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Figure 4. Mean Activity After Pre-Exposure and Testing 
Sessions for 0.3 mg/cc Cocaine in Experiment 1. 
(Error bars indicate standard error of the mean) 
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meaning that in contrast to the pups that did not have the cocaine pre-exposure 

[(M(Dep/TC)=.65; SE=.11; M(NoDep/TC)=.44, SE=.14)], pups pre-exposed to cocaine 

showed higher activity levels [ (M(Dep/CC)= l. 08 ;SE= .1 7; M(NoDep/CC)=. 86, SE= .14)]. 

The activity level of pups was increased significantly from baseline levels after 

both pre-exposure and testing sessions. Maternally deprived pups were more active after 

pre-exposure than non-deprived pups, but not after testing. This may was due to an 

increase in general activity in the non-deprived pups after testing. Moreover, activity was 

significantly higher in pups pre-exposed to cocaine after the testing session. This 

increase of activity after cocaine pre-exposure may suggest a behavioral sensitization to 

cocaine, which is commonly found after several exposures to psychostimulants. 

Activity After Pre-Exposure and Testing Sessions for 0.6 mg/cc 

Again, activity levels recorded before exposures served as baselines and were not 

significantly different from each other. As figure 5 illustrates, activity changed across all 

conditions after pre-exposure session for the higher cocaine concentration of 0.6 mg/cc 

used [F (1 ,6) = 35.58, Q < .001]. Pups activity was significantly higher after pre

exposure (M=.68 ; SE=.1 0) in contrast to baseline activity (M=.l3 ; SE=.04). Maternal 

deprivation did not significantly affect activity levels. 

Analysis of variance indicated that pups' activity level increased significantly 

after exposure in the testing session [F (1 ,6) = 89.88, p < .001]. Pups had higher activity 

level after exposure (M=.93 , SE=.09) in contrast to baseline activity (M=.28, SE=.07). 

Analysis of deprivation effects revealed that activity was significantly affected by 

maternal deprivation [F (1 ,6) = 41.49, Q < .001] . Pups in the two deprived groups had 
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Figure 5 
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higher activity levels [(M(Dep/TC)=1.29, SE=.06; M(Dep/CC)=1.26, SE=.13)].than the 

pups in the non-deprived group [(M(NoDep/TC)=.32, SE=.07; M(NoDep/CC)=.85 , 

SE=.09)]. However, no significant pre-exposure effects were observed indicating that 

activity levels were similar whether pups were exposed to cocaine/Tang or Tang alone 

during the training session. 

As figure 5 demonstrates, the effects of both maternal deprivation and exposure to 

cocaine were evident through a marked increase in activity after pre-exposure and testing 

sessions. Moreover, activity was affected by maternal deprivation after the testing 

session only. That is, deprived pups (either pre-exposed to cocaine or Tang alone) had 

higher activity levels than non-maternally deprived pups. This difference in activity 

between deprived and non-deprived pups was expected since it has been showed in the 

past that isolating rat pups from the dam increases activity levels relative to time 

deprived. 

EXPERIMENT 2: 

EFFECTS OF MATERNAL DEPRIVATION ON AMPHETAMINE 

SELF-ADMINISTRATION AFTER COCAINE PRE-EXPOSURE 

Amphetamine, although similar to cocaine, can have different pharmacological 

and behavioral effects. The aim of experiment 2 was to determine if pups would self

administrate a 0.25 mg/cc amphetamine solution after previously experiencing either a 

35 



0.3 mg/cc or 0.6 mg/cc cocaine solution and to see how maternal deprivation would 

affect amphetamine self-administration. The hypothesis for this experiment was that 

pups pre-exposed to a cocaine solution (either a 0.3 mg/cc or 0.6 mg/cc concentration) 

would self-administrate a 0.25 mg/cc amphetamine solution in a subsequent exposure in 

contrast to pups not pre-exposed to cocaine. Moreover, maternal deprivation should 

influence the self-administration process. As in experiment 1, an increase in activity 

level due to the psychomotor effects of the drugs used (cocaine and amphetamine) as well 

as a result of maternal deprivation was expected. 

METHOD 

After four hours with the foster dam or isolation, the pups were removed in order 

to prepare them for the pre-exposure session. Then the pups were cannulated with 

posterior cannulas for the pre-exposure session or anterior cannulas for the testing session 

(see general methods). Following cannulation pups were voided and weighed to the 

nearest .OOlg. Pups were either pre-exposed to a 0.3 mg/cc or 0.6 mg/cc cocaine with 5% 

Tang solution followed by a 0.25 mg/cc amphetamine with 5% Tang solution during the 

testing. The activity was scored before and after exposures and dose self-administered 

was measured by weighing the pups before and after exposures to the different solutions. 

RESULTS AND DISCUSSION 

Dose Self-Administered 

Dose administered did not vary as a function of type of solution used (Tang or 

drug without Tang) or as a function of deprivation condition during the pre-exposure 
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session. The mean dose of cocaine infused during pre-exposure were not significantly 

different from each other for the 0.3 mg/cc concentration [M(Dep) = 9.3 , SE = 1.0; 

M(NoDep) = 8.7, SE = 1.0] or for the 0.6 mg/cc concentration [M(Dep) = 22.9, SE = 1.4; 

M(NoDep) = 23.3, SE = 1.82]. This supports the assumption that all pups were uniformly 

pre-exposed to the cocaine solutions. 

The means and standard errors for dose of amphetamine self-administered 

calculated for the four conditions during the testing session for both 0.3 mg/cc and 0.6 

mg/cc pre-exposure concentrations are listed in table 4. As in experiment I, during the 

testing session, intakes were measured by weighing the pups before and after pre

exposure and testing sessions, and intake was recorded as dose self-administered in 

mg/kg. These are depicted in figure 6. 

A main effect for drug exposure was found to be significant for both 

concentrations [pre-exposure, F (1 ,10) = 9.73 , Q < .05] (see figure 6), suggesting that 

cocaine pre-exposed pups had higher amphetamine intake during the testing session in 

contrast to pups not pre-exposed to cocaine (Tang only pre-exposure). Post-hoc 

comparisons revealed that dose self-administered was higher in the Dep/CA (M = 2.46, 

SE = .25) and NoDep/CA (M = 2.37, SE = .30) groups relative to Dep/TA (M = 1.59, SE 

= .37) AND NoDep/TA (M = 1.68, SE = .33) groups when pre-exposing to 0.3 mg/cc 

cocaine concentrations. In the same manner, higher amphetamine intake was seeing in 

the Dep/CA (M=2.26, SE = .16) and NoDep/CA (M= 2.72, SE = .32) groups relative to 

Dep/TA (M= 2.02, SE = .33) and NoDep/TA (M= 2.31, SE = .43) groups when pre

exposed the 0.6 mg/cc cocaine solutions during the training session. Neither maternal 

deprivation or cocaine concentration during pre-exposure significantly affected 
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Table 4. 

Mean Amphetamine Dose Self-Administered (Standard Errors) in 7-day-old Pups 

Assigned to the Four Treatment Conditions for Testing Session in Experiment 2. 

Cocaine 
Concentration 

0.3mglcc 

0.6mg/cc 

Treatment Conditions 

Deprived 
TIA CIA 

4.0 (.93) 

5.1 (.82) 

6.5 (.62) 

5.6 (.39) 
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Non-Deprived 
TIA CIA 

3.7 (.81) 

5.8 (1.1) 

5.9 (.75) 

6.5 (.83) 



Figure 6. Mean Amphetamine Dose Self-Administered After Pre
Exposure to 0.3 mg/cc or 0.6 mg/cc Cocaine Solutions 

(Error bars indicate standard error of the mean) 
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amphetamine self-administration during the testing session. No interaction was found 

between exposure and concentration nor a three-way interaction between deprivation, 

pre-exposure and concentration. 

As figure 6 illustrates, pre-exposure to cocaine had an overall effect on 

subsequent amphetamine self-administration that was much higher than in the pups that 

received a Tang cocaine-free solution. Unlike the findings in experiment 1, neither 

maternal deprivation nor concentration of cocaine used during pre-exposure significantly 

affect dose self-administration of amphetamine during testing. This important 

difference in the results from experiments I and 2 may reflect the different psycho

pharmacological and developmental effects of cocaine exposure. 

Activity After Pre-Exposure (0.3 mg/cc coc) and Testing (0.25 mg/cc amph) Sessions 

Again, activity was recorded for every pup before and after exposure to the drug 

or control substance for the training and testing sessions. As in experiment 1, activity 

levels recorded before exposures served as baselines and were not significantly different 

from each other. As indicated in figure 7, an analysis of variance revealed that pups' 

overall activity levels increased after pre-exposure to 0.3 mg/cc or 5% Tang solution 

[F(1,6) = 53.19, p < .001]. General Activity was higher after pre-exposure (M=.59, 

SE=.07) compared to baseline activity (M=.l5, SE=.l 0). No deprivation effects were 

found after pre-exposure. 

As depicted in figure 7, in the same way the pups' activity increased after pre

exposure, a significant increase of activity level was seeing after testing [F( 1 ,6) = 91.07, 

p < .001]. Pups activity was higher after exposure (M=.88, SE=.ll) in contrast to activity 
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Figure 7. Mean Activity After Pre-Exposure (0.3 mg/cc coc.) and 
Testing (0.25 mg/cc am ph.) Sessions in Experiment 2. 

(Error bars indicate standard error of the mean) 
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baseline (M=.14, SE=.05). An analysis of deprivation effects indicated that general 

activity ofthe pups was significantly influenced by maternal deprivation [F(1 ,6) = 7.31 , .Q 

< .05], meaning that overall activity was higher in maternally deprived pups 

[(M(Dep/TC)=.96, SE=.07; M(Dep/CC)=1.22, SE=.20)] than in non-maternally deprived 

pups [(M(NoDep/TC)=.56, SE=.13 ; M(NoDep/CC)=, SE=.06)]. 

Pups activity level increased significantly after pre-exposure and testing, meaning 

that exposure to either Tang or cocaine caused a state of increased arousal in the pups. 

Even though no maternal deprivation effects were found after pre-exposure, maternally 

deprived pups had higher activity levels than non-maternally deprived pups after the 

testing session. Although behavioral sensitization was not found, activity levels were 

higher across all groups after testing, in contrast to activity after the pre-exposure session. 

Activity After Pre-Exposure (0.6 mg/cc coc) and Testing (0.25 mg/cc amph) Sessions 

Activity levels recorded before exposures served as baselines for both pre

exposure and testing sessions and were not significantly different from each other. As 

figure 8 illustrates, overall activity significantly increased across all treatment conditions 

after pre-exposure [F (1 ,6) = 86.90, p < .001]. Pups had higher activity after exposure 

(M=.74, SE=.08) in contrast to baseline activity (M=.20, SE=.04). Analysis of 

deprivation effects showed that activity was significantly influenced by maternal 

deprivation [F (1 ,6) = 7.28, .Q < .05] , meaning maternally deprived pups had higher 

activity levels [(M(Dep/TA)=.77, SE=.09; M(Dep/CA)=.94, SE=.IO)] than non-deprived 

pus after pre-exposure [(M(NoDep/TA)=.66, SE=.06; M(NoDep/CA)=.61 , SE=.06)]. 
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Figure 8. Mean Activity After Pre-Exposure (0.6 mg/cc coc.) and . 
Testing (0.25 mg/cc amph.) Sessions in Experiment 2. 

(Error bars indicate standard error of the mean) 
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Analysis of variance indicated that pups activity level also increased significantly 

after the testing session [F (1 ,6) = 51.90, 12 < .001]. Activity significantly increased after 

exposure (M=.99, SE=.ll) compared to activity during baseline (M=.l8, SE=.09). As 

can be seen in Figure 8, analysis of deprivation effects also revealed that activity levels 

were dependent on deprivation conditions [F (1 ,6) = 30.27, 12 < .01] ; that is, maternally 

deprived pups had higher activity[(M(Dep/TC)= 1.43, SE=.24; M(Dep/CC)= 1.21 , 

SE=.50)] than non-deprived pups [(M(NoDep/TC)=.75 , SE=.06; M(NoDep/CC)=.57, 

SE=.07)]. No significant differences were found for pre-exposure. 

Activity was increased across all conditions after pre-exposure and testing. In 

addition, maternally deprived pups had higher activity than non-deprived pups after pre

exposure and testing sessions as well. In the same manner that pre-exposure to the lower 

cocaine concentration did not have an effect on activity, neither did pre-exposure to the 

higher cocaine solution, meaning that behavioral sensitization did not occur or was not 

possible since activity increased significantly across all conditions. A possible 

explanation is that stress and amphetamine have similar effects that are interchangeable 

and cause cross-tolerance. 

GENERAL DISCUSSION 

These studies present data that are clearly indicative of a potential drug self

administration process in neonatal rats. Thus, rat pups will self-administrate cocaine and 

amphetamine if pre-exposed to cocaine. In addition, the doses self-administered were 

sufficient to induce an increase in locomotor activity; specially when the rats 
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were re-exposed to either cocaine or amphetamine after an initial cocaine exposure. This 

sensitization is believed to be caused by two means. First, sensitization is the behavior 

that is manifested due to a neurobiological adaptation that is produced by 

pharmacological actions of the drugs on neural targets (Anagnostaras & Robinson, 1996). 

Second, sensitization may represent an increase in unconditional response (UR) to a drug 

(drug affects neural targets resulting in UR). A third view considers sensitization to be 

associative; that is, learning processes involving drug environment may cause this 

increase in behavioral reactivity to the drug (Anagnostaras & Robinson, 1996). Because 

in this study all the rat pups were tested in a different environment than were they had 

been deprived, the testing apparatus was a novel environment. It can then be inferred that 

behavioral sensitization was due to associative learning of the drug and the testing 

environment. Behavioral sensitization was evident when the pups were pre-exposed to 

the lower cocaine concentration of 0.3 mg/cc for both cocaine and amphetamine SA, but 

not when pre-exposed to the higher cocaine concentration of 0.6 mg/cc. Behavioral 

sensitization is a behavior that has been only observed in adult animals or at least in 

weaned animals. Contrary to the notion that infant rats do not exhibit sensitization, 

Tirelli and Ferrara (1997) found behavioral sensitization in 7-day-old rats but until 4 

cocaine injections. Their findings consist with the ones in this experiment more so in the 

maternally deprived pups. Maternally deprived pups consistently had higher activity 

levels (in contrast to baseline activity level) compared to the non-maternally deprived 

groups. This has been explained in the literature as cross-sensitization (animals 

demonstrate behavioral cross-sensitization between environmental stress and stimulant 

drugs such as cocaine and amphetamine) (Tirelli & Ferrara, 1997). This consistent 
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