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KAPLAN, J. N. Maternal responsiveness in the squirrel monkey following chronic administration of A~-THC. PHAR- 
MAC. BIOCHEM. BEHAV. 11(5) 53%543, 1979.--Mother squirrel monkeys were orally administered gradually 
increasing doses of A~-THC (from 0.5 to 5.0 mg/kg) 5 days/wk from 2 wk to approximately 6 mo after birth. After having 
received a dose of 5.0 mg/kg for an average of 3.5 too, drug-treated mothers were then compared with control mothers in 
terms of their responsiveness both to their own and to unrelated infants. In contrast to the control mothers whose response 
pattern clearly showed differentiation of their own and other infants, the mothers that received Ag-THC responded in much 
the same manner to the alien infant as they did to their own infant. The results show that the behavior of the THC-exposed 
mothers was not attributed simply to a general reduction in their responsiveness toward their offspring or to an overall 
reduction in their own state of arousal. Rather, the results suggest that chronic ingestion of A"-THC caused the mothers to 
be less disturbed by separation from their infants and/or produced some degree of perceptual distortion that prevented them 
from responding selectively to the different infants. 
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AN EXTENSIVE literature now exists for both lower 
animals and man on the behavioral consequences of 
marihuana and its major psychoactive ingredient A 9- 
tetrahydrocannabinol (Aa-THC). Both acute and chronic 
effects have been described in detail, including the develop- 
ment of tolerance to the drug (e.g., [ 121. One area of research 
that has been neglected, however- -and one which would 
appear to be extremely important--concerns the influence of 
this drug on social relationships established early in life. 
Such relationships play a key role in the development of 
emotional stability and social adjustment in both man and 
monkey. Conditions that interfere with these relationships 
are known to have adverse results [11. 

One of the most significant figures in the social-emotional 
development of an individual is its mother, and it is not 
unlikely that psychoactive drugs such as AY-THC taken by 
the mother could affect the quality of her caretaking activi- 
ties. There has been an increased usage of such drugs in 
recent years by females, particularly those in the age range 
most likely to have children [12]; therefore, a better under- 
standing of the risk to the child would appear warranted. 

Although the author is unaware of any studies on how 
maternal care is affected by A.%THC, there is sufficient 
evidence of the drug's general effects on behavior to suggest 
that marihuana could alter maternal behavior sufficiently to 

result in neglect of the infant. For example, its sedative-like 
effects, observed both in man and lower animals [4, 5, 6], 
could produce less than optimal concern for an infant. Re- 
ports from human subjects regarding sensory-perceptual 
distortions and an inability to think in a clearly organized 
manner following Ag-THC intake also suggest that maternal 
care might be adversely "affected 13, 5, 10]. 

The present study was conducted to provide information 
on maternal responsiveness in squirrel monkeys who had 
received A'~-THC on a chronic basis throughout the first six 
months of their infants' lives. Tests were conducted after a 
lengthy period of chronic treatment rather than after acute 
exposure, because any alterations in maternal care after such 
treatment would probably have a greater impact on the infant 
in terms of its emotional-social development. 

METHOD 

Subjects 

Fourteen pairs of mother and infant squirrel monkeys 
(Saimiri sciureus,Bolivian type) from our breeding colony 
were used as subjects. All adults had at least one infant 
previously and none had been used in any drug study before 
this experiment. Seven pairs were assigned at random to the 
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group receiving A"-THC and the other seven pairs served as T 
the control group. Each pair was removed from its multiani- I 
mal breeding group after an infant was born, then housed I 

separately in a standard primate cage for the duration of the j 
study. All pairs were housed in the same animal room which 1.5 m 
was maintained at a temperature of approximately 26°C and i 
was on a 12-hr light/dark schedule, lights on at 0700 hr. In- 
fants in the drug and control groups consisted of 3 males/4 ! 
females and 2 males/5 females, respectively. _~_ 

Drug Administration 

A'~-THC was administered to mothers 5 days per week, 
Monday through Friday, from two weeks after birth until 
tests of maternal behavior were completed and infants 
ranged between 26 and 30 weeks old. The drug was supplied 
by the NIDA as a 10 mg/ml solution dissolved in sesame oil 
and was administered by oral intubation with a commercial 
stainless steel curved animal feeding tube (18 ga × 5 cm). 
"[he time of administration was kept constant and occurred 
at 1100 hr, approximately 3 hr after the animals had been fed 
their morning meal. A dose of 0.5 mg/kg was administered 
initially and was then increased weekly by 0.5 mg/kg until a 
dose of 5.0 mg/kg was achieved. This latter dose was then 
maintained for the remainder of the experiment. The seven 
mothers that served as controls were intubated on the same 
schedule and with equivalent volumes of sesame oil as the 
drug-treated mothers. The stock solution of the drug was 
diluted with laboratory grade sesame oil (Fisher Scientific) 
whenever necessary in order to administer volumes of 0.5 ml 
to each animal at the different doses. 

Maternal lests 

Tests of maternal responsiveness were conducted over a 
two-week period and began when infants ranged between 24 
and 28 weeks old. They were conducted in a room 5.5 x 4.0 
x 3.5 m high, in which the floor had been divided into zones 
for recording an animal's location (see Fig. 1). Infants were 
presented in Plexiglas containers measuring 20 cm on a side, 
located in the corners of one end of the room. The containers 
had several small holes drilled in the top for ventilation. 
Containers differing in opacity were used for the purpose of 
modifying the difficulty with which mothers could discrimi- 
nate their infants, a parameter which was thought might 
differentiate drug-treated and untreated mothers. Infants in- 
variably vocalized when they were placed in the containers 
and, therefore, the clear containers afforded mothers both 
visual and auditory cues, compared with the opaque con- 
tainers that prevented visual exposure. We have previously 
demonstrated that mothers untreated with drugs can dis- 
criminate their infants on the basis of auditory cues alone, 
although to a lesser extent than when both visual and audi- 
tory cues are available 191. 

Mothers were tested under four separate conditions in 
which either their own infant or an alien infant was presented 
alone in either a clear or opaque (painted gray) container. 
Thus, the test conditions were: (1) own infant/clear con- 
tainer, (2) own infant/opaque container, (3) alien infant/clear 
container, and (4) alien infant/opaque container. A second 
container identical to the one in which an infant was placed 
was left empty and was presented at the same time in the 
opposite corner of the room (see Fig. 1). The alien infant that 
was used as a stimulus was similar in age (within 2 weeks) to 
a mother's own infant and belonged to one of the other 
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FIG. 1. l-loor plan of room used for tests of maternal responsiveness 
and response measures that were scored. 

mothers from the same treatment group. Because of the dis- 
proportionate number of males and females in the two 
groups, and because we wished to test mothers with alien 
infants that were close in age to their own infants (to elimi- 
nate the possibility that differences in the responses of 
mothers could be due to differences in the ages of the in- 
fants), it was not possible to control the gender of the alien 
infants in the test conditions (i.e., that for all mothers the 
alien infant was either the same as or different from their 
own infant). However, since previous work in our laboratory 
has shown that responsiveness toward an unrelated infant is 
not affected by that infant's gender [9J, this factor would not 
appear to be important under the present circumstances. 
Thus. the gender of the alien infant with respect to a 
mother's own infant varied from mother to mother, although 
the identity of this infant remained the same for a given 
mother throughout her testing. 

Six trials, each 5 min in duration, were administered for 
each condition. Three trials were conducted approximately 2 
hr after drug/vehicle administration and three trials were 
conducted approximately 22 hr after drug/vehicle adminis- 
tration. This schedule was selected so that a comparison 
could be made between effects that occurred shortly after 
administration (i.e., 2 hr postdrug) with those that occurred 
after a longer period of time (i.e.. 22 hr postdrug). All four 
conditions were presented consecutively in a single session 
on a given day, one trial per condition. The sequence of 
conditions was randomized for each session, and the side of 
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the room in which infants were presented was selected at 
random on each trial. 

Before the start of each session, the mother to be tested 
was separated from her infant and moved to a holding area 
outside the test room. The stimulus infant was then trans- 
ferred to the test room and placed inside the appropriate 
container. The mother was brought into the test room in a 
small transport cage and released from a designated start- 
ing line at the end of the room opposite the infant (see Fig. 
l). At the end of the 5-min trial, the mother was returned to 
the transport cage and placed outside the room until the 
next condition was set up with the appropriate infant and 
container. Four measures of the mother's behavior were 
obtained during trials: (I) latency from the start of a trial 
to enter a l-m proximity zone surrounding the container 
housing the infant, (2) duration of time spent in the prox- 
imity zone, (3) locomotor activity based on the number of 
lines crossed within four 2-m quadrants marked off on the 
floor of the room, and (4) frequency of vocalization. 

Statistical Analyses 

A three-factor analysis of variance (ANOVA) with re- 
peated measures on two factors (conditions and time of 
testing) was conducted for each category of maternal be- 
havior and evaluated in terms of overall differences be- 
tween (l) the two groups, (2) the two periods of testing 
after drug administration, and (3) the four test conditions 
[17]. The minimum criterion for statistical significance was 
0.05. Statistically significant results obtained with ANOVA 
were then followed by additional t-tests for making appro- 
priate comparisons (e.g., between conditions). 

RESU I.TS 

During the initial stages of A.%THC administration 
and/or when the dose of the drug was increased, some 
mothers appeared to display signs of intoxication which 
included a decrease in general activity and occasional 
vomiting. However, by the time maternal tests were con- 
ducted, none of the THC-exposed mothers displayed such 
behavior and, following drug administration, could not be 
distinguished from control mothers by observers who had 
no knowledge of the treatment of the different animals. 

In contrast to this apparent development of tolerance to 
certain easily noticed effects of Ag-THC, the results of our 
maternal tests indicated that chronic administration of the 
drug was not without other, more subtle, effects. The re- 
sults of ANOVAs for each of the parameters of maternal 
responsiveness obtained in these tests were similar and 
indicated that mothers receiving A'%THC responded in 
much the same way to the alien infant as they did to their 
own infant. Untreated mothers, however, displayed clear 
differential responses to the two types of infants (Fig. 2). 
These differences between the two groups are suggested 
by the F values for the Group × Conditions interaction 
obtained in the ANOVAs, which were statistically significant 
for the measures of vocalization F(3,36)=6.52, p<0.01,  
and latency to infant F(3,36)=3.45, p<0.05. ANOVAs also 
showed that overall, the conditions differed for both 
groups of mothers combined (vocalization, F(3,36)=9.96, 
p<0.01 ; latency to infant, F(3,36)=22.80, p<0.01; duration 
proximity, F(3,36)=21.36, p<0.01: locomotor activity, 
F(3,36)=4.00, p<0.05), but that neither time of testing after 
drug/vehicle administration nor differences between the 

groups summed over all conditions were significant factors 
for any of the measures scored. 

More detailed analyses of the differences between the 
two groups of mothers in their responses to own and 
alien infants were carried out by comparing scores for 
each group of mothers with respect to the magnitude of 
their responses to the two types of infant stimuli for each 
behavioral category. This was done by using t-tests for re- 
peated measures after combining scores for the clear and 
opaque conditions and for the 2-hr and 22-hr postdrug 
sessions. The results of these tests showed that the control 
mothers responded more vigorously to their own infant 
compared with the alien infant on each of the four behav- 
ioral measures that were scored: vocalization, t(6)=3.32, 
p<0.02;  latency to infant, t(6)=3.79, p<0.01; duration 
proximi ty ,  t (6)=4.39 ,  p < 0 . 0 1 ;  locomotor  ac t iv i ty ,  
t(6)=3.43, p<0.02.  In contrast, mothers that received 
A'%THC showed a greater response to their own infant 
only in terms of la tency  to infant ,  t (6)=2.67 ,  
p<0.05. However, this was still significantly less than that 
displayed by the control mothers as determined by com- 
paring the two groups on difference scores obtained for the 
two types of infants, t(12)=2.25, p<0.05. 

In general, both groups of mothers responded more to 
infants when infants were presented in clear containers. 
Differences between the clear and opaque conditions were 
significant for both groups of mothers for the measures of 
latency to infant, t(6)=4.53, p<0.01 for A%THC group and 
t(6)=3.68, p<0.02 for control group, and duration of prox- 
imity, both ts(6)>3.5, ps<0.02, but not for the measures of 
vocalization and locomotor activity. 

DISCUSSION 

The results of this study show that chronic intake of 
Ag-THC can cause a lack of differential responsiveness 
toward their own and alien infants on the part of mother 
squirrel monkeys. The behavior of THC-treated mothers, 
however, cannot be attributed simply to a general reduc- 
tion in their responsiveness toward their offspring or to an 
overall reduction in their own state of arousal. These 
mothers reached their infants as quickly at the start of a 
trial and also displayed similar levels of activity as un- 
treated mothers. 

The major distinguishing feature of the drug-exposed 
mothers compared to controls was that they responded in 
a similar fashion both to their own and to unrelated in- 
fants, instead of responding selectively as is typical. This 
occurred both in 2-hr and 22-hr tests following drug admin- 
istration, indicating that such behavior was not due to an 
acute effect of the drug. A lack of selective response was 
particularly noticeable in the results on vocalization, but 
occurred on the other behavioral measures as well. Only 
the latency data provided statistical evidence of selective 
responding by THC-treated mothers, but this was still sig- 
nificantly below that displayed by untreated mothers. 

One possible explanation for these findings is that the 
THC-treated mothers were less disturbed by separation 
from their infants than mothers who were not given the drug. 
Normally, physical separation of squirrel monkey in- 
fants from their mothers produces strong protest on the 
part of both members of the pair, exemplified most by an 
elevation in distress related vocalizations [8]. Such a reac- 
tion was quite evident in the control mothers of the present 
study, at least in terms of their differential respon- 
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FIG. 2. Mean :: S. E. scores per trial of maternal responses to own and unrelated infants following a 
schedule of chronic oral administration of A'4-THC to mothers for a period of approximately 6 months 
after birth. Infants were presented in either clear or opaque containers during tests to provide 
conditions that differed in the degree of sensory exposure, and tests were conducted at both 2 hr and 22 
hr after drug administration to mothers. Scores of control mothers represent mean for combined trials 

2 hr and 22 hr after vehicle administration. 

s iveness  to thei r  own  and alien infants.  Mothe r s  tha t  re- 
ce ived  A:LTHC, on the o the r  hand ,  d isp layed  much  less 
d is t ress ,  as measu red  by the f r equency  of  voca l iza t ions  
emi t ted  in tes t s  with the i r  own  infants .  H o w e v e r ,  one  
p rob lem with this  in te rpre ta t ion  is that  these  same mo the r s  
also voca l ized  more  f requent ly  than  cont ro l  mo the r s  in re- 
sponse  to the alien infant ,  which  would seem to indicate  
that  a s imple reduc t ion  in sepa ra t ion - induced  d is t ress  can-  
not expla in  the data  comple te ly .  

Thus ,  if A"-THC did have  an effect  on reducing  such 
d is t ress  u n d e r  the p resen t  cond i t ions ,  it would appea r  that  
o the r  mechan i sm(s )  were  p robab ly  involved  as well. One  
poss ible  con t r ibu t ing  fac tor  is tha t  some degree  of  percep-  
tual d is tor t ion  occu r red  in the T H C - e x p o s e d  an imals  which 

p r even t ed  t hem from respond ing  select ively  to the differ- 
ent  infants.  For  example ,  these  mo the r s  may have  had 
difficulty sor t ing  out  re levan t  f rom i r re levant  in format ion  
u n d e r  the  given tes t  cond i t ions ,  and  thus  r e s p o n d e d  in- 
appropr ia te ly  to the avai lable  cues.  On the  basis  of  such 
an  in te rpre ta t ion ,  the da ta  on  voca l iza t ion ,  which  we have  
prev ious ly  shown  to be a good measure  of  infant  identifi-  
ca t ion  by m o t h e r  squirrel  m o n k e y s  [91, would suggest  tha t  
the THC- t r ea t ed  mo the r s  were  def ic ient  in recogniz ing  
the i r  own  infants .  

It is also possible  tha t  the d i f fe rences  b e t w e e n  THC-  
t rea ted  and cont ro l  mo the r s  was  due to d i f fe rences  in be- 
hav io r  or  o the r  qual i t ies  of  s t imula t ion  on the part  of  in- 
fants  f rom the two groups ,  ins tead  of  to the direct  ac t ion 
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of  the drug on the mothers .  A'~-THC and its metabol i tes  
are  t r ans fe r red  to the infant  squirre l  m o n k e y  in the 
mothe r ' s  milk [21 and, therefore ,  it might be expec ted  that 
some sensory/behaviora l  quality of  the infants receiving 
the drug in this manner  would differentiate them from un- 
exposed  infants. Moreover ,  since in all cases  mothers  were  
tested with alien infants that were  from the same t reatment  
condit ion,  the relative lack of  selectivity by the T H C -  
exposed  mothers  may have been the result of  a c o m m o n  
character is t ic  shared by the infants in the drug-t reated 
group. Although this possibili ty cannot  be complete ly  dis- 
counted,  it seems unlikely on the basis of  observa t ions  
made in our  laboratory in which no differences were  found 
be tween  unexposed  infants and those consuming the drug 
via their  mothe r ' s  milk on measures  of  physical  growth 
and developmenta l ly- re la ted  behaviors  (unpublished data). 
H o w e v e r ,  certain cues  which might have differentiated ex- 
posed and unexposed  infants and for which no data were 
obtained (e.g., olfactory cues) would need to be evaluated 
specifically in order  to assess  their role in affecting mater-  
nal responsiveness  under the present  test condit ions.  It 
should be pointed out, however ,  that to trained observers  
the infants of  both groups looked and responded alike 
when presented in the plastic conta iners  during tests.  With 
respect  to olfactory cues,  none of  the mothers  of  ei ther  
group was observed  to sniff at, or  around,  the conta iners  
that housed the infants, suggesting that such cues had little 
bearing on the mothers" responses  in this test situation. 

A major  problem in studying the chronic effects  of  
A:'-THC is determining the extent  of  tolerance to the drug 

with repeated administrat ion.  Several  reports  on both human 
and animal subjects have indicated that rapid be- 
havioral  tolerance to A"-THC develops  under  certain con- 
ditions 17, 11, 13, 141. Howeve r ,  all of  the studies that 
have demonst ra ted  tolerance have examined nonsocial  be- 
haviors,  and the degree to which such results would gen- 
eral ize to the more complex  and spontaneous behaviors  
that occur  in a social milieu, such as was the case in the 
present  exper iment ,  is not clear.  For  example ,  in a study 
with socially living rhesus monkeys ,  it was found that 
administrat ion of  A"-THC at 2.4 mg/kg/day over  several  
months,  produced tolerance to the initial suppress ive  ef- 
fects of  the drug, but also a subsequent  increase in social 
aggression II61. 

Thus,  in the present  study, it is possible that any drug- 
related changes in maternal  care could have been altered 
during the course  of  chronic  t reatment .  Unfor tunate ly ,  sys- 
tematic  daily observat ions  of  mothers  and infants were not 
conducted  as part of  this exper iment  and clarification of  this 
point remains to be determined.  It is important  to point out, 
however ,  that throughout  the six-month period while 
mothers  and infants were  housed as pairs in cages,  
d rug- t rea ted  mothers  were  not consp icuous ly  different  
from control  mothers  in ei ther  their routine caretaking ac- 
tivities or  with regard to changes representing the normal 
sequence  of  maternal behavior  115]. Nonetheless ,  under 
formal test condit ions,  as demonst ra ted  here, some aspects  
of  maternal  responsiveness  were clearly affected by chronic 
administrat ion of  A:~-THC. 
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