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Hormones and Regional Brain Blood Flow 
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llow. PHARMA(' .  BIO('HEM. BEHAV. S: SUPPL. 1, 165- 169, 1976. - Acute effects of  the hormones ,  estradiol-17~ and 
~MSll,  and of necmatal pret reatment  with a.MStl on the flow of blood to regions of tile brains of  conscimls aduh rats have 
been determined xs ith an indicator distribt, tMn lechnique.  At previously reported, flows were reduced in most areas within 
I0 rain after intravenous administrat ion of e, MSH; only Ihe ~*ccipilal cortex was spared. "lhough these effects were 
transitory fur most areas, perfusion of pons and medulla, cerebellum, h ippocampus  and parietal cortex was still low by 20 
rain. Ilowevcr. pretreatment  with ablS| l  during infancy led to persistent behavioral changes which were not accompanied 
by flow differences. Assunling that fh~w changes reflect funcliona[ changes, the rapid responses to ~MSI-] sl.lggesl an 
cx['~lan:.lli~.ln for the effects or" this hormone on visual learning a n d  on  the determinat ion of  stlbseq.uenl learning behavior. 
By contrast ,  eslradiol, x~ithin I() rain after injection, increased [low H:. lnOSt regions of the brain, especially lhc frontal 
cortex, h ippocampus,  basal ganglia and cerebellum: fenla]es were more affected than males. I.'low changes were greater than 
those elicited by nlore obvious behavior-modifying drugs. Compared to c~MS||, the l'l~w data for estradiol suggest a 
physiologic basis l'~r a behavioral effect which is likely to be different yet, perhaps, equally profound.  
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V A R I O U S  d r u g s  w h i c h  have  spec i f i c  e f f e c t s  on  a n i m a l  
b e h a v i o r  u n i q u e l y  r e d i s t r i b u t e  t he  f low o f  b l o o d  to r e g i o n s  
of  t he  b ra in .  Fo r  e x a m p l e ,  p a t t e r n s  o f  p e r f u s i o n  are 
q u a l i t a t i v e l y  d i f f e r e n t  for  e ach  o f  t h e  h a l l u c i n o g e n s ,  
lyserg ic  ac id  d i e t h y l a m i d e  ( L S I ) )  i t ) i ,  a " - t r a n s - t e t r a -  
h y d r o c a n n a b i n o l  { I H ( ' )  [ 8 ] ,  a n d  p s i l o c y b i n  ( u n p u b l i s h e d  
o b s e r v a t i o n s ) ,  as wel l  as for  the  n e r v o u s  s y s t e m  d e p r e s s a n t s ,  
p e n t o b a r h i t a l  [6]  and  e t h a n o l  [71 .  T h e r e  is r e a s o n  to 
be l ieve  tha t  t he se  a l t e r a t i o n s  in f low re f lec t  f u n c t i o n a l  
r e s p o n s e s  o f  u n i q u e  and  spec i f i c  r e g i o n s  o f  t h e  b ra in  to 
these  d rugs .  O f  the  d r u g s  we have  e m p l o y e d ,  h o w e v e r ,  t h e  
m o s t  p o t e n t  in r e d i s t r i b u t i n g  ce r eb ra l  b l o o d  f low have  b e e n  
h o r m o n e s ,  i.e., e s t r o g e n  and  MSII .  We s u s p e c t  t h a t  t he i r  
e f f e c l s  on  h e h a v i o r ,  t h o u g h  no t  as o b v i o u s  as t h o s e  e l ic i ted  
by h a l l u c i n o g e n s  or d e p r e s s a n t s ,  are m o r e  p r o f o u n d .  

T h i s  p a p e r  r e p o r t s  the  c o n t i n u i n g  i n v e s t i g a t i o n  o f  t h e  
e f f e c t s  o f  e n d o c r i n e ,  and  n e u r o e n d o c r i n e  s u b s t a n c e s  on  
reg iona l  p e r f u s i o n  o f  t he  bra in .  It d ea l s  w i t h  t he  e f f e c t s  o f  
a c u t e l y  a d m i n i s t e r e d  es t rad io l -17 is  and  a c o m p a r i s o n  o f  
p r e v i o u s  s l u d i e s  o f  a c u t e l y  a d m i n i s t e r e d  a M S t l  w i th  neo-  

' Address all reprint requests to I t .  Goldman.  

na t a l ly  a d m i n i s t e r e d  a M S I I .  S o m e  i m p r o v e m e n t s  in o u r  
m e t h o d o l o g y  will a lso be d e s c r i b e d .  

MEII tOl )  

A re la t ive ly  c o n v e n i e n t  m e t h o d ,  d e s c r i b e d  e l s e w h e r e  [6]  
was u s e d  to  s i m u l t a n e o u s l y  m e a s u r e  t he  b l o o d  f low to  each  
o f  t en  r e g i o n s  in t he  b r a i n s  o f  c o n s c i o u s ,  u n r e s t r a i n e d  ra t s .  
T h e  m e t h o d  is o u r  m o d i f i c ,  t i on  o f  S a p i r s t e i n ' s  i n d i c a t o r  
f r a c t i o n a t i o n  t e c h n i q u e  w h i c h  can  u t i l ize  a n y  o n e  o f  a 
va r i e ty  o f  i n d i c a t o r s  s u c h  as ' " i o d o a n t i p y r i n e ,  ' * C - a n t i -  
p y r i n e ,  or  ' " ( ' - t h i o p e n t a l ,  w h i c h  are  able  to e n t e r  the  b ra in  
easi ly .  T h e  m e t h o d  p e r m i t s  e s t i m a t i o n  no t  o n l y  o f  t h e  
f r a c t i o n a l  d i s t r i b u t i o n  o f  t he  ca rd i ac  o u t p u t  b u t  a lso t h e  
m i n i m u m  a b s o l u t e  f low o f  b l o o d  w h i c h  e x c h a n g e s  n u t r i e n t s  
wi th  a r eg ion ,  as well .  T h e  bas ic  e q u a t i o n  o f  t h e  m d i c a t o r -  
f r a c t i o n a t i o n  t e c h n i q u e  s t a t e s  t ha t :  

Ui / I  F i / ( . O .  

veheneve r  f l  ( ' a d t  = J ~ ( " a d t  
. . . .  I l l  
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Where Ui = indicator  uptake in tissue mass i at t ime ('F) 

I = body  uptake of indicator  

Fi = blood flow to tissue mass i 

(?.O. = cardiac output  

fC 'a  = describes the indica tor  di lut ion curve ob- 
tained from the real one by subs t i tu t ing  the 
ex t rapo la ted  points  af ter  recirculat ion for the real 
ones  

Equat ion [1] states,  in ef fec t ,  that  when indicators  such. 
as ant ipyr inc  or th iopenta l  are adminis tered  in a single 
int ravenous inject ion and the killing t ime is short ,  then the 
pat tern  of their  d is t r ibut ion in the brain will be the same as 
the pa t te rn  of the fractional  d is t r ibut ion of the cardiac 
output .  

Animals  

The estrogen studies were carried out in male and four  
or five day cycling female Wistar rats, 6 8 - 8 7  days old. In 
the MSII expe r imen t ,  infant male I to l tzman albino rats 
were injected in t raper i toneal ly  with l0  ug syn the t ic  ~MSIi 
I1 x 10 ~ U/rag), or di luent ,  daily from the second through 
the seventh day of life only.  These otherwise  normal  rats 
were approx ima te ly  90 days old at the time of the 
measurement  of  b lood flow and had been tested be- 
haviorally only as adults.  

Procedure 

Three days before the measuremen t  p rocedure  was 
pe r fo rmed ,  PE-50 po lye thy lene  ca theters  were implanted m 
one femoral  vein and the oppos i te  femoral  artery. The 
blood vessel ca the ters  were filled with h.eparin (1 :1 ,000)  
and heat sealed; all ca theters  were hrought  up under  the 
skin of the flank, the back, and the dorsal aspect of the 
neck, and s tored in a covered plastic cap which was s t i tched 
in place. All cycling animals were cannulated on the firsl 
day after  estrus and had teukocyt ic  vaginal smears on the 
day of blood flow measurement .  

On the day of the measurement ,  each animal wax placed 
in a small black plastic box at t = -20 min anti allowed a 
calming period of  10 min,  after which the ca theters  were 
freed f rom the neck cap. The exter ior ized ends of the 
catheters ,  brought  through slits in the box,  were long 
enough to provide some slack when the animal moved 
about in the box. At t = • 10 rain, isotonic-saline or 
es'radiol-17;~, I0 ,ug in 0.1 ml of  a 0.5 percent  e thanol-  
sa,ine solut ion,  was adminis tered  intravenously.  At the 
same time a 100 ~1 blood sample was collected from the 
arterial ca the te r  for pH and blood gas de te rmina t ions  in a 
s tandardized Rad iomete r  BMS-3 blood gas machine.  At t = 
0, the label 11.5 ,C i  of '~ ( ' -ant ipyr ine  or '~ ( ' - th iopenta l )  
was flushed smoo th ly  into the circulation with 1 2 0 , 1  of  
.saline over a one sec period so as to minimize h e m o d y n a m i c  
~ransients. 

Also at t = O, col lect ion of one sec samples of arterial 
blood,  about  15 ,ul each was begun for the de te rmina t ion  
of the cardiac ou tpu t  by an indicator-di lut ion technique  
[31] in which th iopenta l  or ant ipyr ine  replaced the 
previously employed  ~ rubidium indicator.  ( 'o l lec t ion  of  

arterial blood ended at t = 15 sec. At t = 20 sec, the animal 
was killed by a rapid, in t ravenous injection of 250 ul of a 
saturated KCI solut ion;  the heart s topped  within one beat. 

Subcort ical  regions were dissected according to the 
prolocol  of Glowinski  and lversen [4] ;  te lencephal ic  areas. 
described as frontal ,  pos t f ronta l ,  parietal and occipilal.  
cor respond to the parcellation of Kreig as areas 1 0 . 4 - 6 ,  
1 3, 17 18. respectively [ 1~]. Tissue indicator  was 
ext rac ted  ( . 989 ; )  by the toluene solvent in the case ol  
th iopenta l ,  or Bray's solut ion in lhe case of ant ipyr ine  and 
counted.  

An addit ional  s tudy was carried out in much the same 
way to establish the t ime- independency  of  indicalor  uptake 
in order  to validate the use of th iopenta l  to measure hlood 
flow by the indicator- f rac t ionat ion technique.  In such 
studies, however,  animals were killed from 10 6 0 s e c  atfor 
indicator injection and no arterial blood are collected.  l-he 
content  of  th iopenta l  in all brain areas examined  was 
cons tant  for at least 20 sec after injection. During this 
period,  therefore ,  this indicator  satisfied the essential 
l ime- independency  requirement  of the me thod  ~,nd gave 
results which were similar to those obta ined with anti- 
pyrine. Moreover,  since this indicator  also fol lowed the 
same arterial di lut ion curve as Evan's Blue. ~ Rh. or 
ant ipyr ine  it enabled lhe de te rmina t ion  of  the cardiac 
output  at the same time and thus proved to he as t~seful :is 
the previmlsly employed  ' " ( - a n t i p y r i n e  for the mea- 
surement  of tissue perfusion [6] .  These indicators may be 
used in terchangeably  to es t imate  flow in the brain up Io 
rates of 1 nfl/min,,'g al though th iopenta l  appears to bc 
reliable up to rates of  1.5 ml /min/g  (unpubl ished observa- 
tions). Flow rates ahove these levels are underes t imated  
because of diffusion l imitations.  

RI.ISU 1. IS 

l:'strogen. In general, blood t lows to most brain areas in 
the saline-injected diestrous female rats (Table 1) resembled 
those of l i t ter-mate male rats and previously reported male 
rats [51 with the unique except ion  of a significantly lower 
perfusion rate for frontal  cor tex in the female, l 'his  
difference,  however,  d isappeared 10 rain after acute estra- 
diol adlninistrat ion as the tlow It) frontal cortex rose 44'/. 
( l 'able 2). Estradiol t rea tment  in the female also elevated 
the flow of  blood to most areas o t  the brain, significantly 
to the h ippocampus ,  basal ganglia, and cerebellum 36, 33 
and 277;, respectively (Table 2). All of these changes in 
flow occured in the absence of any modif ica t ion  of the 
cardiac output .  

In the male, estradiol  adminis t ra t ion likewise elevated 
blood flow to most regions of the brain ~,lthough the 
changes were smaller, averaging W:; ( l a b l e  3). Perfusion of 
the parietal cor tex and, :,s in the female, cerebellum were 
most affected.  Again these changes occurred wi thout  an 
altered cardiac ou tpu t .  

It should be no ted  that within five minutes  after 
estrogen adminis t ra t ion  to  ho th  males and females even the 
most agitated animals reduced their activity, and evidence 
of fear such as excessive grooming and defeca t ion  was 
reduced substantial ly.  The seemingly cahned animals 
appeared much more at tent ive to activities occurring 
outside their cage. 

MSIt. The outward behavior of animals 5- 10 rain after 
adminis t ra t ion of a. MSH and of  estrogen were of ten  alike 
particuk, rly in their a t tent iveness  to nearby events [5] .  
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T A B L E  1 

REGIONAl. BRAIN BLOOD FLOW IN ADULT, I.ITTF.RMATF MALl{ 
AND FEMALE RATS. NO ESI'R(XIEN OR o. MSH 

Tissue Males Females 

p o n s &  medulla (I.85 +_ 0.04 0.79 _+ 0.08 
cerebellum 0.89 _+ 0.04 0.82 _+ 0.08 
hypothalamus I).83 _+ 0.04 0.78 _+_ 0.06 
basal ganglia 0.89 _+ 0.04 0.78 ± 0.08 
midbmin 0.91 _* 0.04 0.83 :'- (t.08 
hippocampus (I.74 ± 0.04 0.67 _+ 0.05 
olfacto~' bulbs (I.69 _+ 0.03 0.68 ± 0.05 

cortex 
frontal 0.99 +_ 0.06 0.77 ± 0.06* 
post-frontal 1.04 ± 0.06 1.05 ~r 0.11 
occipital 1.06 _+ 0.(NS 1.00 7- 0.06 

cardiac output  
ml/min/kg 333 = 18 363 _+ 10 

number of animals 12 6 

Bl~x~d flows are expressed in ml/min/g as means _+ SE. 
*p <0.05. 
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T A B L E  3 

REGIONAL BRAIN BLOOD FLOW IN ADUI.T MALE RATS 10 MIN 
AFTER INTRAVENOUS INJECTION OF ESTRADIOL-17/.4, 10 p.g 

T i s s u e  Diluent on ly  Estrogen 

pons & medulla 0.79 z 0.02 (I.86 ±_ 0.()3t- 

cerebellum I).88 _~ 0.02 0.98 _+ 0.03÷ 
hypothalamus 0.84 -- 0,02 0.93 _+ 0.03:1: 
basal ganglia 0.85 _- 0.02 0.92 _+ 0.03 
midbrain 0.g9 +_ 0.02 0.98 -* 0.03t  
h ippocampus 0.74 +_ 0.02 0.80 _+ 0.03* 
o l factory  bulbs 0.76 _+ 0.02 0.82 + 0.03 

cortex 
f rontal  0.98 +_ 0.03 1.07 _+ 0.05* 
parietal 1.01 ± 0.03 1.14 +_ 0.04t  

occipital 0.99 -r 0.03 1.08 _+ 0.03* 
cardiac output  

m]Jminlkg 367 ± 15 382 ± 16 

number o f  animals 22 12 

Blood flows are expressed in mltmin/g as mean +_ SE. 
*p<0.05; tp<0.025; :l:p<0.01. 

T A B L E  2 

REGIONAL BRAIN BLOOD FLOW IN ADULT FEMAI.E RATS 10 
MIN AFTI'R [NTRAVI'NOUS INJECTION OF ES'I'RADIOI.-17,o'. IO,u.g 

Tissue Diluenl  only Estrogen 

pons & medulla 0.79 +_ 0.08 0.97 ± 0.06 

cerebel lum 0.82 *_ 0.08 1.04 - 0.06* 

hypothalamus 0.7g ± 0.06 0.96 + 0.07 
basal ganglia 0.78 ~_ 0.08 1.04 = 0.07* 

midbrain 0.83 = 0.08 ].03 + 0.06 
hippocampus 0.67 : 0.05 0.91 _+ 0.08* 

o l factory  bulbs (1.6g ± 0.05 0.82 ± 0.05 
Corlex 

f rontal  0.77 _+ 0.09 1.13 ± 0.08- 

post-frontal 1.05 * 0.1] 1.27 _+ 0.09 
occipital 1.00 ± t).06 1.19 = 0.09 

cardiac outpul 
mllmin lkg 363 = 10 322 +- 23 

number of animals 6 10 

Blood flows are expressed in ml!min/g as means _+ SE. 
*p -:: 0.05 : tp  <:0.02. 

However ,  t hose  an ima l s  t rea ted  wi th  MStl in i n fancy  did 
not  exh ib i t  this  k ind of  behav io r  at the t ime of  the  
e x p e r i m e n t ,  r a the r  r e sembl ing  the u n t r e a t e d  animals .  
Unlike p rev ious ly  r epo r t ed  f indings  I ' l ab l e  4),  the re  were  
no s ignif icant  d i f f e rences  in the  p e r f u s i o n  of  any part  o f  the 
brain ob t a ined  f r o m  ra ts  injected as in fan t s  wi th  c, MSIt as 
c o m p a r e d  lo t hose  injected wi th  d i luen t  ( l a b l e  5). Ne i ther  
the g r o u p  receiving MSIt nor  the g r o u p  receiving the  d i luen t  
differed s igni f icant ly  f rom sal ine- injected rats  t, sed in 
p rev ious  e x p e r i m e n t s  [5 1. 

Blood pt l  g, nd gases were  not  s igni f icant ly  d i f f e ren t  f rom 
di luent  injected rats for  all g roups ,  i.e., pH,  7.42 - 0 .01 ,  
P ( 1 2 " 8 5  - 2 m m  H g ; P ( , o 2 , 4 1  - 1 m m  tlg. 

T A B L E  4 

REGIONAl. BRAIN BI.OOD FI.OW 20 MIN AFTFR ADMINISTRA- 
I'ION OF o. MSH--40 #g/kg--DETI-RMINATION IN A PREVIOUS 

STUDY [5] 

Tissue Diluent only MSH 

pons & medulla 0.79 = (I.02 0.72 ± 0.01- 
cerebellum 0.88 ± 0.02 0.81 + 0.02* 
hypothalamus 0.g3 ± 0.02 0.714 _+ 0.02 
basal ganglia 0.84 _+ 0.02 0.79 ± 0.02 
midbmin {).89 + 0.02 t).83 -'- 0.02* 
hippocampus 0.74 ~- 0.02 0.65 ~ 0.02§ 
olfactory bulbs 0.75 -_ 0.02 (I.69 _-- 0.02 
septt,m 0.80 = 0.02 0.74 : 0.02 

cor lex 
frontal  0.97 _* 0.02 0.90 ± 0.03 

parietal l.(X) .- 0.02 0.91 + 0.02:1: 

occipital 1.02 _+ 0.02 1.03 ± 0.02 

cardiac output  
ml imin/kg 362 _+ I I  314 ± 12 

number o f  animals 32 13 

Bl~3d flows are expressed in ml/min/g as means ~ St-. 
*p <().05 - -tp <0.025; :I:p <0.01 - §p <0.())5. 

DI,'-;C U SSION 

Relat ively small  c o n c e n t r a t i o n s  of es t rad io l  and c, MSH 
al tered gross  obse rvab le  behav io r  very  little soon  after  
a d m i n i s t r a t i o n  yet rapidly  a f fec ted  regional  p e r f u s i o n  ol 
the bra ins  of c o n s c i o u s  animals ,  l 'hese changes  occu r r ed  in 
un ique  p a t t e r n s  qu i t e  unl ike each o t h e r  or  those  seen wi th  
more  o b v i o u s  b e h a v i o r - m o d i f y i n g  drugs  such  as [.SI) 191. 
p s i l o c y b i n  ( u n p u b l i s h e d  o b s e r v a t i o n s ) ,  ..x~ - te t ra  - 
h y d r o c a n n a b i n o l  [8;1, e t hano l  [ 7 ] ,  or  p e n t o b a r b i t a l  [ 6 ] .  A> 
r epo r t ed  earlier 15] the f low of  b lood  to mos t  reg ions  ol 
the brain  was  reduced  wi th in  10 rain af te r  a d m i n i s t r a t i o n  ol 
MSII ;  on ly  the occipi ta l  c o r t ex  was  spared .  T h o u g h  these 
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T A B I . E  5 

R E G I O N A l .  BRAIN BI.OOD FLOW IN "fttE A I ) l : l . f  RA'|" PRE- 
TREATED WITH a. MSH IN [NFAN('Y 

T i s sue  [)iluent only MSH 

pons& medlllla 0.67 + 0.05 {).66 -_ 0.tM 

cerebellum 0.76 +_ 0.06 0.79 +_ 0.05 
hypothalamus 0.75 _, 0.06 0.76 +- 0.1)4 
basal ganglia 0.77 _" 0.05 0.77 , 0.05 
midbrain 0.78 _- 0.t)7 0.82 + 0.05 
hippocampus 0.65 _+ tl.04 0.67 -'- t).06 

olfactory bulb ~, 0.68 -_ 0.t)3 I).73 _, 0.05 
septum 0.70 + O.O5 O.75 +_ I).07 
COlleX 

frontal 0.93 +_ 0.05 0.94 :+_ 0.06 
parietal {).9[ -_ [).06 [).92 -_ 0.06 
occipital 0.98 _+ t).05 1.05 _' t).06 

cardiac OIllpul 
ml /min/kg 338 _, 23 347 -_ 15 

number of animals 4 6 

Bl~.xld tlo,.vs are e x p r e s s e d  in ml/mJns'g as me:ms _" SE.  

effects were t rans i to ry  for  nlost areas of  the brain, 
perfusion of pens  and medulh+l, cerebellunl ,  h ippocanlpus ,  
and parietal cor tex was still hsw after 20 rain. By contras t ,  
estradiol  increased the flow of  blood to most  regions of  tile 
hrain and to a greater ex ten t  in female than in male rats. We 
have assumed that the early regional flow responses to MStt 
and the regional uptake of  this pept idc  [ 13 ] reflect possible 
funct ional  changes in the brain which exph, in some ot + the 
effects  ¢)1 this ho rmone  ~m learnmg and the subsequent  
behavior repor ted  by several laboratories  [2.27].  However.  
the ways m which estrogens affect behavior  is still poorly 
unders tood  despite considerable  research [3<h]. 

Estrogens alter the funct ions  of  nervous tissues in ways 
which affect both  tropic hc)rnlone secret ion by the pitu- 
itary gland and the expression of  specific pa t te rns  ¢51 + 
behavior [3b ] .  Al though these s teroids appet, r to have 
access tt5 neurons  generally I ltJ,21 I, some regions of the 
brain appear  to  be especially sensitive. Labeled estrogens,  
for example,  are t igh t l y  retained by netii+Olls in the 
I l ypo lha lan lus  and preopt ic  areas I ] 0 , 3 5  ], regions in which 
hori11(sile in lp lan ta t ion  provokes character ist ic pat ler t ls  t)f 
sexual behavior.  FLii+thermoi+e, re lat ive ly  nonspeci f ic  uptake 
data 123i as well as e lec t rophys io log ic  I I .  14, 371, 
metabo l ic  I10.  15, 221, al ld behaviora l  l i 8 , 2 4 ]  evidence 
suggest thai  ot l ler  regions inc lud ing the o l fac to ry  bulbs and 
vari(,)Lis paris of the l imbic  sySlelil are also largel areas for  
eM rogeils.  

With the notable except ion  of studies by ~a\vyer and his 
associates,  how'ever, emphasis ill recent )'ears has been 
mainly on the ana tomy and dynamics  (5t + gonadal  neuro- 
endocr ine  control  loops. "'Yet lhe areas t)t the brain which 
are af fec ted  by steroids are so extensive as to suggest lhat 
the whole nervous system is int luenced primarily,  and 
localized sys tems of integrated behavior secondari ly [14] '"  
Our data suppor t  this concept  and emphasize  that the areas 
which respond to estrogen inchlde,  m addit ion to 
t rad i t iona l  endocr ine  target areas, niany regions of the 
brains of both female and male rats. Addi t ional ly .  the 
tnlique perfusion pat lcfn  alld responsiveness of  the felllale 
frontal cor tex indicates a physiologic d i f ference  be lween  
nlaJe and fenla]e brains. 

It it is assumed that regional tqood flow in the brain in 
secondary  to funct ion ,  then the most  parsinlonious ex- 
pl,mation for tire findings with estradiol is that tile acute 
flow changes signal parallel changes in the activities of 
several specific regions. Thus the unique pa t te rns  of 
perfusion in both  l'emaIe and male rats suggest possible 
anatomical  suhstrates  of behavior,  such as frontal  cortex,  
h ippocarnpus ,  basal ganglia and cerebel lum, which are 
especially responsive to estrogen ~,nd. as for MSll. provide a 
possible physiologic basis for future  psychologic study. 

In the case of <~MSII, where appropr ia te  behavioral 
indices have heen studied recently,  acute blood flow 
responses were fol lowed by long- laqmg changes m at tent ive 
behavior [27] and /o r  inhibi t ion of ext inc t ion  I2I lasting 
days ¢51" even monlhs.  [ . [ I r ther l l lore.  I~chavJt)ra[ effecls were 
evident m aduh rats who were m.jL'ch:d wi th <; MSII only  m 
the first week (5I life [ 2g ]. These effects includud increased 
aquisiti¢m of a difficult appeti t ive opc+rant tesponse,  as well 
as, facilitatecl aquisit ion and reversal of a ;isual dis- 
cr iminat ion task. and were similar to previous tindings with 
animals who were treated x~ith XISII only as adult~, [30] . . .ks  
Table 5 shows, hov,'ever, tire h h o d  th+w change~, did nm 
persist. Pert+usion pat terns  in adult aninlab, treated ill 
infartcy v+ith MSII or all inert diluent v. ere ,,inlilar. The 
persistence of I+ehavioral changes long ~,fler admmis t ra t ion  
(It" MSII, theref~re,  dr)us rlol necessarily require Ihe 
presence of altered blood f low of  the niagnit t tde Se¢ll 
innnedia te ly  after injcct i(m. 

A substantial  1+¢5tt)' of  evidence suppor t s  thu .,'on...'epl 
that the tlov, of blood ,.vithin differunt p a r t s o f l h ¢  nervtms 
system is regulated by the fullctitmal rieuronal activity 
within those pai ls  13, 12. 17. 2b, 32, 3 3 . 3 4 ] .  Recently,  for 
exJalilp]e, qt lanti tat ive regi(:.llal hh+od flow lllt'astlr,.'lllullts 
have huen tlscd t(.) esthllatu regional brain t t lnct ions ill cats 
during RI':M sleep [ 251 :rod in hutnan heings during mental  
exercises I l l [ .  It is not unreasonal+h:, thereftHc, to expect  
that the effects +5l hormones ,  or tst <)ther dl-tlgs, Oli behavior 
are likewise acc~Hnpallied l+.y Itlllctiolla[ changt:s arm 
secondari ly by flow changes in specific responding areas el 
the brain. ()ur studies nei ther  prove nor disprove this point.  
Although it seems more likely that ',t tissue uhange induced 
by MSH land perhaps s te ro ids)v ,  ot.lhl pcrMNI f rol l l  infancy 
to adu l thood  than would a change in bh>,+d th+v., out 
results dr5 not rule out the unlikely l+U~ssibilit ', that the 
in i t ia l  tissue challg,+2 was seColldary ttl altered I+lt)t+¢l f low. 
Moic  direct 111e:.ISllrUS t)f nielabol isnl  cile desirahle t+ll lhb, 
po in l .  

I l l  s t l i l l i l lary,  the actl le { low Mtera l ions pl<Wt)ketl hv 
estradiol  and +.~ MStt ,  even m ot ir  small dissectud saillph_'s ~>I 
tissue, lll()re lhan l ike ly  represented stilllnlatit)115 o f  hulert)- 
gelletStlk in icrof lows.  For a net changL' in t lo~ It+ he 
de tec ted  hy our me thod  at all suggests that me,q.  it not all, 
of the tissue sample responded  in the same functional  and 
nletabolic direct ion.  That the flow changes exceeded lcveb; 
reached by lll(sre ohvious mc>difiers of behavit+r ,+uch a, 
I.SI). A " - t e t r a h y d r o c a n n a b i n o l  or a lcohol ,  Mrot lg ly  suggest 
that the local Metabo l ic  alld ft l l lCtit l i la] resl)onst.'+ Ilium have 
been st ibslanl ia]  even lho l igh gross, ovurl  hel+avior ~as less 
obvious+ ,Such large yet Iransicnt lespoiises ilia)' rcf lecl 
adapt ive processes ill the brain which have consequences to 
fUl l i re behavior  thai arc pr tHound.  

,\(" K N ()W L I.: l)( ,I.:",l l: N l'S 

lh is  work ',Va,, suppmtcd hy Public th_'allh Service (;rant, 
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