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GALLUS, J. A., R. G. SEWELL. JR., N. 1. NEARCHOU AND F. P. GAULT. EnvirotmtcHtal determinants qf 
parachloroamphetamine toxicity iH rat.~. PHARMAC. B1OCHEM. BEHAV. 17(3) 467-471, 1982.--The present investiga- 
tion assessed PCA toxicity at 0.0, 5,0, and 10.0 mg/kg, in both social (4 rats per cage) and non-social (acrylic tube-restraint 
or tube restraint-plus-tail shock) circumstances with 16 rats per drug-environment condition. The results indicated that no 
dose of PCA alone yielded mortality under individual housing, and similarly no environmental circumstance by itself 
yielded mortality in the absence of PCA. However, various drug-environment interactions produced a dose-related 
enhancement of PCA toxicity. For both 5.0 mg/kg and 10 mg/kg parachloroamphetamine dose levels, restraint-plus-shock 
generated the highest percent mortality, followed by restraint-only, with conspecific aggregation producing a mortality 
incidence lower still. Further, the mortality displayed under each of these environmental conditions was greater for the 10.0 
mg/kg PCA treatment than for the 5.0 mg/kg treatment. The results are discussed in terms of the relative aversiveness of the 
environmental setting and it is suggested that stress-related drug toxicity may be further analyzed in non-social settings. It 
is proposed that toxic environment-PCA interactions may result from altered cardiovascular and/or thermoregulatory 
processes, mediated by enhanced catecholaminergic activity. 
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TOXICOLOGICAL studies have indicated that housing 
conditions are influential determinants of the lethal proper- 
ties of drugs, particularly those of the sympathomimetic 
amines [10, 14, 19, 24, 26, 61, 65, 66]. In investigations of this 
kind, mice or rats, are typically group-housed prior to drug 
intervention, injected, and then either housed individually or 
in aggregation for the duration of drug effect [26,65]. Various 
studies have shown d-amphetamine to be much more toxic in 
acutely grouped rodents than in acutely isolated subjects 110, 
14, 26, 61]. Nielson, eta/ .  [43] have demonstrated this effect 
for the halogenated amphetamine derivative, para- 
chloroamphetamine (PCA). From both a pharmacological 
and behavioral point of view, aggregation toxicity is of inter- 
est as it demonstrates that environmental circumstance is an 
important determinant of drug action. However, the mech- 
anism by which PCA and other sympathomimetic amines 
interact with housing population density to yield mortality 
remains unclear. 

As in all social circumstances, the stimulation provided 
by group housing permits the confluence and covariation of 
several factors, any of which may conceivably be responsi- 
ble for the aggregation toxicity effect. It is well-known for 
instance, that grouping of unfamilar conspecifics is stressful, 
yielding hormonal, neurochemical, and behavioral changes 
similar to those produced by a variety of aversive events 
(e.g., restraint or electric shock) [19, 24, 61]. In analyzing the 
aggregation toxicity effects of the serotonin depletor PCA, 
we speculated that other kinds of aversive events might also 
enhance the lethal properties of this drug. The present study 
corroborates the finding that group housing does enhance 

PCA's lethal properties and demonstrates that similar results 
are produced by aversive events of a non-social nature. 

METHOD 

Subject,~ 

One hundred and ninety-two experimentally naive, male 
Sprague-Dawley rats, obtained from Harlan Industries (In- 
dianapolis, IN) served. All subjects were at least six months 
of age and were given free access to Purina Laboratory Ro- 
dent Chow and to water. Prior to the initiation of the study 
all subjects were housed in groups of four rats per cage. At 
all points in the study the rats were colony room-housed with 
a twelve hour day/night cycle under constant temperature 
(23°C ca). At study's onset, subjects received random as- 
signment to the various drug-environment conditions. 

App¢lrattts 

Housing conditions apparatus. This apparatus consisted 
of simple stainless steel cages, each measuring 22 cm by 21 
cm high by 30 cm deep (Unifab Corp., Kalamazoo, MI), 
located in the colony room. A food hopper and watering 
bottle were attached to each of these cages allowing free 
access to rodent chow and water. 

Restraint und shock conditions apparatus. This apparatus 
consisted of four identical instruments, each generally simi- 
lar to that described by Azrin, Rubin and Hutchinson [1]. 
Each instrument incorporated two principal features: (1) a 
restraining tube into which the rat was loosely inserted with 
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its tail exiting through the rear of the tube toward dual elec- 
trodes; (2) two secured surface electrodes which were laid 
across the tail. Specifically, an acrylic baseplate (51 cm long) 
secured two stockades into which snapped an acrylic re- 
straining tube (9.5 cm dia., 28 cm long) with floor, and re- 
movable cap at one end. A slit in the tube's ceiling allowed 
for the " threading" of the animal into the tube (this slit was 
subsequently covered with a snap-on acrylic strip which 
prevented escape). A hole (2.5 cm × 2.5 cm) in the tube's 
floor allowed feces and urine to exit. From the tube's rear 
the subject's tail protruded and was taped to an extended 
acrylic bar so that the tape was posterior to both electrodes. 
The tail restraint bar was connected to the restraint tube by 
two acrylic supports. To the top of each acrylic support was 
hinged an aluminum electrode (0.95 cm × 0.95 cm ,~ 10.0 
cm). The tail contact areas of the two electrodes were ap- 
proximately 2.5 cm apart. 

Each electrode and restraint-tube assembly was enclosed 
in a force-ventilated, and sound attenuating chamber 
equipped with masking noise from a running fan and "white  
nosie" (80 dB). Shock was produced by a Grason-Stadler 
Shock Generator (model #700). Duration of exposure to 
chamber illumination Ca single GE 7.5 watt bulb), ventilation, 
and white noise, as well as parameters of shock (when deliv- 
ered), were controlled by conventional electromechanical 
equipment. 

Procc, dltlc 

Subjects were injected with either saline, or p-chloro- 
amphetamine (PCA) at a dose of either 5.0 mg/kg or 10.0 
mg/kg. All injections were intraperitoneal and 0.5 cc in vol- 
ume. All PCA administrations were prepared from d,I- 
para-chloroamphetamine hydrochloride (Sigma Chemical 
Co., St Louis, MO) and delivered in isotonic saline vehicle. 
Ten minutes after injection subjects were randomly selected 
for challenge with one of four environmental circumstances. 
These included either one of two "housing condition" situa- 
tions, or one of two "'restraint tube" situations. Those 
animals assigned to one of the housing conditions were 
placed either (a) individually into standard Unifab home 
cages located within the colony room, or (b) into groups of 
four stranger conspecifics in Unifab cages located in the col- 
ony room. These animals remained in their respective hous- 
ing conditions for 24 hours. Those animals assigned to one of 
the restraint tube conditions were placed either (c) into a 
restraint tube for 0.5 hours without shock and then returned 
to a colony room, Unifab cage for individual housing, or ld) 
in a restraint tube for 0.5 hours with shock and then returned 
to a colony room, Unifab cage for individual housing. Thus, 
a total of twelve groups was generated wherein each of three 
drug conditions was further subdivided into four environ- 
mental conditions. These treatment conditions are sum- 
marized in Table 1. Each group consisted of 16 subjects. 

For the restraint-plus-shock and the restraint-only condi- 
tions, each subject's tail was taped down to the acrylic tail- 
stock with Zonas " 2,5 cm wide porous tape (Johnson and 
Johnson, New Brunswick, N J). Subsequently, each tail was 
cleansed with isopropyl alcohol. Electro-Sol EKG Cream '~* 
(Lumiscope Co., New York, NY) was then firmly massaged 
into tail segments beneath the electrodes for approximately 
10 seconds. A 0.5 hour restraint-exposure session then 
ensued during which masking nosie (80 dB) and house-light 
illumination were presented. For the restraint-plus-shock 
groups, there occurred concurrent fixed-time 2.0 minute tail 

TABI~E 1 

DRUG " IREATMENT AND E N V I R O N M E N 1 A I ,  C( )NDITION I:()R 
EACH GROUP 

Dose Envi ronmenta l  
Group l)rug (mg/kg) Condition N 

I I.) Saline - -  tA.) Individual Housing It, 
(2.) Saline - -  lB.) Group Housing hq 
(3.) Saline - -  {C.) Restraint-Only 16 
(4.1 Saline - -  (D.) Restraint-Plus-Shock 16 
(5.) PCA 5.0 (A.) Individual Housing 16 

(6.) PCA 5.0 (B.) Group Housing 16 
(7.) PCA 5.0 (127.) Restraint-()nl} h'~ 

(8.) PCA 5.0 (1).) Reslraint-Plus-Shock h'~ 
(9.) PCA 10.0 IA.I Individual Housing 16 

(10.) PCA 10.0 (B.) Group Housing 16 
(1 I.) PCA 10.0 IC.) Restrainl ()hi_,, 16 
(12.) PCA 10.0 (D.) Restraint-Plus Shock Ih 

shock such that 15 shocks were delivered during the session. 
Shock deliveries were 500 msec in duration, unsignalled, and 
4.0 mAmp in intensity. All injections and environmental 
challenges were initiated between the hours of 10:00 a.m. 
and 5:00 p.m. Mortality was assessed at twenty-four hours 
post-injection, as preliminary evidence had shown that de- 
velopment of PCA-toxicity was unlikely after this period. 

RESUI/IS 

Figure 1 shows the percent mortality, observed as a func- 
tion of the drug dose and the enviornmental circumstance 
presented. No deaths occurred in any saline group, regard- 
less of environmental condition. In addition, no deaths oc- 
curred for individually housed animals regardless of drug 
presence or dose. This indicates that no single environmental 
challenge alone, nor any single drug treatment alone, was 
sufficient to produce lethal reactions. Group housing with 
unfamiliar conspecifics, restraint-only, and restraint-plus- 
shock did yield lethal reactions when subjects had been pre- 
viously treated with para-chloroamphetamine. For those 
animals in the group-housed condition, post-mortem inspec- 
tion of carcasses revealed little evidence of biting-induced 
tissue damage, thus suggesting death via conspecific attack 
as unlikely. Statistical analysis via Chi Square procedures 
indicated that these differences were highly significant: 
X~(25) 60.0, p<0.01,  contingency coefficient {).4082483. 
Taken together, these facts indicate that lethality was a re- 
sult of a drug-environment interaction. 

For each parachloroamphetamine dose level, restraint- 
plus-shock yielded the highest mortality incidence, followed 
by restraint-only with conspecific aggregation producing a 
percent mortality lesser still. As shown in Fig. 1, this drug- 
environment interaction yielded toxicity which was dose- 
related. Injections of 10 mg/kg produced a greater percent 
mortality than administration of 5 mg/kg for each 
enviornmental challenge in which toxicity was observed. 
Thus, for the group-housed condition, 10 mg/kg produced 
37.5c~ lethality whereas 5 mg/kg yielded no deaths. For the 
restraint-only condition, 10 mg/kg yielded 5 ~  lethality and 5 
mg/kg yielded 31.3c~ lethality while for the restraint-plus- 
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FIG. 1. Percent mortality 24-hours post-injection for groups of 16 
subjects which were exposed to one of four environmental condi- 
lions (individual housing, group housing, restraint-only, or 
restraint-plus-shock) and one of three drug treatments (saline, 5.0 
mg/kg PCA, or 10.0 mg/kg PCA). 

shock condition, I0 mg/kg produced a percent mortality of 
81.2% and 5 mg/kg effected a 56.3% death rate. 

DISCUSSION 

This experiment demonstrated toxic drug-environment 
interactions for para-chloroamphetamine which occurred in 
both social and non-social circumstances.  Neither environ- 
mental circumstance nor drug treatment was lethally toxic 
when presented alone. However,  when drug and various 
environmental challenges were presented in concert,  toxic 
interactions appeared and were dose-related. Under PCA 
treatment,  restraint-plus-shock produced the greatest per- 
cent morality followed by simple restraint while crowding of 
unfamiliar conspecifics produced a lesser percent mortality. 
These findings thus corroborate several previous reports of 
toxic drug-environment interactions. The toxicity of 
d-amphetamine has been related to the stress of aggregation 
and electric shock [24,65]; morphine aggregation toxicity re- 
lated to the stress of aggregation and tactile stimulation 
[18,40]; and digitalis toxicity related to restraint stress [42]. 

Taken collectively, these data show that drug-environment 
interactions occur in both social and non-social settings, and 
indicate that determinants of stress-related drug toxicity may 
be evaluated in situations simpler than those afforded by the 
social environment. In addition, these data emphasize that a 
drug's  lethal dose-50 characteristics (LDs0) (e.g., the dose of 
drug at which 50%, of subjects die) should not be considered 
as immutable properties of the drug. Rather, the LDs0 index 
appears to be highly specific to environmental context. 

It has been repeatedly shown that animals will escape and 
avoid environments which are crowded [8,9], yield physical 
restraint [2], or involve electric shock [5,28]. Although in the 
present study no attempt was made to index the degree of 
aversiveness associated with each enviornmental condition, 
it seems likely that restraint-plus-shock was more aversive 
than restraint-alone, which was in turn more aversive than 
individual housing. On a speculative level, the present find- 
ings have suggested that the greater the aversiveness asso- 
ciated with a given environment, the greater will be the toxic 
interaction with the sympathomimetic amines. 

Acute exposure to various aversive stimuli enhances both 
central and peripheral sympathetic functions via mediating 
hypothalamic events [3, 23, 36, 41]. Increased catecholamine 
synthesis and release occur, as well as increased biosyn- 
thesis of related enzymes (e.g., tyrosine hydroxylase) in 
brain and adrenal medulla [4, 30, 37, 62]. Aversive stimuli 
yield altered cardiovascular function including tachycardia 
[6,17], increased arterial blood pressure [7,27], and increased 
release of norepinephrine from heart [64]. Noxious cir- 
cumstances also produce emotional behaviors [29], locomo- 
tion [48], changes in body temperature [11, 14, 48, 60, 67], 
and various peripheral manifestations of sympatho- 
medullary action such as piloerection, mydriasis, and 
proptosis [31]. 

Within minutes after parenteral parachloroamphetamine 
administration serotonin is released from CNS neurons [15, 
44, 45, 50] yielding a serotonin-mediated abnormal motor 
syndrome [15, 25, 53, 63]. There then occurs a well- 
documented, steady decline in serotonin and 
5-hydroxyindoleacetic acid levels which persists for some 
months [34, 39, 44, 52]. Besides serotonergic changes, how- 
ever, PCA also induces marked alterations in CNS catechol- 
aminergic activity, for short durations (24 hours, maximum). 
PCA yields pronounced release of catecholamines [15, 34, 
56, 59] with concurrent enhancement of tyrosine hy- 
droxylase activity [51] and catecholamine turnover [13]. 
Catecholamine reuptake into CNS neurons is simultaneously 
diminished [34,49]. These catecholaminergic changes have 
been demonstrated in vivo, in hypothalamus [59] and other 
brain structures [58]. Catecholaminergic shifts are 
temporally-related to PCA-induced hyperthermia [20, 35, 46, 
47], accelerated cardiovascular function [43] and enhance- 
ment of locomotor [ 13, 21, 32, 33, 38, 43, 53, 58] and aver- 
sively motivated behaviors [16, 55, 57]. Thus, PCA and av- 
ersive environmental events can each yield enhanced 

sympatho-medullary functions, accompanied by hypothal- 
amic activation, increased arterial blood pressure, 
tachycardia,  and hyperthermia. Cardiovascular and/or ther- 
moregulatory functions, mediated by catecholaminergic ac- 
tivity, are therefore suggested as potential mechanisms in- 
volved in toxic PCA-environment synergisms. 
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