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facial expression (18). Half the infants 
viewed the happy face first and half the 
sad face. The audio portion was edited 
out for both segments. 

Asymmetrical Brain Activity Discriminates Between 
Positive and Negative Affective Stimuli in Human Infants 

Abstract. Ten-month-old infants viewed videotape segments of an actress sponta- 
neously generating a happy or sad facial expression. Brain activity was recorded 
from the left and right frontal and parietal scalp regions. In two studies, infknts 
showed greater activation of the left frontal than of the right frontal area in response 
to  the happy segments. Parietal asymmetry failed to  discriminate h e t ~ t ~ e e n  the. 
conditions. Diflerential lateralization of the hemispheres for afect ive  processes 
seems t o  be established by 10 months of age. 

Data derived from both clinical and 
normal adult samples suggest that cer- 
tain regions of the two cerebral hemi- 
spheres are differentially lateralized for 
the processing of positive and negative 
emotional stimuli (1-7). This claim is 
based on (i) neuropsychological findings 
with brain-damaged patients (1, 2); (ii) 
administration of sodium amytal to pa- 
tients before neurosurgery (3); (iii) the 
study of lateralized signs and the admin- 
istration of electroconvulsive therapy to 
patients with affective disorders (4); (iv) 
studies on normal adults using behavior- 
al indices of asymmetric hemispheric 
processing (5); and (v) electrophysiologi- 
cal studies on normal adults in response 
to emotional stimuli (6). Our view under- 
scores the importance of rostral-caudal 
differences in hemispheric specialization 
for affect (8, 9). W e  hold that certain 
regions of the left hemisphere are spe- 
cialized for the processing of particular 
positive affective stimuli while corre- 
sponding regions of the right are special- 
ized for the processing of particular neg- 

ative affective stimuli (8, 9). Recent elec- 
trophysiological evidence suggests that 
the locus of this asymmetry is the frontal 
lobes (6, 10). 

Although few data are  available on the 
neural substrates of affective develop- 
ment during the first year of life, evi- 
dence exists on the development of emo- 
tional expression during this period (11- 
13). By 7 to 9 months of age, the infant 
exhibits a range of both positive and 
negative affects in response to a variety 
of specific eliciting situations (11). By 7 
months of age infants can discriminate 
among a wide range of facial affects (12, 
13). 

To  explore the relation between the 
ontogeny of affective response systems 
and cerebral asymmetry, we studied 
electroencephalographic (EEG) as  ym- 
metry in 10-month-old infants in re- 
sponse to positive and negative affective 
stimuli. By 10 months, infants are capa- 
ble of both discriminating and expressing 
positive and negative affect and there- 
fore should exhibit the frontal asymme- 

Artifact-freeepochs of EEG were fil- 
tered (with cut-offs of 48 dB per octave) 
for activity within the band between 1 
and 12 Hz,  integrated, and digitized (19). 
Raw data (in microvolt-seconds) and 
laterality ratio scores [(R - L)I(R + L), 
EEG activity (1 to  12 Hz)] were the two 
dependent measures (20). 

We first compared happy with sad 
epochs on the frontal laterality ratio 
score [(F4 - F3)/(F4 + F3)]. Happy ep- 
ochs elicited greater relative left frontal 
activation than sad epochs [F(1, 
9) = 5.88, P = .039] (Table 1). Seven 
subjects showed higher frontal ratio 
scores during happy versus sad epochs 
and two showed equal ratio scores. The 
parietal ratio score failed to discriminate 
between epochs [F(1, 7 )  = 2.521. 

In order to disentangle the separate 
contributions of the left and right hemi- 
spheres to  the frontal asymmetry be- 
tween the conditions, an analysis of vari- 
ance was computed on the raw E E G  
data. A significant condition by hemi- 
sphere interaction was obtained [F(1, 
9) = 6.20, P = .035] (Table 2). Happy 
epochs elicited less activity (1 to 12 Hz) 
in the left than the right frontal region 
( P  < .05, Scheffe test). N o  difference 
between the hemispheres in the frontal 
region was obtained in response to the 
sad stimuli. 

We performed a second study using 
the identical stimuli and EEG recording 
and analysis procedure in order (i) to 
replicate study 1 and (ii) to  restrict EEG 
data analysis to  those epochs during 
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Table 1. Mean (+ standard deviation) frontal laterality ratio scores by condition. Higher 
numbers indicate greater relative left-side activation. 
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N.J., in press). 
Recent neuropsychological findings on brain- 
damaged patients also underscore the impor- 
tance of the rostral-caudal differences and indi- 
cate that the anterior cortical regions are where 
differential lateralization for certain positive and 
negative emotions is found (2). 
By 9 months of age, infants show increased 
wariness and distress to the deep side of the 
visual cliff [J. J. Campos, S. W.  Hiatt, D. 
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11, 589 (1975): L. A. Sroufe, Cliild Del.. 48, 731 
(1977)l. Across a variety of cultures and rearing 
conditions, protest to separation from the pri- 
mary caretaker increases between 7 and 9 
months of age [J. Kagan, A m .  Sci. 64, 186 
(1976)l. The social smile and expressions of joy 
and surprise are reliably elicited by 5 months of 

Condition 
Study N F P 

Happy Sad 

Table 2. Mean (t standard deviation) integrated frontal activity (in microvolt-seconds based on 
a 5-second epoch). 

Hemisphere 

Study N Left Right 

Happy Sad Happy Sad 

which the infant was fixating on the 
video monitor. 

Twenty female infants (310.13 * 12.33 

search would suggest that a 10-month- 
old infant is likely to exhibit both ap- 
proach and avoidance behaviors in par- 

days) were selected as  in study 1. Arti- 
fact-free data were obtained on 14 sub- 
jects. A video camera with a close-up 

ticular situations as  a function of the 
facial expression of its mother (12). 
Thus, the observed frontal activation 

lens was positioned behind the video 
monitor and focused on the infant's face. 
An observer who was unable to see the 

asymmetry may reflect the differential 
tendency of the affective stimuli to elicit 
approach or  avoidance behavior. age in a number of different stimulus situations 

[S. W. Hiatt, J. J. Campos, R. N .  Emde. Child 
Dev. 50, 1020 (1976)l. 
J. J .  Campos and C. R. Stenberg, in Infcint 
Social Coxnition: Empiricul rind Theore t ic~l  
Considerations, M. Lamb and L. Sherrod, Eds. 
(Erlbaum, Hillsdale, N.J . ,  1981). 
P. Vietze, and S. Parisi, Child Del,. 47, 535 
(1976); C. A. Nelson, P. A. Morse, L. A. 
Leavitt, ibid. 50, 1239 (1979). 
R. C. Oldfield, Neuropsychologio 9, 97 (1971). 
Any subject failing to display at least 15 seconds 
of artifact-free EEG in each of the four channels 

video monitor on which the affective 
stimuli were presented depressed a but- 
ton whenever the infant was fixating on 
the monitor. The E E G  was analyzed 
only for artjfact-free epochs during 
which the infant was fixating on the 

These data empirically validate one 
aspect of a more general theory relating 
the ontogeny of affective experience and 
expression to the maturation of certain 
higher cortical functions (9). They also 
extend the findings on  affective laterali- 

monitor. zation in adults and demonstrate such 
Happy epochs again elicited greater 

relative left frontal activation than sad 
epochs (Table 1); Eleven subjects 

asymmetries in the first year of life. 
RICHARD J. DAVIDSON 

at coincident points in time was excluded. 
R. J .  Davidson, N.  Taylor, C. Saron, M. 
Stenger, Psychophysiology 17, 31 1 (1980). We 
recorded from frontal and parietal regions to 
compare the infant data with previouslv estab- 
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showed higher laterality ratio scores dur- 
ing happy versus sad epochs. The pari- 

lished adult findings (6).  
R. J .  Davidson, in Physiological Correlrites o f  
Human Behavior, A. Gale and J. Edwards, Eds. 

eta1 ratio score again failed to discrimi- 
nate between conditions [F(1, 13) = 

2.091 (21). 

(Academic Press, London, in press). 
Each segment consisted of a 15-second neutral 
pose followed by 90 seconds of an ,affective 
expression. After the neutral pose, the actress 
spontaneously broke into either smiling and 
laughter (happy segment) or frowning and crying 
(sad segment). The affective segments were 
flagged by an observer who pressed a button 
when the face changed from a neutral to an 
emotional expression. We embedded the affec- 
tive sequence (happy-sad or sad-happy) be- 
tween identical portions of Sesame Street in 
order to capture the infant's attention. The 
intersegment interval was 90 seconds. 
We examined activity between 1 and 12 Hz for 
three reasons: (i) Most of the activity in infant 
EEG is below 12 Hz. This frequency range 
therefore indicates whole-band activity. (ii) Re- 
search in adults indicates that suppression of 
whole-band activity reflects cortical activation 
[D. B. Lindsley and J. D. Wicke, in Bioelectric 
Recording Techniqrres, R. Thompson and M. N. 
Patterson, Eds. (Academic Press, New York, 
1974), vol. IB] since the major portion of the 
variance in whole-band activity is a function of 
changes in the alpha band [J. C. Doyle, R.  
Ornstein, D. Galin, Psychophysiology 11, 567 
(197411. (iii) Little is known about which specific 
frequency components of the infant EEG are 
most responsive to task effects. 
The laterality ratio score has been commonly 
used in EEG asymmetry studies [see D. Galin, 
in The Nerrrological Basis of Language Disor- 
ders in Children: Methods and Directions .for 
Research, C. L. Ludlow and M. R .  Doran- 
Quine, Eds. (Government Printing Office. 
Washington, D.C., 1979)l. 

In the frontal areas, condition and 
hemisphere interacted significantly [F(1, 
13) = 9.09, P = ,011 (Table 2). As in 
study 1, happy epochs elicited less activ- 
ity in the left than in the right frontal 
region ( P  < -01, Scheffe test) (22). 

The data from both studies demon- 

References and Notes 

1. D. M. Bear and P. Fedio, Arch. Neurol. 34, 454 
(1977); G. Gainotti, Nerrropsychologia 7,  195 
(1969); Cortex 8,41 (1972); H. A. Sackeim et a / . ,  
Arch. Neurol. 39, 210 (1982). 

2. B. Kolb and B. Milner, Neuropsychologia 19, 
505 (1981); R. G. Robinson and D. F. Benson, 
Brain Lung. 14, 282 (1981). 

3. 0 .  R. Hommes and L. H. H.  M. Panhuysan, 
Psychiatr. Neurolog. Nerrrochir. 74, 259 (1971); 
L.  Persia, G. Rosadini, G.  F. Rossi, Arch. 
Nerrrol. 4 ,  173 (1961); G. F. Rossi and G. 
Rosadini, in Brain Mechcrnisms Underlying 
Speech and Language, C. H. Millikan and F. L.  
Darley, Eds. (Grune & Stratton, New York, 
1967); E.  A. Serafentinides, R. D. Hoare, M. V. 
Driver, Brain 68, 107 (1965); H. Terzian, Actci 
Nerrrochir. 12, 230 (1964). See also B. Milner, in 
Brain Mechanisms Underlying Speech and Lan- 
guage, C. H. Millikan and F.  L. Darley, Eds. 
(Grune & Stratton. New York. 1967). o. 177. 

strate that infants as  young as 10 months 
of age show greater relative left frontal 
activation in response to happy than to 
sad video stimuli. The laterality finding 
is specific to  the frontal region: parietal 
recordings did n~t~disc r imina te  between 
conditions. Although the infants' elec- 
trocortical response to the happy and sad 
stimuli differed, the functional signifi- 

4. V .  L.  Deglin and N.  Nikolaenko, ~ u k : ~ h y s i o l .  
1, 394 (1975); P. Flor-Henry. Ann. N .  Y. Acad. 
Sci. 280, 777 (19761: A. M. Hallidav. K. Davi- 

cance of this difference is yet to be 
characterized. Some have suggested that 
the essential affective difference between 

son, M. W. Browne, L .  C. ~ r e i g e r ,  Br. J .  
Psychiatry 114, 997 (1968): S .  Zinkin and J. 
Birthnell, ibid., p. 973; C. Perris, K.  Monakhov, 
L. van Knorring, V. Botskarev, A. Nikiforov. 
Neuropsychobiology 4 ,  207 (1978); C. Perris and 

the hemispheres is based on approach 
and avoidance (23). Developmental re- 

1236 SCIENCE, VOL. 218 



Experiment 2 produced greater overall frontal 
activation (Table 2 )  and greater relative left- 
frontal asymmetry (Table 1 ) .  The only difference 
between studies 1 and 2 was that the EEG 
epochs analyzed in the latter were those during 
which the infant was fixating on the video moni- 
tor. The lesser overall activity in study 2 is likely 
to be a function of the infant's visual attention, 
which is associated with generalized alpha 
blocking [for example, 0. Creutzfeldt, G. 
Grunewald, W.  Siminova, H. Schmitz, in Atten- 
tion in Neuropl~ysiology,  C. R. Evans and T. B. 
Mulholland, Eds. (Butterworth, London, 1969)l. 
The greater relative left-frontal asymmetry 
(across condition) in study 2 may be a function 
of greater interest displayed during periods of 
fixation to the video stimulus. The association of 
interest with approach behavior [C. E. Izard, 
Human Emotions (Plenum, New York, 197711 
and of approach behavior with left-frontal acti- 
vation have also been proposed (8, 17). Differ- 
ences in the predicted direction in relative fron- 
tal asymmetry were obtained irrespective of the 
differences in overall amplitude between the two 
studies. 

22. The duration of visual fixation to the happy 
epoch was 48.15 + 19.61 seconds and to the 
sad, 62.36 i 11.46 seconds [[(I31 = 2.34, 
P = ,041. The longer fixation to the sad stlmu- 
lus, possibly reflecting greater interest, may 
have accentuated left-frontal activation during 
this segment. Despite this difference in visual 
fixation, asymmetries in frontal activation in the 
predicted direction were still obtained. 

23. M. Kinsbourne, in Asymmetrical Flrnction of 
the Brain, M .  Kinsbourne, Ed. (Cambridge 
Univ. Press, New York, 1978). 

24. This research was supported in part by a grant 
from the Foundation for Child Development. 
These data were collected while N.A.F. was in 
the pediatric service, St. Lukes Roosevelt Hos- 
pital, New York. We would like to thank Clif- 
ford Saron for his technical expertise and many 
methodological contributions, Annie Hernandez 
for assistance in running the subjects, Mara 
Kalnins for assistance in data reduction, and 
Diana Angelini for help in manuscript prepara- 
tion. 

30 December 1981; revised 8 June 1982 

Substantia Nigra: Site of Anticonvulsant Activity 

Mediated by y-Aminobutyric Acid 

Abstract. Localization of the anatomic substrate for anticonvul.sclnt activity 
mediated by y-aminobutyric acid (GABA) was examined using intracerebral injec- 
tions of GABA agonists. Blockade of tonic hindlimb extension in the mctxirnal 
electroshock test and blockade of tonic and clonic seizures produced by pentylenetet- 
razole and bicuculline were obtained by elevating GABA in the ventral midbrain 
tegmentum. Elevation of GABA in forebrain and hindbrain areas had no effect on 
convulsant activity. Blockade of tonic and clonic seizures was also obtained after 
microinjections of the direct GABA receptor agonist, muscirnol, into the midbrain. 
The substantia nigra was identij?ed as the critical inidbrain site for GABA-mediated 
anticonvulsant activity. Local injection of GABA agonists into the midbrain provided 
seizure protection without a widespread augrnentation of GABA-mediated activity 
throughout the brain and without impairing either alertness or motor function. 
Synapses in the substantia nigra appear to represent an important control mecha- 
nism for inhibiting the propagation of generalized convulsions. 

The inhibitory neurotransmitter y- 
aminobutyric acid (GABA) has been im- 
plicated in both the generation (1) and 
blockade (2, 3) of seizure processes. 
Little is known, however, about anatom- 
ic sites at which GABA-dependent trans- 
mission might influence seizure propaga- 
tion (4). 

We undertook a series of studies (i) to  
establish whether drug-induced eleva- 
tion of GABA in a selected region of the 
brain confers protection from general- 
ized motor seizures, (ii) to  evaluate the 
anticonvulsant activity of a direct-acting 
GABA receptor agonist applied locally 
into selected brain regions, and (iii) to 

identify a specific nucleus in which 
GABA-mediated synapses may control 
seizure activity. We found that protec- 
tion from seizures induced by maximal 
electroshock or  by convulsant drugs was 
obtained as  a result of GABA elevation 
or direct stimulation of GABA receptors 
within a restricted region of the ventral 
midbrain tegmentum, the substantia ni- 
gra. 

We first microinjected y-vinyl-GABA 
(GVG) into several brain regions; GVG 
is an irreversible catalytic inhibitor of 
GABA transaminase, previously shown 
to have anticonvulsant effects (3, 5). The 
drug was applied intracerebrally through 
a 26-gauge cannula positioned stereo- 
taxically into ether-anesthetized male 
Sprague-Dawley rats. 

- - 

The injection sites are illustrated sche- 
matically on a parasagittal section of rat 
brain (Fig. 1B). Anticonvulsant activity 
was assessed with the maximal electro- 
shock seizure test. The seizures consist 
of a sequential tonic flexion and exten- 
sion of the fore- and hindlimbs; blockade 
of the tonic hindlimb extension is the 
customary index of anticonvulsant activ- 
ity (6). The animals were tested at 6 
hours and at 24 hours after GVG micro- 
injection. At 6 hours, significant anticon- 
vulsant activity was obtained only from 
injections placed in the midbrain tegmen- 
tum; this effect was still present a t  24 
hours (Fig. 1C). 

By measuring the increase in GABA 
content of a number of different brain 
areas, we assessed the effective diffusion 
of GVG for each of the groups receiving 
microinjectlons (Fig. 1A). All injections 
produced marked increases in GABA in 
the immediate vicinity of the injection 
site. At 6 hours after GVG injection, 
areas sampled within a 2- to 3-mm radius 
of the injection site exhibited the greatest 
increases in GABA content (7).  The re- 

Table 1 .  Seizure protection after bilateral microinjection of GVG and muscimol into ventral midbrain tegmentum. The values for maximum 
electroshock seizure (MES) represent the duration of tonic hindlimb extension in seconds. The values for PTZ and bicuculline are derived from a 
scale that we use to rate the severity of behavioral seizures (23). The doses of chemoconvulsants used (PTZ, 40 mglkg, intravenously; bicuculline, 
0.3 mglkg, intravenously) produced severe, explosive clonic seizures in all controls; tonic forelimb extension was observed in at least 80 percent 
of these animals. Column headings indicate time between microinjection and seizure test. Rats weighing 300 to 350 g were used in the 
chemoconvulsant tests. PTZ (Knoll) was diluted in saline and injected intravenously in a volume of 0.1 to 0.15 ml/100 g. Bicuculline was dissolved 
in a small volume of concentrated HCI and diluted with saline; the pH was adjusted to 5.8 with NaOH, and the solution was kept on ice to mini- 
mize loss of activity (24). The values are means t standard errors for four to eight rats per group. 

Seizure severity score 

Micro- MES Bicu- 
- 

PTZ 
injection - - -- -- - culline, 

2.5 hours 5 hours 8 hours 2.5 hours 5 hours 8 hours 6 hours 

Saline 4.8 -t 0.2 6.5 2 0.7 6.1 -t 0.5 2.3 + 0.2 2.6 -t 0.2 2.8 -t 0.3 2.1 -t 0.3 
GVG, 5 kg 0.6 t 0.6*1' 1.2 -t 0.4*t 0.5 -t 0.2 
Muscimol 

25 ng 1.8 -t 0.6" 4.8 t 2.1 1.0 1 0.2" 1.3 t 0.9 
50 ng 0.0 -t 0.0" 3.8 t 1.5" 6.0 2 0.7 2.6 2 0.4 
75 ng 0.7 t 0.7" 

*Significantly different from saline-injected controls (P < .05; Student's t-test). +Measured at 6 hours after injection. 
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