
subunits. Similarly, neurons did not bind 
antibodies to muscle-specific (desmin), 
epithelium-specific (cytokeratin), or as- 
trocyte-specific (GFA) IF  subunits (data 
not shown). The binding of antibodies to 
vimentin to the nonneuronal cells in spi- 
nal cord cultures suggests that these cells 
contain a protein similar to vimentin. 
Additional evidence for this was ob- 
tained by analyzing the detergent-insolu- 
ble residue of such cultures on sodium 
dodecyl sulfate gels (Fig. 2E). The major 
band was one that migrated with chick 
vimentin. 
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Drug Discrimination Learning in Lead-Exposed Rats 

Abstract. Lead acetate (0.02 or 0.5 percent) was administered to dams throughout 
the lactation period with ha[f of the litters continuing on lead after weaning. Drug 
thresholds for d-amphetamine were determined by using the drug-discrimination 
learning paradigm. All rhe ofspring that had been exposed to lead were less sensitive 
to the stimulus properties of d-amphetamine irrespective of whether or not they had 
continued on lead after weaning. 

Studies of the neurobehavioral effects 
of long-term exposure to lead show con- 
sistently that lead-exposed rat pups 
exhibit altered drug responsivity. Re- 
sponsivity to both agonists and antago- 
nists of putative neurotransmitters has 
been examined, but most studies have 
been concerned with the effects of d- 
amphetamine sulfate. The altered re- 
sponse to an injection of d-amphetamine 
may be expressed as an attenuated in- 
crease (I) or paradoxical decrease (2) in 
locomotor activity relative to uninjected 
controls. Lead-exposed offspring have 
also shown altered drug responsiveness 
on active avoidance tasks, spontaneous 
alternation, and drug-elicited aggression 
(3). However, the direction of the drug 
response relative to controls has varied 
and appears to depend on such factors as 
the nature of the task, the dose, and the 
duration of exposure. Conflicting theo- 
ries of a hyposensitive or hypersensitive 
catecholaminergic system have therefore 
been postulated [see (#)I. 

To address this question we used a 
drug-stimulus discrimination paradigm 
that permits assessment of drug-re- 
sponse thresholds (5). The task present- 
ed to the animal is analogous to a simul- 
taneous discrimination problem with the 
only cue for directing response selection 
being the endogenous drug state, that is, 
whether the animal has received a drug 
or "no-drug" (vehicle) injection. We hy- 
pothesized that if a lead-exposed animal 
had a decreased sensitivity to amphet- 
amine then it would have an elevated 
drug-response threshold relative to the 
controls. In contrast, increased drug sen- 

sitivity would shift the drug discrimina- 
bility threshold to below that of the con- 
trols. 

Twelve female Long-Evans hooded 
rats (Charles River; four per group) were 
mated at 90 days of age. Within 12 hours 
after parturition and for the duration of 
lactation they were exposed to 0,0.02, or 
0.5 percent lead acetate in their drinking 
water. Litters were culled to ten pups at 
birth and eight pups at day 3. At weaning 
(day 21), two males were raddomly se- 
lected from each of the litters from lead- 
exposed dams, one male pup being ex- 
posed to the lead treatment of its dam, 
the other to distilled water. In addition, 
one male pup was randomly selected 
from each of the four control litters and 
exposed to distilled water. Remaining 
pups in the litters were assigned to other 
studies. All offspring were individually 
housed and maintained on Purina Lab 
Chow 5001. We thus had five treatment 
groups (four rats per group) for subse- 
quent experimentation-namely, group 
010, the controls; groups 0.0210.02, off- 
spring exposed to 0.02 percent lead ace- 
tate during lactation via the dam and 
after weaning; group 0.0210, offspring 
exposed to lead during lactation only; 
and group 0.510.5 and group 0.510, off- 
spring exposed to 0.5 percent lead ace- 
tate during the same periods as their 0.02 
counterparts. 

The litters exposed to 0.5 percent lead 
acetate had significantly depressed 
weights at weaning (42.41 t 4.6, mean 
+ standard deviation) compared to the 
controls (48.6 -1- 3.9) and litters exposed 
to 0.02 percent lead acetate (49 r 4.4). 
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Table 1. Concentrations of lead in the blood of rats exposed to lead acetate during lactation or in 
their drinking water, or both. The data are expressed as micrograms of lead per 100 milliliters of 
blood, and show group means * standard deviations. 

Treatment Day lo* Day 21* Day 30 Day 90 

*Calculated with the litter being used as a unit of measurement, +Values are the same for the different 
groups because it was not until weaning that the treatment of the groups changed. 

This difference persisted for the duration 
of the experiment in the offspring contin- 
ued on 0.5 percent lead acetate, whereas 
the littermates placed on distilled water 
were no different from the controls by 30 
days of age. Lead concentrations in the 
blood were determined periodically and 
these values are reported in Table 1 (6). 

At 90 days of age the animals were 
gradually reduced to 80 percent of their 
weight. They were then trained to bar 
press in a two-bar Colbourne operant 
chamber. Reinforcement was available 
on one level after a drug injection was 
given and on the "no-drug" bar after a 
saline injection was given. Relnforce- 
ment was 0.1 ml of 33 percent sweetened 
condensed milk solution. The conditions 
of drug or no-drug were alternated over 
days during the initial shaping proce- 
dures in moving the animals from a con- 
tinuous reinforcement schedule to a 
schedule on which the animals were re- 
quired to press the correct bar ten times 
to obtain one reinforcement [fixed ratio 
10 (FR lo)] (7). During training d-am- 
phetamine sulfate (1 mgikg) o r  saline 
(controls) was injected subcutaneously 
30 minutes before the start of each 30- 
minute test session. An animal was 
judged to have discriminated accurately 
between saline and amphetamine injec- 
tions if it pressed the incorrect bar five or 
fewer times before pressing the correct 
bar ten times during the first 15 bar 
presses of a session. If this criterion was 
met on eight out of ten consecutive ses- 
sions, then the animal's drug dose was 
lowered by approximately 30 percent. 
This criterion and procedure are similar 
to that recently described by Overton 
(8). If criterion was not attained on eight 
out of ten consecutive sessions, the dos- 
age was raised by 30 percent for the next 
ten sessions. This decreasing and in- 
creasing of the dose was done over 
successive ten-session blocks with test- 
ing being terminated when the animals 
failed to meet criterion when tested 
twice (in two ten-session blocks) at a 
particular dose. 

The data were analyzed in terms of the 
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lowest dosage preceding each animal's 
initial failure to meet the criterion on 
eight out of ten consecutive sessions as 
well as  the dosage where the final thresh- 
old level was set. To  contrast the control 
(010) group's performance with that of 
the groups that received lead during lac- 
tation only (0.0210 and 0.0510) and the 
groups that were exposed to lead contin- 
uously (0.0210.02 and 0.510.5), we used a 
repeated measures analysis of variance 
(ANOVA) with one between-factor 
(treatment) test and one within-factor 
(original versus final threshold) test. We 
found that the controls had significantly 
lower drug thresholds (0.14 -+ 0.07, 
mean r standard deviation) than group 
0.0210 (0.29 t 0.04), group 0.510 

. 0.510 

93 90 95 9 

0.510.5 : *-\ I 0.70 1 0.35 1 0.175 , 0.10 , 0.70 , 

1.00 0.50 0.25 0!125 

Dose (rnglkg) 

Fig. 1. The number of animals in each treat- 
ment group reaching criterion during training. 
Numbers on the lines represent the mean 
percentages of trials on which criterion was 
met at each dose. 

(0.26 r 0.05), and the two groups con- 
tinued on lead after weaning: group 0.021 
0.02 (0.23 -+ 0.04) and group 0.510.5 
(0.3 -+ 0.04) (9). There were no signifi- 
cant differences between original and 
final thresholds or any significant inter- 
actions. 

The dose response curves in Fig. 1 
reflect the number of animals in each 
group meeting criterion in eight out of 
ten consecutive sessions at  each dose 
level. Figure 1 also shows the perform- 
ance of each group at  each dose as  the 
mean percentage of trials within a ten- 
block session at  which criterion was met. 
The large number of control animals at  
the lower doses indicates their s u ~ e r i o r  
discriminative ability. 

We also examined the tendency of 
lead-ex~osed animals to emit extraneous 
bar presses. Such random responding 
could produce a background level of 
errors that would summate with "true" 
errors of discrimination at low dose lev- 
els, yielding an artificially elevated drug 
threshold. We therefore determined (i) 
the number of correct and incorrect re- 
sponses made before the first reinforce- 
ment was given as well as afterward for 
the entire session; (ii) the number of 
reinforcements received per session; (iii) 
the latency (in seconds) to the first rein- 
forcement per session; and (iv) the num- 
ber of responses above FR 10 prior to the 
animal's disengaging the bar to obtain 
each reinforcement. Statistical analyses 
run on these measures revealed no sig- 
nificant treatment effects. Although all 
animals tended to show increased errors 
as the drug dose was lowered, this ten- 
dency was not treatment-related. Thus 
the lead-exposed animals did not exhibit 
a higher background error rate. More- 
over, the absence of differences in mea- 
sures of latency and total reinforcements 
suggest that the lead-exposed offspring 
were as  well motivated as controls in the 
performance of this task. This last find- 
ing is in agreement with earlier work (10) 
that indicated no performance differ- 
ences under an FR 10 schedule between 
lead-exposed animals and control off- 
spring. 

These data substantiate the hypothesis 
of an amphetamine-hyposensitivity in 
the lead-exposed animal and suggest that 
the development of such hyposensitivity 
may depend primarily on the animal re- 
ceiving neonatal exposure to lead since 
the deficit was seen in all lead-exposed 
animals whether or not they were contin- 
ued on lead after weaning. 

Several lines of evidence suggest that 
the altered sensitivity may in part reflect 
an altered dopaminergic system. This 
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contention is supported indirectly by 
data from drug-discrimination studies in 
which attempts were made to delineate 
the neurochemical substrate of the am- 
phetamine cue. Schechter and Cook (11) 
examined a number of specific biogenic 
amine depletors (for example, a-methyl- 
p-tyrosine and disulfiram) and selective 
receptor antagonists (for example, halo- 
peridol, phenoxybenzamine) for their ef- 
fects on the discriminative properties of 
amphetamine. Their data suggested that 
dopaminergic systems mediate the in- 
teroceptive cue produced by ampheta- 
mine. Others have reported similar find- 
ings (12). 

Lead has been reported to affect many 
of the putative neurotransmitter sys- 
tems. According to Shih and Hanin (4), 
studies in the rat have revealed either no 
change or decreases in dopamine levels. 
However, more recent reports show 
consistently that lead induces alterations 
in the dopaminergic system, and studies 
by Govani and colleagues (13) show that 
lead modifies dopamine synthesis in var- 
ious directions according to the region 
examined. Moreover, no modification of 
the dopamine receptors (measured as 
either dopamine-sensitive adenylate cy- 
clase or as [3~]spiroperidol binding) was 
observed. 

Theories abound regarding the neuro- 
chemical substrate involved in lead tox- 
icity. The results of the present study 
suggest that with the appropriate ma- 
nipulation of antagonists, depletors, and 
agonists, the drug-discrimination para- 
digm can provide insight into the nature 
of the increased drug thresholds ob- 
served in the lead-exposed animals in 
this study. 
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Eusociality in a Mammal: Cooperative 
Breeding in Naked Mole-Rat Colonies 

Abstract. Laboratory observations on afield-collected colony of 40 Heterocepha- 
lus have shown that only a single female breeds. The remaining individuals 
constitute two or three castes, each containing both sexes and distinguishable by size 
diferences and the tasks they perform. These features, together with long life-spans, 
overlap of generations, cooperative brood care, and possible age polyethism provide 
parallels with the eusocial insects. 

Naked mole rats (Heterocephalus 
glaber: Rodentia, Bathyergidae) are 
found in the hot, arid regions of Kenya, 
Somalia, and Ethiopia. They live entirely 
underground in a system of extensive 
foraging tunnels running at root or tuber 
level and a deeper nest area (I). They 
feed largely on bulbs and tubers. Unlike 
other completely subterranean mam- 
mals, they live in large colonies (2). 

Mixed colonies (3) of mole rats have 
been under laboratory observation for 6 
years. In October 1977 an almost com- 
plete colony (4) of 40 individuals was 
collected at Mtito Andei, Kenya. There 
were 16 females and 24 males, of whom 4 
males and 1 female were clearly juve- 
niles and probably represented the most 
recent litter born in the colony. The 
breeding female was not caught (5). The 
mole rats were marked individually, es- 
tablished in an artificial burrow system 
(6), and given a year to adjust to captivi- 
ty and for a new breeding female to 
establish herself. Then, after 100 hours 
of observation, the mole rats were rated 
according to their reproductive roles and 
the frequency with which they per- 
formed various tasks in the colony. In 
eusocial insects, a caste is anv set of 
individuals of a particular morphological 
type or age group (or both) that performs 
specialized labor in the colony (7). By 
these criteria, Heterocephalus colonies 
appear to have a system of castes (Fig. 
1). 

"Frequent workers" are mole rats 
that frequently perform tasks associated 
with nest building and foraging. Included 
in the broad category of foraging are 
digging and transporting soil and the 
carrying of small items of food to the 
communal nest. During the latter activi- 
ty, the frequent workers make repeated 
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trips with food without pausing to eat. 
"Infrequent workers" show role overlap 
with the frequent workers, but perform 
tasks in the colony at less than half the 
rate of the frequent workers (25 percent 
of 616 observations). The mean weight of 
this group is significantly greater than 
that of the frequent workers. Further 
research is needed to determine whether 
this is a separate permanent caste. 
"Nonworkers" are usually the largest 
mole rats in the colony. They very rarely 
dig or transport materials. Their role is 
not easy to define, but appears to be 
partly reproductive in that males of this 
caste are the most likely to mate with the 
breeding female. Sleeping nonworkers 
are often joined by other individuals and 
their huddling significantly decreases the 
energy requirements of the colony (8). 
Nonworkers assist in the care of the 
young. 

The female mole rats in all these castes 
are nonbreeding, and probably most will 
never breed. Histology of the ovaries of 
nonbreeding females shows them to have 
many primordial and primary follicles, 
but few secondary and tertiary follicles 
(9). The females are probably not sterile, 
but the ovaries appear to be quiescent. 
Spermatogenesis was evident in males 
from all the castes, suggesting that all are 
potentially able to inseminate the breed- 
ing female. Small males, however, have 
difficulty in copulating with the larger 
breeding female. 

The breeding female resembles the 
nonworkers in size and does not perform 
tasks in the colony. She is the only 
female in the colony to breed and, in the 
laboratory, produces one to four litters 
of up to 12 young a year. Prominent teats 
and a perforate vagina are characteristic 
of the breeding female. Histology of the 
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