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YANG, X.-M., A. L. GORMAN, A. J. DUNN AND N. E. GOEDERS. Anxiogenic effects of acute and chronic co- 
caine administration: Neurochemical and behavioral studies. PHARMACOL BIOCHEM BEHAV 41(3) 643-650, 1992.- 
The effects of cocaine on defensive withdrawal behavior in rats and elevated plus-maze behavior in mice were investigated. 
Cocaine (20 mg/kg IP) injected daily for 7 or 14 days induced defensive withdrawal; that is, the latency to emerge from a 
small chamber in an open field and the mean time in the chamber were both significantly increased. Acute cocaine administra- 
tion also induced defensive withdrawal, and this effect was prevented by prior treatment with chiordiazepoxide (5 mg/kg IP). 
Both acute and chronic cocaine treatments significantly increased plasma concentrations of corticosterone and reduced the 
ratios of 3,4-dihydroxyphenylacetic acid to dopamine and 5-hydroxyindoleacetic acid to serotonin in several brain regions. 
Further evidence for an acute anxiogenic effect of cocaine was obtained from mice studied in the elevated plus-maze. Acute 
cocaine administration decreased both the number of entries into and the time spent in the open arms of the maze. These 
results taken together strongly support an anxiogenic action of acute and chronic cocaine administration. 

Cocaine Defensive withdrawal Anxiety Corticosterone Dopamine Serotonin Elevated plus-maze 
Chlordiazepoxide 

ALTHOUGH initial cocaine use is often reported by humans 
to produce profound subjective feelings of well-being and a 
decrease in anxiety (17,18), chronic use or the administration 
of high doses of the drug can he anxiogenic (5,32). The drug 
has even been reported to precipitate episodes of panic attack 
in some individuals (1,2,40). Furthermore, some of the major 
symptoms associated with cocaine withdrawal often include 
severe anxiety, restlessness, and agitation (7,18,38). Thus anx- 
iety may be involved in the etiology of cocaine use and with- 
drawal in humans. 

The present study was designed to examine whether acute 
and/or  chronic cocaine administration would induce defensive 
withdrawal behavior in rats. In this paradigm, when rats are 
familiar with the apparatus, they explore it and spend little 
time in a small enclosed chamber set in an open field (4,37, 
44). Restraint or pretreatment with anxiogenic agents, such as 

inverse benzodiazepine agonists or corticotropin-releasing 
factor (CRF), elicits defensive withdrawal behavior (37,44), 
whereas anxiolytic drugs, such as chlordiazepoxide (CDP), 
reverse restraint-induced defensive withdrawal (44). Thus de- 
fensive withdrawal could be interpreted as a measure of anxi- 
ety. To further substantiate the potential anxiogenic nature 
of acute cocaine administration, mice were also tested in an 
elevated plus-maze, a test commonly used to measure anxiety 
(26). 

METHODS 

Animals and Materials 

Adult male Sprague-Dawley rats (250-300 g) obtained 
from Harlan Sprague-Dawley Inc. (Indianapolis, IN) were 
housed individually in plastic cages in a temperature- and 
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l ight-control led Amer i can  Assoc ia t ion  for  Accred i ta t ion  o f  
L a b o r a t o r y  An ima l  Care  (AAALAC)-acc red i t ed  facility 
(lights on  f rom 6:00 a .m.  to  5:30 p .m. )  for  1 week before  the  
exper iment .  Food  and  water  were avai lable  con t inuous ly  in 
the  h o m e  cages. Male  CD-I  mice (25-30 g) ob ta ined  f rom 
Char les  River were similarly ma in ta ined .  Coca ine  and  C D P  
were ob ta ined  f rom Sigma Chemical  Co.  (St. Louis ,  MO).  

Behavioral Procedures 

Defensive withdrawal. Test ing was conduc ted  in an  opaque  
Plexiglas open  field (110 x 110 x 35 cm),  the  f loor  o f  which 
was m a r k e d  wi th  20 x 20 cm squares  and  i l luminated  by a 
f luorescent  lamp.  A galvanized steel cyl inder  (15 cm deep and  
13 cm in d iameter)  closed at  one  end  was secured to the  f loor  
o f  the  open  field next  to the  wall  in a lengthwise d i rec t ion in 
the  center  o f  one  side o f  the  open  field (37,44). 

Chronic study. In two separate  exper iments ,  26 rats  were 
r a n d o m l y  divided in to  saline and  cocaine groups  (n = 13). 
On  day 0, rats  were hab i tua ted  to the appa ra tus  for  15 min  by 
placing t hem in the  center  o f  the  open field. On day 1, all 
an imals  were injected I P  with no rma l  saline, and  baseline 
behaviora l  responses  were scored 20 min  later.  Thereaf ter ,  
an imals  in the  saline g roup  were injected daily with saline 
(1 m l / k g  IP),  and  those  in the cocaine group  with cocaine (20 
m g / k g  IP)  for  14 days (days 2-15).  The  behaviora l  test  was 
pe r fo rmed  only on  days 1, 2, 8, and  15. Test ing commenced  
20 min  af ter  the  IP  injections.  On days 7 and  14, ra ts  were 
placed in the  center  o f  the open  field wi thou t  the  small  cham- 
ber  to refamil iar ize them with the  appara tus .  On each test 
day,  the  fol lowing behaviora l  measures  were scored dur ing  
the  15-rain test session: the  latency to leave the chamber ,  de- 
f ined as the  p lacement  o f  all four  paws in the  open  field; the 
mean  t ime in the  chambe r  (MTIC) ,  def ined as the  average 
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FIG. 1. Effects of dally cocaine treatment on defensive withdrawal behavior. On day 1, both groups of rats were injected 
IP with saline 20 rain before testing. On days 2, 8, and 15, rats were injected with saline or cocaine (20 mg/kg IP) 20 rain 
before the behavioral test. On the other days, animals received injections of saline or cocaine (20 mg/kg IP) but were not 
tested. (A) Latency to emerge from the small enclosed chamber; (B) Mean time spent in the small chamber (MTIC); (C) 
Line-crossings per minute spent outside the small chamber; (D) Rears per minute spent outside the small chamber. N = 13 
per group. ANOVA indicated main effects of the cocaine treatment on the latency, F(1,24) = 18.1, p < 0.001; MTIC, 
F(1,24) = 23.2, p < 0.0001; line crossings/rain F(1,24) = 17.1, p < 0.001; and rears/rain F(1,24) = 16.4, p < 0.001. 
There was also a significant days effect within each treatment group [latency: saline, F(3,36) = 6.3, p < 0.002; cocaine, 
/'(3,36) = 3.6, p < 0.02; MTIC, F(3,36) = 5.0, p < 0.001, F(3,36) = 7.5, p < 0.001; line-crossings, F(3,36) = 6.0, 
p < 0.002, F(3,36) = 3.9, p < 0.02; rears, F(3,36) = 5.9, p < 0.01, F(3,36) = 4.6, p < 0.01]. Each measure also had a 
significant treatment x days interaction [latency: F(3,75) = 8.1, p < 0.0001; MTIC, F(3,75) = 9.4, p < 0.0001; line- 
crossings, F(3,75) = 8.9, p < 0.0001; rears, F(3,75) = 9.6, p < 0.0001]. The cocaine treatment was significantly different 
from saline on days 8 and 15 for each measure, day 8: latency, F(1,24) = 40; MTIC, F(1,24) = 43; line-crossings, F(1,24) 
= 29; rears, F(1,24) = 32, a l lp  < 0.0001; day 15: latency, F(1,24) = 41; MTIC, F(1,24) = 93; line-crossings, F(1,24) = 
20; rears, F(1,24) = 32, a l lp  < 0.001, and on day 2 for line-crossings/rain, F(1,24) = 5.4,p < 0.03. 

Significant difference from saline control (*p < 0.05; **p < 0.01). 
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time in the chamber per entry (including the initial placement); 
and measures of  locomotor activity, defined as the number of 
lines crossed on the floor of  the open field and as the number 
of  rears. Both locomotor activity scores were expressed per 
minute spent outside the small chamber. After each test, the 
apparatus was cleaned with 1°70 acetic acid to prevent olfac- 
tory cues from affecting the behavior of subsequently tested 
rats. Rats were killed by decapitation immediately after re- 
moval from the apparatus on day 15. 

Acute study. Rats were exposed to the open field without 
the small chamber on the first day and were then tested for 
defensive withdrawal for four successive days as described in 
the chronic experiment. On days 1, 2, and 3, all rats received 
saline injections 20 min before placement in the apparatus. 
On day 4, rats received either saline or cocaine (20 mg/kg 
IP) 20 min before testing. Rats were killed by decapitation 
immediately after removal from the apparatus on day 4. In a 
separate experiment, the same paradigm was used except that 
two additional groups of  rats received CDP (5 mg/kg IP) 40 
rain before cocaine on day 4. 

Elevated plus-maze. Mice were tested in an elevated plus- 
maze as described by Lister (26) 20 min after receiving a single 
injection of either cocaine (20 mg/kg IP) or saline. To start 
the test, mice were placed in the center of the Plexiglas maze 
facing a closed arm. Both the number and the duration of  
entries into each arm were recorded by an observer blind to 
the treatment groups. Scoring was performed using an NEC 
8201A computer. After each 5-min trial, the plus-maze was 
cleaned with a 0.5070 solution of  acetic acid. The apparatus 
was illuminated by a 25-watt bulb, and testing was conducted 
in a room separate from the colony room. 

Determination o f  Cerebral Biogenic A mines 

The medial prefrontal cortex, nucleus accumbens, caudate 
putamen, hypothalamus, hippocampus, and brain stem were 
excised as rapidly as possible after decapitation and were 
weighed and frozen as previously described (9). The brain 
samples were homogenized in 0.1 M HCIO4 and stored frozen 
at - 70 ° until analysis by high-performance liquid chromatog- 
raphy (HPLC) with electrochemical detection as previously 
described (9). This system separated dopamine (DA); 3,4-di- 
hydroxyphenylacetic acid (DOPAC); homovanillic acid; no- 
repinephrine (NE); normetanephrine; 3-methoxy,4-hydroxy- 
phenylethyleneglycol (MHPG); serotonin (5-HT); 5-hydroxy- 
indoleacetic acid (5-HIAA); tyrosine; tryptophan, and uric 
acid. MHPG was not measurable in samples from rat brain. 

Determination of  Plasma Corticosterone 

Trunk blood was collected following decapitation immedi- 
ately after the test on day 15 in the chronic experiments and 
day 4 in the acute experiments. Plasma corticosterone was 
determined by radioimmunoassay following extraction with 
methylene chloride according to the procedure of  Gwosdow- 
Cohen et al. (22). 

Statistical Analysis 

The data are presented as the means + SEM, Statistical 
analysis of  behavioral data was performed by analysis of  vari- 
ance (ANOVA) using the SAS program. The comparison of  
multiple means was accomplished by Duncan's test. Student's 
t-tests were used to analyze data from the elevated plus-maze 
and the plasma corticosterone and neurochemical data. 

RESULTS 

Chronic Cocaine Treatment and Defensive Withdrawal 

The results obtained in both chronic experiments were very 
similar and have therefore been combined in Fig. 1. On day 1, 
animals in the saline- and cocaine-treated groups had similar 
latencies to emerge from the small enclosed chamber, similar 
mean times in the chamber (MTIC), as well as similar locomo- 
tor activity scores. Rats treated with saline progressively habit- 
uated to the apparatus. On day 8, they emerged very rapidly 
from the small enclosed chamber compared with day 1, 
F(1,24) = 3.8, p -- 0.05. The MTIC decreased, but this ef- 
fect was not statistically significant, F (1 ,24 )=  0.6. Line 
crossings per minute and rears per minute outside the small 
chamber were both significantly increased, F(1,24) = 4.2, 
p < 0.05; F(1,24) = 10, p < 0.01. On day 15, the latency 
to emerge, F(1,24) = 8.8, p < 0.01, and the MTIC, F(1,24) 
= 9.2, p < 0.01, were both significantly decreased compared 
to day 1, and rearing frequency was increased, F(1,24) = 
12.5,p < 0.01. 

Rats in the cocaine-treated group displayed typical defen- 
sive withdrawal behavior. The first dose of cocaine (day 2) 
increased the latency and MTIC and decreased line-crossing 
and rearing frequencies (Fig. 1). However, compared with 
saline controls, only the cocaine-induced decrease in line- 
crossing frequency was statistically significant. In comparison 
with saline-treated controls, animals in the cocaine group ap- 
peared to be very alert, and urinated and defecated during the 
15-min test session. On day 8, the latency to emerge from the 
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FIG. 2. Effects of acute cocaine treatment on defensive withdrawal 
behavior. After familiarization with the apparatus (day 0), rats were 
placed in the small chamber each day for 4 successive days 20 rain 
after receiving an IP injection. On days 1-3, each rat received an 
injection of saline; on day 4, each rat received an injection saline 
(open bars) or 20 mg/kg cocaine (solid bars). The data from day 3 
have not been presented because the scoring was disrupted by circum- 
stances beyond our control. Top: latency to emerge from the small 
chamber; bottom: mean time in chamber. **Significantly different 
from saline control (p < 0.01). 



646 YANG ET AL. 

small chamber and the MTIC in cocaine-treated rats were 
significantly higher than in saline controls. The rats also 
showed less locomotor activity. On day 15, the latency and the 
MTIC following chronic cocaine treatment were significantly 
higher than in saline controls, and locomotor activity was 
lower. 

Acute Cocaine Treatment and Defensive Withdrawal 

Because the anxiety or stress caused by being picked up 
and placed in the apparatus may have obscured an effect of 
acute cocaine administration, a second experiment was per- 
formed in which rats were habituated to the procedure for 3 
days before cocaine administration. Figure 2 shows that acute 
cocaine treatment significantly elevated both the latency to 
emerge from the chamber, F(1,11) = 21.5, p < 0.01, and the 
MTIC, F(1,11) = 15, p < 0.01. Line-crossing frequency was 
not significantly altered, but the number of rears per minute 
outside the small chamber decreased, F ( I , I I )  = 11, p < 
0.01. Rather similar results were obtained in two replicate 
experiments. Figure 3 shows that pretreatment with CDP (5 
mg/kg IP) 40 rain before cocaine on day 4 reversed the effects 
of cocaine on the latency to emerge (cocaine x CDP interac- 
tion) F(l,16) = 8.1, p = 0.011, and on the MTIC (cocaine 
x CDPinteract ion)F(l ,16) = 4 .2 ,p  < 0.05. 

Plasma corticosterone was measured in the trunk blood 
of the rats from the experiments depicted in Figs. 1 and 2 
immediately after testing on the final day. Both acute and 
chronic cocaine treatment significantly increased the concen- 
trations of corticosterone in trunk blood relative to the saline- 
injected controls (Fig. 4). Samples were also taken for deter- 
mination of plasma corticosterone in the experiment of Fig. 
3, but on a fifth day of testing in which the treatments were 
identical to those on day 4. The data indicated once again that 
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FIG. 3. Effects of acute cocaine treatment in chlordiazepoxide (CDP) 
pretreated rats on defensive withdrawal behavior. In an experiment 
similar to that of Fig. 2, rats were pretreated with CDP (5 mg/kg IP) 
40 min before cocaine on Day 4 and tested in defensive withdrawal. 
Top: latency to emerge from the small chamber; bottom: mean time 
in chamber. *Significantly different from saline control (p < 0.05). 
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FIG. 4. Effects of acute and chronic cocaine administration on plasma 
corticosterone. The animals from the experiments depicted in Figs. 1 
and 2 were decapitated on day 15 or 4, respectively, immediately after 
the final behavioral test, and trunk blood was collected for assay of 
plasma corticosterone. **Significantly different from saline control 
(p < 0.01). 

cocaine increased plasma corticosterone (saline: 295 _+ 25; 
cocaine: 429 :t: 56; CDP: 236 + 36; CDP + cocaine: 290 
_+ 51); F(1,17) = 4.36, p < 0.05. However, although CDP 
clearly attenuated the effect of cocaine in this experiment, 
the interaction between CDP and cocaine was not statistically 
significant, F(1,17) = 0.83. 

Brain samples from the rats used in the experiments de- 
picted in Figs. 1 and 2 were taken for neurochemical analyses. 
Acute cocaine treatment significantly decreased DOPAC : DA 
ratios in the medial prefrontal cortex, nucleus accumbens, 
hypothalamus, and caudate putamen (Table 1). Chronic co- 
caine treatment reduced DOPAC: DA ratios in the medial 
prefrontal cortex, hypothaiamus, and brain stem (Table 2). 
Both acute and chronic cocaine treatments decreased 5- 
HIAA : 5-HT ratios in all regions studied, although this effect 
fell short of statistical significance in the caudate and hippo- 
campus in the chronic study (Tables 1 and 2). Concentrations 
of norepinephrine were not altered in any region. 

As an additional test of the hypothesis that acute cocaine 
administration induced anxiogenic effects, mice were tested in 
the elevated plus-maze. Figure 5 shows that cocaine treatment 
significantly decreased the number of entries into the open 
arms. In addition, the total time spent on the open arms was 
significantly reduced, and time on the closed arms signifi- 
cantly increased. 

DISCUSSION 

In the present study, both acute and chronic cocaine ad- 
ministration induced defensive withdrawal responses in rats 
familiar with the experimental apparatus, that is, the latency 
to emerge from the small enclosed chamber and the MTIC 
were both significantly increased. In the chronic study, the 
first administration of cocaine (day 2) had no significant effect 
on defensive withdrawal behavior, even though the animals 
urinated, defecated, and appeared to be very alert while ex- 
ploring the open field. However, after 8 and 15 days of co- 
caine treatment, significant defensive withdrawal behavior 
was observed. The results of the acute study suggest that the 
potential effects of this acute cocaine treatment were masked 
in the chronic study because the rats were not yet completely 
familiar with the apparatus. Different stressors (novel experi- 
mental environment, restraint) and anxiogenic agents (inverse 
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TABLE 1 
EFFECTS OF ACUTE COCAINE ADMINISTRATION ON CEREBRAL DOPAMINE, SEROTONIN AND CATABOLITES 

Region N DA DOPAC DOPAC : DA 5-HT 5-HIAA 5-HIAA : 5-HT 

Medial prefrontal cortex 
Saline 
Cocaine 

Nucleus accumbens 
Saline 
Cocaine 

Caudate putamen 
Saline 
Cocaine 

Hypothalamus 
Saline 
Cocaine 

Hippocampus 
Saline 
Cocaine 

Brain stem 
Saline 
Cocaine 

5 0.070 ± 0.004 0.037 ± 0.004 0.53 ± 0.04 0.057 ± 0.003 0.74 ± 0.04 13.1 ± 0.66 
5 0.082 ± 0.009 0.030 ± 0.006 0.36 ± 0.04* 0.071 ± 0.005* 0.54 ± 0.03"[" 7.8 ± 0.70~ 

6 4.12 ± 0.34 1.18 ± 0.11 0.28 ± 0.01 1.04 ± 0.07 1.29 ± 0.08 1.24 ± 0.04 
6 4.60 ± 0.23 1.02 ± 0.07 0.22 ± 0.01~ 1.18 ± 0.17 0.97 ± 0.15§ 0.83 ± 0.03~: 

6 6.85 ± 0.55 1.09 ± 0.11 0.16 ± 0.01~: 0.60 ± 0.04 1.29 ± 0.04 2.19 ± 0.09 
6 9.08 ± 2.06 1.05 ± 0.26 0.11 ± 0.00 0.61 + 0.07 1.04 ± 0.13" 1.71 ± 0.08t" 

5 0.17 ± 0.01 0.042 ± 0.004 0.24 ± 0.02 0.107 ± 0.01 1.18 ± 0.04 11.6 ± 1.13 
5 0.21 ± 0.02 0.039 ± 0.003 0.19 ± 0.011" 0.142 ± 0.02§ 0.92 ± 0.01~ 6.83 ± 0.76~f 

6 -- -- -- 0.10 ± 0.01 0.61 ± 0.04 6.77 ± 1.16 
6 -- -- -- 0.13 ± 0.02 0.51 ± 0.05 4.92 ± 1.35 

6 0.083 ± 0.012 0.048 ± 0.006 0.59 ± 0.02 0.37 ± 0.03 0.72 ± 0.07 1.95 ± 0.07 
6 0.081 ± 0.024 0.041 ± 0.009 0.57 ± 0.07 0.50 ± 0.12 0.74 ± 0.21 1.45 ± 0.05~ 

(DA), dopamine; (DOPAC), 3,4-dihydroxyphenylacetic acid; (5-HT), serotonin; (5-HIAA), 5-hydroxyindolcacetic acid. 
The rats from the experiment depicted in Fig. 2 were decapitated immediately after removal from the apparatus on day 4 and catecholamines, 

indoleamines, and metabolites measured by HPLC. DA, DOPAC, 5-HT, and 5-HIAA concentrations are expressed in ng/mg wet weight. The 
low hippocampal content of DA precluded collection of reliable data. 

Significant difference from saline-injected controls (*2p < 0.05; 1"2p < 0.01; ~/2p < 0.001; §p < 0.05). 

benzodiazepine agonists and ICV CRF) have been reported to 
elicit similar behavioral responses in the defensive withdrawal 
paradigm (4,37,44), suggesting that cocaine administration in- 
duced stress or anxiety. Insofar as the elevated plus-maze is 
regarded as a model for anxiety (26), acute cocaine adminis- 
tration can also be considered to be anxiogenic in mice. More- 
over, because CDP is regarded as a prototypic anxiolytic, the 
ability of CDP to reverse the effects of  cocaine administration 
on defensive withdrawal supports the interpretation that the 
cocaine-induced changes in defensive withdrawal reflect anxi- 
ety. Consistent with this, preliminary data have indicated that 
intracerebroventricular injection of  50 #g of the CRF antago- 
nist alpha-helical CRFg.4j reversed the effect of  acute cocaine 
on defensive withdrawal. 

Other investigators have reported anxiogenic responses to 
cocaine. In drug discrimination studies, cocaine will generalize 
to a pentylenetetrazol discriminative stimulus, suggesting that 
noncontingent cocaine administration and/or  withdrawal 
causes an anxiogenic response in rats (35,42,43) which is also 
blocked by diazepam, but not by haloperidol (43). Anxiogenic 
behavior has also been reported in mice tested in a black/ 
white two-compartment model of  anxiety (6) and in rats tested 
in the conditioned suppression of drinking conflict model fol- 
lowing acute or chronic administration of cocaine (13) and 
during withdrawal (6,13). Ettenberg and Geist (11) recently 
reported that cocaine resulted in both reinforcing and anxio- 
genie behavior in rats trained to self-administer the drug by 
traversing the length of  a straight alley. Following repeated 
testing, the latency to enter the goal box where intravenous 
cocaine infusions were delivered gradually increased, suggest- 
ing a pro-conflict or anxiogenic response. Diazepam pretreat- 
ment reduced the latency to enter the goal box. 

Changes in plasma corticosterone are a sensitive physiolog- 

ical response of stress or anxiety (12). We found that both 
acute and chronic cocaine administration significantly ele- 
vated plasma corticosterone concentrations. These data are 
consistent with recent reports that acute and chronic cocaine 
administration activate the hypothaiamic-pituitaxy-adrenal 
(HPA) axis (3,14,19,28), an effect that appears to be mediated 
through CRF (34). These results indicate that the cocaine- 
treated animals were in an anxious or stressful state. The ob- 
servation that CDP pretreatment also attenuated the effects of 
cocaine on plasma corticosterone implicates benzodiazepine 
receptors as modulators of  the HPA axis and strengthens the 
concept that cocaine had an anxiogenic effect. 

The neurochemical changes observed in this study are gen- 
erally consistent with those observed previously following co- 
caine (45). DOPCA : DA ratios were decreased in the medial 
prefrontal cortex, nucleus accumbens, caudate putamen, and 
hypothaiamus by acute cocaine, but only in the hypothaiamus 
and brain stem (and possibly the medial prefrontal cortex) by 
chronic cocaine. Karoum et ai. (23) also observed decreases in 
DOPAC in the prefrontal cortex, septum, nucleus accumbens, 
striatum, and hypothalamus, but also noted decreases in DA 
in prefrontal cortex and accumbens after chronic cocaine ad- 
ministration. We observed decreases in 5-HIAA : 5-HT ratios 
in all brain regions studied following acute cocaine, but again 
only in the hypothalamus and brain stem following chronic 
administration. Friedman et al. (15) observed a decrease in 
the concentration of 5-HIAA in whole brain following acute 
injections of  cocaine, whereas chronic cocaine treatment 
caused a decrease in both 5-HT and 5-HIAA without any 
change in the 5-HIAA : 5-HT ratio in the septum caudate (39). 
Generally, catabolites of  DA and 5-HT are increased in 
stressed or anxious states (10). The changes observed follow- 
ing cocaine administration most probably reflect the drug's 
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T A B L E  2 

EFFECTS OF CHRONIC COCAINE TREATMENT ON CEREBRAL DOPAMINE, SEROTONIN AND CATABOLITES 

Region N DA DOPAC DOPAC : DA 5-HT 5-HIAA 5-HIAA : 5-HT 

Medial prefrontal cortex 
Saline 5 0.062 + 0.017 0.028 ± 0.004 0.50 ± 0.06 0.21 + 0.02 0.13 ± 0.01 0.66 ± 0.03 
Cocaine 5 0.129 ± 0.029 0.036 ± 0.006 0.32 ± 0.06* 0.20 + 0.03 0.11 + 0.01" 0.56 + 0.04* 

Caudate putamen 
Saline 6 5.15 ± 0.23 0.68 ± 0.03 0.13 ± 0.01 0.19 ± 0.01 0.21 ± 0.01 1.14 ± 0.03 
Cocaine 6 5.36 ± 0.36 0.74 ± 0.05 0.14 ± 0.01 0.19 ± 0.01 0.21 ± 0.01 1.12 ± 0.06 

Hypothalamus 
Saline 6 0.111 ± 0.009 0.033 ± 0.003 0.30 ± 0.01 0.35 ± 0.02 0.34 ± 0.03 0.98 ± 0.03 
Cocaine 6 0.099 ± 0,015 0.024 ± 0.004 0.24 ± 0.021" 0.35 ± 0.02 0.28 + 0.03 0.81 ± 0.06t 

Hippocampus 
Saline 6 - - - 0.17 ± 0.01 0.16 ± 0.00 0.95 ± 0.04 
Cocaine 6 - - - 0.18 ± 0.01 0.14 ± 0.01 0.84 ± 0.06 

Brain stem 
Saline 6 0.055 ± 0.002 0.030 ± 0.003 0.54 ± 0.03 0.69 ± 0.02 0.46 ± 0.01 0.68 ± 0.01 
Cocaine 6 0.059 ± 0.004 0.025 ± 0.003 0.43 ± 0.02t 0.73 ± 0.03 0.40 ± 0.02t 0.56 ± 0.02~ 

(DA), dopamine; (DOPAC), 3,4-dihydroxyphenylacetic acid; (5-HT), serotonin; (5-HIAA), 5-hydroxyindolacetic acid. 
The rats from one of the experiments depicted in Fig. 1 were decapitated immediately after removal from the apparatus on day 15 and 

catecholamines, indoleamines, and metabolites measured by HPLC. DA, DOPAC, 5-HT, and 5-HIAA concentrations are expressed in rig/rag 
wet weight. The low hippocampal content of DA precluded collection of reliable data. 

Significant difference from saline control group (*p < 0.05; t2p < 0.05; ~:2p < 0.01). 

l i t  
4) 
z.. 
w 
I= 
Q 

"6 

I= 
a 
O =i 

A 

Q 

m 

E 
7.,  

5 
O 

I , -  

20 

10 

0 

300 ' 

200 

10o 

Closed srm Open arm 

P a r a m e t e r  

FIG. 5. Effects of acute cocaine on behavior of mice in the elevated 
plus-maze. Mice (n = 8) were injected with saline or cocaine (20 rag/ 
kg IP) 20 min before placement in the plus-maze. Top: the mean 
number of entries onto the closed and open arms. Bottom: the total 
time spent on the closed and open arms. Student's t-test indicated 
statistical significance for the effect of cocaine on the number of 
entries into the open arms, t(l,14) = 4.15, 2p < 0.002; the total time 
spent on the closed arms, t(l,14) = 4.22, 2p < 0.002; and that on 
the open arms, t(l,14) = 4.01, 2p < 0.002. **Significantly different 
from saline-injected mice (p < 0.01). 

inh ib i t ion  o f  D A  or  5 -HT re-uptake  (33,41), resul t ing in de- 
creased p roduc t ion  of  deamina ted  cataboli tes .  We speculate 
tha t  this pharmacolog ica l  effect o f  cocaine may  have  masked  
any  increases in D A  and  5-HT metabo l i sm parallel ing the  anx- 
iety. 

These  neurochemica l  changes are consis tent  with b inding  
da ta .  We  have recently repor ted a selective effect  o f  chronic  
cocaine admin i s t r a t ion  using a dosing schedule similar to  tha t  
used in this  invest igat ion on  benzodiazepine  (20) and  C R F  
(21) b inding  sites in b ra in  regions associated with the  mesocor-  
t icol imbic  dopaminerg ic  system. We have also repor ted  selec- 
tive changes  in se ro ton in  up take  sites (i.e., [3H]imipramine 
b inding)  in the  p re f ron ta l  cortex and  dorsal  r aphe  and  seroto-  
n in  b inding  (i.e., 5-HTzA receptors labeled with [3H]8-OH- 
D P A T )  in the central  medial  nucleus o f  the  amygda la  follow- 
ing chronic  cocaine t r ea tmen t  (8). 

In conclusion,  the  results of  this invest igat ion suggest tha t  
b o t h  acute and  chronic  cocaine admin i s t ra t ion  can induce  
anxiety- or  stress-like behaviora l  and  endocr ine  changes  in rats  
in the defensive wi thdrawal  parad igm.  These  changes  were 
reversed by benzodiazepine  p re t rea tment ,  indicat ing the abil-  
ity o f  benzodiazepine  receptors to modula te  pa thways  in- 
volved in anxiogenic  responses.  Acute  cocaine admin i s t r a t ion  
had  a s imilar  anxiogenic  effect on  mice studied in the  elevated 
plus-maze.  These  da ta  may  be  relevant  f rom a clinical perspec- 
tive. Recently,  it has  been repor ted tha t  vulnerabi l i ty  to  intra-  
venous  a m p h e t a m i n e  se l f -adminis t ra t ion  in rats  is associated 
wi th  the  animal ' s  reactivity to a novel  env i ronmen t  (29,30), 
suggesting tha t  physiological  responses  to  stress may  be pre- 
dictive of  individual  abuse  liability. Fu r the r  studies demon-  
s t ra ted  t ha t  env i ronmen ta l  condi t ions  (27) or  even exogenous  
infusions  o f  cor t icos terone (31) can  increase the l ikel ihood 
tha t  a ra t  will acquire  se l f -adminis t ra t ion  o f  low doses o f  am- 
phe tamine ,  suggesting tha t  changes in activity within the  
hypotha lamic-p i tu i ta ry-adrena l  axis may  be  involved in the  
abuse  liabili ty o f  s t imulant  drugs. In non- l abo ra to ry  settings, 
social users o f  cocaine are of ten able to cont ro l  their  drug 
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intake and, therefore,  do not  escalate their patterns o f  use to 
levels that increase the risk of  dependency and toxicity (36). 
These data  suggest that  factors in addit ion to cocaine's rein- 
forcing properties may determine why some individuals can 
remain causal recreational  users o f  the drug while others prog- 
ress to compulsive drug use. In fact, a subpopulat ion o f  
chronic cocaine users may actually be self-medicating to regu- 
late painful  feelings and psychiatric symptoms via their drug 
use (16,24,25). Therefore ,  a better understanding of  the in- 
volvement  o f  anxiety in the behavioral ,  neurochemical ,  and 

endocrine effects o f  cocaine may assist in the development  o f  
more effective and efficient t reatment strategies for cocaine 
use and withdrawal in humans.  

ACKNOWLEDGEMENTS 

This research was supported by USPHS grants from NINDS 
(NS27283), NIDA (DA06013), and a LSUMC fellowship to Xiao-Min 
Yang. We thank Marcia McNulty and Sandra Vickers for their expert 
technical assistance, and Andy Lapcevic for assistance with the behav- 
ioral scoring and neurochemistry. 

R E F E R E N C E S  

1. Anthony, J. C.; Tien, A. Y.; Petronis, K. R. Epidemiologic evi- 
dence on cocaine use and panic attacks. Am. J. Epidemiol. 129: 
543-549; 1989. 

2. Aronson, T. A.; Craig, T. J. Cocaine precipitation of panic disor- 
der. Am. J. Psychiatry 143:643-645; 1986. 

3. Borowsky, B.; Kuhn, C. M. Monoamine mediation of cocaine- 
induced hypothalamo=pitnitary-adrenal activation. J. Pharmacol. 
Exp. Ther. 256:204-210; 1991. 

4. Butler, P. D.; Weiss, J. M.; Stout, J. C.; Nemeroff, C. B. 
Corticotropin-releasing factor produces fear-enhancing and be- 
havioral activating effects following infusion into the locus coeru- 
leus. J. Neurosci. 10:176-183; 1990. 

5. Cohen, S. Cocaine. JAMA 231:74-75; 1975. 
6. CostaU, B.; Kelly, M. E.; Naylor, R. J.; Onaivi, E. S. The actions 

of nicotine and cocaine in a mouse model of anxiety. Pharmacol. 
Biochem. Behav. 33:197-203; 1989. 

7. Crowley, T. J. Clinical issues in cocaine abuse. In: Fisher, S.; 
Ruskin, A.; Uhlenhugh, E. H., eds. Cocaine: Clinical and biobe- 
havioral aspects. New York: Oxford University Press; 1987:193- 
211. 

8. Cunningham, K. A.; Paris, J. M.; Goeders, N. E. Chronic co- 
caine enhances serotonin autoregulation and serotonin uptake 
binding. Synapse (in press). 

9. Dunn, A. J. Stress-related changes in cerebral catecholamine and 
indoleamine metabolism: Lack of effect of adrenalectomy and 
corticosterone. J. Neurochem. 51:406-412; 1988. 

10. Dunn, A. J.; Kramarcy, N. Neurochemical responses in stress: 
Relationship between the hypothalamic-pituitary-adrenal and cat- 
echolamine systems. In: Iversen, L. L.; Iversen, S. D.; Snyder, S. 
H., eds. Handbook of psychopharmacology. New York: Plenum 
Press; 1984:455-515. 

11. Ettenberg, A.; Geist, T. D. Animal model for investigating the 
anxiogenic effects of self-administered cocaine. Psychopharma- 
cology 103:455-461; 1991. 

12. File, S. E. Interactions of anxiolytic and antidepressant drugs 
with hormones of the hypothalamic-pituitary-adrenal axis. Phar- 
macol. Thee 46:357-375; 1990. 

13. Fontana, D. J.; Commissaris, R. L. Effects of cocaine on conflict 
behavior in the rat. Life Sci. 45:819-827; 1989. 

14. Forman, L. J.; Estilow, S. Cocaine influences beta-endorphin 
levels and release. Life Sci. 43:309-315; 1988. 

15. Friedman, E.; Gershon, S.; Rotrosen, J. Effects of acute cocaine 
treatment on the turnover of 5-hydroxytryptamine in the rat 
brain. Br. J. Pharmacol. 54:61-64; 1975. 

16. Gawin, F. H. New uses of antidepressants in cocaine abuse. Psy- 
chosomatics 27:24-29; 1986. 

17. Gawin, F. H.; Ellinwood, E. H. Cocaine and other stimulants: 
Actions, abuse, and treatment. N. Engl. J. Med. 318:1173-1182; 
1988. 

18. Gawin, F. H.; Ellinwood, E. H. Cocaine dependence. Annu. Rev. 
Med. 40:149-161; 1989. 

19. Gawin, F. H.; Kleber, H. D. Neuroendocrine findings in chronic 
cocaine abusers: A preliminary report. Br. J. Psychiatry 147:569- 
573; 1985. 

20. Goeders, N. E. Cocaine differentially affects benzodiazepine re- 
ceptors in discrete regions of the rat brain: Persistence and poten- 

tial mechanisms mediating these effects. J. Pharmacol. Exp. 
Ther. 259:574-581; 1991. 

21. Goeders, N. E.; Bienvenu, O. J.; De Souza, E. B. Chronic co- 
caine administration alters corticotropin-releasing factor recep- 
tors in the rat brain. Brain Res. 531:322-328; 1990. 

22. Gwosdow-Cohen, A.; Chen, C. L.; Besch, E. L. Radioimmuno- 
assay (RIA) of serum corticosterone in rats. Proc. Soc. Exp. Biol. 
Med. 170:29-34; 1982. 

23. Karoum, F. K.; Suddath, R. L.; Wyatt, R. J. Chronic cocaine 
and rat brain catecholamines: Long4erm reduction in hypothala- 
mic and frontal cortex dopamine metabolism. Eur. J. Pharmacol. 
186:1-8; 1990. 

24. Khantzian, E. J. The self-medication hypothesis of affective dis- 
orders: Focus on heroin and cocaine dependence. Am. J. Psychia- 
try 142:1259-1264; 1985. 

25. Kleber, H. D.; Gawin, F. H. Cocaine abuse: A review of current 
and experimental treatments. In: Grabowski, J., ed. Cocaine: 
Pharmacology, effects and treatment of abuse. NIDA Research 
Monograph 50, DHHS publication number (ADM) 84-1326. 
Washington, DC: U.S. Government Printing Office; 1984:111- 
129. 

26. Lister, R. G. The use of a plus maze to measure anxiety in mouse. 
Psychopharmacology 92:180-185; 1987. 

27. Maccari, S.; Piazza, P. V.; Demini~re, J. M.; Lemaire, V.; 
Morm~de, P.; Simon, H.; Angelucci L.; Le Moal, M. Life 
events-induced decrease of corticosteroid type I receptors is asso- 
ciated with reduced corticosterone feedback and enhanced vulner- 
ability to amphetamine self-administration. Brain Res. 547:7-12; 
1991. 

28. Moldow, R. L.; Fischman, A. J. Cocaine induced secretion of 
ACTH, hcta-endorphin, and corticosterone. Peptides 8:819-822; 
1987. 

29. Piazza, P. V.; Demini~re, J. M.; Le Moal, M.; Simon, H. Factors 
that predict individual vulnerability to amphetamine self-adminis- 
tration. Science 245:1511-1513; 1989. 

30. Piazza, P. V.; Demini~re, J. M.; Maccari, S.; Mormede, P.; Le 
Moai, M.; Simon, H. Individual reactivity to novelty predicts 
probability of amphetamine self-administration. Behav. Pharma- 
col. 1:339-345; 1990. 

31. Piazza, P. V.; Maccari, S.; Demini~re, J. M.; Le Moal, M.; 
Morm~de, P.; Simon, H. Corticosterone levels determine individ- 
ual vulnerability to amphetamine self-administration. Proc. Natl. 
Acad. Sci. USA 88:2088-2092; 1991. 

32. Resnick, R. B.; Kestenbaum, R. S.; Schwartz, L. K. Acute sys- 
temic effects of cocaine in man: A controlled study of intranasal 
and intravenous routes of administration. In: Ellinwood, E. H., 
Jr.; Kilbey, M. M., eds. Cocaine and other stimulants. New York: 
Plenum Press; 1977:615-628. 

33. Ritz, M. C.; Lamb, R. J.; Goldberg, S. R.; Kuhar, M. J. Cocaine 
receptors on dopamine transporters are related to self-administra- 
tion of cocaine. Science 237:1219-1223; 1987. 

34. Rivier, C.; Vale, W. Cocaine stimulates adrenocorticotro- 
pin (ACTH) secretion through a corticotropin-releasing fac- 
tor (CRF)-mediated mechanism. Brain Res. 422:403-406; 
1987. 

35. Shearman, G. T.; Lal, H. Discriminative stimulus properties of 



650 Y A N G  ET AL.  

cocaine related to an anxiogenic action. Prog. Neuro-Psycho- 
pharmacol. Biol. Psychiatry 5:57-63; 1981. 

36. Siegel, R. K. Changing patterns of cocaine use: Longitudinal ob- 
servations, consequences, and treatment. In: Grabowski, J., ed. 
Cocaine: Pharmacology, effects and treatment of abuse. NIDA 
Research Monograph 50, DHHS publication number (ADM)84- 
1326. Washington, DC: U.S. Government Printing Office; 1984: 
92-110. 

37. Takahashi, L. K.; Kaiin, N. H.; Vanden Burgt, J. A.; Sherman, 
J. E. Corticotropin-releasing factor modulates defensive-with- 
drawal and exploratory behavior in rats. Behav. Neurosci. 103: 
648-654; 1989. 

38. Tarr, J. E.; Macklin, M. Cocaine. Pediatr. Clin, North Am. 34: 
319-331; 1987. 

39. Taylor, D.; Ho, B. T. Neurochemical effects of cocaine following 
acute and repeated injection. J. Neurosci. Res. 3:95-101; 1977. 

40. Washton, A. M.; Gold, M. S. Chronic cocaine abuse: Evidence 

for adverse effects on health and functioning. Psychiatr. Ann. 
14:733-739; 1984. 

41. Wolf, W. A.; Kuhn, D. M. Cocaine and serotonin neurochemis- 
try. Neurochem. Int. 18:33-38; 1991. 

42. Wood, D. M.; Lal, H. Anxiogenic properties of cocaine with- 
drawal. Life Sci. 41:1431-1436; 1987. 

43. Wood, D. M.; Laraby, P. R.; Lal, H. A pentylenetetrazol-like 
stimulus during cocaine withdrawal: Blockade by diazepam but 
not haioperidol. Drug Dev. Res. 16:269-276; 1989. 

44. Yan$, X. M.; Gorman, A. L.; Dunn, A. J. Involvement of central 
noradrenergic systems and corticotropin-releasing factor in defen- 
sive-withdrawal behavior in rats. J. Pharmacol. Exp. Ther. 255: 
1064-1070; 1990. 

45. Yeh, S. Y.; De Souza, E. B. Lack of neurochemical evidence 
for neurotoxic effects of repeated cocaine administration in rats 
on brain monoamine neurons. Drug Alcohol Depend. 27:51-61; 
1991. 


