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BUCHANAN, C. P., E. M. SHRIER AND W. L. HILL. Time-dependent effects of PCPA on social aggression in 
chicks. PHARMACOL BIOCHEM BEHAV 49(3) 483-488, 1994.-We investigated the effects of para-chlorophenylala- 
nine (PCPA), a serotonin (5-HT) antagonist, on social aggression and brain neurochemistry in young domestic chickens 
(Gallus domesticus). In Experiment 1, the effects of four different doses of PCPA (0, 100, 200, and 400 mg/kg) were 
examined for 3 days after injection. Immediately after PCPA injection, aggressive pecking was low and then increased over 
the 3-day test period. PCPA significantly decreased 5-HT, 5-hydroxyindoleacetic acid (5-HIAA), and 5-HT turnover. In 
addition, the frequency of aggression was negatively correlated with levels of 5-HIAA. In Experiment 2, the time-dependent 
effects of a single 400-mg/kg dose of PCPA were examined for 5 and 7 days after drug exposure. PCPA-treated chicks 
observed for 5 days after injection had significantly greater frequencies of aggression 4 days following drug exposure and 
significantly reduced 5-HT levels when measured on the next day. Similarly, chicks observed for 7 days exibited significantly 
elevated aggression 5 days after injection, after which their pecking decreased to control levels on days 6 and 7. Coinciding 
with this behavioral pattern, 5-HT levels from these PCPA-treated chicks when assessed 7 days after drug exposure were the 
same as those for control birds. We concluded that PCPA increased social aggression in birds, an effect that diminished as 
brain 5-HT levels recovered over a 1-week period. 

Aggression Domestic chicks p-Chlorophenylalanine (PCPA) Serotonin 

THE NEUROCHEMICAL mechanisms underlying aggres- 
sion are beginning to be understood. Although multiple neu- 
rotransmitter systems are likely to be involved, there is in- 
creasing evidence that serotonin (5-HT) plays a primary role in 
mediating aggressive behavior (10,11,19,21,28,29). Research 
suggests that a decrease in 5-HT turnover leads to a shift from 
inhibition of aggression to disinhibition (26). Furthermore, 
through the use of various animal models, functional reduc- 
tion of 5-HT activity is associated with increases in aggression, 
whereas augmentation of 5-HT is related to decreases in ag- 
gression (e.g., 24,25,29,33,34). 

The effect of the 5-HT antagonist, para-chlorophenylala- 
nine (PCPA), has been especially useful in exploring the neu- 
ral underpinnings of aggression. PCPA is a potent inhibitor 
of tryptophan-hydroxylase (18) and, as a result, 5-HT synthe- 
sis is severely reduced. Coinciding with its serotonergic ac- 
tions, Vergnes et al. (33) found that male rats given PCPA 
showed increased offensive aggression, but that PCPA had no 
effect on defensive aggression. Other studies have shown that 
PCPA potentiates brain-stimulated affective attack, isolation- 
induced aggression, shock-elicited aggression, spontaneous 

aggression, and predatory aggression in mammals (5,7,8, 
23,29,31,32). 

Although a number of studies on the effects of PCPA have 
been conducted, they have been confined to an examination 
of aggression in mammals; the generality of PCPA's action 
over aggression in birds has been neglected. Indeed, few stud- 
ies investigating the effects of PCPA on the behavior and 
physiology of birds have been published (4,12,13,27). There- 
fore, the purpose of the present research was to examine the 
effects of PCPA on social aggression in domestic chicks; so- 
cial aggression can be defined as unprovoked aggression di- 
rected at a conspecific for the purpose of establishing, alter- 
ing, or maintaining a social hierarchy (1,2). 

EXPERIMENT 1 

Domestic fowl form dominance hierarchies, or pecking or- 
ders, and aggression is a crucial component in establishing the 
rank order among birds (15,28). In this experiment, we sought 
to determine the role of 5-HT on pecking aggression in young 
domestic chicks by examining the time-dependent effects of 
PCPA. Previously, Koe and Weissman (18) found that 3 days 
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after a single dose of PCPA, 5-HT levels in rats were < 20070 
of control levels. Consequently, in the first experiment we 
examined the effects of PCPA for 3 days after injection. 

METHOD 

Subjects 

Forty White Leghorn domestic chickens (Gallus domes- 
ticus) of unknown sex were purchased on the day of hatch 
from a local supplier (Avian Services, Frenchtown, N J). 
Chicks were divided randomly into four groups, with 10 
chicks in each condition: a control group that received saline 
(0.9°70) and three PCPA (Sigma Chemical Co.) groups based 
on dose (100, 200, or 400 mg/kg). These doses were chosen to 
correspond to the range of doses used by previous researchers 
(18,32). Commercial chick starter (Agway) and water were 
available ad lib. Subjects were housed by group in standard 
brood units, which were temperature regulated at 30°C. 
Lights were maintained on a 12-h photoperiod. 

Procedure 

Pecking observations. Upon the day of arriva!, chicks were 
marked individually with differently colored permanent ink 
on the top of the head or breast. This facilitated individual 
recognition during later behavioral observations (see subse- 
quent description). Preliminary observations revealed that this 
color coding did not affect pecking frequencies. In addition, 
individually numbered plastic leg bands were placed on the 
tarsus of each subject. Chicks were then put into the appro- 
priate brood unit. On this day, and on the next day, no obser- 
vations were made to allow the chicks to habituate to their 
new environment. 

Observations began on the 3rd day after arrival, and the 
chicks were observed every day for the next 7 days. The daily 
observations were categorized as baseline (days B1-B3) and 
test (days 0-3). During behavioral testing each group was oh- 
served for 30 min in the midafternoon, and observations were 
counterbalanced across groups. During observations, the food 
and water troughs were removed to prevent the chicks from 
engaging in feeding or drinking during the test period. We 
defined aggression as a peck to any part of chick's body by 
another chick, seemingly provoked by a wide range of stimuli, 
and often unprovoked; offensive and defensive pecks were not 
differentiated. Aggressive pecks were usually delivered to the 
head or breast areas of conspecifics, and rarely to the feet. 
Any pecks obviously aimed at food that might be clinging to a 
chick's body were not included because they were considered 
to be part of a feeding response. 

Pecking frequencies were recorded using the behavioral- 
change focal-group sampling technique (3). Observations were 
made by an experienced observer who stated into a tape re- 
corder the occurrence of pecks made by each chick toward 
another during the 30-min period. The observer sat or stood, 
so that the brood unit was at eye level and an auxiliary lamp 
provided additional lighting inside the housing unit to aid in 
subject identification. These data were later transcribed as the 
total number of pecks per individual chick, for each day of 
observation. 

Forty-five minutes before observations on test day 0, sub- 
jects received intraperitoneal injections of either saline or 
PCPA, according to group assignment. Behavioral observa- 
tions continued from test day 0 (day of injection) through test 
day 3. 

Neurochemical analyses. After the behavioral observations 
on test day 3, all subjects were decapitated. Brain dissection 
over ice was conducted, and the hyperstriatum ventrale (14) 
was extracted and quickly transferred to liquid nitrogen, 
where it was stored until neurochemical analyses were per- 
formed. Levels of 5-HT, dopamine (DA), and their metabo- 
lites (5-hydroxyindoleacetic acid [5-HIAA] and homovanillic 
acid [HVA], respectively) were determined by high-perfor- 
mance liquid chromatography techniques (20,34). 

RESULTS 

Pecking Frequency 

The pecking data from the baseline observations (days B1- 
B3) and test observations (days 0-3) were analyzed separately. 
Pecking frequencies during baseline were entered into a 4 
(group) by 3 (day) analysis of variance (ANOVA), with re- 
peated measures over day. Pecking frequencies (Fig. 1) did 
not differ among groups during baseline, although the main 
effect of day was significant [F(2, 72) = 5.08, p < 0.01]. Ag- 
gression on day B1 was significantly greater than on day B2 or 
day B3 (Tukey's test, p < 0.05). There was no significant 
group by day interaction. 

Two of the birds in the high-dose PCPA condition died. 
One chick died on the afternoon after drug injection and the 
other on test day 2. The number of subjects in the high-dose 
group was therefore reduced to eight on test day 3. Data from 
the test period were entered into a 4 (group) by 4 (day) 
ANOVA, with repeated measures over day. There was a sig- 
nificant main effect of group [F(3, 36) = 3.17, p < 0.05] and 
day [F(3, 108) = 9.34, p < .01]. The interaction of group 
by day was also significant [F(9, 108) = 2.77, p < 0.01]. To 
examine the interaction, one-way ANOVAs were performed 
on data from each day and comparisons were conducted with 
Tukey's follow-up tests. Groups differed on test day 0 [F(3, 
36) = 6.58, p < .001], test day 1 [F(3, 36) = 3.18, p < 
0.05], and test day 2 IF(3, 36) = 3.17, p < 0.05]; on all 3 
days, chicks from the saline group pecked significantly more 
than the three PCPA groups (Fig. 1). There was no significant 
difference among groups on test day 3, although the pecking 
frequency for the high-dose group was now almost twice that 
of the control group. 
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FIG. l. Mean number of pecks during baseline (days BI-B3) and 
testing (days 0-3) as a function of PCPA dose. Dashed line (---) 
represents day on which drug injections were given. 
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TABLE 1 

DOSE-RESPONSE EFFECTS OF PCPA ON BRAIN NEUROCHEMISTRY 
3 DAYS AFTER DRUG INJECTION 

(MICROGRAMS PER GRAM) 

Dose of PCPA (mg/kg) 

Parameter 0 (N = 10) 100 (N = 10) 200 (N = I0) 400 (N = 8) 

5-HT 0.895 + 0.11 0.877 + 0.09 0.645 + 0.08 0.582 _+ 0.04 
5-HIAA 0.385a+ 0 . 0 3  0 .139b± 0 . 0 2  0.254c± 0 . 0 2  0.062b± 0.01 
5-HIAA/5-HT 0.4700~± 0 . 0 4  0.1598b± 0 . 0 1  0.4436c+ 0 . 0 6  0.1081b+ 0.01 
DA 0.9065 ± 0 . 1 3  2.0890~± 0.26 1.2341 + 0 . 1 6  2.1327a± 0.09 
HVA 0.4201 ± 0 . 0 4  0.2099a± 0 . 0 4  0.5600 ± 0 . 0 6  0.2116~± 0.02 
HVA/DA 0.6373 ± 0 . 1 6  0.1005a± 0.01 0.4923 ± 0 . 0 7  0.0998a± 0.01 

Values represent group means ± SE. 
aNeurochemical levels for groups with different superscripts differed at p < 0.05. 

Neurochemistry 

Neurochemical levels of the hyperstriatum ventrale were 
analyzed by one-way ANOVAs across PCPA dose. Serotonin 
levels differed significantly among groups [/7(3, 34) = 2.96,p 
< 0.05]. Saline and the low-dose PCPA groups appeared to 
have the highest levels (Table 1), but Tukey's follow-up test 
showed this difference was not specific to any group compari- 
sons at the 0.05 level. The serotonin metabolite, 5-HIAA, 
differed significantly among groups [F(3, 34) = 40.3, p < 
0.01]: the saline-treated group had a significantly higher level 
than all three of the PCPA doses, and the medium PCPA 
dose differed from both the high and the low doses. The ratio 
of 5-HIAA level to 5-HT level was calculated and used as a 
measure of 5-HT turnover. Turnover levels differed signifi- 
cantly among groups (F(3, 34) = 21.0, p < 0.01). The high- 
and low-dose groups had significantly less 5-HT turnover than 
did the saline group and the medium dose group. 

Dopamine IF(3, 36) = 11.3, p < 0.001], HVA [F(3, 36) 
= 10.7, p < 0.001], and DA turnover [F(3, 36) = 9.2, p < 
0.001] differed significantly among groups. For all three mea- 
sures (Table 1), the low- and high-dose groups differed signifi- 
cantly from both the saline and medium-dose groups (Tukey's, 
p < 0.05). For DA, the low- and high-dose groups had signif- 
icantly elevated levels, whereas HVA levels were significantly 
lower. Consequently, dopamine turnover (HVA/DA) was sig- 
nificantly lower for the low- and high-dose groups. 

Pearson r correlations were performed to determine the 
relation between aggression on test day 3 and neurotransmitter 
levels on this day. There was no significant correlation be- 
tween aggression on test day 3 and serotonin levels or 5-HT 
turnover. However, there was a significant negative correla- 
tion between 5-HIAA levels and aggressive frequency on test 
day 3 (r = - 0.44, df = 37, p < 0.05); chicks with low levels 
of 5-HIAA had generally high rates of pecking. Similarly, 
HVA levels were significantly correlated with aggression on 
test day 3 (r = - 0.37, df = 37,p < 0.05). 

DISCUSSION 

Contrary to our predictions, the short-term effect of PCPA 
was a significant reduction in the aggressive pecking of domes- 
tic chicks. There was a dramatic decrease in the total number 
of pecks made by the PCPA-treated subjects on the day the 
drug was administered (test day 0), possibly because of periph- 

eral effects of PCPA. This decrease appeared to be the result 
of a drug-induced lethargy; especially in the high-dose group, 
many of the chicks were sleeping throughout the 30-min of 
observation. In contrast, when cats are given PCPA there is 
no alteration in the sleep or EEG patterns during the first 18- 
24 h after exposure (16,17). This short-term effect of PCPA 
in chicks should be kept in mind when examining the time- 
dependent effect of PCPA during the test days. 

Exposure to PCPA significantly decreased 5-HT, 5-HIAA, 
and 5-HT turnover. Although the decline in 5-HIAA and 
5-HT turnover was similar to decrements found in rats 3 days 
after exposure to PCPA (18), 5-HT levels only declined 35o7o 
for the high-dose PCPA-treated chicks, whereas serotonin was 
reduced 80% for rats given a comparable dose. Nevertheless, 
there was a significant correlation between 5-HIAA levels and 
aggression, even though pecking did not differ among groups 
on test day 3. Pecking frequency appeared to increase steadily 
across the 3 days after PCPA administration, especially for 
the high-dose group. This continuing rise in aggressive behav- 
ior suggests that the subjects may need to be observed for a 
longer period to determine the complete time-dependent ef- 
fects of PCPA. 

EXPERIMENT 2 

According to Koe and Weissman (18), brain 5-HT levels 
fully recover 15 days after a single dose (312 mg/kg) of PCPA 
in Sprague-Dawley rats. Similarly, Vallezelli et al. (32) dem- 
onstrated low 5-HT levels 1, 5, and 10 days after a 150-mg oral 
dose of PCPA in Wistar rats. Hence, the full ramifications of 
exposure to PCPA may not have been apparent in Experiment 
1 given the specific time frame used. A longer period of testing 
was therefore employed in Experiment 2, in which we exam- 
ined the behavioral and neurochemical effects of a single high 
dose of PCPA for 5 and 7 days after injection. 

METHOD 

Subjects 

Forty White Leghorn chicks were obtained on the day of 
hatch and randomly assigned into two PCPA-treated groups 
and two control groups. One PCPA-treated group was exam- 
ined for 5 days after drug administration (5-days group), 
whereas the other was observed for 7 days (7-days group). 
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Each experimental group had its respective control group. The 
subjects were banded and housed as in Experiment 1. 

Procedure 

Baseline behavioral observations began on the 3rd day 
after arrival, and the same obervation procedures were used 
as in Experiment 1. On the 4th day of observation (test day 0), 
PCPA groups were administered 400 mg/kg of the drug, IP, 
whereas the control groups received saline (0.9%) injections. 
The groups were sacrificed after behavioral observations 5 
and 7 days after injection, according to group assignment. 
Neurochemical content of hyperstriatum ventrale samples 
were obtained as described in Experiment 1; however, an addi- 
tional dopamine metabolite, 3,4-dihydroxyphenylacetic acid 
(DOPAC), was also measured. 

R E S U L T S  

Pecking 

There were no significant differences between PCPA- and 
saline-treated groups during baseline phases for either the 5- 
days or the 7-days groups. Five chicks from the two PCPA- 
treatment groups died during the study: four died on the clay 
of injection whereas one died during baseline. One subject 
from each of the two saline groups also died during the base- 
line period. 

Pecking data from the 5-days groups during the test phase 
were entered into a 2 (group) × 6 (day) ANOVA, with re- 
peated measures over day. There was a significant day effect 
[F(5, 75) = 3.22, p < 0.05] and a significant group by day 
interaction [F(5, 75) = 4.07, p < 0.01}. Comparing the con- 
trol and experimental groups on each day by one-way 
ANOVAS yielded a significant difference between groups on 
test day 0 [F(1, 17) = 14.76, p < 0.001]. As shown in Fig. 2, 
the PCPA group exhibited significantly reduced pecking on 
this day as compared with the saline group. There was a trend 
toward greater pecking in the PCPA-treated group on test day 
4 IF(l, 15) = 3.09, p = 0.09], when experimental subjects 
pecked at nearly twice the frequency of that for control sub- 
jects. 

For the 7-days groups, pecking data during the test phase 
were entered into a 2 (group) × 8 (day) ANOVA with re- 
peated measures over day. There was a significant clay effect 
IF(7, 98) = 2.46, p < 0.05] and a significant group by day 
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FIG. 2. Mean number of pecks during baseline (days BI-B3) and 
testing (days 0-5) as a function of saline or PCPA (400 mg/kg). 
Dashed line (---) represents day on which drug injections were given. 
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FIG. 3. Mean number of pecks during baseline (days BI-B3) 
and testing (days 0-7) as a function of saline or PCPA (400 
mg/kg). Dashed line (---) represents day on which drug injec- 
tions were given. 

interaction [F(7, 98) = 3.21, p < 0.01]. Pecking frequency 
differed significantly between groups on test day 0 [F(1, 16) 
= 6.02, p < 0.05]; similar to results from the 5-days group 
and Experiment 1, the PCPA-treated group showed signifi- 
cantly reduced pecking on the day PCPA was administered 
(Fig. 3). However, on test day 5 the PCPA-treated birds 
pecked significantly more than control subjects [F(1, 15) = 
7.68,p < 0.05]. 

Neurochemistry 

Birds exposed to PCPA for 5 days showed a significant 
depletion of both 5-HT IF(l, 15) = 26.38, p < 0.001] and 
5-HIAA [F(I, 15) = 109.2, p < 0.0001], as compared with 
control birds (Table 2). PCPA-treated chicks also showed re- 
duced 5-HT turnover IF(l, 15) = 27.19, p < 0.001] and sig- 
nificantly lower levels of DOPAC IF(l, 15) = 5.07, p < 
0.051. 

Regressing neurotransmitter or metabolite levels on peck- 
ing frequency from test day 5 yielded a significant nega- 
tive correlation between pecking and dopamine turnover 
(DOPAC/DA: r = -0.564,  dr= 16p < 0.05). 

No significant differences in 5-HT neurochemistry were 
found between the two 7-days groups. There was, however, a 
significant difference between PCPA- and saline-treated birds 
for DA levels [F(1, 14) = 7.31, p = 0.02], with experimentals 
higher than controls (see Table 2). The PCPA-treated birds 
also showed a trend toward higher HVA levels than controls 
IF(l, 14) = 4.57,p = 0.05071. 

D I S C U S S I O N  

Similar to Experiment 1, chicks administered PCPA exhib- 
ited little pecking behavior or general activity on the day of 
drug injection (test day 0). Aggression, however, increased 
over days. PCPA-treated chicks observed for 5 clays after 
injection had greater frequencies of aggression 4 days after 
drug exposure, and their 5-HT levels were significantly re- 
duced when measured 1 day later. Similarly, chicks observed 
for 7 days exibited significantly elevated aggression 5 days 
after injection, after which their pecking decreased to control 
levels. Coinciding with this behavioral pattern, 5-HT levels 
from thcse PCPA-treated chicks, when measured 7 days after 
drug exposure, corresponded with those of control birds. 
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TABLE 2 

EFFECTS OF PCPA (400 MG/KG) OR SALINE ON BRAIN NEUROCHEMISTRY 
(MICROGRAMS PER GRAM) 5 AND 7 DAYS AFTER DRUG INJECTION 

5 Days Postinjection 7 Days Postinjection 

Saline PCPA Saline PCPA 
Parameter (N = 9) (N = 10) (N = 9) (N = 7) 

5-HT 0.9626 + 0.05 0.6544 :t: 0.06* 
5-HIAA 0.1376 + 0.005 0.0466 :t: 0.007* 
5-HIAA/5-HT 0.1456 + 0.008 0.0724 + 0.018" 
DA 1.9172 ± 0.24 1.3956 + 0.16 
DOPAC 0.1067 ± 0.014 0.0701 ± 0.007* 
DOPAC/DA 0.0565 + 0.003 0.0508 _ 0.002 
HVA 0.2234 ± 0.033 0.1655 _ 0.018 
HVA/DA 2.0837 + 0.101 2.3916 _+ 0.127 

1.0257 _+ 
0.1492 + 
0.1452 ± 
2.2606 ± 
0.2219 + 
0.1034 ± 
0.1599 ± 
1.2361 ± 

0.05 
0.015 
0.012 
0.218 
0.101 
0.048 
0.016 
0.165 

0.8983 ± 0.14 
0.2126 ± 0.099 
0.3036 ± 0.14 
3.1390 ± 0.239* 
0.1571 ± 0.013 
0.0505 ± 0.002 
0.2143 ± 0.021 
1.3533 ± 0.052 

Values represent group means _+ SE. *Significance at p < 0.05. 

This contrasts with the temporal  pattern o f  P C P A  found for 
rats, for which 5-HT and 5 - H I A A  levels do not recover until 
more than 2 weeks after P C P A  administrat ion (18,32). The 
underlying mechanisms that account for the briefer effects of  
P C P A  in domestic chicks remain to be determined. However ,  
given that chicks have been selected for very rapid growth 
(30), the at tendant increase in their basal metabolism might 
reduce the effective exposure period for P C P A ,  as compared 
with the t ime course found for rats. 

G E N E R A L  D I S C U S S I O N  

Social aggression in chicks was influenced by P C P A  expo- 
sure. P C P A  affected the levels o f  5 -HIAA,  which were nega- 
tively correlated with the frequency of  aggression. In addition, 
the t ime-dependent decreases in 5-HT and 5 -HIAA in Experi- 
ment 2 generally coincided with increases in aggression. Nev- 
ertheless, the effects of  P C P A  on the domestic chick contrast 
with those documented in rats. In Experiment  1, 3 days after 
a high dose of  P C P A ,  5-HT levels were 65% that o f  controls. 
Koe and Weissman (18) showed that after a similar dose, 
PCPA-t rea ted  rats had 5-HT levels only 20% of  controls. 
Similarly, the t ime-dependent  effects of  P C P A  are longer in 
rats than in chicks: alterations in serotonin neurochemistry 
had returned to control  levels after 1 week for PCPA-t rea ted  
chicks, whereas rats need more than 2 weeks before baseline 
levels are restored. 

Al though P C P A  is characterized as a specific 5-HT- 
depleting drug, it also influenced DA neurochemistry in our 
study. This might be due to an activation o f  the D A  system as 
a general consequence o f  the 5-HT imbalance.  Or, as noted by 
Osborne (22), high doses o f  P C P A  could affect the uptake 
and use of  amino acids required for the synthesis of  other 
neurotransmitters,  such as dopamine.  The effects of  P C P A  
on DA system, however,  were not entirely consistent through- 
out  the time frame used in our study. When the effects of  a 

high dose of  P C P A  are examined across Experiments 1 and 2, 
DA levels were significantly elevated at 3 and 7 days after 
injection, but were at control levels 5 days after injection. 
HVA,  which was measured in both studies, was significantly 
depressed at 3 days after P C P A  administration, reached con- 
trol levels at 5 days after injection, and was significantly ele- 
vated by 7 days. 

High doses of  PCPA,  as were used in this study, were toxic 
to some animals, as shown by subject mortali ty on the day of  
injection. This is commonly cited as a disadvantage of  P C P A  
in that high doses are required before behavioral  effects be- 
come apparent (22). An additional drawback to the use of  
P C P A  is that it reduced growth in our subjects: we observed 
that PCPA-trea ted  birds did not gain weight at the same rate 
as did control  subjects. This is surprising given that 5-HT has 
been shown to depress ingestive behavior in chicks (6,9) and 
hence one would predict that P C P A  would increase feeding. 
Nevertheless, the increases in aggression were not  the result of  
nutrit ional deficiencies; otherwise, PCPA-trea ted  subjects in 
the 7-days group would have continued to show high levels o f  
aggression, and yet their pecking decreased during days 6 and 
7, coinciding with the time period during which serotonin neu- 
rochemistry was returning to baseline levels. 

In conclusion, P C P A  increased social aggression in birds 
in a t ime-dependent fashion, an effect that diminished as brain 
5-HT levels recovered over a 7-day period. Domestic chicks 
recovered more quickly than do rats from a single dose of  
P C P A  and, consequently, the behavioral effects of  P C P A  
were shorter-lived. 

ACKNOWLEDGEMENTS 

We thank Linda King for technical assistance. We also express our 
gratitude to George C. Wagner for graciously providing the use of 
his laboratory so that the high-performance liquid chromatography 
analyses could be conducted and for his critical reading of an earlier 
draft. Two anonymous reviewers provided helpful suggestions. 

R E F E R E N C E S  

1. Albert, D. J.; Chew, G. L. The septal forebrain and the inhibitory 
modulation of attack and defense in the rat: A review. Behav. 
Neural Biol. 30:357-388; 1980. 

2. Albert, D. J.; Walsh, M. L. Neural systems and the inhibitory 
modulation of agonistic behavior: A comparison of mammalian 
species. Neurosci. Biobehav. Rev. 8:5-24; 1984. 



488 B U C H A N A N ,  S H R I E R  A N D  H I L L  

3. Altmann, J. Observational study of behavior: Sampling methods. 
Behavior 49:227-265; 1974. 

4. Balander, R. J.; Bursian, S. J.; van Krey, H. P.; Siegel, P. B. 
Mating behavior and brain biogenic amine concentrations in 
chickens treated with parachlorophenylalanine (PCPA). Physio. 
Behav. 32:603-607; 1984. 

5. Berzsenyl, P.; Galateo, E.; Valzelli, L. Fluoxetine activity on 
muricidal aggression induced in rats by p-chlorophenylalanine. 
Aggress. Behav. 9:333-338; 1983. 

6. Baranyiov~i, E. Effects of serotonin on the food intake in chick- 
ens in the posthatching period. Acta Vet. Brno. 59:23-33; 1990. 

7. Brody, J. F. Behavioral effects of serotonin depletion and of 
p-chlorophenylalanine (a serotonin depletor). Psychopharmacol- 
ogia 17:14-33; 1970. 

8. Chamberlain, B.; Ervin, F. R.; Pihl, R. O.; Young, S. N. The 
effect of raising or lowering tryptophan levels on aggression in 
vervet monkeys. Pharmacol. Biochem. Behav. 28:503-510; 1987. 

9. Denbow, D. M.; Van Krey, H. P.; Cherry, J. A. Feeding and 
drinking response of young chicks to injections of serotonin into 
the lateral ventricle of the brain. Poultry Sci. 61:150-155; 1982. 

10. Eichelman, B. Neurochemical bases of aggressive behavior. Psy- 
chiatric Ann. 17:371-374; 1987. 

11. Eichelman, B.; Thoa, N. B. The aggressive monoamines. Biol. 
Psych. 6:143-164; 1973. 

12. E1 Halawani, M. E.; Burke, W. H.; Ogren, L. A. Effects of drugs 
that modify brain monoamine concentrations on photoperiodi- 
cally indueced testicular growth in Coturnix quail (Coturnix co- 
turnixjaponica). Biol. Reprod. 18:198-203; 1978. 

13. El Halawani, M. E.; Waibel, P. E. Brain indole and catechoa- 
mines of turkeys during exposure to temperature stress. Am. J. 
Physiol. 230:110-115; 1976. 

14. Gilbert, D. B.; Patterson, T. A.; Rose, S. P. R. Dissociation of 
brain sites necessary for registration and storage of memory for a 
one-trial passive avoidance task in the chick. Behav. Neurosci. 
105:553-561; 1991. 

15. Guhl, A. M. The social order of chickens. Sci. Am. 2:1-6; 1956. 
16. Jouvet, M. Monoaminergic regulation of the sleep-waking cycle 

in the cat. In: Schmitt, F. O.; Worden, F. G., eds. Neurosciences: 
The third study program. Cambridge, MA: M.I.T. Press; 1974: 
199-508. 

17. Jouvet, M.; Pujol, .1. Effects of central alterations of serotonergic 
neurons upon the sleep-waking cycle. Adv. Biochem Psycho- 
pharm. 11 : 199-209; 1974. 

18. Koe, B. K.; Weissman, A. p-Chlorophenylalanine: A specific de- 
pletor of brain serotonin. J. Pharmacol. Exp. Ther. 154:499-515; 
1966. 

19. Lindgren, T.; Kantak, K. M. Effects of serotonin receptor ago- 

nists and antagonists on offensive aggression in mice. Aggress. 
Behav. 13:87-96; 1987. 

20. Mefford, I. F. Application of high performance liquid chroma- 
tography with electrochemical detection to neurochemical analy- 
ses: Measurement of catecholamines, serotonin and metabolites 
in rat brain. J. Neurosc. Methods 3:207-224; 1981. 

21. Oliver, B.; Mos, J.; van der Heyden, J.; Hartog, J. Serotonergic 
modulation of social interactions in isolated male mice. Psycho- 
pharmacology 97: 154-156; 1989. 

22. Osborne, N. N. Biology of serotonergic transmission. New York: 
John Wiley; 1982. 

23. Pucilowski, O.; Kosterowski, W. Aggressive behavior and the 
central serotonergic systems. Behav. Brain Res. 9:33-48; 1983. 

24. Raleigh, M. M. Differential behavioral effects of tryptophan and 
5-hydroxytryptophan in vervet monkeys: Influence of catechol- 
aminergic systems. Psychopharmacology 93:44-50; 1987. 

25. Raleigh, M. J.; Brammer, G. L.; McGuire, M. T.; Yuwiler, A. 
Dominant social status facilitates the behavioral effects of sero- 
tonergic agonists. Brain Res. 348:272-282; 1985. 

26. Sandler, M. Psychopharmacology of aggression. New York: Ra- 
ven Press; 1979. 

27. Schrold, J.; Squires, R. F. Behavioral effects of d-amphetamine 
in young chicks treated with p-Cl-phenylalanine. Psychopharma- 
cologia 20:85-90; 1971. 

28. Shea, M. M.; Douglass, L. W.; Mench, J. A. The interaction of 
dominance status and supplemental tryptophan on aggression in 
Gallus dornesticus males. Pharmacol. Biochem. Behav. 38:587- 
591; 1991. 

29. Smith, S. E.; Pihl, R. O.; Young, S. N.; Ervin, F. R. Elevation 
and reduction of plasma tryptophan and their effects on aggres- 
sion and perceptual sensitivity in normal males. Aggress. Behav. 
12:393-407; 1986. 

30. Squibb, R. L.; Collier, G. H. Feeding behavior of chicks under 
three light regimes. Poultry Sci. 58:641-645; 1979. 

31. Tenen, S. The effects of p-chlorophenylalanine, a serotonin de- 
pletor, on avoidance acquisition, pain sensitivity, and related be- 
havior in the rat. Psychopharmacologia 19:204-219; 1967. 

32. Valzelli, L.; Bernasconi, S.; Dalessandro, M. Time courses of 
PCPA-induced depletion of brain serotonin and muricidal aggres- 
sion in the rat. Pharmacol. Res. Commun. 15:387-395; 1983. 

33. Vergnes, M.; DePaulis, A.; Boehrer, A. Parachlorophenyl- 
alanine-induced serotonin depletion increases offensive but not 
defensive aggression in male rats. Physiol. Behav. 36:653-658; 
1985. 

34. Wagner, G. C.; Fisher, H.; Pole, N.; Borve, T.; Johnson, S. K. 
Effects of monoaminergic agonists on alcohol-induced increases 
in mouse aggression. J. Stud. Alcohol Suppl. 11 : 185-191; 1993. 


