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LASKY, D. I., I. S. ZAGON AND P. J. MCLAUGHLIN. Effect of maternally administered heroin on the motor activity of 
rat offspring. PHARMAC. BIOCHEM. BEHAV. 7(3) 281-284, 1977. - The behavior of 21-day old rats whose mothers 
were administered heroin (5 mg/kg daily) throughout gestation and lactation was studied utilizing an activity wheel, 
activity cage, open field test, and step-down latency times from an elevated platform. The total score of all behavioral tasks 
of offspring from heroin-injected females was statistically different from that of pups from saline-injected mothers, with 
heroin-treated animals appearing more active. 

Heroin Behavior Development Motor 

THE WITHDRAWAL syndrome in infants of  heroin- 
addicted mothers  is wel l -documented  [2, 5, 8 ] ,  but  l i t t le is 
known about  the long-term behavioral  deve lopment  of  
these children. Newborns  of  narcot ic- t reated females have 
been repor ted  to be irritable and hyperact ive,  o f ten  
exhibi t ing a high pi tched cry, t remors,  and myoc lon ic  jerks. 
Studies on addicted children f rom birth to 34 mon ths  of  
age reveal that  50% of these infants demonst ra te  behavioral  
disturbances,  p redominan t ly  hyperac t iv i ty ,  br ief  a t t en t ion  
spans, and temper  tan t rums [ 13 ].  

Al though the pharmacological  effects  of  heroin  on 
young  adult  l abora tory  animals have been repor ted  
[11 ,12] ,  behavioral  studies conduc ted  on developing 
animals exposed to heroin  are l imited.  Previous inves- 
tigators [9] have shown a dose-related response to loco- 
mo to r  act ivi ty of  mice subjected to chronic  in t ravenous or 
subcutaneous  inject ions of  heroin,  with the dura t ion  of  
hyperact ivi ty  increasing with higher drug concentra t ions ;  a 
max imum dosage of  10 mg/kg was used in these studies. A 
disrupt ion in the normal  diurnal pa t te rn  of  behavior  was 
observed in adult rats chronical ly t reated on a daily basis 
for two weeks with 5 mg/kg  or  20 mg/kg  of  heroin  [10] .  
Af ter  each heroin  inject ion,  these investigators found an 
initial phase of  depressed behavior that  was fo l lowed  by a 
period of  hyperact iv i ty ,  with the lat ter  response being more  
p ronounced  as tolerance to the depressant effects  de- 
veloped.  A differential  effect  on the l o c o m o t o r  act ivi ty of  
two different  inbred strains of  mice has been repor ted  by 
Oliverio and Castellano [6 ] ,  suggesting that  mechanisms 

responsible for individual differences in react ivi ty to heroin  
may be genetical ly control led  [7] .  However ,  when the 
behavioral  activity o f  heroin  was po ten t ia ted  by the 
addi t ion of  amphe tamine  or  alcohol,  previously unreact ive 
mice had increased m o t o r  act ivi ty  [3] .  

The present investigation was under taken  in order  to 
de termine  the effects  of  chronic  maternal  heroin  adminis- 
t ra t ion on the behavioral  pat terns  of  21-day old rat 
offspring that  were exposed to this drug during gestat ion 
and lactat ion.  Util izing several behavioral  tasks, m o t o r  
act ivi ty was measured in offspring subjected to heroin  or 
saline. 

METHOD 

Animals and Drug Treatment 

Female  ( 1 8 0 - 2 0 0 g )  and male ( 2 5 0 - 3 0 0 g )  Sprague- 
Dawley rats (Charles River Labs) were housed under  
control led  condi t ions  [14] with water  and Wayne Lab- 
ora tory  Chow available ad lib. All animals were al lowed 6 
days to accl imate  to their  surroundings before  the be- 
ginning of  drug injections.  Females  were t reated with an 
intraper i toneal  inject ion ei ther  once daily (0800)  wi th  
5 m g / k g  or  twice  daily (1800 and 1800) wi th  
2.5 mg/kg/ in jec t ion  of  d iace ty lmorph ine  (heroin);  control  
animals were t reated with an equivalent  vo lume of  saline 
under  similar condit ions.  Animals  were weighed every 2 
days and appropria te  dosage adjustments  made.  

Five days after  the beginning of  drug t rea tment ,  females 
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were  p laced  wi th  drug-free males  for  b reed ing ;  the  presence  
of  sperm in vaginal  smears  ind ica ted  Day 0 of  ges ta t ion .  At  
b i r th ,  l i t t e r  size was ad jus ted  to 8 pups  per  m o t h e r ,  w i th  an  
equal  d i s t r i bu t i on  of  males  and  females.  All pups  were 
weighed on  the  day of  b i r t h  and  at wean ing  (pos tna t a l  
Day 21).  Rat  pups  were separa ted  f rom the i r  m o t h e r s  on  
Day 21. T w e n t y - f o u r  hr  e lapsed f rom the  t ime  of  the  last 
m a t e r n a l  in j ec t ion  for  the  5 mg /kg  once  daily group,  and 
14 h r  e lapsed f rom the  m o t h e r ' s  last i n j ec t ion  for  the  2.5 
mg /kg  twice daily group,  be fore  behav iora l  tes ts  were 
admin i s te red .  

Behavioral Tasks 

Rat  pups  were a l lowed 1 hr  acc l ima t ion  to the  tes t ing 
l oca t i on  before  the  beg inn ing  of  e x p e r i m e n t a t i o n ;  all tes ts  
were p e r f o r m e d  on p o s t n a t a l  Day 21. The  same an imals  in 
each  group  were t es ted  for  all behav iora l  tasks,  and  on ly  
one  an imal  per  g roup  (i.e., saline,  2.5 mg /kg  twice  daily,  
5.0 m g / k g  once  dai ly)  was p laced  in a tes t ing  appara tus .  
Af te r  10 rain  of  obse rva t ion ,  the  rat  pup  was r em oved  and  
r e t u r n e d  to  its h o m e  cage; 50 m i n  elapsed before  each 
an imal  was re tes ted .  Rats  f rom each  group were ro t a t ed  
a m o n g  the  behaviora l  tasks in o rder  to  con t ro l  for possible 
ef fec ts  of  t ime  of  day and o rde r  of  p r e s e n t a t i o n  of  tests.  

Open field test. The  open  field was c o n s t r u c t e d  of  
mason i t e  w i th  a 52.5 cm x 52.5 cm surface,  divided in to  
10 cm x 10 cm squares;  walls were 20 cm high.  I l lumi- 
n a t i o n  was p rov ided  by  s t andard  f luo rescen t  ceiling l ights  
and  a 60 W fight bu lb  suspended  over  the  cen te r  of the  
field. Each ra t  was p laced  in the  cen te r  square  of  the  field 
and  tes ted  for  t en - m i n  t ime  per iods .  The  score for  each rat  
was the  n u m b e r  of  ent r ies  in to  a single square  wi th  all four  
paws. 

Activi ty  cage. A cyl indr ical  ac t iv i ty  cage (Leh igh  Val ley 
Elec t ronics ,  Model  1 4 5 - 0 3 ) ,  50 cm in d i a m e t e r  x 31 cm 
high,  was ut i l ized to  assess to t a l  ac t iv i ty  in a da rkened  area. 
Inside walls were f lat  b lack  to min imize  a m b i e n t  l ight  
re f lec t ions ,  and  the  an imal ' s  m o v e m e n t  was measured  by  
two  paral lel  banks  of  in f ra red  p h o t o b e a m s .  The  c o m b i n e d  
readings of  the  2 banks ,  each  c o n n e c t e d  to its ow n  c o u n t e r  
was used as the  measure  of  to t a l  m o v e m e n t  wi th in  the  
act ivi ty  cage by  each an imal  for  a per iod  of 10 min.  

Elevated platform. Meas u r em en t s  of  s t ep -down  la tencies  
were c o n d u c t e d  by  placing each  an imal  on  a w o o d e n  
p l a t f o r m ,  7 c m  x 7 c m  x 3 cm,  loca ted  in the  cen te r  of a 
50 cm x 60 cm grid f loor  tha t  was enclosed  by  35 cm high 
walls. Ra t s  were a l lowed to acc l imate  to  the  grid f loor  for  
2 m in  pr ior  to  e x p e r i m e n t a t i o n .  Test ing cons is ted  of 5 
trials,  t he  last 3 of  which  were averaged to  o b t a i n  the  score 
for  each animal .  If the  an imal  did no t  r e spond  wi th in  one  
min ,  the  trial  was t e r m i n a t e d  and  a 60 sec l a t ency  was 
recorded .  

Activi ty  wheel. Behavior  in the  act ivi ty  wheel  ( W a h m a n n  
Manufac tu r ing  C o m p a n y ,  Model  L C - 3 4 )  was r ecorded  as 
the  n u m b e r  of r evo lu t ions  over  a t en - m i n  per iod .  The  
shu t t l e  doo r  f rom the  side cage was closed t h r o u g h o u t  the  
e x p e r i m e n t a t i o n  in o rder  to  conf ine  the  an imal  to the  
wheel .  

Analysis o f  Data 

Data  were no rma l i zed  for  all fou r  behav iora l  tasks and  
an average score o b t a i n e d  on  each an imal  by  conver t ing  raw 
scores to  s t anda rd ized  T-scores. Shor t  la tenc ies  on  the  

s t ep-down f rom the  e levated p l a t f o r m  were assigned 
t-scores above  the  mean  so t ha t  h igh scores would  con- 
s is tent ly  ref lect  greater  act ivi ty .  The  he ro in  and saline 
g roups  were c o m p a r e d  by  use of  the  t - test  for  i n d e p e n d e n t  
samples  for  to ta l  p e r f o r m a n c e  as well as p e r f o r m a n c e  on  
each of  the  four  behaviora l  tasks. Because no  s ignif icant  
d i f ferences  were f o u n d  b e t w e e n  the  two  h e r o i n  groups  on  
the  behaviora l  tasks,  these groups  were c o m b i n e d  and  
c o m p a r e d  to the  saline animals  for  each  of  the t-tests.  

Pearson  p r o d u c t - m o m e n t  co r re l a t ion  coeff ic ients  (r) 
were ca lcula ted  to d e t e r m i n e  w h e t h e r  behaviora l  tasks were 
measur ing  similar  behaviora l  act ivi ty.  

In add i t i on  to compar i sons  b e t w e e n  the  e x p e r i m e n t a l  
and  con t ro l  groups ,  h a b i t u a t i o n  was s tudied  for  the  open  
field test ,  ac t iv i ty  cage, and  act ivi ty  wheel  by  compar ing  
the  first  five min  wi th  the  second five min  for  each of  the  
tasks. 

RESULTS 

Mean b i r t h  weights  of  rat  pups  in the  con t ro l ,  5.0 mg/kg  
he ro in  daily,  and  2.5 mg /kg  he ro in  twice daily g roups  were 
6 .19 g, 5.43 g and 5.13 g, respect ively.  Bi r th  weights  for  
b o t h  e x p e r i m e n t a l  g roups  were s ignif icant ly  less ( p < 0 . 0 1 )  
t h a n  con t ro l s ,  bu t  the  mean  b i r t h  weights  of  the  two 
he ro in - t r ea t ed  groups  did no t  differ  s ignif icant ly  f rom each 
o ther .  At  weaning  (Day 21),  the  b o d y  weight  of the  
he ro in - sub jec ted  rats  in the  5.0 mg/kg  daily g roup  (40.7 g) 
and  the  2.5 mg/kg  twice daily group ( 4 1 . 0 g )  were 
s ignif icant ly  less ( p < 0 . 0 5 )  t han  con t ro l s  (46.6 g). 

The  to ta l  score of  all behaviora l  tasks were s tat is t ical ly 
d i f fe ren t  (t  = 2.79;  p < 0 . 0 1 )  b e t w e e n  offspr ing of saline- 
and he ro in - sub jec t ed  m o t h e r s  (Table  1); no  s tat is t ical  dif- 
ferences  exis ted b e t w e e n  males and  females,  t hus  results  
were c o m b i n e d  for  b o t h  sexes in each group.  A l t h o u g h  
drug- t rea ted  pups  r ecorded  sl ightly more  c o u n t s  in the  
act iv i ty  cage t h a n  the  con t ro l  group (394.4  and 360 .2 ,  
respect ively) ,  t hey  had a m e a n  of  53.5 revo lu t ions  in the  
act ivi ty  wheel  for  10 min  in c o m p a r i s o n  to the  con t ro l  
value of  30 .0  revolu t ions .  In the  open  field, he ro in  pups  
en te red  twice  as m a n y  squares  as did con t ro l  ra ts  (81.2 and  
40.0 ,  respect ively) .  The  only  s ignif icant  d i f fe rences  
( t =  1.98, p < 0 . 0 5 )  be tween  e x p e r i m e n t a l  and con t ro l  
animals  for  an individual  behaviora l  task was the  la tency  
response  on  the  s t ep -down f rom an elevated p l a t fo rm;  
he ro in - t r ea t ed  pups  had  a decreased la tency  t ime of  6.8 sec 
in c o m p a r i s o n  to the  m e a n  la tency  t ime of 15.0 see for  
sa l ine- t rea ted  pups.  

Offspr ing subjec ted  to he ro in  recorded  s ignif icant  
d i f fe rences  b e t w e e n  the  first 5 and second 5 min  of  
response  (Table  2) in the  act iv i ty  cage (t = 7 .59;  p < 0 . 0 1 ) ,  
open  field test ( t = 3 . 8 9 ;  p < 0 . 0 1 ) ,  and act ivi ty  wheel  
(t  = 3 . 7 7 ;  p < 0 . 0 1 ) .  Evidence of h a b i t u a t i o n  was no t  as 
m a r k e d  for  the  sal ine-subjected pups ,  however ,  act ivi ty  
dur ing  the  second  f ive-min per iod  was  s ignif icant ly  reduced  
in the  act ivi ty  cage (t = 8 .18;  p < 0 . 0 1 )  and open  field tes t  
(t  = 2 .86;  p < 0 . 0 5 ) .  

The  Pearson  p r o d u c t - m o m e n t  co r re l a t ion  was s ignif icant  
b e t w e e n  the  act ivi ty  cage and  act iv i ty  wheel  (r = .61; 
p < 0 . 0 1 ) ;  o t h e r  compar i sons  of  act ivi t ies  were no t  sig- 
n i f ican t  (r = .30 to .10). 

DISCUSSION 

The  results  of  the  p resen t  s tudy  d e m o n s t r a t e  tha t  21-day 



H E R O I N  AND M O T O R  A C T I V I T Y  283 

T A B L E  1 

BEHAVIORAL TASKS OF 21-DAY OLD RATS MATERNALLY 
SUBJECTED TO HEROIN 

T A B L E  2 

COMPARISON OF BEHAVIORAL PERFORMANCE DURING THE 
FIRST 5 MIN AND SECOND 5 MIN IN 21-DAY OLD RATS 

Treatment Behavioral Tasks Time Periods Treatment* 

Saline Heroin Saline Heroin 
(n = 6) (n = 12) (n = 6) (n = 12) 

Total scores 44.96 52.445 

(mean T-scores) 

Activity cage* 360.2 394.4 

(no. photocell 

interruptions) 

Elevated step-down 15.0 6.8t 

(Response latency, sec) 

Open field* 40.0 81.2 

(No. squares entered) 

Activity wheel* 30.0 53.5 

(No. revolutions) 

Activity cage First 5 min 233.0 248.0 

(No. photocell Second 5 min 123.3~ 146.8t 

interruptions) 

Open field First 5 min 31.3 59.4 

(No. squares Second 5 rain 8.7t 21.85 

entered) 

Activity wheel First 5 min 17.7 35.2 

(No. revolutions) Second 5 min 9.2 18.25 

*All animals were maternally subjected to heroin or saline 
throughout gestation and lactation. 

tSignificantly different from first 5 min at p<0.05. 
;Significantly different from first 5 min at p <0.05. 

*Mean values for 10 rain. trials. 
tSignificantly different from controls at p<0.05. 
$Significantly different from controls at p<0.01. 

old rats  ma te rna l ly  t r ea t ed  wi th  he ro in  t h r o u g h o u t  ges- 
t a t i on  and  l ac ta t ion  were more  active t h a n  offspr ing of  
sa l ine- injected m o t h e r s .  These  f indings  are cons i s t en t  wi th  
o t h e r  inves t iga t ions  t ha t  have  examined  the  behav iora l  
ef fects  of  pe r ina ta l  exposure  to  opioids.  In this  regard,  
Davis and  Lin [4] have r epo r t ed  h igh  mo t i l i t y  scores (i.e., 
a m b u l a t i o n ,  rear ing)  for  30- and  70-day old ra ts  tha t  were 
p rena ta l ly  sub jec ted  to m o r p h i n e .  

A l t h o u g h  eva lua t ion  of  all behaviora l  tasks in the  p resen t  
s tudy  ind ica ted  tha t  the  he ro in - t r ea t ed  rats  were more  
active t han  cont ro l s ,  on ly  two tests  (ac t iv i ty  cage and  
wheel)  were s igni f icant ly  cor re la ted ,  d e m o n s t r a t i n g  s imilar  
l o c o m o t o r  act ivi t ies  involved wi th  these  tasks.  A lack of  
cor re la t ion  b e t w e e n  o t h e r  behaviora l  m e a s u r e m e n t s  sug- 
gests tha t  a l t h o u g h  these  tests  have b e e n  used to s tudy  
m o t o r  act iv i ty ,  t hey  m a y  in fact  be measur ing  a m b u l a t i o n  
or e m o t i o n a l  reac t iv i ty  [ 1 ] .  

In o rder  to  d e t e r m i n e  the  p a t t e r n  of  behaviora l  move-  
m e n t s  in the  open  field tests ,  the  n u m b e r  of  inner  and  ou t e r  
squares  t raversed were compared .  B o t h  con t ro l  and  ex- 
pe r imen ta l  an imals  showed  a s t rong p re fe rence  for  
occupy ing  o u t e r  squares,  suggesting h igher  e m o t i o n a l i t y  
a m o n g  b o t h  groups  [ 4 ] .  C o m p a r i s o n  of  ac t iv i ty  levels 
dur ing  the  first  and  second  5 min  per iods  of  each 10 min  
trial  for  act ivi ty  cage, wheel ,  and  open  field ind ica ted  
h a b i t u a t i o n .  A l t h o u g h  he ro in - sub jec t ed  offspr ing showed  
s ignif icant ly  h igher  levels of  to ta l  ac t iv i ty  for  the  behaviora l  
tasks,  these  pups  seemed to h a b i t u a t e  to the  tests  as readi ly  
as con t ro l  animals .  

A l t h o u g h  the  resul ts  of  the  p resen t  inves t iga t ion  are of  a 
p re l imina ry  na tu re ,  the  increased act iv i ty  level of  of fspr ing 
ma te rna l ly  t r ea ted  w i th  he ro in  is similar to  t h a t  r epo r t ed  in 
clinical s tudies  [13]  for  ch i ld ren  of  he ro in -add ic t ed  
m o t h e r s .  These  f indings  suggest t ha t  drug abuse of  he ro in  
dur ing  p r egnancy  may  have i m p o r t a n t  impl i ca t ions  in t e rms  
of  the  behav iora l  d e v e l o p m e n t  of  drug-exposed  chi ldren.  

treatment. Br. J. Pharmac. 46: 213-224,  1972. 
2. Blinick, G., R. Wallach, E. Jerez and B. Ackerman. Drug 

addiction in pregnancy and the neonate. Am. J. Obstet. Gynec. 
125: 135-142,  1976. 

3. Castellano, C., U. Filibeck and A. Oliverio. Effects of heroin, 
alone or in combination with other drugs, on the locomotor 
activity in two inbred strains of mice. Psychopharmacology 49: 
29-31 ,  1976. 

4. Davis, W. and C. Lin. Prenatal morphine effects on survival and 
behavior of rat offspring. Res. communs chem. pathol. 
Pharmac. 3: 205-214 ,  1972. 

5. Oleske, M. Experience with 118 infants born to narcotic-using 
mothers. Clin. Ped. 16". 418-423 ,  1977. 

REFERENCES 

Babbini, M. and W. Davis. Time-dose relationships for loco- 6. Oliverio, C. and C. Castellano. A genetic analysis of morphine- 
motor activity effects of morphine after acute or repeated induced running and analgesia in the mouse. Psycho- 

pharmacology 41: 197-200 ,  1975. 
7. Oliverio, C. and C. Castellano. Exploratory activity: Genetic 

analysis of its modification by various pharmacological agents. 
In: Psychopharmacogenetics, edited by B. E. Eleftheriou. New 
York: Plenum Press, 1975. 

8. Perlmutter, J. Heroin addiction and pregnancy. Obstet. Gynec. 
Survey 29: 439-446 ,  1974. 

9. Smith, R., M. Hirst and C. Gowdey. Duration of analgesia and 
hyperactivity in mice after single injections (s.c. and i.v.) of 
heroin. Archs int. Pharmacodyn. 22: 266-273,  1976. 

10. Thornhill, J., M. Hirst and C. Gowdey. Disruption of diuranl 
feeding patterns in rats by heroin. Pharmac. Biochem. Behav. 
4: 129-135,  1976. 



284 LASKY,  ZAGON AND MCLAUGHLIN 

11. Villareal, J., M. Guzman and C. Smith. A comparison of the 
effects of d-amphetamine and morphine upon the locomotor 
activity of mice treated with drugs which deter brain catechol- 
amine content. J. Pharmac. exp. Ther. 187: 1-7,  1973. 

12. Way, E., J. Young and J. Kemp. Metabolism and its pharmaco- 
logic implications. Bull. Narcot. 17: 25-33,  1965. 

13. Wilson, G. Early development of infants of heroin-addicted 
mothers. Am. J. Dis. ChiM 126: 457-467, 1973. 

14. Zagon, I. S. and P. J. McLaughlin. The effects of different 
schedules of methadone treatment on rat brain development. 
ExplNeurol. 56: 538-552, 1977. 


