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Figure 14.  Photograph of a rat engaged in defensive aggression behaviors in response 

to an imminent threat, a predator cat.  Note that the rat is cornered with limited escape 

routes, and the cat is proximal to the rat.  The rat is reared-up on its hind limbs and has 

its mouth open to bear its teeth and emit sonic vocalizations.  From Flynn, 1967. 
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Figure 15. Model of noxious and non-noxious input convergence within CeALC on the 

generation of defensive aggression.  Pain information from the spinal cord and threat 

stimulus information from the BLA converge upon the same neural population within 

CeALC.  This neural population is responsible for the activation of the dmVMH and 

dlPAG, which thereby promotes the execution of defensive responding to noxious and 

non-noxious threatening stimuli (circuit depicted in green).  Compound activation of the 

CeALC by noxious (e.g., tail-shock) and non-noxious (e.g., cat) stimuli results in the 

recruitment of an intra-CeM excitatory projection to vlPAG.  The vlPAG sends inhibitory 

serotonergic projections to the CeALC (and dmVMH) that attenuate the intra-CeALC 

cellular activation and allows the individual to perform defensive behaviors at an 

optimum level of performance. 
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Optimum
Performance
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Figure 16. Yerkes-Dodson Curve. As arousal increases, efficiency in performance 

increases until an optimum level of performance is achieved.  With increasing arousal 

past this optimum level, efficiency in performance decreases.  Based on Yerkes and 

Dodson, 1908. 

 



75 

APPENDIX B 

TABLES 

Table 1

Descriptive Statistics (Mean ± SEM) of SMR, VDS, and VAD Response Characteristics at Drug Treatment Threshold vs. Saline Threshold

SMR.RT SMR.AMP SMR.MAG VDS.RT VDS.AMP VDS.DUR VAD.RT VAD.AMP VAD.DUR
Latency (ms) Amplitude (mm) Magnitude (cm x ms) Latency (ms) Amplitude (dB) Duration (ms) Latency (ms) Amplitude (dB) Duration (ms)

NMDA Dose Response & Anatomical Control Studies

saline 309.20 ± 39.79 16.03 ± 2.38 115.02 ± 16.42 295.05 ± 20.58 90.06 ± 0.94 558.20 ± 22.89 1211.50 ± 32.34 86.99 ± 0.79 657.20 ± 55.46
.1µg NMDA 248.86 ± 96.09 27.14 ± 4.59 168.40 ± 51.75 286.29 ± 84.89 87.26 ± 1.97 392.29 ± 81.53 1114.86 ± 12.86 92.41 ± 2.24 747.71 ± 138.11

.25µg NMDA 286.57 ± 85.71 17.87 ± 5.98 97.07 ± 38.98 206.86 ± 53.39 84.70 ± 1.06 310.29 ± 44.09 1523.60 ± 294.04 89.96 ± 2.74 541.20 ± 176.14
.5µg NMDA 400.80 ± 93.88 18.80 ± 8.32 111.54 ± 36.91 255.00 ± 120.21 86.53 ± 1.71 334.50 ± 57.42 1102.00 ± 0.00 87.30 ± 3.20 312.00 ± 20.00
1µg NMDA 303.44 ± 50.95 19.90 ± 3.54 113.37 ± 19.06 223.18 ± 26.39 85.52 ± 1.22 408.45 ± 43.66 1287.14 ± 59.99 88.42 ± 1.39 606.67 ± 74.88

CeA - vlPAG Interaction Study

saline CeA + saline vlPAG 369.71 ± 108.48 14.59 ± 5.06 111.46 ± 39.07 265.43 ± 26.19 89.81 ± 2.80 510.00 ± 69.80 1102.00 ± 0.00 87.30 ± 2.59 541.43 ± 106.30
0.025µg NMDA CeA + saline vlPAG 239.75 ± 77.98 26.30 ± 4.61 223.73 ± 56.76 229.25 ± 52.38 90.53 ± 2.62 438.50 ± 72.63 1351.75 ± 94.85 89.76 ± 1.69 685.00 ± 77.62
saline CeA + 0.25µg CTAP vlPAG 179.00 ± 32.75 18.36 ± 5.71 131.49 ± 43.22 256.75 ± 52.37 92.89 ± 2.02 593.25 ± 57.10 1239.00 ± 102.45 87.45 ± 2.41 726.38 ± 169.70

0.025µg NMDA CeA + 0.25µg CTAP vlPAG 201.00 ± 47.85 19.01 ± 7.61 141.05 ± 53.42 266.75 ± 38.53 89.34 ± 2.51 432.00 ± 76.39 1379.50 ± 148.50 87.20 ± 1.02 630.00 ± 111.99

Fos Expression Study - Shock Group

saline 306.00 ± 119.41 25.25 ± 7.83 202.85 ± 69.59 247.00 ± 63.43 89.98 ± 0.54 476.50 ± 99.49 1104.00 ± 2.00 89.23 ± 4.67 727.50 ± 231.00
4µg APV 254.50 ± 98.13 38.68 ± 13.20 231.75 ± 95.61 118.50 ± 14.57 90.90 ± 3.70 425.00 ± 65.59 1123.33 ± 21.33 97.90 ± 1.67 347.33 ± 97.24

1µg NMDA 292.00 ± 132.93 22.15 ± 12.06 70.35 ± 22.19 92.00* 92.70* 388.00* ---** ---** ---**

* = mean is based on n = 1, see text for details
** = n is equal to zero, see text for details
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Table 2

Treatment for which Dunnet's
Characteristic F df p is significant

SMR.RT 0.29 4, 83 0.89 --
SMR.AMP 0.81 4, 83 0.53 --
SMR.MAG 0.51 4, 83 0.73 --
VDS.RT 1.21 4, 79 0.31 --

VDS.AMP 3.18 4, 79 0.02* 1μg NMDA/side
VDS.DUR 6.16 4, 79 0.00* 0.25μg NMDA/side

0.5μg NMDA/side
1μg NMDA/side

VAD.RT 2.26 4, 74 0.07 --
VAD.AMP 1.62 4, 74 0.18 --
VAD.DUR 0.77 4, 74 0.55 --

SMR.RT 1.40 3, 30 0.26 --
SMR.AMP 0.67 3, 30 0.58 --
SMR.MAG 1.01 3, 30 0.41 --
VDS.RT 0.15 3, 30 0.93 --

VDS.AMP 0.41 3, 30 0.75 --
VDS.DUR 1.21 3, 30 0.32 --
VAD.RT 1.37 3, 30 0.27 --

VAD.AMP 0.39 3, 30 0.76 --
VAD.DUR 0.41 3, 30 0.75 --

FOS Expression Study -  Shock Group

SMR.RT 0.05 2, 11 0.95 --
SMR.AMP 0.61 2, 11 0.57 --
SMR.MAG 1.54 2, 11 0.27 --
VDS.RT 2.38 2, 8 0.18 --

VDS.AMP 0.11 2, 8 0.9 --
VDS.DUR 0.16 2, 8 0.86 --
VAD.RT 1.15 1,6 0.33 --

VAD.AMP 2.32 1,6 0.19 --
VAD.DUR 1.78 1,6 0.24 --

* p < .05

CeA - vlPAG Interaction Study 

SMR, VDS, and VAD Response Characteristics at Drug Treatment Thershold vs.
Saline Threshold: ANOVA and Tukey's HSD

NMDA Dose Response and Anatomical Control Studies
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The amygdala processes stimuli that threaten an individual and organizes the 

execution of affective behaviors designed to cope with the threat.  The prototypical 

threat to an individual is exposure to a noxious stimulus. The central nucleus of the 

amygdala (CeA) receives nociceptive afferents and exhibits neuronal activation in 

response to noxious peripheral stimulation.  NMDA receptors within CeA mediate this 

noxious-evoked neural excitation, and previous studies in the laboratory have shown 

that blockade of CeA NMDA receptors via the antagonist APV elevates the threshold for 

noxious tail-shock-induced vocalization afterdischarges (VADs), a validated measure of 

pain affect in the rat.  The present study further evaluated the contribution of NMDA 

receptors to the suppression of pain affect. 

Intra-CeA NMDA receptor activation via the agonist NMDA elevated VAD thresholds 

in a dose dependent manner.  That the NMDA receptor agonist and antagonist produce 

similar behavioral effects is hypothesized as the result of targeting separate neural 

populations within the CeA.  Whereas the antagonist likely inhibits nociception at the 

level of the lateral capsular division of the CeA, the agonist likely activates 
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antinociceptive efferents at the level of the vlPAG.  In support of this hypothesis, the 

present study revealed that Fos expression within vlPAG is greater in rats that received 

intra-CeA agonist NMDA treatment compared to those that received the antagonist APV 

or saline.  Lastly, intra-CeA NMDA agonist-induced elevations in VAD thresholds were 

blocked via the pre-treatment of the vlPAG with the mu-opiate antagonist CTAP.  These 

studies provide the first demonstration of the contribution of CeA NMDA receptors to the 

generation of pain affect in the rat. 
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