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I)UNN, A. J., P. M. IUVONI'I AND tl. I). I,',kES. Neuroctu'mical responses ut" mice to ..I('TH and Ivsim, va.vopressbt. 
PIIARMA('. IHO('HI'M. BHtAV. 5: SUPPL. 1, 139 145. 1976.- Subcutaneous administration of A("I'It 1-24 to mice 
increased the incorporation of [~ H]lysine into brain and li~er proteins, :in effect which resembled that due to t'ootshock. 
Corticosterone admirtistration did not mimic these effects. A("Itt 4-10 increased the [ ~II]lysine incorporation into brain 
but not liver protein. L ','sine vasopressin (L.\,'P)did not aher ['* tl]lysine incorporation into brain or liver. These re,mils arc 
e<msistent with A("1"11 mediating the effects of foolshock. IIm~.ever. dexalnethasone decreased tile brain responses to b<~th 
fm~t'dlock and ACIII, but while the liver response tu ACFII was blocked, the footshock response was only diminished. 
This suggest', a neural colnponenl in the respon'~e of the liver and possibly tile brain. Intraventricular administration of 
A("III 1-24 or A("IIt 4-10 ID-phel. but not A('TII 4-10, increased [~lt]l,,'sine incorporation inlo brain protein. These 
neuruchenlical responses parallellcd a distinctive pattern ot" behavior characterized by strelchine..va',L, ning and e\ces~i','c 
grooming, lreatmcnt for 3 days with long-acting prepar;ltions of AC'I'lt 4-10. ACTII 4-10 (1)-phe) or ACTt| 1-24 
increased the con',erxion of 131t] tyrosine into dopamine but n,.~t m~repinephrinc, wMSII, /3-MS11 or I.VP had no such 
effect. Similar treatment with A("I'It 4-10 or A('TII 1-24 increased striatal tyrosinc hydroxylasc activity measured in l'itr~. 
but did not significantly aher the enzyme activity from other brain regions. We conclude thal A("III peptidcs can 
stimt,late protein arid dopamine nletabolism in tnouse brain and thai I.\.'P has no ,;uch effects. 

A("I'It 1-24 A("FH 4-10 l.,vsine vasopressin Protein s.~ nthcsi,~ ('alecholaminc synthesis 
Tyrosine hydroxyl;ise Stretching and yawning (;rooming 

IN VIEW of the widely repor ted  behavioral effects  of 
AC'Ttl p e p t i d e s  and lysine vasoprcssin (I .VP) [61 it is 
per t inent  to ask what the mechanisn~s of act ion are. A good 
approach t o  this ques t ion is to de te rmine  the neuro- 
chemical consequences  of adminis t ra t ion  of  the pept ides .  
I b i s  papcr is concerned  witb three bioehcmical  measures: 
[~ l l ] lys ine  incorpora t ion  into prote in  as a measure of 
p r o t e i n  synthesis ,  I ~ Ill tyrosine incorpora t ion  into 
catecholanl ines  as a nle;.tSl.lre of ca techolamine  turnover ,  
and a prel iminary s tudy on the activity of tyrosine 
hydroxylase ,  a key enzyme of ca tecbolamine  synthesis.  

PI~,()II.AN M t.: I'ABOI ISM 

Method 

( 5 7 B l : b J  male mice were obta ined from Jackson 
Laboratories  {Bar Harbor,  Mainel. A ( l l l  1-24. A ( ' I t t  4-10 
([ , -phel  IO163~ and A('TII 4-10 l l ) -phe l  (O164) were 
obta ined from Organon Internat ional .  and lysine vaso- 
pressin from Sigma ( 'heroical ( 'o.  L - [ 4 , 5 - ' l l ] l . y s i n e  was 
obtained from Amershanl  Searle Inc. 

Mice v, ere kept in individual cages for 3 to 5 days before 
each exper iment .  I Io rmones  were injected subcutaneous ly ,  
or intraventr icularly by the method  of l )unn [7] but using 
n le thoxyf lurane  anesthesia.  [ . ' t t ] l , y s m e  was injected sub- 
cutaneously at a dose of 1 ,*('i/g and mice were sacrificed 
10 rain later. Analysis of  radioactivi ty in free lysine and 
pro, rein was per Iormed as previously described [23] .  The 
data on the incorpora t ion  of [311]lysine into prote in  are 
presented as the relative radioactivi ty (RR),  equal to the 

protein radioactivity divided by the free lysme radio- 
activity. The RR thus corrects  for variation m the uptake ot 
precursor.  (t :or a full analysis see ref. 18] ). 

Results 

[n Fig. 1 are presented  the data on the incorpora t ion  of 
[:~tl]lysine into brain and liver proteins .  ( ' ompared  to 
saline, st, bcu laneous  A("I-tt 1-24 and A('TI't 4-10 both  
significl, ntly increased the incorpora t ion  into brain protein.  
In the liver A('TII 1-24, but not A( 'T I I4 -10 .  increased the 
incorpora t ion  al though saline injections alone produced a 
slrong effect .  LVP did not alter the incorpora t ion  in ei ther  
tissue. At higher doses LVP inhibited the appearance of  
I ~ I t ] lys ine  in the blood and in the brain and liver I~1. II 
can be seen thal A ( T H  1-24 mimics the effect  of Ioolshock 
in both brain and liver. lhu~ ,  file incorpora t ion  
changes in response 1o t 'ootshock or saline might he 
accounted  for hy secretion of pi tui tary A('TII in response 
to these stressful procedures .  Adrenal cor t icos te ronc  is 
apparent ly  not involved since the responses 1o foolshock 
were slill present in adrena lec tomized  mice, and cor t ico-  
s terone adminis t ra t ion did not change the [~ l l ] lys ine  
incorporat  ion. 

A lt lr tber s tudy was per formed in mice prelreated v,ith 
dexamelhasone ,  a po ten t  ghtcoc<wlicoid which suppresses 
AC'TH release. Dexamethasone  itself did not change 
[~ l l ] lys inc  incorpora t ion  into mouse brain, bu! approx-  
imately doubled the uptake of the amino acid into the liver 
without  any change in the incorpora t ion  into protein [ 21 I. 
In the brain the biochemical  responses Io footshock.  

139 



14(I DUNN, IUVONE AND REES 

FOOTSHOCK 

FOOTSHOCK ~ (Q} 

SALINE ( Q ) ~  

ACTH 1-24 (SAL) 

ACTH 4_ i0 (SAL) 

LVP (SAL) 

CORTICOSTERONE (SAL) 

0 

BRAIN 

(Q) . . . . . . . .  ( P(O.O05 ! 

I P<O.05 

LIVER 

P<O.05 

P<O.O05 

N 

I °.°ll 
......... I P<o.oo, 

- - - 7  P<O.O2 

E 
,b o g 5'o g 

PERCENTAGE INCREASE IN [SH] LYSINE INCORPORATION 

25 

24 

20 

7 

FI(,. I. I{ffcct of footshock or hormones on the incorporation m l~llI lysine into nlotlsc brain and 
liver protein. ( '57BII6J  male mice were treated with 2() footshocks (0.3 mA, I SEE') in I5 rain and 
injected with [~11] lysine 20 rain later, l to rmones  were injected sut)cutaneously ~,t the following do,,e,~ 
per g body weight: ACTH 1-24 (().6 #g). ACTtl 4-10 (0.3 ~g), I,VP 14 ng), c~)rticos~eronc I5 ugl, 
followed 15 rain later by I~HIlysine. blicc '.,,ere vtcriliced 10 mm after [ ' t l ] lysine injection. All 
results are the relative radioactivity (protein radioactivity/free I,vsine r:.ldi,,lactjvJty) expressed as a 
percentage increase over control tO ... quiet, SAI. ,,alinc-iniected). Statislic'~ are calctl[alCd by 
Strident",; t-test, or l)unnelt'S text where more than one ,,.zroup was involved. *Micc v, ere 
adrenalectomized 3 days before the experiment. For full details see rels. ],g] arid [21[ lronl ,.~hich 

these dal:.l were conlpiled. 

A("I'It 1-24 and A ( ' I t t  4-10 were d iminished:  the small 
increases in [ '  I I ] lysine incorpora t ion  were not statistically 
significant (Fig. 2). in the liver dexame thasone  only partly 
prevented the response to foo tshock ,  but the response to 
ACTI! 1-24 was comple te ly  blocked.  These data suggest the 
brain response might be mediated by A( 'TII ,  but that 
A('TH is not necessary for the liver response,  l 'erhaps there 
is sympa the t i c  control  in the liver since sympathe t i c  

st imulation has been shown to induce hepatic enzymes  I3] .  
"lhe data fur ther  suggesl that dexame thasone  directly 
antagonizes  the liver respmlse,  and possibly also the brain 
response. 

The adminis t ra t ion of exogenous  A('TII generally pro- 
duced smaller and less consis tent  responses than footshock.  
This might indicate that  a neural influence was also 
involved in the cerebral response,  but it may also indicate 
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PERCENTAGE INCREASE IN pH]LYSINE INCORPORATION 

(DEXAMETHASONE PRETREATMENT) 
l.l(;. 2. I't'fect of hornmnes on [ ' I l l  lysine incorporation into brain and liver proteins of mice 
pretreated with dexamethasone. Details as for I:ig. 1 except thai mice were pretreated 3 hr before 

hormone injection with 30O ng/g dexamethasone, l)'Ha are condensed from refs. [9] and I21 ]. 
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that  the admin i s t e red  A("I"H was en te r ing  the brain  only  to 
a very l imi ted  ex ten t .  ,]'here is now evidence tha t  A( 'TH 
may en te r  the  cerebrosp ina l  fluid di rect ly  f rom the pitu-  
itary ra ther  than  via the  per iphera l  c i rcula t ion  [ 1 ] .  There-  
fore we admin i s t e red  ACTII pept ides  direct ly  in to  the  
lateral cerebral  ventr ic les  and examined  the [ ~ l l ] l y s i n e  
incorpora t ion .  Figure 3 shows th.at b o t h  A( 'TII  1-24 and 
A("I'II 4-10 ( l ) -phe)  increased the ]3 tt ] lysine i nco rpo ra t i on  
i n t o  bra in  p r o t e i n  A ( ' T I t  4-1 0 p r o d u c e d  a 
smaller  nons ign i f i can t  effect .  These  results s t rongly  indicate  
that  the effect  of ACI ' t l  on  [ :~l l ] lys ine  i n c o r p o r a t i o n  is 
central ,  a l t hough  we arc unable  to explain  the  in- 
effect iveness  of A ( I H  4-10. l ) e x a m e t h a s o n e  p r e t r e a t m e n t  
suppressed the  b iochenl ica l  responses,  again suggesting 
direct an tagon i sm (Rees  and Dunn,  unpub l i shed  obser-  
vat ions) .  Since the  in t r aven t r i cu la r  adm i n i s t r a t i on  of ACI 'H 
pepl ides  has been repor ted  to result in var ious  charac te r i s t ic  
behaviors  [ 1 0 , 1 2 [ ,  we also s tudied these in the  same 
animals.  Table I shows that  b o t h  A( 'TH 1-24 and A ( " I t l  
4-10 ( l ) -phe t  bttl not  the  o the r  pept ides  enhanced  
s t re tch ing  and yawning  hehavior .  These same 2 pept ides  
also increased tile p r o p o r t i o n  of tittle mice spent  g rooming  
(Fig. 4 ) i n  ag reement  v,'ith the  results of Gispen e t  al. [12]  
in rats. Thus  there  was a good cor re la t ion  be tween  
behavioral  act ivi ty and tile [ S l l ] l y s m e  i n c o r p o r a t i o n  
changes.  I ) e x a m e t h a s o n e  p r e t r e a t m e n t  did not  abol ish the  
behavioral  responses  to A( 'TII  1-24 and A( 'T t t  4-10 
(l)-phe) a l t hough  the responses  may have been depressed 
(Rees and Dunn ,  unpub l i shed  observa t ions) .  This  might  
indicate  that  the behaviora l  and b iochemica l  responses  are 
d i f ferent ia l ly  med ia ted ,  or tha t  the  d e x a m e t h a s o n e  
an tagon ized  the [ '11]  lysine inco rpo ra t ion  change at a later 
step. 

CEREBRUM CEREBELLUM- BRAINSTEM N 
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0 I'0 0 [0 

PERCENTAGE INCREASE IN ['H]LYSINE INCORPORATION 

I:1(;. 3. Effect of intraventricular hormones on [~ll]l,vsine in- 
corporati¢)n into brain protein, tlormones 12.5 nmoles total) or 
placebo (an amino acid mixture corresponding to the components 
of AUIH 4-11"l) were injected bilaterally (5 ul each xidel into the 
lateral ventricles of (57B1/6J  mice 75 rain before [*Hllysine 
injection. I{iochemical analysis a~, in I igure I except tha! the brain 
was divided into lv, o paris by a midcollicular ';ection. The data are 

from ref. 1231. 

LVP caused a d ramat i c  hyperac t iv i ty  in tile mice, which 
were never  still and cons t an t ly  foraging, explor ing,  rear ing 
or grooming,  Some of t hem exh ib i t ed  pro longed  squeaking.  
We have also observed this  behav ior  in ( 'D-I  mice but  not  in 
rats. This  behav ior  was not  a ccom pan i ed  by any changes  in 
[" 1t] lysine inco rpo ra t ion  in ('D-1 mice 122 ]. 

D i s c u s s i o n  

Our results  ind ica t ing  that  A ( " i t l  increased the  in- 
co rpora t ion  of amino  acids in to  brain p ro te in  are cons is tenl  
with the data of o thers  in inice [27 .29]  and rats 115, 20, 

TABLE 1 

S'l RET('HIN(, AND YAWNING BEHAVIOR I"OI,L()WI N(; 
INTRAVI'INTRICUI_AR ACTH 

lnjectate N Stretching Yawnm,e Stretching- 
Yawnin,e 

Placebo 16 2 I) 0 

ACIH ] . 24 12 I q)! 9+ 9- i 

AC'III4_ to (l -phe) 12 4 I 0 

A("Itl4- I0 II)-phe) 12 7* 4* 4* 

Number of mice exhibiting the specified behavior in an 85 rain 
period following bilateral intraventricular administration of peptides 
or an atnino acid mixture in the experiment of Fig. 3. Stretching- 
yawning refers to synchronized ~tretching and yawning behavior. 
Data are from [221. 

*Si,enificantly different from Placebo (Fisher exact probability 
test ),p<'O.05. 

+p- 11.001. 

28] .  Tha l  the effect  is a direct  one on tile brain is indica ted  
by ot),r results  f rom the in t r aven t r i cu la r  in ject ions  and by 
the obse rva t ion  that  A( 'TII  1-10 in vitro s t imula tes  tile 
i nco rpo ra t i on  of amino  acids into  pro te ins  in caudal 
tha lamic  brain  slices f rom h y p o p h y s e c t o m i z e d  rats [ 2 4 [ .  
With i nco rpo ra t i on  changes of such small magni tude ,  it is 
difficult  to prove unequivoca l ly  tha t  a change in the rate of  
p ro te in  synthes is  has occurred.  Nevertheless ,  Scho t inan  e t  

al. [28] showed that  A C r t l  1-10 t r e a t m e n t  of hypo-  
physec tomized  rats tha t  were t ra ined in shu t t l e -box  avoid- 
ance increased the aggregation of r ibosomes  into poly- 
r ibosomes ,  s t rongly  indicat ive of  an increased rate of 
prote in  synthesis .  However ,  Rei th  e t  al. [25]  found  that  
the increase of amino  acid i nco rpo ra t i on  induced hy A ( " I t l  
1-10 in h y p o p h y s e c t o m i z e d  rats  was not selective for any 
par t icular  pro te in  species separa ted  by po lyac ry lamide  gel 
elect rop horesis. 

To relate these apparen t  changes  in brain  p ro te in  
synthes is  to the behaviora l  changes  induced by A ( T I I  
pept ides  may be p remature .  It is pe r t i nen t  tha t  prote in  
synthes is  appears  to be necessary for the  conso l ida t ion  of  
memory  {4[ ,  that  many  amnes t ic  agents  cause pro te in  
synthes is  inh ib i t ion  I<~l and that  A("I ' t l  pepl ides  can 
reverse amnesia  due to ( 'O 2 [261,  E( 'S 1171 or an i somyc in  
(L)unn, unpub l i shed  observa t ionsL I lowever ,  LVP, which is 
a more  p o t e m  amnesia-revers ing agent than  AC'TIi 12~1, 
did not change the p ro te in  synthes is  rate. Thus  the 
cor re la t ion  be tween  cerebral  p ro te in  synthes is  and learning 
and menlory  e n h a n c e m e n t  may not  be causal. 

('A FI.X'HOI.AM IN ES 

Since in many  respects  the behavioral  ac t ions  of A('TI t  
resemble those of adrenergic  s t imulan ts ,  we invest igated 
ca t echo lamine  ( ( 'A)  me tabo l i sm m mice. In previous  s tudies  
Vers teeg e t  al. [31,321 had shown that  the rate of 
deple t ion  of cerebral  no rep ineph r ine  (Ni l )  in rats t rea ted  
with a -me thy l -F - ty ros ine  (AMP'I ' )  was increased by 
A( 'T I |  4-1 0 but  not by ACTfl  4- I 0 ( l ) -phe) .  This suggested 
that  A("I ' t t  4-10 increased tile tu rnover  of cerebral  NI'. 
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l.l(.;. 4. Behavioral obscr,,,ations on nlicc rejected intraventricularly with ,'~,('lll peptidc'< Bcha'..ioral 
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]23]. 

Using a similar t e chn ique  Leonard  ]19]  found  that  NE 
turnover  was increased by e i ther  A("I ' l t  4-10 or A ( " l t l  4-10 
( l ) -phe) .  the lat ter  in d isagreement  wi th  the results  of  
Versteeg 131] .  Leonard  also fot, nd that  A ( F t l  4-10 
i n c r e a s e d  t h e  t u r n o v e r  o f  d o p a m i n e  (I.)A) in 
the midbra in  ( s t r ia tun l ,  h ippocan lpus ,  tha lamus ,  hypo-  
t ha l amus  and amygda lo id  co r t ex )  of  the rat. The AMP1' 
me thod  for measur ing  CA tu rnover  has been cri t icized as 
nonphys io log ica l ,  and results  conf l ic t ing  wi th  t racer  tech- 
niques for measur ing  c a t e c h o l a m m e  me tabo l i sm have been  
ob ta ined  [ 3 ] .  S u b s e q u e n t l y ,  Vcrs teeg and W u r t m a n  [33]  
found that  ex.(']'H 4-10 increased the convers ion  of  
[ '  l l ] t y r o s i n e  into total  cerebral  ca techo lamines .  Both 
a d r e n a l e c t o m y  and h y p o p h y s e c t o m y  blocked the A("IH 
4-10- induced  effects  on ( 'A n te tabo l i sm [32 .33]  . 

G lucocor t i co ids  also appear  to affect  c a t e c h o l a m m e  
metabol i sn t .  A d r e n a l e c t o m y  increased the tu rnover  of 
cerebral  NE [ 1 1 , 1 6 ] ,  while subsequen t  rcp lacemenl  
therapy  parti: , l ly b locked  the increased NIt t u rnove r  ]161.  
[ h i s  suggests l]lat g lucocor t i co ids  decrease cerebral  N I  
metabo l i sm.  

M e t h o d  

Male ( 'D-I  mice (Charles  River) were t rea ted  daily f o r 3  
days with a long-act ing zinc p h o s p h a t e - p e p t i d e  suspens ion  
or with the zinc p h o s p h a t e  vehicle. All pept ides  were 
admin i s te red  at a dose of 3.4 x 10 10 moles/g.  ( 'o r t ico-  
s terone  (15 ~g/g) was admin i s t e red  suspended in saline. 
A p p r o x i m a t e l y  24 hr af ter  the last pept ide  adm i n i s t r a t i on  
or 60 rain af ter  a single co r t i cos t e rone  (or saline con t ro l )  
in ject ion the mice were injected wi th  5 /a('i/g of 
[2,6 -~ t l ] t y r o s i n e  (Amersham-Sear le ,  I n c . ) a n d  sacrificed by 
decap i t a t ion  I0 rain later. The c o n c e n t r a t i o n s  and specific 
radioact iv i l ies  of lyros ine ,  DA and NE were d e t e r m i n e d  
after  separa t ion  by ca t ion-exchange  and a lumina  c h r o m a t o -  
graphy {see ref. [14] for full detai ls) .  I 'he  specific 
radioael iv i ty  of p ro te in  was de t e rmined  af ter  t r ichloro-  

acetic acid p rec ip i t a t ion  1131. The  labeling of NE, I)A and 
protc in  were cor rec ted  for up lake  of the precursor  by 
dividing the specific act ivi ty of the p roduc t  by tile specific 
act ivi ty of tyros ine ,  to ob ta in  a relalive specific activity 
(RSA).  

] y r o s i n e  hydroxy lase  ( T i l l  was assayed in mouse brain 
regions using a similar protocol .  Twen ty - fou r  hr af ter  the 
third daily pep t ide  in jec t ion the mice were killed by 
decap i ta t ion  and the brains rapidly removed and dissected 
o n  ice in to  brain sit'ill (mesencepha lon  and m e t e n c e p h a l o n  
minus  cerebe l lum) ,  h i p p o c a m p u s ,  hypo tha la rnus ,  septal 
area and s t r ia tum.  The brain parts  were frozen in liquid N. 
and s tored at 50' (" unt i l  assayed. 

The frozen brains were weighed anti homogen ized  in 
I 8 volumes  of phospha t e  buffer  (0. l M potassiunl  
phospha te ,  100 ~u,%'l ( ' a ( l ~ ,  5 ~M F e ( l : .  0.5'.; Tr i ton  
X-100, pi t  6.0) wi th  a m o t o r  driven glass-teflon homo-  
genizer. The  h o m o g e n a t e s  were cent r i fuged for 30 mm al 
45 ,000  x g. ] e , i  ~l a l iquols  of this  stlpcrll~ttiH'll V'.'ele 
incuba ted  at 37 (" for 40  rain with 10 ,21 of incul~ation 
buffer  con ta in ing  0. I M potass ium 9hospha te ,  100 ~uM 
( ' a t l : .  5 uM Fe( I~ .  2.56 mM t e l r a h y d r o b i o p t e r m  
( Ih f f fman- l . a  Roche,  Inc.), 280 mM 2-mercap toe lhano l ,  
200 ,a~,,I L- tyrosme,  4.0 U;',ul catalase and 0.065 u( ' i /u l  
[2 ,6- '  11] tyros ine .  [ h e  react ion was s topped  by add it ion of  
200 ul of 5':;. t r i ch loroace t ic  acid, and 200 ,ul of 0.1 M Iris 
( h y d r o x y m e t h y l ) a n u n o m e t h a n e  and NaOll  were added to 
raise the pH to 7.8 8.6. The samples  were then applied to 
6 mm dia. co lumns  cont : , in ing 125 m g o f  AI :O ,  {prepared 
according  to ref. [ 2 [ ) a n d  equi l ibra ted  at pl l  g.4 with 0.1 
M tris. The co lumns  were washed with 20 ml of distilled 
II~ O and the reacf ion p roduc t s  e luted in to  scint i l la l ion vials 
with 2.{7) ml of 1.0 N l]( 'l .  1o the vials, 15 ml of 
l r i t o n - t o h ,  ene sc in t i l la tor  (8 g/I PPO. 0.1 g.:l P()I~()P m 
[oh,ene mixed 2:1 Iv/v) will, l r i f o n  X-100) was added.  
Boiled e n z y m e  blanks,  taken from each brain region, were 
used to cont ro l  for au to-oxida t io l l  of ly ,osme.  
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FIG. 5. l{ft'ecl ol hormonal treatnlcnl on the conversion oI" [+ [[[ lyrosine to dopamine and 
norepincphtinc in the brains of ('l)-I mk'e. I)ata are the relative specific aclivily Idopamine or 
norepinephrinc specific at.'livity/tyrosillc specific . ictivi lyl a'; a percentage of control and arc conipiled 

Ironl let'. 1131 and 1141. 
Re.tults 

l r e a t n l e n t  with  A( 'TII  1-24 or At 'T I t  4-10 increased the 
specific act ivi ty  and RSA of  d o p a m i n e  ll-ig. 5t. Since 
nei ther  pept ide  inf luenced the cerebral  con t en t  of DA this 
suggests that  A t I ' l l  1-24 or A("I ' II  4-10 t r e a t m e n t  in- 
creased lhe rate of I)A tu rnover  in mouse  brain.  These  
pepl ides  had no de tec tab le  effect  on tile specific acl ivi ly or 
relative specific act ivi ty of NI-, bnl At 'T I t  1-24 s ignif icant ly  
reduced the whole  bruin c o n t e n t  by I l'.; (141.  

A C I I I  4-10 (D-pile)  increased lilt' RSA of I)A and 
decreased that  or NIl tl"ig. 51 but these effects  were not  
significant p robab ly  due Io lhe large variance and small 
sample s i ze . . , \ (  1tl 4-101 l ) -phe)  had no effect  on  the cerebral  
cerebral  c o n t e n t s  of  NE or I)A. a'-MSll. ',3-MSII or [ .VP 
caused no change in e i ther  the e n d o g e n o u s  c o n t e n t  nor  the 
RSA of NF and DA. 

Acule  co r t i cos t e rone  adm i n i s t r a t i on  increased tile re- 
lative specific ac t iv i ly  of bo th  NE and ])A [Fig. 5 ) b u t  hilt| 
no effect  on tile cerebral  con t en t  of e i ther  anlme.  Fhis  
indicates  that  co r t i cos t e rone  admin i s t ra t ion  to  in tact  mice 
resulted in an increase m ca t echo l amine  tu rnover .  

In these e x p e r i m e n t s  the i nco rpo ra t ion  of l '  I t l t y r o s i n e  
into p ro te in  wits also s tudied.  None of the  ho rn lona l  
t r ea tmen t s  al tered this i nco rpo ra t ion  [ 14].  This  resuh does 
not confl ic t  wi th  tllosc repor ted  above since a di f ferent  
precursor  was used, and the m o d e  o f  e%("ll/ admin i s t ra t i on  
was di f ferent .  I towever ,  the mouse  s t ra in  d i f fe rence  may 
also he i m p o r t a n t .  As opposed  to tile results  ob t a ined  in 
( '57B1/6.1 mice, f o o l s h o c k  caused only small  nons ign i f i cna t  
increases in the i nco rpo ra t i on  of  { " H ] l y s i n e  into brain 
pro te ins  in ( ' i ) - I  or Swiss/1CR mice. I lowever ,  the liver 
responses resembled  those  m ('5.RFII/BJ mice. l i kewise  
A("I tl 1-24 e i ther  per iphera l ly  or in t raven t r icu la r ly  did nol 
s ignif icant ly  increase the [ ' l l  l lys ine  inco rpo ra t ion  into 
brain p ro te ins  of ('1)-I nlice, a l t hough  again liver responses  
were observed.  Fo l lowing  in t raven t r ic tdar  in jec t ions  thc 
I~ehavioral responses  of  (1)-1 mice Io A ( " I t t  1-24. A ( F I I  

4-10,  A('1"14 4-10 II)-phe} and I,VI' were similar to those 
observed in ( 5 7 B I . / 6 J  n/ice. The signif icance of these 
strain d i f fe rences  is not  k n o w n ,  hut  Rudn lan  et al. 127] 
observed A ( ' F l l - i n d u c e d  increases ill amino  acid in- 
co rpora t ion  in ( 'F-1 mice anti Semiginovsky  and J a k o u b e k  
[2q]  observed changes  in A., mice. 

Ill a prelimim, ry s tudy we assayed tile act ivi ty of 
ty rosmc  hydroxy lase  ITII)  m A ( " l l l  1 - 2 4 - a n d  A("l ' l l  
4 -10- t rea ted  nlice (Fig. 6). Both  A( 'TII  1-24 and A("111 4-10 
s ignif icant ly  increased TII act ivi ty in the  s t r i a tmn ,  a result 
which is cons i s ten t  with  our  observed increase m whole 
brain dopan l ine  turnover .  The only  o ther  hrain region 
which appeared  to be al tered w'as the s ep tum,  where A( 'TII  
t r e a t m e n t  p roduced  nonsignif icant  decreases ill I l l  act ivi ty.  

Discussion 

Our results  indica le  that  A ( " I I |  4-10 and A ( ' T | I  1-24 
increase the tu rnover  of cerebral  DA amt the act ivi ty of 
striatal  tyros ine  hydroxylase .  These  effects  of A("I'H 
analogs in ('1)-I mice are in generj1 agreement  with the 
previously repor ted  effects  in the rat .  howcver ,  there  arc 
impor t an t  differences.  Both  Versteeg 1,111 and l ,conard 
{1~)] observed increases m NE dep le t ion  af te r  AMPT in 
A ( ' I H  4-10-treated rats. But, Lconard found lhat lhe 
A('TII  4-10 elfeet  on DA dcph. ' t ion was more  than twice as 
large as the effect of NIl dep le t ion ,  suggesting thai  even in 
the rat tire major  effecl ,:ll m ( " l t t  4-1(I is on l)m 
nlel abolisln.  

A l though  A( 'T l l  1-24 j n d  A ( I ' H  4-10 increased Ihe 
tu rnover  of I)A m nlouse brain,  a.-MSII and i~-MSI-I ,,,,'ere 
ineffective.  This is d i f f icuh  [o explain since tile A( 'TII  4-10 
sequence  is c o n t a i n e d  in b o t h  MSH's. Never lheless  tile 
results are in agreement  with those  of Kos t rzewa c t a l .  [ 18 ] 
who repor ted  thal  a -MSt t  had no ef teel  on the A M P r -  
induced dep le t ion  of str iatal  I)A in endocr ino log ica l ly  
intact  rats. Thus  appare ru ly  A("l ' l l  4-10, bill nol a-MSIt .  
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FIG. 6. l':ffect of Af'TH 1-24-or A("I'tl 4-10-treatment ,,m Iyrosine hydroxylaseactivity of mouse 
brain regions. Data are presented as percentage increase over control. Statistics by [)tmnctt's test. 

mimics the act ion of ACi ' [ t  with respect to I)A metab-  
olism. 

Cor t i cos te rone  increased the turnover  of  both  NE and 
DA. Al though the dose used in the present  expe r imen t  was 
large, we have previously found that cor t i cos te rone  in- 
creases NE turnover  in a dose -dependen t  manner  113]. 
Many recent data suggest that to de te rmine  physiological  
effects  of pi tui tary adrenal ho rmones  on catecholanl ine  
metabol ism,  one must inject the ho rmones  into endo-  
crinologically intact animals (for discussion see refs. 
[ 13,141 ). "1 bus, the effects  of cor t icos tero id  adminis t ra t ion  
on NE turnover  are opposi te  in intact [131 anti adrenalec- 
tomized [ 11 ] rodents .  

There have been no previous repor ts  on tyrosine 
hydroxylase  activity fol lowing A C I t l  t r ea tment ,  hut Van 
l.oon and Masca,-do [30] showed that A( 'Tt l  1-24 or 
A("I- t l  1-10 increased the activity of  dopanl ine-  
/3-hydroxylase in the brain stenl anti hypo tha l amus  of  
h y p o p h y s e c t o m i z e d  rats. It is not possible to reconcile 
lhese results wi thout  fur ther  data. 

( ;ENI ' :RAI,  I)ISCUSSION 

To a t t emp t  to relate the neurochemical  effects  of the 
pept ides  to their  repor ted  behavioral effects  may be 
premature .  Nevertheless,  some conclus ions  can be drawn.  
Since we did not detect  neurochemica l  effects  to LVP we 
know of no correlates  of its behavioral activity. Insofar as 
A('TH pept ides  did cause neurochemica l  changes,  we m:,y 
s, ay that  if LVP and Af"III  act similarly on behavior then 
our chenlica[ changes do not correlate.  However,  the 
hehavioral activities of LVP and At 'TI t  may he dist inct  [6] .  

Of most impor tance  are the resuhs with A(TI I  4-10 
containing the D- and l.-analogs of phenylalanine.  The 
results on prote in  synthesis  are puzzling, since adnlinistered 
peripherally.  A("III  4-10 minlicked ACI I I  1-24. yet con- 
trally A("f t l  4-10 ( l )-phe)  hut not A( '-I t l  4-11) acted like 
A("rH 1-24. These data are very hard to rclale to [hose 
on avoidance behavior. The effects  on dopamine  ntetab- 
o l i s m  are  easier  to relate. If we accept  that 
ACFH 4-10 II)-phel  increases DA lurnover,  then all the 
A("FII analogs had a similar effect .  r h i s  is inconsis tent  wilh 
the opposi te  effects  of A(- I I I  4- I0  and A(TI I  4-11") ~l)-phe) 
on tile ex t inc t ion  of aclive avoidance behavior,  hut con- 
sistent with their similar effects  on passive avoidance [6] .  
Effects  on ext inc t ion  are hard to interpret ,  hut the 
mediat ion of A ( T l l - i n d u c e d  behaviors by dopanlinergic 
sys tems is consistenl  with tile known funct ions  of such 
systems.  
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