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• 2~ )~ (S)-amph etamine is predominantly hydroxylated in the periphery to (S)-p--

hv~ ~o~:yam~~ietamine which is then transported to the b~~ in , taken up by noradre n—
tr r /  ic neur ons and co nverted by ~-hydroxylase to (u - ~~, ~-R) p-h ydroxynorep hedririe

(PUN). Evidence is accumulating that PHN could be involved in the development
of spec i f ic  noradr energ ic tolerance to ( s) -  amphetamine . Introduction of a
Cl into para-position of the aromatic rin~’, of an~ h e t a m i ~ie causes a~’~~ffi~~ kab 1e
sh i f t  of up tok e blocking properties of amphetamine from catecholarninergic~~~
ocrotor  in erg ic neurons  ~rid i r ’oduo (o: I ‘)ri1~ lasting l i i U ( ’ Ot O ’/. I C  - I ct :;  on c~ ritral
s”rotonui’ rpic neurons. Behaviora l studio : in rats love provided an animal
moael for 3 di st inct phases of th e ac t ion of amphetamin e: f ac i l i tat ion , toler-
ance and post—amphetamine depress ion .~~ They prompted i b ~ search for biochemical
correlates and for the development o?\~~w anti-amp hetamine dr ugs which do not
elicit extrapyrarnidal symptoms . Studi~ s on non-hepatic metabolism of drugs of
abuse have been initiated during the te\iure of  t };i : contract and a number of
still ongoi ng studi es on the li mbic nor~ oinephririe r~ cre1tr )r coup led adeny late
cyclase sys tem are the  result  of :-tud i t o  ~‘a ’t  l i l l y  0U 1 ) I  orted by this contract
(now supported by USP1IS grants).
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iu~ T’ : d l ’Of l ; :  11:1 ’ ’ f c’n ’ t: lu ’ l i ~~i i ’ — t , - u ’ ; ,  “! f t , ’ l ’ t ; : en F I d A  - u r i u l  ;‘ i t t  i culan] :  of (5)
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‘I’h o’ effe’n t of various antipsycli ’ ‘u on tine blockade of dopa;’ in”u--; ’
recep to r;- ; in s ’nr ’iatu sn and limbic fox-- - a i m  was examined 1’/ en: tol -~~ 1 0 1 : 7’, 0
response curves for the increase in HVA and for the a : & t a t ’ ; i u  0 O i  - - t o .  u - C  ,:1:.
induced rotations in rats with unilateral les i ons of t h , - ; r, u r t ; ; t c m : , ’ ~~n ,2 : ‘ .~~~ . I ’.
good quanti tat ive correlation was found between dopam inerg ic bI~~cr’.u’Io ii , the
striatum as reflected by the ED 100 f or striatal OVA incr ’eao ’~ a rid t b u ’~ ED 50s for-
rotational antagonism and the occurrence of extrapyram:’rlal side e f f ec t s  in un1: ’u .
The F.D100 for HVA increase in the striatuun by th e various ant i p:;;ychotics iou
poole/kg were : haloperidol < 0 .7; pimozide < 1.1; ch lorpr’ouriazine 3.3 ; t h r i o r i -
dazine 14.2; clozapine 44.0. The potency ratios of the different anti jus’ichotirn’:
for blockiri .;’, DA receptors in the striaturri (bi.ochemica]) and for blockiop, r’otatirui,m
behavior due to amphetamine (physiological) are for ,-mll practical reasons ideriti-
cal. The ED100 for the increase in I-P/A in the J i u n h i c  forebrain  showed the ‘::,m ::;:’
rank order of potency as those in the striaturn : :ialoperidol > p i r n u z . i d ’  > c hJ ’_ n ’-
nroni az ine  > t I ;ior idazine  > clozap ine.  Tine results th i n  d’:rnc ri: : r y. ,5i .  m i t  excel l o u
correlation between the degree of dopaminer 1’, ic l loch~~de m u d  t i n e  l i ; ~ ’ I I , I i U , O f

extrapyram idal side effects  in man .

The relative inef fec t iveness  of th ior i l .’,mz ir i e r ind ciozop ine in et u v o t i u ;:
HVA in both corpus str ’iatum and limbic for ’obrairi or lu ;  onta ;’,c ’;nizin~p a:n:l, ’n t . a : ;u in ~~-
induced stereotyped and rotat ional  act iv i ty  surpest s  a d issociat ion bets’.ne un
dopaminerg ic blockade and anti p sychoti~c e f fi c a c y . It is aloe  per t inen t  in  t h i ;
regard that clozap ine i_ s totally ine f fec t ive  in a n ta g o n i z i i i u  the mot ion  of t im e
dopamine agonis t apomorphine . These r; t ud ie s  i’aise the  imp or tant  O U e r ; t i o u i  CI
why d—amp hetamine can induce a psychos is in d i . s t i r u p u i u d i . : t h - l e  of ~ ~~~~~~~~~ s’.; :u i  so-
phrenia and serious ly question exis t i r;g  ir ’ jooth i o ; ;on:  on t O t e’ un~ d’:’ of , i c t i o : n  of
an ti psychotics . Obvious ly , the d iscover’,’ of ci I - e l i - o i l  oral  l tr - -&: :io “ i’  of , u : ; i ; ’ h t ~~~t - m —

mine  which is unrelated to ~io ;,cu : ;i rp ’r - :  C II ; ’ !  ~h ; - tu i  , I , ~~~~~ 5 1 ,  ‘ - I ;  i:o NJ  c cl’, ~i :
c loza ;i ine  , wil l  be imp ortant  for the his I ~‘n of e::l ’.r i : ; u A i , n : u ,,  ‘,ni ;’ - ,iv’ 1 t ; i - :  :1’: . ; —

cial psychotom.i runetic action of arnp h et nurx in es .

5) Non — h epa t i c  metabol ism of drug;-r of abuse :in ’J peso i L l ,o  ; : ; oc : I . u u ; i:mn’- Ho ;-
the develorment of tolerance.

Dun n; ’ , much 01 the in i t i a l , p e r i o d  o e n o u i ’ ’n i l  - ‘i h i  I : ;  r t ” l .cc - t :  , t i ’ . 0-n : : . : - ‘ I .

D ir i p e l l ,  :~vms on sal,-britH cai, leave wi Ut 1”. . ‘1’. Wi 1~i l a i r :  i i ;  t l i t ’  i. ’ ’ j ’ u t ’ i  I n - u i ’ of ; ‘ I o —
c h e m i s t r y  o.f P t .  Mrir~ ‘s h o sp it a l  O n i ’i .ic,ri i School , U n i v ’. :t ’ ; : I I i ,’ of 1 : - u ;  I - s i  , 1 : - I
Enpiand . Before Li i :: de~i ar t; : ;r . ;  in Februar y of 1073 , hi I : ;  :; tud I ‘‘‘ - t u ’ ;

wi th  the ~nppl i cabil i ty of t h a t  met luod o l  e:’,V i n s  on h e ’ d  I i i  I h i ! ’ on , ‘ i t n , i  1 , u i - l u l .  - ; , i  I
to the me.asur c_’iuwtnt of t h e  uii ~’! tiuibo.i C-n m of ’ u; nr;’- h u I nr ’ rind n i - un 0 i t ne  I n ’  I u ’ -~ ; -  o t t , i on

of l ung  and brain . included among t lies ’2 w,: :~ a ~-t’o 1 i tut i n i x ’s  ( ‘ i - I , ’ t O ,  I cli :n h ; ’ on : ’  ‘ 1

tha t  x i i  crosomnu l 1—r ’’p arat rons of u’ni t bra in  c, unn h t  ti !’ t ,th o l fire mot ’i -ii  i f !  I ” ,’ ‘ ,‘ - ‘ i ;

~‘,nut ion wi ~Pi ;‘, lucuron Ic  a c I d .  i’i , ’ : ’ ‘nt ;: i~~ d I ;’: ; h i r i v ’’ u i r ;.: : ; h m r ’ w t i I m r i t  i’,’h u , ’ i t  l i i i 1 ‘ -~~

p — hivdrox ~’- iun ; ’he t am ,rn ’’ was in cubatt ’ : I  wi th ;  1i ’1’ . iL  I c  m l  ‘r c ’ : ; u l : u ’ - : ;  , n i l  U DI -’- ;’ . h t u n ; i : - -  , ; i i u :

a u o ’t r i b o l ], te woo- fon~:n ;d which war ; not  ‘nn: t r ’ , i o t , m h l u -  l u t e  bu :. i n u n l .  Al  tom-
re ir i cuba t :c - i i  of t N ,  r n i x t u u ” r i  w i t h  ‘ — t ’ , l u m c u r ’ u r i n - i - m ,  , iLl c-f the “ n - I L - n t  ‘01 t o

~, , cou l d  lie e xt r a c t e d  i n t o  L ,utan el  , but:  it s  n’ ’ l e u ; ; ’ ’ b- ,’ f — r i  u , .: l ; l ’o ,u ;  I l - i.’:, : i : u - u : h  ‘0
preven ted l’v i”’ in cuha t  lot’, in the presence of s,’icc har o , l act ou i - , 1 SpeC] . HI c I u u l ,  I - _

b it o r  of ~ -glucuronidase .

The fo rmat ion  of P OFI— glucuronid e  was p ropor tion  H to the i n c u l - u t  i o u ~
when mix ture s  were i.ncul’et t ’,’d for len:.: t I t an 30 m i u n u l t e ’ : ;  ,v’ro ui ’ - ’I ‘1’ K I u u . ’t ; I c:; s - i ” ’

—-~~~~~~~—---‘
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a ’, ’ : ’r c ;i-nin~- -1 x-nueun 661 t :pur ;al~ of PO l l w e;  - 
- ‘;ubat e- I  . The u : ;n i :~:i i:i ’ ;u : ,  F m  to  e l  - . - : ;  - —

t i c - ; i  of P1111 r e ; ’ , u l n -- ’;’ i u ; i - ’:re than 20 Li:’ . - UD1 —; l ’ m n u r o u n i ’ r aoL’, .  l r~ ten : - ‘0  l r ’ ’ ; ’ ,’
u . m ayo ; 7 1 - , ;v i, : u :; : 1’ ,’ c- I -s’’r ’~od that the u , ,ax .i ; :iurx r a te  of C O l t  i l l - i ’ 100  01 1 ‘ ‘ i

dnocor ti ’;-.~t n-’ could b e , t oN I cmv’’’l with onL y 3 puun ol of ;J hol - —~’j  ucur ’otuj (; , , ‘ ;i  i .  ‘ fb i ’;
rate of format ion of the glucunonide of 1- Oil by inepat ic  u’ i Lrr ’cso:nai p~ ”p .m t ’ . ;Lio:,s

from ftmriI’n r a ts  was approx im-ut ’o lv  twice that  of  s T h u - I n ’  pr”a r, .’nr at Thin;; in - c ; ; ;
male ra ts  and was s t imu la t ed  four-fold when incuba tior ~s were can -n od out I t ;

the  o rei:-;’,-nce of T r it on  X— lOO (0 . 05 % v / v ) .

T h e  c lucuronide  t ie  taboli te  of i~D b i was formed i,n urui cr -oo om al  ~-r -~ par ’,m t , i n- i ;; cI
t h e  liver’s of rats , mice , rabbi ts  and guinea p i gs; but i ts  s u l f at e  ccl~ ~u, -mt e  U

was not formed Lv the  soluble fract ion al though tin e soluble fnact  ic ’ri of ,~ i / n n

actively conj u inated a—r u ap hthol  wi th su l f a t e . h ’bon e of the other  t . issui” :;  ‘sri-
mined inc ludiun p I - n-n in , lunp ,  heart , kidney , in tes t ine  and spleen to sser - n’:”
eflsyi ;loni  fc’r the c o u nj u g a t i o n  of F-O il Lv ei’t t ;er :‘ sLOt -: i v .  The l iver ; ; of r u t s  s, I Cii
m a d  been made toleront to the auiorect ic  action of , uu : is- i l ~n i ; , l t ; ; i i i ,n s ; m o w i ! I  no ,a [ : ”u - a -
t ion  in their  ab i l i t y  to conju ; ’o~te POH w i t h  ; ‘ i u c u u ’ou i i c  acid and also ‘nh ’ , - ’,’:’, -- .i Ci : ,

a L i l it ’ ,’ to form its su l fa te  c c .n i uj n a t e .  i-ret r e~ t u ; o u i t of b i t : . ;  fox’  on ’- ’ w-: ’O- . ‘ -; t ;~
l’-fO ( 50  o p/k g ,  i .p .  , daily ) l ikewise did not alter its c o r u l o p :m t i o n  1.y 11 ‘i~~u ’

- epanations , in v i t r o .

Wit h  c u e  exception of the small percentage of a dose of rr.or~.’h in n ’  s:m l o O  hr
,, .:‘ ‘ -t bo l i ze c l  by deriuet lnylation , the  drug is metabolical ly ina c tiva t e -I  .a ’l :; , :sn :
‘c:olusivel y by conjugat ion with glucuronic acid .  The r esul ts  of ; ‘r ’ :l i : ; , i ’ , - i t - ’:
stu , } .l e:n to -Jescr if  e the  i-asic properties of the glucuroun’j ltr ’-nins f ’o - .i. - ; t ’ ; ’,’ , :t i ’ ; .i U

which is involved in the biotrans formation of the  r - i o x ’ u ’ b m i n n  .n l ; ;o  SU : ’ :- ’O
several so-”cies  ‘rH’ ‘the tna nsf eras e may develop wi th  uu natur -m t l - , - u i .  For  - : - : t , d - t o ’ ,

I it :” the con i uga’t: ion of 7— bi y dr s x ’ 1’clil. orpromazine  , but mi i i  f l ! ’  tbn -~ t 1~ ’i ’J ,: , U~~1l : ,,-

01 :n : u ’v ’n ’I ;-; I tO stero .i r b ;  , t i l e  glucux’onidation of t :ior ’’, -h in e I :  - st I i ;,u .l . r r r c t i  I ‘.‘ h 1:1;
cornc eru t n’.;t ions  of subs t r a te .  A pe in , when h iph i  coni -:’r ’ur tr ,n t I - -to of unor’sh i i:; -~
inou l- ;nted with  microsomal preparations of the l ivers  of adult r’j t ;,u , tw o ‘ , . i h
opt O i - n  u -no n e ol~~erved; one at p H 8.5 , the other at p 11 9 . 5 .  Under ’ ; .I c n l ij r
condi tions but w i t h  Tri ton activated preparations , on .l’,’ lO i n  i l l  opt :u;;iu ’;  u t  f . 5
toes at ’par ent .  However , when low concent ra ti  sums of r,:m’- ; h n i  u s -  u-:’r ’ 1 n- -u :  - ‘ ‘~~~ J

In ep a t ic  rn i crosomes from mature rats , a s lui i ] e m u o 1’ t ’ iunuu ; ; ;  s.~ ; c’i :-;:erved it 0.5 u:’, ci;
:-ran i d e n t i c a l  to that  found u’: i th p repara t ions  of liver ;; f rom i iu iu ia l  un - in : i u :  I :;; u
at all concentrations of substrate .

Ai t b ; ouui t i ’u  the process of glucuronidatioun by h’;: - m t  I c :n I c’i~i u ; 0 ; ;1 , ’s : 7  ‘n ’ : l -  :1 ‘- .1 L .1
st . imulatable  Lv T r it o n  > 1— 100 , there appear to I n  f u u n Ia :;i , ’u i t , i l  lv lu ;; ; or’ L - u u ; t  I i i
ferences be t’’seen the trans fornmse u-O n I ch conj u;’ i Ire: ; i” :- :o ;’eunou ;; n’ ;ibs L i  - i t - ’-
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Li ?)  ‘. t n - l i ’ n :-t ,  the  nor-ecinc ’pi u n ’ i ; .  ‘sn u. ~ i ti ’z. ,’,jclic m b-h ; ‘ ‘ : ; m ’ ’ n - - ’ H
c 1C l it ;nhi ’,s f ’oi’ebr. -n -l a

Al t’ hi r suU bi the’n o s tud i c-ct have been cu ; ief l y  ;nu :  - 1 ; ’ir to ’]  I- ’,’ I 110 I ’r’~su u I - l b ;_ 111u 1I. 5 ,
t !ie data ~‘ine nn~t r t i nen t  -to this nir’o :;o;;-sO a. ; t h u e ’ ,’ dren-: a tt :unn u ’, .1 0;, to to’, ‘ n y - s c  I:: I

;l ’nu of  u ;or ’ -cd r ” -n u ’sr ’p ic  mech - ’su ’i i : ;mn , : : i r s  0 110 f t s r , c t , i w i  ,nuct.l ai n’t I ’ : ’ ; ;  .~r 0 ‘
‘s m n - . - u:;;s’i’n

of am; Lion  of ir i , S lu ”  tar: i ti ’m ’ — and poct;: 10.1, / 000 — - init ”jI’eum 1;; to . ‘i ’!u”; S tonal ‘sn
thus I riefly sum m arized :

n;-ecti ’Stn O th e lirn IOr c forebrain r’;’seiv’s;; -,unm - i’s’s uu r i  l a p  m o-ee l ’  Li i  -ct’ t iY’ ] I i: (10.) tOr n

cn ’s~~l u ; o t L i u u g  ,in cell bodies of tIn ,; pon -si and mni edu lla oI i to n p.c’n : ;m , d opcnun ’u’ r , - n f 1 .~- - ’ : - n :
from the A—lU reg i on’, and 5—FIT filers fr’su;m t h e an ter io r  r -c ; -hu ~ cro , ; . , i l ’ s- n’n , i t

of interest  to know whether  or not an ni ’l’snyla ’te c’,’slcuo ’~’ tny s tot :; sensir ’. ‘;- ‘ to

1, 2 . or all 3 of the puta t ive  neurotran sut ,it t e rs  m-ias ;‘r - ,n ; t er n  in c i i  ‘:‘~~‘ of
tin e 11 :mtl ~ i.c forebrain .  I -Ic, found that  si l,ci ’~- of t i e  r a t  l imu ib ic  fur ” ’ Pa’ , I  ru -r oi;1n1 nu

U at least i n-to d I f f e r e n t  cyclic A l-IF 7V 1n~ r’-3t ing S? ’St ’(tt ; ’ ;  : 1) A r ;u :i ’a iIs ”nuu ’-r-; ’ I c
svs torn ‘sO i-oh r-ss r- o’rl;i :- ; tc NFl (}<

~ approx I a n a t o l ,’j 5 p1-i : u c a z i r n a l  in t .i m u m  I: i - - u
_
I o,s ’:us ;-r i n , , ’

at 2 0 to 50 ~s I l )  ora l isoproterenol (1< c i t ’ :m r ’o x l u m t s t e l , ’ 5 , t i l )  . A].t l i ou s; ’ii  15: , t n  n - n

of the  nu :leoti ’I ’n e l ic i ted by isopro~ ereno 1 is ta r - i’ r-i: ’ i ,i t ; u ; i t i  I’. :’,,u L c.su - ’ ’’ - i

i ’’  110 , the u :ax imal e f fec t  is less thn an half of t ha t  induced t ,~ lI m P .  2 )  Au;
,ucl-.mno s ine dependent  system (o a aeprox iu ;nately 30 u I - i ) .  The i sc ’r a i i rm - ;u ’nr - , ’, i c  cn ’cl i ’ :
Al -If ’ s - m u i e r ; n t  iso system On the l im b Ic. forebrain dir ; 1” l,a’~n n a number  of’~~..u”~ ‘ - r

of a central i-il l r’.rnceptor : It develops nnup er s ens it iv ’ I  1:-i to 1111 au m ’i i n ’;O’ -r - - . t c.u ” -
fol low i ,nnc ’ ortu lori ored d”~’i’ vation of PO et post :;vusaI ’ I: t I c  s~i t or t  ( u S ,  1551, i C Lu” . . L t ; ’ ’  u i t .

r ; -n  , ch n en :’c’s’.’u;p : ~i tb u ’ ;ct or t ;y with 6 —ChhI ),\ , surr i  c m l  ci- ‘;n mn r v st  I m a )
lAn -n m ;n r -o ’Or’ , .u ’in r’ , ’ ’ I c  I ’ r’n’ -;- n n u ’ . ;m :;; are protected ft ’:- :, 6—0 10, /u I’ ; Or-i f , t I n - - u ’ - i _ -n , , ’ ’ , I ,

I I I ’  - i n ’ -.- un o t  “n u b n - i n i ”d.  Sn- or t ’or l :mt ’S to liE ~cre fn ,l.ou ’,I’,ed 1-y b~ ’ I I ’  pl’o’,-l’annol.’s I a;~ I

~‘ l ’  ‘ u i  t - nl: n n:m I n t  , n O ,  i 1’, resl’U oru ses to i ;no:-rotereuiol :ut ’cm blocked I - ‘- ,‘ T’ r ’o i~:’ . ;u uo ; n  1 F u r ,
•
‘ ‘.‘ n , ’ n t - ’, u i t o ’L , ’i t n m i n e  . 10; lie the presence  of class I cal f — I ’~’~n ’ - 1 t ou t: I n c  : s ’ I  n 1’ ,’ u - - i  1

c-n p i n - I  I - .‘ b n e d , ‘trOt ’ b1o~m i-:ad ’- of thu S NIL response I-y :‘h enmto l ~i::t 1 t u - ~ :Io° n ‘sc I ,

t i , ’ t. n~ l’,’ ‘tiuc presence of classical a—r eceptor s  as a — ; - - ; t i m n i u l o u i t : ;  , i n t s ’ s I u  ,:m ;

1” n ’bu u’ .i r ,e and clonidine , do not increase ‘tr i os le’nu ’l of i.Ii- ;  nucleot l te i’s 1.1 , I ; ’  -n ”
mm- f fI - ;’n I n -a in; . The aCu ”nunc I n c  de inenden  I rant ’ ten ’, does not nl ”- o” ’], ”n ; ’ so . - r n ’ - ’ n~ I I i ‘:1 Lv
‘u 11:’; :“ cn ’n ’rutral chotom ’ :-zn ’,cathe’: tour ; ’ . ’ arid I ’, not blocked I - ‘,‘ 1 1 1, -n’ u’ c i—  ‘ n’ t n — - i ; ,  ‘ i :  - -u s i : n
i f l t - ’r i ’nn t l : i c t l ’ T , d oua m ’In e , (PA ) and :t - ’r ’ ’u t r c ’ u i ] f l  (5 1-h T )  w ’ ’ i” ’ t. ,’ i I i , : ; I  ‘ n f f u ’ ’ r I  I t u  H i
‘n’ - r ; ’ : ’ ’u : l , r - t t :  i , n u n n  t e n ;t e t l . I’O i .i l’s not a l t e rin g  the I , - u ; ; , c l l ’ - ’ ’ ,’,;l of 1:1 ;’ ’ ui iu c : I - -  - ‘ i n m ,

c l i . n i” n - i i l ,’,r o f f o c t  l v i  a n i t i — r ; ; y c k u o t n .i c ‘ l o u t - n ;  c,’i u ’ ; , - u I ~‘~m d - ; ~’n ‘J ’ ’t . ’ .- u m ’ i - - u i ’. l u t h  I I  I ’  1 . - u n
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