÑA, A. & DRISCOLL, P. Inbred Roman high- and low-avoidance rats: 

differences in anxiety, novelty-seeking, and shuttle-box behaviors. Physiology 

and Behavior, Vol. 67, 19-26, 1999. 

 

ESCORIHUELA, R.M., FERNÁNDEZ-TERUEL, A., TOBEÑA, A., 

LANGHANS, W., BATTIG, K. & DRISCOLL, P. Labyrinth exploration, 

http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Escorihuela%20RM&ut=000081952900003&pos=1&cacheurlFromRightClick=no
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Fernandez-Teruel%20A&ut=000081952900003&pos=2
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Gil%20L&ut=000081952900003&pos=3
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Aguilar%20R&ut=000081952900003&pos=4
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Tobena%20A&ut=000081952900003&pos=5
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Driscoll%20P&ut=000081952900003&pos=6
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Escorihuela%20RM&ut=000071808100009&pos=1&cacheurlFromRightClick=no
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Fernandez-Teruel%20A&ut=000071808100009&pos=2
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Tobena%20A&ut=000071808100009&pos=3
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Langhans%20W&ut=000071808100009&pos=4
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Battig%20K&ut=000071808100009&pos=5
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=Driscoll%20P&ut=000071808100009&pos=6
DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



126 

 

emotional reactivity, and conditioned fear in young Roman/Verh inbred rats. 

Behavior Genetics, Vol. 27, 573-578, 1997. 

 

ESTES, W.K. & SKINNER, B.F. Some quantitative properties of anxiety. 

Journal of Experimental Psychology, Vol. 29, 390-400, 1941. 

 

FALCONER, D.S. Early selection experiments. Annu. Rev. Genet, Vol. 26, 1–

14, 1992. 

 

FALCONER, D.S. & MACKAY, T.F.C. Introduction to Quantitative Genetics. 

Longman, Essex, 1996. 

 

FANSELOW, M.S., BOLLES, R.C. Naloxone and shock elicited freezing in the 

rat. J Comp Physiol Psychol, Vol. 93(4), 736–744, 1979. 

 

FANSELOW, M.S. & HELMSTETTER, F.J. Conditional analgesia, defensive 

freezing, and benzodiazepines. Behavioral Neuroscience, Vol. 102, 233-243, 

1988. 

 

FANSELOW, M.S. & LESTER, L.S. A functional behavioristic approach to 

aversively motivated behavior: predatory imminence as a determinant of the 

topography of defensive behavior. In Bolles, R.C. & Beecher, M.D. (eds), 

Evolution and Learning. Hillsdale, New York, pp. 185-211, 1988. 

 

FANSELOW, M.S. Conditional and unconditional components of post-shock 

freezing in rats. Pavlovian Journal of Biological Science, Vol. 15, 177-182, 

1980. 

 

FANSELOW, M.S. What is conditioned fear? Trends in Neurosciences, Vol. 7, 

460-462, 1984a. 

 

FANSELOW, M.S. Opiate modulation of the active and inactive components of 

the postshock reaction: parallels between naloxone pretreatment and shock 

intensity. Behavioral Neuroscience, Vol. 98, pp. 269–277, 1984b. 

 

FANSELOW, M.S. Factors governing one trial contextual conditioning. Animal 

Learning and Behavior, Vol. 18, pp. 264–270, 1990. 

 

FANSELOW, M.S. Neural organization of the defensive behavior system 

responsible for fear. Psychonomic Bulletin and Review, Vol. 1, 429-438, 1994. 

 

FANSELOW, M.S., HELMSTETTER, F.J. & CALCAGNETTI, D.J. Parallels 

between the behavioral effects of dimethoxy-carboline (DMCM) and conditional 

fear stimuli. In Dachowski, L.L. & Flaherty, C.F. (eds), Current Topics in 

Animal Learning: Brain, Emotion, and Cognition. Lawrence Erlbaum, 

Hillsdale, pp. 187-206, 1991. 

 

FERNÁNDEZ-TERUEL, A., ESCORIHUELA, R.M., NUNEZ, J.F., ZAPATA, 

A., BOIX, F., SALAZAR, W. & TOBEÑA, A. The early acquisition of two-way 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



127 

 

(shuttle-box) avoidance as an anxiety-mediated behavior: psychopharmacological 

validation. Brain Research Bulletin, Vol. 26, 173-176, 1991. 

 

FERNANDEZ, E.E. Prefrontocortical dopamine loss in rats delays long-term 

extinction of contextual conditioned fear, and reduces social interaction without 

affecting short-term social interaction memory. Neuropsychopharmacology, 

Vol. 28, 490–498, 2003. 

 

FERRÉ, P., FERNANDEZ-TERUEL, A., ESCORIHUELA, R.M., DRISCOLL, 

P., CORDA, M.G., GIORGI, O., TOBEÑA, A. Behavior of the Roman/verh high-

avoidance and low-avoidance rat lines in anxiety tests: relationship with 

defecation and self-grooming. Physiology and Behavior, Vol. 58, 1209-1213, 

1995. 

 

FERREIRA, T.L., MOREIRA, K.M., IKEDA, D.C., BUENO, O.F., OLIVEIRA, 

M.G. Effects of dorsal striatum lesions in tone fear conditioning and contextual 

fear conditioning. Brain Research, Vol.  987, pp. 17-24, 2003. 

 

FILE, S.E. & HYDE, J.R. Can social interaction be used to measure anxiety? 

British Journal of Pharmacology, Vol. 62, 19-24, 1978. 

 

FILE, S.E. Animal models for predicting clinical efficacy of anxiolytic drugs: 

social behaviour. Neuropsychobiology, Vol. 13, 55-62, 1985. 

 

FILE, S.E. Behavioral detection of anxiolytic action. In Elliot, J.M., Heal, D.J. & 

Mardsen, C.A. (eds), Experimental Approaches to Anxiety and Depression. 

John Wiley, Chichester, pp. 25-44, 1992. 

  

FINN, D.A., RUTLEDGE-GORMAN, M.T., CRABBE, J.C. (2003) Genetic 

animal models of anxiety. Neurogenetics, Vol. 4, 109-13, 2003. 

 

FITCH, T., ADAMS, B., CHANEY, S., GERLAI, R. Force transducer-based 

movement detection in fear conditioning in mice: a comparative analysis. 

Hippocampus, Vol. 12, 4-17, 2002. 

 

FREIRE, R.C., PERNA, G., NARDI, A.E. Panic disorder respiratory subtype: 

psychopathology, laboratory challenge tests, and response to treatment. Harvard 

Review of Psychiatry, Vol. 18, pp. 220-229, 2010. 

 

FUJII, M., ASADA, M., TANAKA, N., YAMANO, A., IMADA, H. 

Measurement of emotional reactivity and association ability of the Tsukuba 

Emotional strains of rats (Rattus norvegicus) in licking and lever-pressing 

conditioned situations. Journal of Comparative Psychology, Vol. 103, 100-108, 

1989. 

 

FUJITA, O. & KATAYAMA, T. Behavioral differences in the rat selected for 

high and low emotional reactivity: 5. Active avoidance learning and passive 

avoidance learning. Tsukuba Psychology Research, Vol. 3, 1-6 (in Japanese 

with English abstract), 1981. 

http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=FERRE%20P&ut=A1995TH80700021&pos=1&cacheurlFromRightClick=no
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=FERNANDEZTERUEL%20A&ut=A1995TH80700021&pos=2
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=ESCORIHUELA%20RM&ut=A1995TH80700021&pos=3
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=DRISCOLL%20P&ut=A1995TH80700021&pos=4
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=DRISCOLL%20P&ut=A1995TH80700021&pos=4
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=DRISCOLL%20P&ut=A1995TH80700021&pos=4
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=CORDA%20MG&ut=A1995TH80700021&pos=5
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=GIORGI%20O&ut=A1995TH80700021&pos=6
http://apps.isiknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&db_id=&SID=4E58A5Haap4EkcfMjK2&field=AU&value=TOBENA%20A&ut=A1995TH80700021&pos=7
DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



128 

 

 

FUJITA, O. Behavior-genetic analysis of responses in runway test as measures of 

emotional reactivity in rats: I. Phenotypic variations and heritability estimates 

based on regression of offspring on parent method. Japanese Journal of 

Psychology, Vol. 46, 281-292 (in Japanese with English abstract), 1975. 

 

FUJITA, O. Tsukuba emotionality: new selected rats. Rat News Letters, Vol. 13, 

31, 1984. 

 

FUJITA, O., ANNEN, Y. & KITAOKA, A. Tsukuba High-and Low-Emotional 

strains of rats (Ruttus norvegicus): an overview. Behavior Genetics, Vol.24, 389-

415, 1994. 

 

GALVÃO, B.O., GOMES, V.C., MAISONNETTE, S. & LANDEIRA-

FERNANDEZ, J. Panic-like behaviors in Carioca high-and low-conditioned 

freezing rats. Psychology and Neuroscience, in press, 2011. 

 

GARLAND, T. JR. & CARTER, P.A. Evolutionary physiology. Annu. Rev. 

Physiol. Vol. 56, 579–621. 1994. 

 

GARLAND, T. JR. & ADOLPH, S.C. Why not to do two-species comparative 

studies: limitations on inferring adaptation. Physiological Zoology, Vol. 67, 797–

828, 1994. 

 

GARLAND, T. JR. Selection experiments: an under-utilized tool in biomechanics 

and organismal biology. In: Vertebrate Biomechanics and Evolution, edited by 

Vincent L. Bels, Jean-Pierre Gasc and Adrià Casinos. 2003 BIOS Scientific 

Publishers Ltd, Oxford, 2003. 

 

GENTSCH, C., LICHTSTEINER, M., DRISCOLL, P. & FEER, H. Differential 

hormonal and physiological responses to stress in Roman High- and Low-

Avoidance rats. Physiology and Behavior, Vol. 28, 259-263, 1982. 

 

GERLAI, R. Contextual learning and cue association in fear conditioning in mice: 

a strain comparison and a lesion study. Behavioral Brain Research, Vol. 95, 

191–203, 1998. 

 

GIBBS, A.G. Laboratory selection for the comparative physiologist. J. Exp. Biol, 

Vol. 202: 2709–2718, 1999. 

 

GOMES, V.C. & LANDEIRA-FERNANDEZ, J. Amygdaloid lesions produced 

similar contextual fear conditioning disruption in the Carioca high- and low-

conditioned freezing rats. Brain Research, Vol. 1233, 137-145, 2008. 

 

GOMES, V.C., LANDEIRA-FERNANDEZ J., ZANA, Y. A novel automatic 

system for analyzing rat´s freezing behavior based on video recordings. Poster 

presented at the I IBRO/LARC Congress of Neurosciences of Latin America, 

The Caribbean and Iberian Peninsula, held in Buzios, Brazil, from September 1-4, 

2009. 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



129 

 

 

GOMES, V. C. ; SILVA, C. E. B. ; LANDEIRA-FERNANDEZ, J. The Carioca 

High and Low conditioned Freezing lines: a new animal model of generalized 

anxiety disorder. In: Vladimir Kalinin. (Org.). Anxiety Disorder / Book 2. 

Croatia: Intech, Vol. 2, 121-134, 2011a. 

 

GOMES, V.C., HAUSER-DAVIS, R.A., LIMA, A., TUTON, B., DE CAMPOS, 

R.C, ZIOLLI, R.L., LANDEIRA-FERNANDEZ, J. Preliminary assessment of 

differential protein expression in rats displaying high and low conditioned 

freezing. Anais da II Reunião Anual do IBNEC, 2011b. 

 

GOMES, V.C., HASSAN, W., BARROSO, C.E., LANDEIRA-FERNANDEZ, J. 

Evidence that oxidative stress is associated with contextual fear conditioning 

using rats selectively bred for high and low anxiety related behavior. Anais da II 

Reunião Anual do IBNEC, 2011c. 

 

GOOSENS, K.A. & MAREN, S. NMDA receptors are essential for the 

acquisition, but not expression, of conditional fear and associative spike firing in 

the lateral amygdala. European Journal of Neuroscience, Vol. 20, 537-548, 

2004. 

 

GORDON, J.A., HEN. R. Genetic approaches to the study of anxiety. Annual 

Reviews of Neuroscience, Vol. 27, 193-222, 2004. 

 

GOULD, T.D. & GOTTESMAN, I.I. Psychiatric endophenotypes and the 

development of valid animal models. Genes Brain and Behavior, Vol. 5, 113–

119, 2006. 

 

GRAEFF, F.G. & ZANGROSSI, H., JR. The dual role of serotonin in defense and 

the mode of action of antidepressants on generalized anxiety and panic disorders. 

Central Nervous System Agents in Medicinal Chemistry, Vol. 10, pp. 207-217, 

2010. 

 

GRAEFF, F.G. Serotonergic systems. Psychiatric Clinics of North America, 

Vol. 20, pp. 723-739, 1997. 

 

GRAHAME, N.J. Selected lines and inbred strains: tools in the hunt of the genes 

involved in alcoholism. Alcohol, Vol. 24(3), 159-163, 2000. 

 

GRAY, J.A. & MCNAUGHTON, N. The Neuropsychology of Anxiety: An 

Enquiry into the Function of the Septo-Hippocampal System. 2nd ed. Oxford 

University Press, Oxford, 2000. 

 

GRAY, J.A. Emotionality in male and female rodents: a reply to Archer. British 

Journal of Psychology, Vol. 70, 425-440, 1979. 

 

GRIFFITH, C.R. The behavior of white rats in the presence of cats. 

Psychobiology, Vol.2, 19-28, 1920. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



130 

 

GRILLON, C. & DAVIS, M. Fear-potentiated startle conditioning in humans: 

explicit and contextual cue conditioning following paired versus unpaired 

training. Psychophysiology, Vol. 34, pp. 451–458, 1997. 

 

GRILLON, C. Startle reactivity and anxiety disorders: aversive conditioning, 

context, and neurobiology. Biological Psychiatry, Vol. 52, pp. 958–975, 2002. 

 

GROSS, C. & HEN, R. The developmental origins of anxiety. Nature Reviews, 

Neuroscience, Vol. 5, pp. 545–552, 2004. 

 

GROVES, P.M. & THOMPSON, R.F. Habituation: a dual process theory. 

Psychology Reviews, Vol. 77, 419-450, 1970. 

 

GUPTA, P. & BRUSH, F.R. Differential behavioral and endocrinological effects 

of corticotropin-releasing hormone (CRH) in the Syracuse high-and low-

avoidance rats. Hormones and Behavior, Vol. 34, 262-267, 1998. 

 

HALL, C.S. Emotional behavior in the rat: I. Defecation and urination as 

measures of individual differences in emotionality. Journal Comparative 

Psychology, Vol. 18, 385-403, 1934. 

 

HANDLEY, S.L. & MITHANI, S. Effects of alpha-adrenoceptor agonists and 

antagonists in a maze-exploration model of ‘fear’-motivated behaviour. Naunyn 

Schmiedebergs Arch Pharmacol, Vol. 327, 1-5, 1984. 

 

HARRINGTON, G.M. Strain differences in open-field behavior of the rat. 

Psychonomic Science, Vol. 27, 51-53, 1972. 

 

HARRINGTON, G.M. (1979) Strain differences in open-field behavior of the rat: 

II. Bulletin of Psychonomic Science, Vol. 13, 85-86, 1979. 

 

HARRINGTON, G.M. The Har strains of rats: origins and characteristics. 

Behavior Genetics, Vol. 11, 445-468, 1981. 

 

HASHIMOTO, S., INOUE, T. & KOYAMA T. Serotonin reuptake inhibitors 

reduce conditioned fear stress-induced freezing behavior in rats. 

Psychopharmacology, Vol.  123, 182-186, 1996. 

 

HATCHER, P.D., BROWN, V.J., TAIT, D.S., BATE, S., OVEREND, P., 

HAGAN, J.J., JONES, D.N. 5-HT6 receptor antagonists improve performance in 

an attentional set shifting task in rats. Psychopharmacology (Berl), Vol. 181, 

253–259, 2005. 

 

HENDERSON, N.D. Interpreting studies that compare high- and low-selected 

lines on new characters. Behavior Genetics, Vol. 19, 473–502, 1989. 

 

HENDERSON, N.D. Spurious associations in unreplicated selected lines. 

Behavior Genetics, Vol. 27, 145–154, 1997. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



131 

 

HENNIGER, M.S.H., OHL, F., HÖLTER, S.M., WEIENBACHER, P., TOSCHI, 

N., LÖRSCHER, P., WIGGER, A., SPANAGEL, R. & LANDGRAF, R. 

Unconditioned anxiety and social behaviour in two rat lines selectively bred for 

high and low anxiety-related behaviour. Behavioral Brain Research, Vol. 111, 

153-163, 2000. 

 

HILL, W.G. & CABALLERO, A. Artificial selection experiments. Annu. Rev. 

Ecol. Syst, Vol.  23, 287–310, 1992. 

 

HILL, W.G. & MACKAY, T.F.C. eds. Evolution and Animal Breeding: 

reviews on molecular and quantitative approaches in honour of Alan 

Robertson. C.A.B. International, Wallingford, Oxon, UK, 1989. 

 

HINOJOSA, F.R., SPRICIGO, L., JR., IZÍDIO, G.S., BRUSKE, G.R., LOPES, 

D.M. & RAMOS, A. Evaluation of two genetic animal models in behavioral tests 

of anxiety and depression. Behavioral Brain Research, Vol. 168, 127-136, 2006. 

 

HITCHCOCK, J.M., SANANES, C.B. & DAVIS, M. Sensitization of the startle 

reflex by footshock: blockade by lesions of the central nucleus of the amygdala or 

its efferent pathway to the brainstem. Behav Neurosci 103, 509-518, 1989. 

HOVATTA, L., JUHILA, J., DONNER, J. Oxidative stress in anxiety and 

comorbid disorders. Neuroscience Research, Vol. 68(4), 261-275, 2010. 

 

IMADA, H. Emotional reactivity in four strains of rats. Journal of Comparative 

Physiological Psychology, Vol. 79, 474-480, 1970. 

 

INDOVINA, I., ROBBINS, T.W., NÚÑEZ-ELIZALDE, A.O., DUNN, B.D., & 

BISHOP, S.J. Fear-conditioning mechanisms associated with trait vulnerability to 

anxiety in humans. Neuron, Vol. 69, pp. 563-571, 2011. 

 

INOUE T, TSUCHIYA K, KOYAMA T. Effects of typical and atypical 

antipsychotic drugs on freezing behavior induced by conditioned fear. 

Pharmacology Biochemistry and Behavior, Vol 55, pp. 195-201, 1996. 

 

INOUE, T., TSUCHIYA, K. & KOYAMA, T. Serotonergic activation reduces 

defensive freezing in the conditioned fear paradigm. Pharmacology 

Biochemistry Behavior, Vol. 53, 825-831, 1996. 

 

INSEL, T.R. & HILL, J.L. Infant separation distress in genetically fearful rats. 

Biological Psychiatry, Vol. 22, 786-789, 1987.  

 

INSEL, T.R. & WINSLOW, J.T. Rat pup ultrasonic vocalizations: an 

ethologically relevant behaviour responsive to anxiolytics. In Olivier, B., Mos, J. 

& Slangen, J.L. (eds), Animal Models in Psychopharmacology. Birkhauser 

Verlag, Basel, pp. 15-36, 1991. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



132 

 

IZQUIERDO, A., WELLMAN, C.L., HOLMES, A. Brief uncontrollable stress 

causes dendritic retraction in infralimbic cortex and resistance to fear extinction in 

mice. Journal of Neuroscience, Vol. 26(21), 5733-5738, 2006.  

 

JACOBS, N.S., CUSHMAN, J.D. & FANSELOW, M.S. The accurate 

measurement of fear memory in Pavlovian conditioning: resolving the baseline 

issue. Journal of Neuroscience Methods, Vol. 15, 235-259, 2010. 

 

JACOBSON, L.H. & CRYAN, J.F. Genetic approaches to modeling anxiety in 

animals. Current Topics in Behavioural Neuroscience, Vol. 2, pp. 161-201, 

2010. 

 

JOHNSON, L.R., MCGUIRE, J., LAZARUS, R., PALMER, A.A. Pavlovian fear 

memory circuits and phenotype models of PTSD. Neuropharmacology, Vol. 62, 

638-646, 2012. 

 

KAGAN, J. & SNIDMAN, N. Early childhood predictors of adult anxiety 

disorders. Biological Psychiatry, Vol. 46, 1536–1541, 1999. 

 

KAHN, R.J., MACNAIR, D.M., LIPMAN, R.S., COVI, L., RICKELS, K., 

DOWNING, R., FISHER, S. & FRAKENTHALER, L.M. Imipramine and 

chlordiazepoxide in depressive and anxiety disorders: II. Efficacy in anxious 

outpatients. Archives of General Psychiatry, Vol. 43, pp. 79-85, 1986. 

 

KOPEC, C.D., KESSELS, H.W., BUSH, D.E., CAIN, C.K., LEDOUX, J.E., 

MALINOW, R. A robust automated method to analyze rodent motion during fear 

conditioning. Neuropharmacology, Vol. 52, 228-233, 2007. 

 

KIM, J.J., DECOLA, J.P., LANDEIRA-FERNANDEZ, J., FANSELOW, M.S. N-

methyl-D-aspartate receptor antagonist APV blocks acquisition but not expression 

of fear conditioning. Behavioral Neuroscience, Vol. 105(1), 126–133, 1991. 

 

KIM, J.J. & FANSELOW, M.S. Modality-specific retrograde amnesia of fear. 

Science, Vol. 256, 675-677, 1992. 

 

KIM, J.J., RISON, R.A., FANSELOW, M.S. Effects of amygdala, hippocampus 

and periaqueductal gray lesions on short- and long-term contextual fear. 

Behavioral Neuroscience, Vol. 107(6), 1093–1098, 1993. 

KITAOKA, A. & FUJITA, O. Behavioral comparisons of the Tsukuba emotional 

strains of rats (Rattus norvegicus) in three types of novel situations. Behavior 

Genetics, Vol. 21, 317-325, 1991. 

 

KLEIN, D.F. & FINK, M. Psychiatric reaction patterns to imipramine. American 

Journal of Psychiatry, Vol. 119, pp. 432-438, 1962. 

 

KLEIN, D.F. Delineation of two drug-responsive anxiety syndromes. 

Psychopharmacologia, Vol. 5, pp. 397-408, 1964. 

 

KLUG, W.S. & CUMMINGS, M.R. Concepts of Genetics. MacMillan, 1991. 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



133 

 

 

KOCH, L G. & BRITTON, S.L. Artificial selection for intrinsic aerobic 

endurance running capacity in rats. Physiol. Genomics, Vol. 5, 45–52, 2001. 

 

KWON S-KC, KOVESDI, E., GYORGY, A.B., WINGO, D., KAMNAKSH, A. 

Stress and traumatic brain injury: a behavioral, proteomics, and histological study. 

Frontiers in Neuroscience, Vol. 2, 12, 2011. 

 

LANDEIRA-FERNANDEZ, J. Context and Pavlovian conditioning. Brazilian 

Journal of Medical and Biological Research, Vol. 29, 149-173, 1996. 

 

LANDEIRA-FERNANDEZ, J., DECOLA, J.P., KIM, J.J. & FANSELOW, M.S. 

Immediate shock deficit in fear conditioning: effects of shock manipulations. 

Behavioral Neuroscience, Vol. 120, 873-879, 2006. 

 

LANDEIRA-FERNANDEZ, J., FANSELOW, M.S., DECOLA, J.P. & KIM, J.J. 

Effects of handling and context preexposure on the immediate shock deficit. 

Animal Learning and Behavior, Vol. 23, 335-338, 1995. 

 

LEBRON, K., MILAD, M.R., QUIRK, G.J. Delayed recall of fear extinction in 

rats with lesions of ventral medial prefrontal cortex. Learning and Memory, Vol. 

11, 544–548, 2004. 

 

LEDOUX, J.E. Emotion circuits in the brain. Annual Review Neuroscience, Vol. 

23, 155-184, 2000. 

 

LEDOUX, J.E. The emotional brain, fear and the amygdala. Cell Molecular 

Neurobiology, Vol. 23, pp 727-738, 2003.  

 

LEE, Y., LÓPEZ, D.E., MELONI, E.G. & DAVIS, M. A primary acoustic startle 

pathway: obligatory role of the cochlear root neurons and the nucleus reticularis 

pontis caudalis. Journal of Neuroscience, Vol. 16, 3775-3789, 1996. 

 

LEÓN, L.A. ; CARDENAS, F.P. ;CASTRO GOMEZ, V. Brandao, M.L. ; 

LANDEIRA-FERNANDEZ, J. . Differential effects of Ketanserine in the Carioca 

high- and low- freezing rats: Selective breading importance in pharmacological 

tests. Anals of 8th IBRO world congress of neuroscience, 2011. 

 

LESCH, K.P. Molecular foundation of anxiety disorders. J Neural Transm, 

Vol.108, 717-746, 2001. 

 

LEVINE, S. UCS intensity and avoidance learning. Journal of Experimental 

Psychology, Vol. 71, 163-164, 1966. 

 

LIEBSCH, G., LINTHORST, A.C., NEUMANN, I.D., REUL, J.M., 

HOLSBOER, F. & LANDGRAF, R. Behavioral, physiological, and 

neuroendocrine stress responses and differential sensitivity to diazepam in two 

Wistar rat lines selectively bred for high- and low-anxiety-related behavior. 

Neuropsychopharmacology, Vol. 19, 381-396, 1998a. 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



134 

 

 

LIEBSCH, G., MONTKOWSKI, A., HOLSBOER, F. & LANDGRAF, R. 

Behavioural profiles of two Wistar rat lines selectively bred for high or low 

anxiety-related behavior. Behavioral Brain Research, Vol. 94, 301-310, 1998b. 

 

LISSEK, S., POWERS, A.S, MCLURE, E.B., PHELPS, E.A., 

WOLDEHAWARIAT, G., GRILLON, C, PINE, D.S. Classical fear conditioning 

in the anxiety disorders: a meta-analysis. Behavioral Research in Therapy, Vol. 

43, 1391-1424, 2005. 

 

LÓPEZ-AUMATELL, R., BLÁZQUEZ, G., GIL, L., AGUILAR, R., CAÑETE, 

T., GIMÉNEZ-LLORT, L., TOBEÑA, A. & FERNÁNDEZ-TERUEL, A. The 

Roman high- and low-avoidance rat strains differ in fear-potentiated startle and 

classical aversive conditioning. Psicothema, Vol. 21, 27-32, 2009. 

 

MAISONNETTE, S., MORATO, S., BRANDÃO, M.L. Role of ressocialization 

and of 5-HT1A receptor activation on the anxiogenic effects induced by isolation 

in the elevated plus-maze test. Physiology and Behavior, Vol. 54, 753-758, 1993. 

 

MAKI, Y., INOUE, T., IZUMI, T., MURAKI, I., ITO, K., KITAICHI, Y., LI, X. 

& KOYAMA, T. Monoamine oxidase inhibitors reduce conditioned fear stress-

induced freezing behavior in rats. European Journal of Pharmacology, Vol. 

406, pp. 411-418, 2000. 

 

MARCHAND, A.R., LUCK, D., DISCALA, G. Evaluation of an improved 

automated analysis of freezing behaviour in rats and its use in trace fear 

conditioning. Journal of Neuroscience Methods, Vol. 126, 145-153, 2003. 

 

MAREN, S., DE OCA, B., FANSELOW, M.S. Sex differences in hippocampal 

long-term potentiation (LTP) and Pavlovian fear conditioning in rats: positive 

correlation between LTP and contextual learning. Brain Research, Vol. 661(1–

2), 25–34, 1994. 

 

MAREN S, FANSELOW MS. Synaptic plasticity in the basolateral amygdala 

induced by hippocampal formation stimulation in vivo. J. Neurosci. 15:7548–64, 

1995. 

 

MAREN, S., AHARONOV, G., FANSELOW, M.S. Retrograde abolition of 

conditional fear after excitotoxic lesions in the basolateral amygdala of rats: 

absence of a temporal gradient. Behavioral Neuroscience, Vol. 110(4), 718–726, 

1996. 

 

MAREN, S. Overtraining does not mitigate contextual fear conditioning deficits 

produced by neurotoxic lesions of the basolateral amygdala. J Neurosci, Vol. 

18(8), 3088–3097, 1998. 

 

MAREN, S. Neurobiology of Pavlovian Fear Conditioning. Annual Reviews of 

Neuroscience, Vol.24, 897-931, 2001. 

 

http://www.sciencedirect.com/science/journal/01664328
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%234840%231998%23999059997%2316285%23FLA%23&_cdi=4840&_pubType=J&view=c&_auth=y&_acct=C000037078&_version=1&_urlVersion=0&_userid=686091&md5=b90d09ff2f3b831a72eda5ee49fc4fc6
DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



135 

 

MARKS, I.M., & NESSE, R.M. (1994). Fear and fitness: an evolutionary analysis 

of anxiety disorders. Ethology and Sociobiology, Vol. 15, pp. 247–261, 1994. 

 

MARKUS, E.J., ZECEVIC, M. Sex differences and estrous cycle changes in 

hippocampus-dependent fear conditioning. Psychobiology, Vol. 25(3), 246–252, 

1997. 

 

MCALLISTER, W.R., MCALLISTER, D. & DOUGLAS, W.K. The inverse 

relationship between shock intensity and shuttle-box avoidance learning in rats. 

Journal of Comparative Physiological Psychology, Vol. 74, 426-433, 1971. 

MCEWEN, B.S. Plasticity of the hippocampus: adaptation to chronic stress and 

allostatic load. Ann N YAcad Sci, Vol. 933, 265–277, 2001. 

 

MCNALLY, G.P., PIGG, M., WEIDEMANN, G. Opioid receptors in the 

midbrain periaqueductal gray regulate extinction of pavlovian fear conditioning. 

Journal of Neuroscience, Vol. 24, 6912–6919, 2004. 

 

MCNALLY, G.P., LEE, B.W., CHIEM, J.Y., CHOI, E.A. The midbrain 

periaqueductal gray and fear extinction: opioid receptor subtype and roles of 

cyclic AMP, protein kinase A, and mitogen-activated protein kinase. Behavioral 

Neuroscience, Vol. 119, 1023–1033, 2005. 

 

MEERLO, P., OVERKAMP, G.J. & KOOLHAAS, J.M. Behavioural and 

physiological consequences of a single social defeat in Roman high- and low-

avoidance rats. Psychoneuroendocrinology, Vol. 22, 155-168, 1997. 

 

MEIRELLES, E.L., RIBEIRO, M., FRITSCH, M., ROSSETI, F., SILVA, C.E.B., 

GOMES, V.C., DIAS, G.P., BEVILAQUA, M., GARDINO, P.F., LANDEIRA-

FERNANDEZ, J. Ratos Carioca de Alto e Baixo Congelamento: Efeito do 

Cruzamento Intra e Intergrupo. Anais da II Reunião Anual do IBNEC, 2011. 

 

MEYZA, K.Z., BOGUSZEWSKI, P.M., NIKOLAEV, E. & ZAGRODZKA, J. 

Diverse sensitivity of RHA/Verh and RLA/Verh rats to emotional and spatial 

aspects of a novel environment as a result of a distinct pattern of neuronal 

activation in the fear/anxiety circuit. Behavior Genetics, Vol. 39, 48-61, 2009. 

 

MISANE, I., JOHANSSON, C. & ÖGREN, S.O. Analysis of the 5-HT1A 

receptor involvement in passive avoidance in the rat. British Journal of 

Pharmacology, Vol. 125, 499-509, 1988. 

 

MIYAMOTO, K. & FUJITA, O. Behavioral differences in the high and low 

emotional reactivity strains of rats: 6. Passive avoidance. Annals of Animal 

Psychology, Vol.  27, 54, 1977. 

 

MOLDIN, S.O. Neurobiology of anxiety and fear: challenges for genomic science 

of the new millennium. Biological Psychiatry, Vol. 48, 1144-1146, 2000. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



136 

 

MONGOLD, J.A., BENNETT, A.F., LENSKI, R.E. Evolutionary adaptation to 

temperature. IV. Adaptation of Escherichia coli at a niche boundary. Evolution, 

Vol. 50, 35–43, 1996. 

 

MONTGOMERY, K.C. The relationship between fear induced by novel 

stimulation and exploratory behavior. Journal of Comparative Physiological 

Psychology, Vol. 48, 254-260, 1955. 

 

MOREY, D.F. The early evolution of the domestic dog. American Scientist, Vol. 

82, 336–347, 1994. 

 

MORGAN, M.A., ROMANSKI, L.M., LEDOUX, J.E. Extinction of emotional 

learning: contribution of medial prefrontal cortex. Neuroscience Letters, Vol. 

163, 109–113, 1993. 

 

MORGAN, M.A., SCHULKIN, J., LEDOUX, J.E. Ventral medial prefrontal 

cortex and emotional perseveration: the memory for prior extinction training. 

Behavioral Brain Research, Vol. 146, 121–130, 2003. 

 

MORÓN, I., GÓMEZ, M.A., ESCARABAJAL, M.A., DE LA TORRE, L., 

CÁNDIDO, A., MALDONADO, A., TOBEÑA, A., FERNÁNDEZ-TERUEL, A. 

& TORRES, C. One-way avoidance learning in female inbred Roman high- and 

low-avoidance rats: effects of bilateral electrolytic central amygdala lesions. 

Neuroscience Letters, Vol. 19, 32-36, 2010. 

 

MOUSOVICH-NETO, F., LOURENÇO, A.L., LANDEIRA-FERNANDEZ, J., 

CORRÊA DA COSTA, VM. Alterações endócrinas e metabólicas em animais 

com transtorno generalizado de ansiedade. Anais da XXVI Reunião Anual da 

FESBE, 2011.  

MOWRER, O.H. & LAMOREAUX, R.R. Avoidance conditioning and signal 

duration: a study of secondary motivation and reward. Psychol Monogr, Vol. 54 

(5) (Whole No. 247), 1942. 

 

MOWRER, O.H. & LAMOREAUX, R.R. Fear as an intervening variable in 

avoidance conditioning. Journal of Comparative Psychology, Vol. 39, 29-50, 

1946. 

 

MOWRER, O.H. & MILLER, N.E. A multi-purpose learning-demonstration 

apparatus. Journal of Experimental Psychology, Vol. 31, 163-170, 1942. 

 

MOWRER, O.H. Preparatory set (expectancy): some methods of measurement. 

Psychol Monogr, Vol. 52, 441-443, 1940. 

 

MUIGG, P., HETZENAUER, A., HAUER, G., HAUSCHILD, M., GABURRO, 

S., FRANK, E., LANDGRAF, R. & SINGEWALD, N. Impaired extinction of 

learned fear in rats selectively bred for high anxiety: evidence of altered neuronal 

processing in prefrontal-amygdala pathways. European Journal of 

Neuroscience, Vol. 28, 2299-2309, 2008. 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



137 

 

NADER, K., SCHAFE, G.E., LEDOUX, J.E. Fear memories require protein 

synthesis in the amygdala for reconsolidation after retrieval. Nature, Vol.406, 

722–726, 2000. 

NAITO, H., INOUE, M., & MAKINO, J. Ultrasonic isolation calls in genetically 

high- and low-emotional rat pups. Exp Anim, Vol. 49, 289–294, 2000. 

 

NAKAMURA, T., MASUI, S., WADA, M. KATOH, H., MIKAMI, H., 

KATSUTA, S. Heredity of muscle fibre composition estimated from selection 

experiment in rats. European J Appl Physiol Occupat Physiol, Vol. 66: 85–89, 

1993. 

 

NORRHOLM, S.D., JOVANOVIC, T., OLIN, I.W., SANDS, L.A., 

KARAPANOU, I., BRADLEY, B., RESSLER, K.J. Fear extinction in 

traumatized civilians with posttraumatic stress disorder: relationship to symptom 

severity. Biological Psychiatry, Vol. 69(6), 556-563, 2011. 

 

NGUYEN, P.V., ABEL, T., KANDEL, E.R., BOURTCHOULADZE, R. Strain-

dependent differences in LTP and hippocampus-dependent memory in inbred 

mice. Learning and Memory, Vol. 7, 170–179, 2000. 

 

OHTA, R., MATSUMOTO, A., HASHIMOTO, Y., NAGAO, T. & MIZUTANI, 

M. Behavioral characteristics of rats selectively bred for high and low avoidance 

shuttlebox response. Cong Anom, Vol. 35, pp. 223-229, 1995. 

 

OLIVEIRA, L.C., NOBRE, M.J., BRANDÃO, M.L. & LANDEIRA-

FERNANDEZ, J. Role of amygdala in conditioned and unconditioned fear 

generated in the periaqueductal gray. Neuroreport, Vol. 15, pp. 2281-2285, 2004. 

 

ORR, S.P., METZGER, L.J., LASKO, N.B., MACKLIN, M.L., PERI, T., 

PITMAN, R.K., 2000. De novo conditioning in trauma-exposed individuals with 

and without posttraumatic stress disorder. J. Abnorm. Psychol. 109 (2), 290e298. 

 

OUTHOFF, K. The pharmacology of anxiolytics. SA Pharmaceutics J, 

Vol. 78, 24-29, 2011. 

OVERSTREET, D.H., REZVANI, A.H. & JANOWSKY, D.S. Maudsley reactive 

and nonreactive rats differ only in some tasks reflecting emotionality. Physiology 

and Behavior, Vol. 52, 149-152, 1992. 

 

OWEN, E.H., LOGUE, S.F., RASMUSSEN, D.L., WEHNER, J.M. Assessment 

of learning by the Morris water task and fear conditioning in inbred mouse strains 

and F1 hybrids: implications of genetic background for single gene mutations and 

quantitative trait loci analyses. Neuroscience, Vol. 80, 1087–1099, 1997. 

 

PONNUSAMY, R.P., POULOS, A.M., FANSELOW, M.S. Amygdala-dependent 

and amygdala-independent pathways for contextual fear conditioning. 

Neuroscience, Vol. 147, 919 -927, 2007. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



138 

 

PADOVAN, C.M. & GUIMARÃES, F.S. Restraint-induced hipoactivity in an 

elevated plus-maze. Brazilian Journal of Medical and Biological Research, 

Vol. 33, 79-83, 2000. 

 

PAPINI, M.R. Comparative Psychology: evolution and development of 

behavior. Upper Saddle River, NJ: Prentice Hall, 2002. 

 

PATERSON, A., WHITING, P.J., GRAY, J.A., FLINT, J. & DAWSON, G.R. 

Lack of consistent behavioral effects of Maudsley reactive and non-reactive rats in 

a number of animal tests of anxiety and activity. Psychopharmacology, Vol. 154, 

336-342, 2001. 

 

PAVLOV, I. Conditioned Reflexes: An Investigation of the Physiological 

Activity of the Cerebral Cortex. Oxford University Press, London, 1927. 

 

PAYLOR, R., TRACY, R., WEHNER, J., RUDY, J.W. DBA/2 and C57BL/6 

mice differ in contextual fear but not auditory fear conditioning. Behavioral 

Neuroscience, Vol. 108, 810–817, 1994. 

 

PERI, T., BEN-SHAKAR, G., ORR, S.P., SHALEY, A.V. Psychophysiologic 

assessment of aversive conditioning in posttraumatic stress disorder. Biological 

Psychiatry, Vol. 47(6), 512-519, 2000. 

 

PELLOW, S., CHOPIN, P., FILE, S.E. & BRILEY, M. (1985) Validation of 

open:closed arm entries in an elevated plus-maze as a measure of anxiety in the 

rat. J Neurosci Methods 14, 149-167. 

 

POHLACK, S.T., NEES, F., LIEBSCHER, C., CACCIAGLIA, R., DIENER, S.J., 

RIDDER, S., WOERMANN, F.G. & FLOR, H. Hippocampal but not amygdalar 

volume affects contextual fear conditioning in humans. Human Brain Mapping, 

Vol. 33 (2), 478-488, 2012. 

PONDER, C.A., KLIETHERMES, C.L., DREW, M.R., MULLER, J., DAS, 

K.,RISBROUGH, V.B., CRABBE, J.C., GILLIAM, T.C., PALMER, A.A. 

Selection for contextual fear conditioning affects anxiety-like behaviors and gene 

expression. Genes, Brain and Behavior, Vol. 6(8), 736–749, 2007. 

PONDER, C.A., HUDED, C.P., MUNOZ, M.B., GULDEN, F.O., GILLIAM, 

T.C., PALMER, A.A. Rapid selection response for contextual fear conditioning in 

a cross between C57BL/6J and A/J: behavioral, QTL and gene expression 

analysis. Behavior Genetics, Vol. 38(3), 277-291, 2008. 

PORTFORS, C. Types and functions of ultrasonic vocalizations in laboratory rats 

and mice. J Am Assoc Lab Anim Sci, Vol. 46, 28-34, 2007. 

 

PROSSER, C.L. & HUNTER, W.S. The extinction of startle responses and spinal 

reflexes in the white rat. Am J Physiol, Vol. 117, 609-618, 1936. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



139 

 

PRUT, L. & BELZUNG, C. The open field as a paradigm to measure the effects 

of drugs on anxiety-like behaviors: a review. European Journal of 

Pharmacology, Vol. 463, 3-33, 2003. 

 

PULL, C.B. Combined pharmacotherapy and cognitive-behavioural therapy for 

anxiety disorders. Current opinion in Psychiatry,  Vol. 20, 30-35, 2007. 

 

QUIRK, G.J., RUSSO, G.K., BARRON, J.L., LEBRON, K. The role of 

ventromedial prefrontal cortex in the recovery of extinguished fear. The Journal 

of Neuroscience, Vol. 20, 6225–6231, 2000. 

 

 

 

 

 

QUIRK, G. Neural Mechanisms of Extinction Learning and Retrieval. 

Neuropsychopharmacology, Vol. 33(1), 56-72, 2008. 

 

RADCLIFFE, R.A., LOWE, M.V., WEHNER, J.M. Confirmation of contextual 

fear conditioning QTLs by short-term selection. Behavior Genetics, Vol. 30(3), 

183–191, 2000. 

 

RADLEY, J.J., SISTI, H.M., HAO, J., ROCHER, A.B., MCCALL, T., HOF, 

P.R., MCEWEN, B.S., MORRISON, J.H. Chronic behavioral stress induces 

apical dendritic reorganization in pyramidal neurons of the medial prefrontal 

cortex. Neuroscience, Vol. 125, 1–6, 2004. 

 

RADLEY, J.J., ROCHER, A.B., MILLER, M., JANSSEN, W.G., LISTON, C., 

HOF, P.R., MCEWEN, B.S., MORRISON, J.H. Repeated stress induces dendritic 

spine loss in the rat medial prefrontal cortex. Cereb Cortex, Vol. 16, 313–320, 

2006. 

 

RAMOS, A. & MORMÈDE, P. Genetic analisis of emotional behaviors using 

animal models. In Jones, B. & Mormède, P. (eds), Neurobehavioral Genetics: 

Methods and Applications. Taylor and Francis, New York, pp. 291-303, 2006. 

 

RAMOS, A. Animal models of anxiety: do I need multiple tests? Trends in 

Pharmacological Sciences, Vol. 29, 493-498, 2008. 

 

RAMOS, A., BERTON, O., MORMÈDE, P. & CHAOULOFF, F. A multiple-test 

study of anxiety-related behaviors in six inbred rat strains. Behavioral Brain 

Research, Vol. 85, 57-69, 1997. 

 

RAMOS, A., BERTON, O., MORMÈDE, P. & CHAOULOFF, F. A multiple-test 

study of anxiety-related behaviors in six inbred rat strains. Behavioural Brain 

Research, Vol. 85, pp. 57-69, 1997. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



140 

 

RAMOS, A., CORREIA, E.C., IZÍDIO, G.S. & BRÜSKE, G.R. Genetic selection 

of two new rat lines displaying different levels of anxiety-related behaviors. 

Behavior  Genetics, Vol. 33, 657-668, 2003. 

RESCORLA R.A., HETH C.D. Reinstatement of fear to an extinguished 

conditioned stimulus. J. Exp. Psychol. Anim. Behav. Process, Vol. 1, 88–96, 

1975. 

RESSTEL, L.B., JOCA, S.R., GUIMARÃES, F.G., CORRÊA, F.M. Involvement 

of medial prefrontal cortex neurons in behavioral and cardiovascular responses to 

contextual fear conditioning. Neuroscience, Vol.143, 377–385, 2006. 

 

REIJMERS, L.G., COATS, J.K., PLETCHER, M.T., WILTSHIRE, T., 

TARANTINO, L.M., MAYFORD, M. A mutant mouse with a highly specific 

contextual fear-conditioning deficit found in an N-ethyl-N-nitrosourea (ENU) 

mutagenesis screen. Learning and Memory, Vol. 13(2), 143-149, 2006. 

 

ROBERTSON, A., ed. Selection Experiments in Laboratory and Domestic 

Animals. Common-wealth Agricultural Bureau, Farnam Royal, Slough, U.K, 

1980. 

 

ROFF, D.A. Evolutionary Quantitative Genetics. Chapman & Hall, New York, 

1997. 

 

ROMANSKI L.M., CLUGNET M.C., BORDI F., LEDOUX J.E. 1993. 

Somatosensory and auditory convergence in the lateral nucleus of the amygdala. 

Behavioral Neuroscience, Vol. 107, pp 444–50, 1993. 

 

ROSE, M.R. Laboratory evolution of postponed senescence in Drosophila 

melanogaster. Evolution, Vol. 38, 1004–1010, 1984. 

 

ROSE, M.R., GRAVES, J.L., JR., HUTCHINSON, E.W.  The use of selection to 

probe patterns of pleiotropy in fitness characters. In:  Insect Life Cycles: 

Genetics, Evolution and Coordination (ed. F. Gilbert). Springer-Verlag, 

London, 29–42, 1990. 

 

ROSE, M.R., NUSBAUM, T.J., CHIPPINDALE, A.K. Laboratory evolution: the 

experimental wonderland and the Cheshire Cat syndrome. Adaptation (eds M.R. 

Rose and G.V.Lauder). Academic Press, San Diego, 221–241, 1996. 

 

RUDOLPH, U., MOHLER, H. Analysis of GABA-A receptor function and 

dissection of pharmacology of benzodiazepines and general anesthetics through 

mouse genetics. Annual Review of Pharmacological Toxicology, Vol. 19, 475-

498, 2004. 

 

RYZHOVA, L.Y., KULAGIN, D.A. & LOPATINA, N.G. Correlated variability 

in movement activity and emotionality in the selection of rats for high and low 

levels of conditioned active avoidance reflexes. Genetika, Vol. 19, 121-125, 

1983. 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



141 

 

 

SACCHETTI, B., LORENZINI, C.A., BALDI, E., TASSONI, G., 

BUCHERELLI, C. Auditory thalamus, dorsal hippocampus, basolateral 

amygdala, and perirhinal cortex role in the consolidation of conditioned freezing 

to context and to acoustic conditioned stimulus in the rat. Journal of the 

Neuroscience, Vol. 19 (21), 9570–9578, 1999. 

 

SANGER, D.J., JOLY, D. & LEPICHON, M. Buspirone, gepirone and ipsapirone 

disrupt both active and passive avoidance responding in rats. Behavioral 

Pharmacology, Vol. 1, 153-160., 1989. 

 

SATINDER, K.P. Ontogeny and interdependence of genetically selected 

behaviors in rats: avoidance response and open field. Journal of Comparative 

Physiological Psychology, Vol. 95, 175-187, 1981. 

 

SAVIĆ, M.M., OBRADOVIĆ, D.I., UGRESIĆ, N.D., COOK, J.M., SARMA, 

P.V. & BOKONJIĆ, D.R. Bidirectional effects of benzodiazepine binding site 

ligands on active avoidance acquisition and retention: differential antagonism by 

flumazenil and beta-CCt. Psychopharmacology, Vol. 180, 455-465, 2005. 

 

SCHLAGER, G., FREEMAN, R., EL SEOUDY, A.A. Genetic study of 

norepinephrine in brains of mice selected for differences in blood pressure. J. 

Heredity, Vol. 74, 97–100, 1983. 

 

SCHWEGLER, H., PILZ, P.K.D., KOCH, M., FENDT, M., LINKE, R. & 

DRISCOLL, P. The acoustic startle response in inbred roman high- and low-

avoidance rats. Behavior Genetics, Vol. 27, 579-582, 1997. 

 

SCHWEIZER, E., RICKELS, K., WEISS, S. & ZAVODNICK, S. Maintenance 

drug treatment for panic disorder: I. Results of a prospective, placebo-controlled 

comparizon of alprazolam and imipramine. Archives of General Psychiatry, 

Vol. 50, pp. 51-60, 1993. 

 

SIGMUNDI, R.A. & BOLLES, R.C. CS modality, context conditioning and 

conditioned freezing. Animal Learning and Behavior, Vol. 11, 205-212, 1983. 

 

SIGMUNDI, R.A., BOUTON, M.E. & BOLLES, R.C. Conditioned freezing in 

the rat as a function of shock intensity and CS modality. Bulletin of the 

Psychonomic Society, Vol.  15, 254-256, 1980. 

 

SIGURDSSON, T., DOYERE, V., CAIN, C.K. & LEDOUX, J.E. Long-term 

potentiation in the amygdala: a cellular mechanism of fear learning and memory. 

Neuropharmacology, Vol. 52, 215-227, 2007. 

 

SILVA, R.C.B., CRUZ, A.P.M., LANDEIRA-FERNANDEZ, J., AVANZI, V., 

BRANDÃO, M.L., 2002. Distinc contributions of median raphe nucleus to 

contextual fear conditioning and fear potentiated-startle. Neural Plas, Vol. 9, 

233–247, 2002. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



142 

 

SINGH, S.D. Conditioned emotional response in the rat: I. Constitutional and 

situational determinants. Journal of Comparative Physiological Psychology, 

Vol. 52, 574-578, 1959. 

 

SOTRES-BAYON, F., BUSH, D.E., LEDOUX, J.E. Acquisition of fear 

extinction requires activation of NR2B-containing NMDA receptors in the lateral 

amygdala. Neuropsychopharmacology, Vol. 32 (9), 1929-1940, 2007. 

 

STEIMER, T. & DRISCOLL, P. Divergent stress responses and coping styles in 

psychogenetically selected roman high- (RHA) and low- (RLA) avoidance rats: 

behavioural, neuroendocrine and developmental aspects. Stress, Vol. 6, 87-100, 

2003. 

 

STEIMER, T. & DRISCOLL, P. Inter-individual vs line strain differences in 

psychogenetically selected roman high- (RHA) and low (RLA) avoidance rats. 

Neuroscience and biobehavioral reviews, vol. 29, 99-112, 2005. 

 

STEIN, M.B., JANG, K.L., TAYLOR, S., VERNON, P.A., LIVESLEY. W.J. 

Genetic and environmental influences on trauma exposure and posttraumatic 

stress disorder symptoms: a twin study. American Journal of Psychiatry, Vol. 

159, 1675-1681, 2002.  

 

STEIN, M., STECKLER, T., LIGHTFOOT, J.D., HAY, E. & GODDARD, A.W. 

Pharmacologic treatment of panic disorder. Current Topics in Behavioral 

Neurosciences, Vol. 2, pp. 469-485, 2010. 

STIEDL, O., RADULOVIC, J., LOHMANN, R., BIRKENFELD, K., PALVE, M. 

Strain and substrain differences in context- and tone-dependent fear conditioning 

of inbred mice. Behavioral Brain Research, Vol. 104, 1–12, 1999. 

 

SUDAK, H.S. & MAAS, J.W. Neurochemical correlations in reactive and non-

reactive strains of rats. Science, Vol. 46, 418-420, 1964. 

 

TAKAHASHI, H. Automated measurement of freezing time to contextual and 

auditory cues in fear conditioning as a simple screening method to assess learning 

and memory abilities in rats. J Toxicol Sci, Vol. 29, 53-61, 2004. 

 

TORREJAIS, J.C., ROSA, C.C., BOERNGEN-LACERDA, R. & ANDREATINI, 

R. The elevated T-maze as a measure of two types of defensive reactions: a factor 

analysis. Brain Research Bulletin, Vol. 76, 376-379, 2008. 

 

TORRES, C., ESCARABAJAL, M.D., CÁNDIDO, A., DE LA TORRE, L., 

GÓMEZ, M.J., MALDONADO, A., TOBEÑA, A. & FERNÁNDEZ-TERUEL A. 

One-way avoidance learning and diazepam in female roman high-avoidance and 

low-avoidance rats. Behavioral Pharmacology, Vol. 18, 251-253, 2007. 

TRAVISANO, M., MONGOLD, J.A., BENNETT, A.F., LENSKI, R.E. 

Experimental tests of the roles of adaptation, chance, and history in evolution. 

Science, Vol. 267, 87–90, 1995. 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



143 

 

TRAVISANO, M. & RAINEY, P.B. Studies of adaptive radiation using model 

microbial systems. Am. Nat, Vol. 156, 35–44, 2000. 

TRONSON, N.C., TAYLOR, J.R. Molecular mechanisms of memory 

reconsolidation. Nature Reviews Neuroscience, Vol. 8, 262–275, 2007. 

TRUT, L.N. Early canid domestication: the farm-fox experiment. American 

Scientist, Vol. 87: 160–169, 1999. 

VALENTINUZZI, V.S., KOLKER, D.E., VITATERNA, M.H., SHIMOMURA, 

K., WHITELEY, A. Automated measurement of mouse freezing behavior and its 

use for quantitative trait locus analysis of contextual fear conditioning in 

(BALB/cJ × C57BL/6J)F2 mice. Learning and Memory, Vol. 5, 391–403, 1998. 

VAN NOBELEN, M. & KOKKINIDIS, L. Amygdaloid GABA, not glutamate 

neurotransmission or mRNA transcription controls footshock-associated fear 

arousal in the acoustic startle paradigm. Neuroscience, Vol. 137, 707-716, 2006. 

 

VIANNA, D.M., GRAEFF, F.G., BRANDÃO, M.L. & LANDEIRA-

FERNANDEZ, J. Defensive freezing evoked by electrical stimulation of the 

periaqueductal gray: comparison between dorsolateral and ventrolateral regions. 

Neuroreport, Vol. 12, pp. 4109-4112, 2001a. 

 

VIANNA, D.M., LANDEIRA-FERNANDEZ, J, & BRANDÃO, M.L. 

Dorsolateral and ventral regions of the periaqueductal gray matter are involved in 

distinct types of fear. Neuroscience and Biobehavioral Reviews, Vol. 25, pp. 

711-779, 2001b. 

VIANNA, D.M.L., GRAEFF, F.G., BRANDÃO, M.L. & LANDEIRA-

FERNANDEZ, J. Defensive Freezing evoked by Electrical Stimulation of the 

Periaqueductal Gray: Comparison Between Dorsolateral and Ventrolateral 

Regions. NeuroReport, Vol. 18, 4109-4112, 2001. 

VICENS-COSTA, E., MARTÍNEZ-MEMBRIVES, E., LÓPEZ-AUMATELL, R., 

GUITART-MASIP, M., CAÑETE, T., BLÁZQUEZ, G., TOBEÑA, A. & 

FERNÁNDEZ-TERUEL, A. Two-way avoidance acquisition is negatively related 

to conditioned freezing and positively associated with startle reactions: a 

dissection of anxiety and fear in genetically heterogeneous rats. Physiology and 

Behavior, Vol. 103, 148-156, 2011. 

VILA, C., SAVOLAINEN, P. MALDONADO, J.E., AMORIM, I.R., RICE, J.E., 

HONEYCUTT, R.L., CRANDALL,K.A., LUNDBERG, J., WAYNE, R.K. 

Multiple and ancient origins of the domestic dog. Science, Vol. 276, 1687–1689, 

1997. 

WADA, Y. & MAKINO, J. Defensive burying in two strains of rats selected for 

emotional reactivity. Behavioral Processes, Vol. 41, 281-289, 1997. 

 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



144 

 

WATSON, J. B. & RAYNER, R. Conditioned emotional reactions. Journal of 

Experimental Psychology, Vol. 3, 1–14, 1920. 

WEAVER, I.C.G., MEANEY, M.J., SZYF, M. Maternal care effects on the 

hippocampal transcriptome and anxiety-mediated behaviors in the offspring that 
are reversible in adulthood. PNAS, Vol. 103(9), 3480-3485, 2006. 

 

WEBER, K.E. Selection on wing allometry in Drosophila melanogaster. 

Genetics, Vol. 126,  975–989, 1990. 

 

WEBER, K.E. Large genetic change at small fitness cost in large populations of 

Drosophila melanogaster selected for wind tunnel flight: rethinking fitness 

surfaces. Genetics, Vol. 144,  205–213, 1996. 

 

WEHNER, J.M., RADCLIFFE, R.A., ROSMANN, S.T., CHRISTENSEN, S.C., 

RASMUSSEN, D.L. Quantitative trait locus analysis of contextual fear 

conditioning in mice. Nature Genetics, Vol. 17, 331–334, 1997. 

 

WEIBLE, A.P., MCECHRON, M.D., DISTERHOFT, J.F. Cortical involvement 

in acquisition and extinction of trace eyeblink conditioning. Behavioral 

Neuroscience, Vol. 114, 1058–1067, 2000. 

 

WELLMAN, C.L., IZQUIERDO, A., GARRETT, J.E., MARTIN, K.P., 

CARROLL, J., MILLSTEIN, R., LESCH, K.P., MURPHY, D.L., HOLMES, A. 

Impaired stress-coping and fear extinction and abnormal corticolimbic 

morphology in serotonin transporter knock-out mice. Journal of Neuroscience, 

Vol. 27(3), 684-691, 2007. 

 

WIGGER, A., LOERSCHER, P., WEISSENBACHER, P., HOLSBOER, F. & 

LANDGRAF, R. Cross-fostering and cross-breeding of HAB and LAB rats: a 

genetic rat model of anxiety. Behavior Genetics, Vol. 31, 371-382, 2001. 

 

WILKINSON, G.S. Artificial sexual selection alters allometry in the stalk-eyed 

fly, Cyrtodiopsis dalmanni (Diptera: Diopsidae). Genet Res Camb, Vol. 62, 213–

222, 1993. 

 

WOOD, S.J., TOTH, M. Molecular pathways of anxiety revealed by knockout 

mice. Molecular Neurobiology, Vol. 23, 101-119, 2001.  

 

WORLD HEALTH ORGANIZATION. International Statistical Classification 

of Diseases and Related Health Problems. World Health Organization, Geneva, 

1992. 

 

WORLD HEALTH ORGANIZATION. The ICD-10 Classification of Mental 

and Behavioural Disorders: Diagnostic Criteria for Research. World Health 

Organization, Geneva, 1993. 

 

YILMAZER-HANKE, D.M., WIGGER, A., LINKE, R., LANDGRAF, R. & 

SCHWEGLER, H. Two Wistar rat lines selectively bred for anxiety-related 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



145 

 

behavior show opposite reactions in elevated plus maze and fear-sensitized 

acoustic startle tests. Behavior Genetics, Vol. 34, 309-318, 2004. 

 

ZERA, A.J. & HARSHMAN, L.G. The physiology of life history trade-offs. 

Annu Rev Ecol Syst, Vol. 32, 95–127, 2001. 

 

ZIMMERBERG, B., BRUNELLI, S.A., FLUTY, A.J. & FRYE, C.A. (2005) 

Differences in affective behavior and hippocampal allopregnanolone levels in 

adult rats of lines selectively bred for infantile vocalizations. Behavioral Brain 

Research, Vol. 159, 301-311, 2005. 

 

ZIMMERMAN, J.M., RABINAK, C.A., MCLACHLAN, I.G., MAREN, S. The 

central nucleus of the amygdala is essential for acquiring and expressing 

conditional fear after overtraining. Learning and Memory, Vol. 14(9), 634–644, 

2007. 

 

ZIPPELIUS, H.M. & SCHLEIDT, W.M. Ultraschall-Laute bei jungen Mäusen. 

Naturwissenschaften, Vol. 43, 502, 1956. 

DBD
PUC-Rio - Certificação Digital Nº 0812912/CA

DBD
PUC-Rio - Certificação Digital Nº 0812192/CA



146 

 

8 
Annex 
 
GOMES, Vitor de Castro, SILVA, Carlos Eduardo Barroso, LANDEIRA-

FERNANDEZ, J. (2011). The Carioca High and Low Conditioned Freezing 

Lines: A New Animal Model of Generalized Anxiety Disorder, Anxiety 

Disorders. In: Vladimir Kalinin (Ed.). Anxiety Disorders. InTech. 

 
The Carioca High and Low Conditioned 
Freezing Lines: A New Animal Model of 
Generalized Anxiety Disorder 
 

Vitor de Castro Gomes
1
, Carlos Eduardo Barroso Silva

1
 and J. Landeira-

Fernandez
1,2

 

 
1
Pontifícia Universidade Católica do Rio de Janeiro, Rio de Janeiro, RJ, 

2
Universidade Estácio de Sá, Rio de Janeiro, RJ, Brazil 

 

 

1. Introduction 

 

Fear and anxiety are complex concepts. Both terms have been used to 

describe a set of highly orchestrated neural events that involve sensory processing 

and motor responses triggered by threatening situations. These events are 

mediated by central neural circuitries and peripheral neuroendocrine pathways and 

clearly have adaptive value. Sensory systems function as alerting signals to warn 

of real or potential danger, producing a shift to a state of high vigilance that 

prepares the individual to avoid or escape from a wide variety of dangerous 

situations. Most of these reactions are not exclusive to our species. Because of 

their importance for survival, fear and anxiety traits are believed to have been 

selected in human evolution and shaped by natural selection for their crucial role 

in protecting individuals who face adverse environments (Coutinho et al., 2010; 

Gross & Hen, 2004; Marks & Nesse, 1994). 

However, these highly adaptive events can be disabling when the individual 

experiences them excessively or when they occur in the absence of threatening 

stimuli. In these cases, they represent a pathological condition termed an anxiety 

disorder. Often chronic in nature, these disorders are among the most prevalent 

mental health problems across the individual life span, producing severe 

impairments in social and occupational functioning. 

According to an evolutionary perspective, an anxiety disorder reflects a 

malfunctioning of the neural circuits responsible for detecting, organizing, or 

expressing adaptive defense reactions (Jacobson & Cryan, 2010). Humans and 

nonhuman mammals share approximately the same behavioral defense strategies, 

reflected by activation of similar underlying neural circuitry.  Therefore,  animal  

models  of  anxiety  can  be  extremely  helpful  for  better understanding the 

behavioral, neural, and genetic substrates involved in these pathologies. The 

purpose of the present chapter is to present two new lines of rats that might be a 
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useful model of generalized anxiety disorder (GAD). Before we discuss this 

model, defining how anxiety disorders are currently classified is important. 

 

2. Clinical aspects of anxiety 

 

The concept of anxiety disorders has changed dramatically over the years as 

more clinical and experimental  evidence has  been  collected. In  the  clinical 

setting,  anxiety  disorders departed from a single construct that ranged in 

intensity from normal to pathological or neurotic levels. A major shift in this view 

occurred with Klein’s pioneering work (Klein, 1964; Klein & Fink, 1962), which 

showed that imipramine had a selective effect in the treatment of panic disorder. 

Moreover, certain anxiety disorders have been suggested to differ from each other 

in the primary object or specificity of threat. Fear of a circumscribed and well-

defined object is a characteristic of specific phobias, whereas diffuse and chronic 

sustained anxiety is the main feature of GAD. 

The 3rd edition of the Diagnostic and Statistical Manual of Mental 

Disorders (DSM-III; American Psychiatric Association, 1980) introduced the 

current descriptive symptom-based approach to mental  disorders  with  well-

defined,  explicit  diagnostic  criteria.  This  new  classification incorporated 

distinct nosological entities, such as panic disorder, specific and social phobias, 

GAD, posttraumatic stress disorder, and obsessive-compulsive disorder. In the 

DSM-III, GAD was left as a residual diagnosis of worry, to be made only in the 

absence of other anxiety and depressive syndromes. Consequently, this residual 

category carried low diagnostic reliability. With  the  publication  of  the  DSM-IV  

(American  Psychiatric  Association,  1994)  and International  Classification of  

Diseases  and  Related  Health  Problems  (ICD-10;  World  Health Organization,  

1992),  these  anxiety  disorder  categories  remained  basically  the  same. 

However, the diagnosis of GAD shifted from a residual category in the DSM-III 

to an independent anxiety disorder type in the DSM-IV. Free-floating anxiety was 

associated with the worry construct, which in turn produced several symptoms, 

such as muscle tension, fatigue, restlessness, concentration difficulties, and 

irritability. According to the DSM-IV, excessive and unrelenting worry is 

generally associated with impairments in academic, social,  and  personal  

functioning  and  related  to  multiple  domains  or  activities.  To  be considered a 

pathological feature of GAD, worry must occur more days than not for a period of 

at least 6 months. 

 

3. Animal models of anxiety 

 

In the experimental setting, most of the studies that investigate the 

etiological mechanisms that underlie anxiety disorders have been performed using 

animal models. Defensive reactions of the laboratory rat (Rattus norvegicus) have 

been employed as the main system for modeling human anxiety. Defecation in the 

open field was probably one of the first animal models of anxiety (Hall, 1934). 

Since then, several other animal models of anxiety have been developed. As in the 

clinical setting, the traditional view that highlighted these experimental studies 

was that animal defensive responses were mediated by a single and general 

anxiety construct (Broadhurst, 1975; Gray, 1979; Hall, 1934). Nevertheless, as 

new data  were  collected,  it  became  clear  that  animal  defensive  behavior  is  
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mediated  by  a complex and multidimensional construct (Aguilar et al., 2002; 

Belzung & Le Pape, 1994; Ramos et al., 1997; Torrejais et al., 2008). In these 

studies, statistical techniques, such as factor analysis, were employed to 

investigate whether different animal models of anxiety measure  the  same  

underlying  latent  factor.  The  results  clearly  indicated  that  different animal 

models assessed distinct forms of anxiety. For example, File (1992) showed that 

indices of anxiety derived from the elevated plus maze (i.e., the number of entries 

into and time spent on the open arms of the maze), Vogel conflict test (i.e., 

frequency of punished drinking), and social interaction test (i.e., time spent 

engaged in social interaction), loaded on  three  independent  factors,  suggesting  

the  existence  of  different  forms  of  anxiety generated by each of these 

paradigms. 

Pharmacological studies that employed diverse animal models also 

confirmed the multidimensional aspect of anxiety. For example, benzodiazepine 

compounds produced an anxiolytic effect in animal models that generate 

behavioral inhibition caused by the conflict between approach and avoidance 

tendencies (Maki et al., 2000). These animal models also indicated that substances 

that decrease serotonergic neurotransmission increase anxiety, whereas 

compounds that increase serotonergic neurotransmission decrease anxiety (Graeff, 

1997). In contrast, other animal models that require vigorous escape responses to 

proximal aversive stimuli appear to be resistant to benzodiazepine drugs, whereas 

substances that increase serotonergic activity produce an anxiolytic effect (Graeff 

and Zangrossi, 2010). Different neural circuitries appear to be involved in distinct 

dimensions of anxiety. Gray and  McNaughton  (2000)  argued  that  the  septo-

hippocampal system  contributes  to  the cognitive component (worry), and the 

amygdaloid complex and its projections to the ventral portion  of  the  

periaqueductal  gray  (PAG)  are  critically  involved  in  the  regulation  of 

inhibitory behavior in response to innate or conditioned aversive stimuli 

(Fanselow, 1994). Active  defensive  behaviors  in  response  to  proximal  

stimuli,  generally  associated  with nociception, appear to involve the dorsal 

portion of the PAG (dPAG) and its ascending projections to forebrain structures 

related to the sensorial processing of aversive stimuli (Oliveira et al., 2004). 

These diverse dimensions found in animal models of anxiety may indicate 

that clinically defined anxiety disorders could be associated with a particular 

animal model. However, the adoption of descriptive and operational criteria from 

the modern classification systems imposed a validity problem among the several 

anxiety disorder categories. The DSM-IV and ICD-10 are not primarily based 

upon etiology, neurobiology, epidemiology, genetics, or responses to medications, 

but rather on phenomenological descriptions of clinical data that have  imprecise 

similarity  or  correlate with  each  other  within  and  between  individuals (Gould 

& Gottesman, 2006). Therefore, unsurprising are the several problems that are 

encountered when attempting to use the current systems of mental disorder 

classification as a guide for developing viable animal models. 

 

4. Contextual fear conditioning as a model of generalized anxiety disorder 

 

Regardless of the difficulty developing animal models for current clinically 

defined anxiety disorders, fear conditioning has been historically associated with 

one of the main causes of pathological anxiety (i.e., neurosis; Pavlov, 1927; 
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Watson & Rayner, 1920). In a typical fear conditioning experiment, a discrete and 

emotionally neutral stimulus, such as a light or tone, reliably signals the 

occurrence of an aversive stimulus, such as an electric footshock. After a few 

pairings between these two stimuli, the previously harmless stimulus becomes a 

potent conditioned stimulus (CS) and acquires the ability to elicit several fear 

reactions. Another  form  of  fear  conditioning  is  to  make  the  aversive  

stimulus  unpredictable. According to this alternative procedure, a rat is exposed 

to a novel chamber and, after a few minutes, a brief and unsignaled footshock is 

delivered. When returned to the same chamber in the absence of the aversive 

stimulus, the animal presents a permanent fear reaction to contextual cues 

previously associated with the footshock. Considerable evidence from animal and 

human experiments indicate that fear conditioning in response to a discrete CS 

and contextual cues is mediated by different neural circuitries (Indovina et al., 

2011; Ferreira et al., 2003; Kim & Fanselow, 1992; LeDoux, 2000; Pohlack et al., 

2011). These results support the hypothesis of at least two dimensions of fear 

conditioning, and each dimension might be related to clinically distinct anxiety 

disorders. Specific phobias, characterized  by  cue-specific  or  phasic  fear  

reactivity,  might  be  modeled  by  aversive conditioning in response to a discrete 

CS (Grillon, 2002; Grillon and Davis, 1997). GAD, in contrast, is characterized 

by persistent and diffuse or non-cue-specific anxiety and might be modeled by 

contextual fear conditioning (Brandão et al., 2008; Grillon and Davis, 1997). 

Contextual  fear  conditioning  represents  one  of  the  simplest  and  most  rapid  

forms  of producing aversive learning (Landeira-Fernandez, 1996). Defensive 

freezing behavior has been argued to be the most reliable measure of contextual 

fear conditioning (Fanselow, 1984a). This defensive response is a direct function 

of shock intensity (Sigmundi et al., 1980) and  depends  on  the  association  

between  the  cues  of  the  experimental  chamber  and footshock (Landeira-

Fernandez et al., 2006). 

Conditioned freezing in response to contextual cues previously associated 

with footshock has been pharmacologically validated as an adequate model of 

anxiety disorder. Accordingly, classic anxiolytic benzodiazepines, such as 

midazolam and diazepam (Fanselow  and  Helmstetter,  1988),  and  non-

benzodiazepine  anxiolytics,  such  as  the serotonin-1A (5-hydroxytryptamine-1A 

[5-HT1A]) receptor agonist ipsapirone (Inoue, Tsuchiya, Koyama, 1996) and 5-

HT reuptake inhibitors citalopram and fluvoxamine (Hashimoto et al., 1996), 

reduced the amount of conditioned freezing. Furthermore, anxiogenic substances, 

such the benzodiazepine inverse agonist dimethoxy-β-carboline, produced 

freezing behavior similar to that elicited by fear conditioning (Fanselow et al.,  

1991). 

 

5. The Carioca High and Low conditioned Freezing rats 

 

Bidirectional selective breeding of a defensive response or any other 

phenotypic characteristic is a technique in which animals are bred to modify the 

frequency of the genes that underlie a particular phenotype. Mating animals 

within a population based on the opposite extremes of an observable characteristic 

will push, over many generations, this particular phenotype in opposite directions, 

leading to two separately bred lines. This technique has been widely employed to 

investigate how genes can influence various behavioral traits, including defensive 
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reactions associated with emotionality. In particular, genetic animal models of 

anxiety disorders might be a useful tool for understanding why some individuals 

present adequate emotional reactions and others endure an exaggerated pattern of 

anxiety responses in the absence of a fear-provoking context. 

The view that anxiety does not reflect a single or unitary process 

emphasizes the importance of developing different genetic models with distinct 

phenotype criteria. In fact, the development of bidirectional lines of animals with 

high and low levels of emotionality began in the middle of the 20th  century. 

Since then, a relatively large number of different lines have been described in the 

literature (for review, see Ramos and Mormède, 2006). Innate and learned animal 

models have been employed for mating selection in rats. Among the   innate   

models  are   defecation  (Maudsley  animals;  Broadhurst,  1957,   1958)   and 

ambulation in the center of an open field apparatus (Floripa animals; Ramos et al., 

2003), ambulation on a runway (Tsukuba animals; Fujita, 1984), open arm 

parameters in the elevated plus maze (HAB and LAB animals; Liebsch et al., 

1998a, b), and infant isolation- induced ultrasonic vocalizations (USV animals; 

Brunelli & Hofer, 1996). Surprisingly, the two-way-avoidance response has been 

the main conditioned phenotype criterion used for developing bidirectionally 

selected rat lines based on learned aversive paradigms. That is the case for Roman 

(Bignami, 1965), Syracuse (Brush et al., 1979), Australian (Bammer, 1983), 

Koltushi (Ryzhova et al., 1983), and Hatano (Ohta et al., 1995) animals. Our 

group in the Psychology Department at Pontifícia Universidade Católica do Rio 

de Janeiro (PUC-Rio) was also interested in developing a rat genetic model of 

extreme phenotypes of learned fear. Instead of the two-way avoidance paradigm, 

conditioned freezing in response to contextual cues previously associated with 

footshock was employed as the phenotype criterion for developing the two lines. 

The breeding program began in 2006. The basic protocol consisted of mating 

male and female albino Wistar rats with the highest and lowest conditioned 

freezing in response to the contextual cues of the experimental chamber where 

animals were exposed to three unsignaled electric footshocks on the previous day. 

Gomes and Landeira-Fernandez (2008) found that after three generations, reliable 

differences between these two lines were already present, indicating a strong 

heritable component of this type of learning. The lines were named Carioca1
1
 

High conditioned Freezing (CHF) and Carioca Low conditioned Freezing (CLF). 

These two lines represent the most recent rat genetic model in the field of anxiety. 

 

6. Phenotype results of the 12th generation 

 

To illustrate the development of our breeding lines, we present the 

phenotype results of the 12th generation of the CHF and CLF lines recently 

collected in our laboratory. A random (RND) line of randomly selected rats was 

also used as a control group for the CHF and CLF lines. Phenotyping was 

performed on a total of 122 animals from the CHF line (67 males and 55 females), 

124 animals from the RND line (54 males and 70 females), and 99 animals from 

the CLF line (49 males and 50 females). 

                                                             
1 Carioca is the name given to those born in Rio de Janeiro. 
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Animals  were  born  and  maintained  in  the  colony  room  of  the  PUC-

Rio Psychology Department with controlled room temperature (24 ± 1°C) and a 

12 h/12 h light/dark cycle (07:00-19:00 h). To assign a control number for each 

animal, amputation of one toe from each foot and a small incision in one of the 

ears was performed 6 to 8 days after birth. Upon weaning at 21 days of age, each 

animal was separated by sex and housed in groups of five to seven, according to 

their respective lines, in polycarbonate cages (18 × 31 × 38 cm) with food and 

water available ad libitum. Phenotyping occurred during the light phase of the 

cycle. The animals were between 75 and 80 days of age at the beginning of the 

experiment. For 5 days before the contextual fear conditioning experiment, the 

animals were handled once daily for a period of 2 min. 

Contextual fear conditioning occurred in four observation chambers (25 × 

20 × 20 cm), each placed inside a sound-attenuating box. A red light bulb (25 W) 

was placed inside the box, and a video camera was mounted in the back of the 

observation chamber so the animal's behavior could be observed on a monitor 

outside the experimental chamber. A ventilation fan attached to the box supplied 

background noise of 78 dB (A scale). The floor of the observation chamber 

consisted of 15 stainless steel rods (4 mm diameter) spaced 1.5 cm apart (center-

to-center), which were wired to a shock generator and scrambler (Insight, São 

Paulo, Brazil). An interface with eight channels (Insight) connected the shock 

generator to a computer, which allowed the experimenter to apply an electric 

footshock. Ammonium hydroxide solution (5%) was used to clean the chamber 

before and after each subject. The contextual fear conditioning protocol involved 

one acquisition session and one test session. During acquisition, each animal was 

placed in the observation chamber for 8 min. At the end of this period, three 

unsignaled 0.6 mA, 1 s electric footshocks were delivered with an intershock 

interval of 20 s. Three minutes after the last footshock (post-shock interval), the 

animal was returned to its home cage. The test session occurred approximately 24 

h after training. This test consisted of placing the animal for 8 min in the same 

chamber in which the three footshocks were delivered on the previous day. No 

footshock or other stimulation occurred during this period. A time-sampling 

procedure was used to evaluate fear conditioning in response to contextual cues. 

Every 2 s, the animal was observed, and a well- trained observer recorded 

episodes of freezing, defined as the total absence of movement of the body or 

vibrissa, with the exception of movements required for respiration. Previous 

results from our laboratory indicated that male rats consistently exhibited more 

conditioned  freezing  in  response  to  contextual  cues  than  female  animals  

(Gomes  and Landeira-Fernandez, 2008). Therefore, male and female results are 

presented separately. Fig. 1 presents the mean ± standard error of the mean (SEM) 

percentage of time spent freezing among male and female rats of the CHF, RND, 

and CLF lines during the post-shock period. The results were analyzed using a 

two-way analysis of variance (ANOVA). The first factor, with two levels, was 

related to the animal's sex (male and female). The second factor, with three levels, 

was related to the breeding line (CHF, RDN, and CLF). 

This analysis revealed an absence of a two-way interaction (F2,339  = 0.44, p 

> 0.6). A main effect of sex was found (F1,339  = 14.02, p < 0.001). As shown in 

Fig. 1, male rats expressed more freezing behavior than female rats across all 

three levels of the breeding line factors. A main effect of breeding line was also 

detected (F2,339  = 20.27, p < 0.001). Pairwise post hoc comparisons performed 
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with Fisher’s Least Significant Difference test indicated that CLF animals 

expressed lower freezing behavior compared with CHF and RND animals (all p < 

0.001). Finally, CHF and RND animals did not differ significantly from each 

other (p > 0.4). 

 

 
Fig. 1. Mean ± SEM percentage of time spent freezing among male and female 

rats of the high (CHF), random (RND), and low (CLF) lines during the post-shock 

period of the training session. 

  

The differences observed in the amount of post-shock freezing behavior 

between CLF and CHL animals were not observed in our original report that 

employed the 3rd generation of these  two lines  (Gomes and Landeira-Fernandez, 

2008). Three possibilities may explain these discrepant results. One is that the 

footshock intensity used to phenotype animals of the present generation (0.6 mA) 

was much lower than the intensity used during the first three generations (1.0 mA) 

reported by Gomes and Landeira-Fenandez (2008). Therefore, the higher 

footshock intensity could lead to a ceiling effect so that differences in post-shock 

freezing behavior may not be observed. Indeed, the footshock intensity was 

reduced in our breeding program in the 7th  generation to 0.7 mA and in the 8th  

generation to the present intensity to prevent possible ceiling effects produced by 

this relatively strong (1.0 mA) footshock intensity. 

A second possibility could be related to the fact that freezing observed 

immediately after footshock reflects associative learning between contextual cues 

and the aversive footshock (Fanselow, 1980, 1990; Vianna et al., 2001b). For 

example, when the footshock is presented simultaneously with the rat’s placement 

in the chamber, no contextual fear conditioning is observed (Landeira-Fernandez 

et al., 1995). Moreover, placing the animal in a different context from the one in 

which the footshock was delivered did not produce any freezing behavior 

(Fanselow, 1980). Therefore, differences between CHF and CLF animals in post- 

shock freezing could be a consequence of the fact that CHF rats have a greater 

propensity for exhibiting higher conditioned freezing responses compared with 

CLF animals because of the continuous bidirectional selection over different 

generations. 
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A third possible explanation for these incongruent results might be related to 

differences in pain sensitivity between these two lines. This is an important issue 

because freezing observed immediately  after  footshock  is  closely  related  to 

pain  sensitivity  and  shock  intensity (Fanselow, 1984b). According to this 

possibility, selection for high and low conditioned freezing might independently 

lead to co-selection of other contributing factors that are not genetically linked but 

contribute to the phenotype that is being selected, such as differences in pain 

sensitivity to footshock. Further studies are necessary to test this possibility. 

Fig. 2 presents the mean and SEM percentage of time spent freezing among 

male and female rats of the high (CHF), random (RND), and low (CLF) lines 

during the 8 min test session. Conditioned freezing in response to contextual cues 

previously associated with footshock was also analyzed using a two-way 

ANOVA. This analysis indicated an absence of a two- way interaction (F2,339  = 

0.07, p > 0.9). A main effect of sex was found (F1,339  = 41.85, p < 0.001). As 

shown in Fig. 2, male rats froze more than female rats across all three levels of the 

breeding line factors. A main effect of breeding line was also detected (F2,339  = 

18.13, p < 0.001). Fig. 2 also shows that the CHF line expressed the highest 

amount of conditioned freezing, and the CLF line expressed the lowest amount of 

freezing. The RND line presented intermediate levels of freezing. These results 

were confirmed by pairwise post hoc comparisons. CHL animals froze more than 

RND and CLF animals, and CLF rats froze less than CHF and RDN animals (all p 

< 0.01). 

Electric footshock induced a reliable difference between CHF and CLF 

animals, and we evaluated whether the breeding line effect on conditioned 

freezing during the test session was attributable to post-shock differences that 

these animals presented during the training session. An analysis of covariance, 

with post-shock as a covariant factor, was performed. The results from this 

analysis confirmed an absence of an interaction (F2,338  = 0.19, p > 0.8) and main 

effects of sex (F1,338 = 31.14, p < 0.001) and breeding line (F2,338 = 10.23, p < 

0.001). 

These results confirmed previous findings from our original report (Gomes 

and Landeira- Fernandez, 2008) and extend these results to a control group of 

animals that were randomly mated. 

 

 
Fig. 2. Mean ± SEM percentage of time spent freezing among male and female 

rats of the high (CHF), random (RND), and low (CLF) lines during the test 

session 24 h after training. 
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7. Behavioral validation of the Carioca lines 

 

An important issue in the processes of developing a new genetic animal 

model of anxiety is to evaluate whether the pair of contrasting lines of rats 

selectively bred for high and low anxiety-related responses also display 

convergent results in other threatening situations that also require the activation of 

defensive responses. The first behavioral results from this ongoing selective 

breeding program were reported by Dias et al. (2009). They performed a battery 

of behavioral tests that evaluated the emotional and cognitive aspects of the 4th 

generation of the CHF and RND lines. To evaluate anxiety-related behaviors, the 

CHF and RND lines were tested in the elevated plus maze and social interaction 

test. CHF animals were significantly more emotionally reactive than RDN rats in 

terms of both the number of entries into and time spent on the open arms of the 

elevated plus maze. The time spent engaged in social interaction behavior was 

also significantly decreased. Importantly, no differences were found in locomotor 

activity, measured by the number of entries into the closed arms of the elevated 

plus maze and number of crossings in the social interaction test arena. Therefore, 

motor activity did not account for the differences between CHF and RDN 

animals. 

Dias et al. (2009) also found an absence of differences between the CHF 

and RND lines in the forced swim test, suggesting that the anxiety trait selected in 

the CHF line did not interact with affective disorder traits, such as those for 

depression. The cognitive aspects of CHF rats were evaluated in the object 

recognition task. The results from this test indicated no difference between the 

two groups. These negative results indicated that our breeding procedure, which 

increased the occurrence of conditioned freezing in response to contextual cues  

previously  associated  with  footshock,  did  not  interfere  with  other  emotional  

or memory systems. Although these results are extremely encouraging, additional 

experiments are necessary to further evaluate the behavioral profile of each of 

these lines. 

 

8. Panic-related behaviours in the Carioca lines 

 

Panic disorder is a complex anxiety disorder that involves both recurrent, 

unexpected panic attacks and persistent concern about having additional attacks 

(American Psychiatric Association, 1994). Although the occurrence of a panic 

attack is a hallmark of panic disorder, the chronic conditioning of this anxiety 

disorder is defined by the constant and persistent fear of experiencing further 

attacks or worry about the possible consequences of a panic attack. 

The clinical concept of panic attack and panic disorder is well described in 

the literature (Freire et al., 2010). However, the relationship between an 

anticipatory anxiety trait present in GAD with panic attack and the development 

of panic disorder remains a subject of intense debate (Battaglia and Ogliari, 2005; 

Bouton et al., 2001; Stein et al., 2010). The distinction between panic disorder and 

GAD stemmed from Klein´s original observations (Klein, 1964; Klein and Fink, 

1962), in which chronic administration of the antidepressant imipramine improved 

panic disorder, which was resistant to benzodiazepine anxiolytics at doses that 

improved GAD. This pharmacological distinction between these two anxiety 

disorder categories has been further qualified. Chronic imipramine also improves 
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GAD (Kahn et al. 1986), and high-potency benzodiazepines, such as alprazolam, 

are effective in panic disorder when chronically administered (Schweizer et al. 

1993). 

Empirical research has successfully employed electrical stimulation of the 

dPAG as a useful animal model of both panic attack (i.e., the acute reaction that 

might trigger the panic disorder  condition)  and  panic  disorder  (i.e.,  the  

chronic  or  continuous  condition  that characterizes  the  full  expression  of  this  

anxiety  disorder).  A  stepwise  increase  in  the electrical current intensity used to 

stimulate the dPAG in rats produces a suppression of spontaneous locomotor 

activity (i.e., freezing) accompanied by piloerection and exophthalmus at lower 

intensities. As stimulation continues, active escape behaviors, such as running and 

jumping, appear at higher intensities (Brandão et at., 1982). After the termination 

of the dPAG electrical stimulation at the escape threshold, the animal engages in a 

long-lasting freezing response (Vianna et al., 2001a). Freezing and escape 

responses triggered by electrical stimulation of the dPAG represent a model of 

panic attack, whereas dPAG post-stimulation freezing at the aversive escape 

threshold appears to be a model of panic disorder (for review, see Brandão et al., 

2008). 

Recently, Galvão et al. (in press) exposed CHF and CLF animals from the 

9th  generation to the dPAG electrical stimulation paradigm. The results indicated 

that CHF animals had a higher dPAG electrical stimulation aversive threshold for 

producing freezing and escape reactions than CLF animals. However, CHF 

animals displayed more freezing behavior immediately after dPAG electrical 

stimulation at the escape threshold compared with CLF animals. Thus, although 

CHF animals were more resistant to the expression of freezing and escape 

behavior in response to dPAG stimulation, they were more prone to freezing after 

the occurrence of the dPAG aversive stimulation compared with CLF animals. 

These results are consistent with the interpretation that although anticipatory 

anxiety might exert an inhibitory effect on the expression of panic attack, it might 

also facilitate the pathogenesis of panic disorder. 

  

9. Conclusions 

 

Anxiety disorders are among the most prevalent mental health problems 

across the individual life span. Early clinical and experimental conceptualizations 

of anxiety departed from a single or unitary general trait model. More recent 

theories have favored the view that anxiety is a complex, multidimensional, and 

dynamic phenomenon. Animal modeling has been crucial in dissecting the 

pathophysiological mechanisms and designing more effective therapies. 

Contextual fear conditioning has clear isomorphism with GAD, whereas electrical 

stimulation of the dPAG appears to be a valid animal model of panic attack and 

panic disorders. 

Bidirectional selection for high and low anxiety-like behavior is a valuable 

tool for understanding the neural substrates of anxiety disorders. Our laboratory 

recently developed two new lines of Wistar rats, CHF and CLF, that were 

selectively bred for high and low levels of freezing in response to contextual cues 

previously associated with footshock. After three generations of breeding, CHF 

rats were considered to have a greater propensity for exhibiting higher 

conditioned freezing responses compared with CLF animals. The present 
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phenotype results of our 12th generation indicated that CHF and CLF lines 

differed from each other and from a RND control line. CHF and CLF animals also 

presented a difference in freezing triggered immediately after the occurrence of 

footshock. 

The results from the 4th generation also indicated that CHF animals were 

more "anxious" than RND rats in the elevated plus maze and social interaction 

test. Motor activity did not account for the differences between the CHF and RND 

lines. The absence of reliable differences between CHF and RND animals in the 

forced swim test and object recognition task indicated that the breeding procedure, 

which increased the occurrence of conditioned freezing in response to contextual 

cues, did not interfere with other emotional or memory systems. Finally, exposure 

of CHL and CLF animals to electrical stimulation of the dPAG suggested that the 

component of anticipatory anxiety present in GAD might exert an inhibitory 

effect on the expression of panic attack, whereas it might also facilitate the 

pathogenesis of panic disorder. 
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