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ROSENBERG, P., L. LEIDAHL, A HALARIS AND H MOLTZ. Changes m the metabohsm of hypothalamw 
norepinephrme associated with the onset of  maternal behavior m the nulhparous rat PHARMAC. BIOCHEM. BEHAV. 
4(6) 647-649,  1976 - Both norepmephrme (NE) and its major metabohte, 3-methoxy-4-hydroxyphenylglycol (MHPG), 
were assayed both m the hypothalamus of nulhparous rats that had behaved maternally toward foster young and m the 
hypothalamus of those that had failed to behave maternally. It was found that the maternally-behaving animals had both 
lower concentrations of NE and higher concentrations of MHPG as compared with their nonrespondlng counterparts. 
These data parallel those reported for the puerperal female and suggest that the onset of maternal behavior may be 
mediated by increased transmission across hypothalamlc noradrenerglc synapses 
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R E C E N T  work  in ou r  l a b o r a t o r y  [9]  involved the  measure-  the same t ime exper i enc ing  the  endoc r ine  even 
m e n t  of  n o r e p i n e p h r i n e  (NE)  and t h a t  o f  its m a j o r  a c c o m p a n y  lac ta t ion  and pa r tu r i t i on .  Indeed  she t 
me t abo l i t e ,  3 - m e t h o x y - 4 - h y d r o x y p h e n y l g l y c o l  (MHPG) ,  in an en t i re ly  d i f f e ren t  e n d o c r i n e  profile.  Consequen t ]  
rat  h y p o t h a l a m u s  dur ing  selected stages of  p r egnancy  and  were to f ind s~mdar changes  m amine  m e t a b o l i s m  l 
l ac ta t ion .  It was observed  t h a t  s ho r t l y  a f te r  pa r t u r i t i on  the  p repara t ions ,  t h e n  such  changes  could be l inked th~ 
c o n c e n t r a t i o n  o f  NE decreased  sharp ly  whi le  t h a t  of  MHPG more  closely to the  behav io r  itself. Moreover ,  to con 
showed  a co r r e spond ing ly  sharp  increase.  Specu la t ing  as to  the  poss ib i l i ty  t ha t  the  behav io r  as such is critical 
the  possible s ignif icance o f  such  an  increase in hypo-  tha t  any  observed  amine  changes  are no t  mere ly  th  
tha lamic  n o r e p m e p h r i n e  m e t abo l i s m ,  Moltz  et al [9]  of  exposure  to young  - we c o m p a r e d  nu l l ipa rous  
suggested t h a t  i t  m igh t  be re la ted  to the  onse t  o f  m a t e r n a l  tha t  r e sponded  ma te rna l ly  w i th  females  t ha t  v 
behavior ,  associa t ion  w i th  young  for  the  same l eng th  of  ti: 

It is well  k n o w n  t h a t  the  p a r t u r i e n t  rat  exh ib i t s  such  unde r  the  same cond~tlons,  bu t  wh ich  none the le s s  f 
m a t e r n a l  responses  as nurs ing,  l icking, and  re t r ieving a lmos t  respond .  
immed ia t e ly  u p o n  the  emergence  of  the  young  [ 8 , 1 5 ] .  Less 
well  k n o w n ,  perhaps ,  is the  fact t h a t  m a n y  n u l h p a r o u s  
females  will also behave  m a t e r n a l l y  w h e n  given the  METHOD 
o p p o r t u n i t y  to  associate  c o n t i n u o u s l y  w i th  young ,  a The  subjec ts  were adu l t  virgin Wlstar  ra ts  rearec 
p rocedure  k n o w n  as sens i t i za t ion  or concavea t l on  [4,  14, l abo ra to ry  u n d e r  a d a y - n i g h t  cycle o f  12 /12  (lighl 
18] .  A l t h o u g h ,  in the  case o f  the  nu l l ipa rous  female ,  several 8"00 a.m.) .  F r o m  the  t ime  o f  weaning  t hey  were hc 
days axe usual ly  r equ i red  for  the  behav io r  to  appear ,  g roups  o f  10 and  isolated f rom lac ta t ing  aroma 
none the l e s s  w h e n  it does  appear ,  it is very s imilar  to t ha t  young.  Be tween  90 and  130 days of  age, these fema] 
exh ib i t ed  b y  the  p a r t u r i e n t  female  [ 13,14]  Accord ing ly  placed in ind iv idua l  cages (8 .58  × 7 .80 cm) ,  each  ec 
the  ques t ion  arose as to w h e t h e r  an increase  m the  wi th  a f ron t  pane l  o f  clear Plexlglas to  prox 
m e t a b o l i s m  of  h y p o t h a l a m i c  NE similar to t h a t  f ound  tn u n o b s t r u c t e d  view of  the  in ter ior .  Food  and wat, 
t he  pue rpe ra l  a n i m a l  can also be f o u n d  in the  nu l l ipa rous  available ad lib and paper  s t r ips  were p rov ided  
an imal  once  she r e sponds  to fos ter  young .  This  is an mater ia l .  On  the  first day  of  obse rva t ion  at 10 :00  
u n p o r t a n t  ques t ion ,  because ,  unl ike her  pue rpe ra l  coun te r -  hea l thy  fos te r  pups ,  1 - 5  days  o f  age, were prof f  
part ,  the  nu l l ipara  t h a t  begins  to  behave  ma te rna l ly  is no t  at each female.  These  young  were a l lowed to r ema in  
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female until  the following day at which time a new litter of / 

the same age was substituted. Three times daffy, beginning ,8oo~- 8o 
immediately after presentation of young, and then at 4 and 
24 hr, respectively, observations were made for evidence of 
maternal behavior, that is, for evidence of retrieving, NE ~ooff ~ 80 
licking, and crouching. Retrlevmg was judged to have ng/g t,ssue / 
occurred if the pups were returned to the nest area. ,600[- T 70 
Crouching and licking were scored positively if a female was 
seen to be in a nurslng-hke posture over the young and the ~5oo~ 
young in turn were clean and warm. In addition, the quality ~ ~o 
of the maternal nest was assessed accordmg to the methods e c c 
of Numan [10] and Quadagno and Rockwell [12]. 

When an animal had displayed the full spectrum of FIG 1. Mean Concentrations of NE and MHPG m Exp~ 
maternal behavior for 3 consecutive days she was gufflo- (E) and Control (C) Ammals Vert,cal hnes represent ~. 
tined and the hypothalamus quickly dissected and stored in 
liquid nitrogen until  a sufficient number was collected for 
assay. Care was taken to sacrifice each female at approxi- concentrations of hypothalamic NE and higher co~ 
mately the same time of day, that is, at 10 00 a.m. tions of MHPG, its major metabolite, than di 

Temporally coupled or yoked to each e x p e r i m e n t a l  responding females. This finding is similar to that r 
female was a female that showed no maternal behavior for the puerperal animal which, it will be recall, 
whatsoever, despite having been housed with foster young shows a marked increase in NE metabolism [9]. ] 
for the same length of time and under the same conditions, that both the puerperal female and her maternally-b 
These control females were of course also sacrificed for nulliparous counterpart exhibit parallel changes 
assay, epinephrine activity is consonant with the su~ 

Different animals were used in assaying NE and MHPG' offered by Moltz e t  al [9] that the onset of n 
a total of 90 for NE and 77 for MHPG. For the assay of behavior may be mediated by increased transmissiol 
NE, individual hypothalaml were weighed, homogenized in hypothalamic noradrenerglc synapses. However, 2 
0.4 N perchloric acid and centrifuged. Following pH need be raised in this connection. 
adjustment to 6.5 and centrifugatlon to remove the salt, the First, there are data to suggest that blogenic 
supernatant was passed onto Amberhte (CH-50) columns particularly m the hypothalamus, undergo sharp 1 
according to the method described in Moltz e t  al. [9]. NE tlons in response to changes in steroid levels [3, ' 
was then eluted from the columns m 1 N hydrochloric acid 16]. Although, as already mentioned, the mat, 
and was determined spectrofluorometrlcally by the method behaving nulliparous female does not undergo the pa 
of Anion and Sayre [1 ] modified according to Barchas e t  endocrine changes known to accompany parturiti 
al [2]. lactation, there is the possibility that she may exp 

MHPG was assayed usmg the method of gas hquid other endocrine changes, perhaps as a consequence 
chromatography developed by one of us (A H.) for hypo- exposure and response to young. In that case, fluct 
thalamlc tissue as described in Moltz e t  al [9]. Individual in the metabolism of hypothalamlc norepmephrir 
hypothalaml ( 4 0 - 5 0  mg in weight)were homogenized in only be incidentally associated with the appeara 
0 4 perchlonc acid and centrifuged The supernatant was maternal behavior. With this m mind, we mo 
incubated overnight at 37°C with 0.1 ml glusulase (Endo changes in the steroid levels of maternally-b~ 
Laboratories, Inc.). The sample was then extracted with 3 nulhparae by following their estrous cycles from tt 
ml nanograde ethylacetate (Malhnckrodt)and a derlvatwe of their initial introduction to young. No sysl 
formed by the addition of 0.1 ml pentafluoropropionic disruphon of cychcity was observed (unpublished 
anhydride (Pierce Chemical Corp.). The sample was dried Moreover, it has already been shown that the o~ 
under a stream of nitrogen, redlssolved in ethylacetate, and maternal behavior in the virgin animal is not associah 
analyzed in a Gas Chromatograph (Packard Model A 7400). any particular phase of the estrous cycle [ 14]. 

Second, since our animals were sacrificed 3 day 
RESULTS the onset of maternal behavior, the results of this st 

not indicate whether noradrenergic synapses are mvc 
Figure 1 shows the mean concentration of NE and the induction of the behavior. Moreover, recent e~ 

MHPG for females that responded maternally and for mdicates that brain amine activity may fluctu 
females that failed to respond. As might be anticipated response to behavioral changes as well as endocrine c 
from inspection of the figure, analysis of variance yielded a [ 17]. Thus, the present data do not answer the ques 
significant F ratio for NE (F(1,86) = 7.07, p<0.01,  as well whether the observed increase in NE activity is 
as for MHPG F(1,60) = 10.14, p<0.001. Specifically, requisite or, conversely, a consequence of m 
animals that behaved toward young by displaying nursing, responsivlty. 
nest building, and retrieving had both lower concentrations In an effort to explore this question and to [ 
of hypothalamic NE and higher concentrations of hypo- additional information regarding the involvement of 
thalamlc MHPG as compared with those that did not. imtlating the nurtural behavior of both the puerpe~ 

nulhparous female, NE levels would have to be man/l: 
DISCUSSION either pharmacologically or surgically prior to the o 

maternal behavior. Pharmacologically, by spec 
Our major finding is that nulliparous female rats that mhibitmg NE synthesis through the injection of d 

responded maternally toward foster young had both lower dlthiocarbamate (DDC), for example. And surgical 
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sect ioning the ventral  NE pa thway  f rom the medul la  and innervat ing the basal and lateral regions of  th~ 
pons,  the pa thway  tha t  Olson and Fuxe  [ 1 1 ] ident i f ied  as thalamus and the preopt ic  area 
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