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I n  t h i s  task we are developing rad ioac t ive  t race r  techniques. t o  study schizophrenia 
A new iodoamphetamine i s  being synthesized which wil l  use 3.6 min i n  human pat ien ts .  

l Z 2 I  from a 20 h r  122Xe generator, and measure regional  cerebra l  blood f l o w  w i t h  PET images 
o f  brain. We w i l l  attem t t o  v e r i f  repor ts  o f  o ther  workers o f  abnormal b ra in  metabolic 
r a t e  in schizophrenia. f11C-methylj-L-methionine has been synthesized and w i l l  be used 
in,human studies t o  measure body organ k i n e t i c s  o f  methyl metabolism, f i r s t  using the 
Anger whole-body scanner and then the  PET r i n g  modif ied f o r  whole-body scanning. The PET 
r i n g  w i l l  then be used for de ta i l ed  dynamic p ic tu res  o f  a s ing le  plane through the l imb ic  
system o f  the  bra in .  
methyl .oxidat ion,  and plasma samples will be taken f o r  HPLC analysis o f  metaboli tes. 
A l l  measurements w i l l  be incorporated i n t o  a compartment model system t o  i d e n t i f y  and 
quant i fy the abnormal methyl metabolism i n  schizophrenia found i n  our e a r l i e r  work .  
Demonstrar;l;n o f  a biochemical abnormali ty would speed a cure f o r  ;his w,idespresi 2::- 
ease. 

Slrnultaneously dur ing a l l  scans, l1C0, respirometry w i l l  measure 
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basis o f  . r e t h y l a t i o n  'reactions which are requ i red  i n  excess by malignant c e l l s  f o r  
t h e i r  mu l t i p l i ca t i on .  This i s  a l a rge  f i e l d  o f  research i n  i t s e l f ,  and work i n  t h i s  
p ro jec t  may impinge upon i t  i n  fu tu re  years. 
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Attachment 0 .  Future Accomplishments: 

I n  FY 83 we w i l l  have the  122IDNNA system operat ional  using the optimal 
chemical f onn  o f  the radiopharmaceutical as determined i n  experiments dur ing FY 82 
as described i n  attachment e. We w i l l  begin studies to  compare rCBF, as measured 
w i th  1221DYfiA,to rCMF as measured by l8FDG. The leFDG s tud ies  have already begun i n  
FY 82 i n  pa t ien ts  w i t h  Alzheimer's dementla i n  our co l l abo ra t i ve  studies w i t h  D r .  
Friedland a t  the  Mar t ine t  VA and w 4 l l  begin w i t h  schizophrenic pa t ien ts  from PAVAMC 
i n  l a t e  FY 82. 
83 as t o  whether there  are s p e c i f i c  reglonal  d i f fe rences  i n  energy metabolism and 
blood f low i n  schizophrenia. 

He w i l l  begin studies w i t h  l lC-methionine i n  pa t i en ts  and normals, using 
the whole-body scanner. 
by which the PET r i n g  can be used as a whole-body tomographic scanner, and as  soon 
as t h i s  i s  opera t iona l  i t  w i l l  be used ins tead o f  the  e x i s t i n g  Anger Mark I 1  Scanner.- 
11C02 
t o  connect t he  breath c o l l e c t i o n  helmet from the scanner bed t o  the respirometer are 
i n  place. HPLC methods f o r  separat ion o f  a t  l e a s t  some o f  the metaboli tes we wish to  
study w i l l  a l so  be developed a t  t h i s  t ime and blood sampling w i l l  be done i n  conjunc- 
t i o n  with each p a t i e n t  study. 

Dur ing FY 83 we w i l l  cont inue t o  pe r fec t  our  HPLC plasma separation techni- 
ques t o  be ab le  t o  i d e n t i f y  and quan t i f y  a greater number o f  methyl metaboli tes. 
I nves t i ga t i on  of r e t a b o l i t e s  by administer ing 11C methionine t o  leukocyte cu l  tures 
w i l l  then be i n i t i a t e d  because o f  the grant s e n s i t i v i t y  o f  the method, and the. p o s s i -  
b i l i t y  o f  measuring i n t r a c e l l u l a r  metabolism o f  c e l l s  from schizophrenic pat ients.  
Methods f o r  *IC synthesis of o ther  metabol i tes i n  the  methyl chain w i l l  be studied 
f o r  f u t u r e  t race rs  t o  be app l ied  i n  PET studies f o r  more de ta i l ed  inves t iga t ion  o f  
methyl re tabo l  ism. The method we have devised t o  synthesize [ I lC-beta]  tyrosine w i l l  
be pursuec io provide .a l a b e l l e d  catecholamine for b r a i n  PET studies.  

I n  FY 84 we'expect t o  have establ ished a i i c t u r e  o f  methionine.kinet ics i n  
normals afid schizophrenics i n  terms o f  whole-body metabolism, and w i l l  begin complete 
coordinzted studies w i t h  the  PET system. I f  the 4-r ing,  7 plane system being designed 
and b u i l t  by D r .  Derento i n  p r o j e c t  4450/002420 i s  operat ional ,  i t  w i l l  be employed 
t o  provide simultaneous b r a i n  and l i v e r  tomographs, as the  r ings  wiJ1 be separable. 
The coordinated studies w i l l  cons i s t  o f :  a CT scan t o  p rov lde  the cor rec t  alignment 
f o r  the des i red  image plane; a 122IDNNA study t o  provide'quanti tat ion regional rCBF; 
i n j e c t i o n  o f  11C-methionine fol lowed by simultaneous measures o f  regional  b ra in  

.-, I 1 C  d i s t r i b u t i o n ;  L) A l l  o f  t h i s  data w i l l  be fncorporated i n  a compartment model ana lys is  t o  provide 
an ove ra l l  p i c t u r e  of methyl metabolism and i t s .  d i f ferences. which we expect t o  
f i n d  i n  pa t i en ts  w i t h  schizophrenia. 

l i n g  methods f o r  o ther  metaboli tes, such as sarcosine and tyrosine, w i l l  be i n  

We expect t o  be able t o  answer the quest ion d e f i n i t i v e l y  dur ing FY . 

Dr .  Huesman, i n  p r o j e c t  4454/000331 i s  developing a system 

respirometry studies w i l l  be done simultaneously; the appropr iate extensions ' 

11C0, respirometry and blood sampling f o r  plasma HPLC analysis. 

Ne w i l l  be i n v e s t i g a t i n  i n t r a c e l l u l a r  methyl 
metabolisn by 11C methionine l a b e l l i n g  o f  leukocytes w i t h  HPL E analysis. l l C  l abe l -  
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High Performance Liquid Chromatography System. 
Required fo r  th i rd  parallel track t o  provide 
rapid separation o f  labelled metabolites . 
i n  d i f fe ren t  solvent separation systems. 

, ' Gama counter for  HPLC output. 

~$10,000 

$9,000 
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In this task we are developing radioactive tracer techniques. t o  study schizophrenia 
A new lodoamphetamine i s  being synthesized which will use 3.6 min i n  human patients. 

1221 from a 20 h r  122Xe generator, and measure regional cerebral blood flow with PET images 
of brafn.  We wlll attem t t o  verif  reports of other workers o f  abnormal brain metabolic . 
ra te  i n  schizophrenia. ~IlC-rrthylJ-L-rnethionlnc has been syntheslzed and will b e  used .-:: 
i n . h u k n  stud4es t o  measure body organ kfnetics o f  methyl metabolism, f i r s t  using the 
Anger whole-body scanner and then t h e  PET rlng modified fo r  whole-body scanning. The PET 
r fng  will then be used for detatled dynamic pictures o f  a sfngle plane through the limbic 
system o f  the brain. 
methyl .oxidation, and plasma samples will be taken for  HPLC analysis o f  metabolites. 
A l l  measurements will be Incorporated Into a compartment model system t o  identify and 
quantify the abnormal methyl mtabollsm i n  schizophrenia found i n  our earlfer work. 
Demonstr'ar:c;n of 
ease. 

Simultaneously d u r i n g  a1 1 scans, l l C O z  respirometry w i  11 measure 

biochemical abnormality would speed a cure fo r  ihls widespread Gi:- 
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Mental illness is one o f  the most distressing of man's ailments, and  a t  the same 
time has been one of the most r e s i s t an t  t o  s c i en t i f i c  investigation because of the dif- 
flcul ty  of investigating human brain function nonlnvasively. A number of recent advan- 
ces have opened up new methods f o r  such investigations, and among these the use of 
radlolsotope tracer technology with PET and HPLC analysls of fe r  poss ib i l i t i es  o f  quanti- 
tative measures o f  dynamic biochemical function of the brain. I t  is these techniques, 
t o  which we have contributed and developed i n  prior work, which we propose to  u t i l i ze  

ere a r e  two principal overlapping areas on 
ent df braln blood flow and tegional cerebral'-'" ' 

) quantitation o f  bioche 

0 ,  

amphetamine shown to  concentrate i n  bald: 4-bromo-2 3- 
(ne (4-ErDPIA; Fig. 1, cmpd a )  was repbrted by us in 1975 2Br and 7% and the Anger Mark I1 whole body scanner. This 
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. not capable of yielding very hlgh specific ac t iv i ty ,  b) the isotope has a relatively 
long ha l f - l i fe ,  resultfng i n  the inab i l i t y  to perform repeat studies i n  rapid succession 
and thereby excluding the possibil i ty of assessing the response to  mani ulation or 
stimulation. In addi t ion ,  the patlent dose is  larger than  need be; c )  p231  i s  n o t  a 
positron enitter and thus cannot be used i n  the quantitatlve PET systems; the only 
positron edtters of Iodine available a re  1241, w i t h  too long  a half l i f e  (4 days), 
and l zLI ,  4th a half l ife too short  f o r  exchange labellfng. When perfoming rL3F 
measurements to be used I n  conjunction w i t h  sobsequent brain studies i n  a PET system, 
I t  i s  essential  t ha t  the data be also obtained by PET so tha t  the data will be consis- 
t e n t  ( in  the same format and measurement modality). 

t u t i o n  on the ring (Fig. 1 ,  cmpds e and f ) ,  have the potential of overcoming the 
problems outlined above; the de t a i l s  of the system we propose to develop will be 
o u t l i n e d  under attachments e. and f. 

Compounds of the type tha t  we have developed, w i t h  the 2,s dimethoxy substi - 

.- _._""1.. 
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d H . OCH, CH; C H I  ! 

Br OCHI H H a 

b I OCH3 H H 

. c  1 H cn (cn3 H 

l 

e I . OCH3 CH3 C H I  

f I .  OCH3 CHzCH3 CH2CH3 

Figure 1. Structures of various substituted amphet- 
amfne compounds referred t o  i n  the text .  - 

lobe uptake i n  schizophrenla (38), unflaterally decreased uptake i n  manic-depressives, 
and decreased localized whlte  matter uptake i n  senile dementia, the l a t t e r  comparable 
to  that found w i t h  'IC-methlonlne dur ing  Dr. Sargent's year a t  Domlnique Comar's 
laboratory I n  Orsay, France. The I8FDG method I s  a good tool  f o r  measuring localized 
differences i n  glucose metabolism o f  the braln, b u t  does no t  give an l n d f c a t i o n  of the 
speclf lc  causes o f  such differences; we are developing more specificallv labe l led  meta- 
bolic intermediates -.- .., I, 
However, Me FDG me 
40 min a f e r  Injection; 
t i o n  a f f ec t s  re ional up 

i n  dffferetnt areas of 
a r te r ia l  a r  "a r tc t ia l l  
constant".md the rate 
developed our new i 
patient,  rCBF and rCM 

d u r l n g  t h i s  en t  s re  per1 

must be similar for  a l l  subjects. 

popular theories 
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Our previous work noted above (21,221 and the c l in ica l  worsening caused by 
methionine feeding Indlcate an abnormality of methyl metabolism i n  schizophrenia not 
dependent on the postulate o f  hn  endogenous psychotogen. 
have been p u t  forward that also do not require such a postulate. Barker e t  a l .  (28) 

. 
Several other hypotheses 

t they term the hygerformaldehydism the0 
defined, i n  the OxldatlOR of methyl g r o  
omponents of t h e  one-carbon cycle. Lev 
Schizophrenia i s  caused by a deficienc of adenosylmethyl- 

a t  provides the sole source of the bod+ 
-adenosyl methionine (SAM)(Fig. 2 ,  reac 
0 provide methyl groups for  inactlvatio 
f the b r a i n  t o  perform this function co 
a l l y  i n  times of c r J s i s  w i t h  increased 
r by the dopamine theory of schizophren 
p s  a re  required i n  greater than noma1 

c e l l s ,  and t ha t  a f workers have reported markedly lower 
populations o f  sch i ts ,  which they propose would be accoun 
c i  ency: of methioni syltransferase. One group of workers h 

lower than normal i n  erythrocytes of s 
best summary of the current knowledge of the lab i le  methyl 

connecting methion 
many fdncttons of 
COMT. A reduced a 
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pool I s  in two recent papers by Mudd and co-workers (31,32). Our own version o f  methyl 
carbon pathways is shown i n  Ffg. 1, f n  a manner which separates the one-carbon oxida- 
t i on  states, namely the methyl, fomldehyde, and formate states. A l ab i le  methyl 
group is any methyl moiety which c a n  b e  transferred from one molecule to another, 
without changing Its oxidation state, by normal metabolic processes. This includes . 
the methyl of S-adenosylmethlonlne, o f  Ns-methyl tetrahydrofolate (NSFllHF) and one of the 
methyl groups of chollne and betaine (Fig. 2 ) .  
occurs, principally from the alpha carbon of serine and the imidazole carbon of h i s t i -  
dine. These carbons must be reduced, and enter the methyl pathway only via 5-.methyl THF. 
Mudd has calculated minimum values for net methyl ut i l ika t ion  i n  various pathways, 
based on dietary balances studies (31.32) and, i n  part ,  on our measurements,of methio- 
nine methyl oxidation (21). When dietary methionine intake exceeds the amount  neces- 
sary to sa t i s fy  the basal levels,  t h e  excess methyls are used f o r  methylating glycine 
t o  form sarcosine (Flg. 2, reactions 2 and 3) .  which i n  the sarcoslnemia patient i s  
excreted i n  the urine; i n  normal subjects i t  i s  oxidlzed eventually t o  C02 via "active 
formaldehyde" and fonnate (Fig. 2, reactlons 4 3 ,  and 6 ) .  By measuring the amount of 
sarcosine excreted by these patients under various levels of methionine in their  diets,  
he was able to deknnine the amount of methionine methyl groups t h a t  normally pass 
through t h l s  route b u t  a r e  n o t  detectable because of the normally rapid oxidation of 
sarcosine. 

De novo synthesis of methyl groups also 

Studies on methionine metkbolisa i n  animals (33) had shown that when nethio- 

CONTRACTOR NUMBER 

4458/003646 
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nine i s  fed i n  increasing amounts i n  the d ie t ,  oxldation of the S-methyl carbon to  C02 
is  increased. We have confirmed th i s  i n  animals and i n  human subjects (see attachment f . ) ,  
This' Is i n  agreement w i t h  the conclusion of Mudd tha t  removal of methyl groups that are 
n o t  required for methylation reactiqvs i s  via  sarcosine, serving as the overflow o u t -  
l e t  for  excess methyl groups. The 1'CO t h a t  we observed from methionine which displayed 
abnonnal kinetics i n  schlzophrenics (21f presumably passed via sarcosine, and for th!s 
reason IlC-methyl labelled sarcosine MY becohe o f  i n t e re s t  i n  our studies.  We have 
studied the oxidation of 14C-methyl sarcoslne, and of other labelled steps i n  the route 
to C02, In rats (see attachwnt f.) ,  and found t h a t  the l imiting step i n  the pathway 
appears to be l n  transfer of the met?yl group from methionine t o  sarcosine. 

There are a number of reports o f  differences i n  netabol~ism of methyl groups i n  
brain compared to lfver: 
reaction 7 ) 1  a l so  found deficient i n  schlrophrenic's red c e l l s  (30); methionine methyl- 
transferase a f t e r  loadlng (Fig. 2, reaction 1)(36).  Methxlation by SAM -- " '  

yie lds  homocystetne 

. 
These include ser ine  hydroxymethyl transferase ( F i g .  2,  

ethylaied by 5-methyl THF.in both 
ine (Fig. 2. reaction 9)  only i n  l i ve  

nces In brain and l i v e r  enbmes, we p 
brat n and 11 ver by who1 e-body scanni 
seen between normals and schizophre 

kinetics of methionine metabolism I n  

rbons smxs to  be regulated by complex 
, w i t h  Me principal ex i t s  from the pool $eing via SAN 

hen a surplus occurs. There are other passlble fates o f  
thy1 group, such as the transamlnation Pathway leading 

acid. The extent t o  which this and other pathways are 
o l i sx  is s t i l l  unknown, b u t  any such known or unknown 

measure the- 
difference in kinetics of l1C-meth1on 

braln compared to 1 

The supply of me 
among several enzyme 
to  a mul t i t ude  of  me products (Fig. 1 ,  reaction l o ) ,  while sbrcosine appears . 
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pathway could be involved i n  the abnormal methionine methyl oxidation seen in schito- 
phenia. I t  is the purpose o f  this proposal to seek to identify such pathways i f  they 
ex i s t ,  or t o  detennlne how. a disturbance of known pathways could b e  related t o  or be 
the cause o f  schi zophrenia. 

Attachment e. Approach 

1. Regional cerebral blood f low.  There-is a widespiead need i n  both clinical 
and research studies for  a simple, rapid and accurate measure of rCBF, as outl.ined 
i n  d. We propose to.develop a method f o r  synthesls of a radiopharmaceutical for 
making such a measurement w l t h  PET, and t o  compare the measure o f  rCBF as determined by 
t h l s  agent ~ 4 t h  measures o f  rCMR us ing  l*FDG in t h e  same patients. He propose to 
verify the generally held view tha t ,  except i n  specific disease s t a t e s ,  rCBF and rCMR 
a r e  coupled and tha t  the much slmpler and sequentially repeatable measure o f  rCBF 
can be used t o  assess altered brain metabollsrn. 

2,S-dimetho~yampheta~~nes t h a t  we developed earlier (4.5;6). We have investigated two 
such compounds as described i n  attachment f ,  and we will investigate a number more t o  
choose the one w i t h  the optimal to ta l  brain uptake and brain/blood ratio. 
by Winchell e t  al .  (7,8), a l though  they examined a wide variety of iod ine  labelling . positions and other variatlons t n  the  molecule, reported a rather l in i ted  number o f  - vartations on the para-iodo amphetamine type o f  structure, o f  which the secondary amines 
Principally the N-isopropyl amine, had the hlghest  brain/blood ratio (approximately 
20:l). While the braln/blood ratio i s  an important parameter, the blood content o f  
bra in  1s only about  Z, so an Improvement i n  the r a t io  from 10 to 20 changes the amount  

braln blood pool from 0.6 to 0.3%. both small in terms o f  
Imaging error.  As reported in attachment f., our newest compound, 4-iodo-2.5-dimethoxy- 
N,N-dimethyl amphetamine(1DNNA) has a r a t io  o f  9:1, and while we will seek other 
congeners t o  improve this ratio, this molecule has s igni f icant  other advantages t h a t  
we will m a i n t a i n  and u t l l l r e .  These advantages arfse from the f a c t  t h a t  t h e  2.5-dimetho 
ring substi tution i n  the uniadinated precursor provides a s t e r i ca l ly  imposed direct  
iodination a t  the para position, so tha t  the labell ing reaction w i t h  IC1 i s  a )  very 
rapid, l ess  than 1 m i n ,  and b)  car r ie r - f ree .  

The radiophannac yka1  t h a t  we propose t o  develop will be a congener of the 4-iodo- 

The studies 

of isotope remainlng,,the g 
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Attachment e. Approach (continued) : 

t o  measure flow. A t  the same tlme the 1221 generator system of Richards (39) will be 
developed and modified f o r  labelling the compound we f i n d  to be the best flow indicator. 
Yuklo Yano in our group has had extensive experience and succ ss in development of very 

systems, and will collaborate on this aspect of the program. 

The required toxicology and pharmacology fo r  an IND will be done by contract t o  
a comnerclal laboratory. Approval by the UC Comnlttee fo r  Protection of Human Subjects 
wlll  be obtained and the granting agency notified before human studies begin.. Human 
studies will be ready t o  s t a r t  by the end of FY 82. 

The 1221DNNA system will be studied i n  two collaborative programs already 
established. These are fo r  study of rCMR by 18FDG in.patients with senile dementia 
w i t h  Dr. Robert Friedland of the Martinez Veterans Administration Medical Center 
and In patients w i t h  schizophrenla w i t h  Dr. P h i l l i p  Berger and Dr. Adolf Pfefferbaum 
of the Schizophrenia Biological Research Center a t  the Palo Alto Veterans' Administra- 
t ion  Medical Center (PAVAMC). These studies will attempt to  verify or refute the 
reports of reduced metabolic ac t iv i ty  In the frontal region of patients. CT scans will 
be used i n  a l l  human studies t o  enable correlation of rCBF w i t h  morphologic images. 

p las t ic  which i s  custom-moulded to the face of each patient. I t  covers the forehead 
t o  the bridge o f  the nose and i s  equipped with cut-outs f o r  the eyes. Index marks 
on both mask and patient guarantee accurate repositioning o f  the mask f o r  staged studies, 
a s  well as insuring directly comparable planes o f  section fo r  the x-ray CT and positron 
emission W g r a p h s .  The device f i t s  into exactly equivalent positioning holes in 
both the CT scanner and the PET ring. 

2. Transmethylation and Catecholamine pathways. This project i s  designed t o  
u t i l i z e  a t  one time, on each patient, a simultaneous ser les  of studles which will exploit 
the unique advantages o f  the high spec i f ic  ac t iv i ty  and short half l i f e  of carbon-11, 
synthesized into the methyl group of L-methionine and administered t o  the patient for 
a v i r tua l ly  noninvasive, In vivo study of the kinetics of the methyl group. The sequence. 
and timing of the en t i r e  experlmental sequence descrlbed below i s  clearly complex and 
d i f f i c u l t .  
ment wlll only mean a 1 oss of some of the data, and the remainf ng data w i  11 s ti 11 be 

shor t  llved isotopes from generator systems, especially t h e '  e P Sr-82Rb and %e-%a 

The CT/PM posftlonlng device is a head holder f f t t e d  w i t h  it mask of heat-malleable 
' 

I t  may be noted, however, t ha t  f a i lu re  o f  certain parts of the t o t a l  experi- 
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Attachment e. Approach (continued) 

e) Posltron Tomography t o  study the regional kinetics of llC-methionlne i n  brain 
will be undertaken I n  M 83, i f  the whole body scanning, plasma HPLC and I1CO2 respir- 
ometry indlcate an abnormality tha t  may be detectable i n  brain. The l l C  study will 
Imnediately follow a 1221DNNA rCBF study of the patfent,  and will include blood sampling, 
llCOz respirometry and compartmental analysis as described f o r  d) above. 

The data i n  the image are  f ree  of effects of ac t ih ty .  i n  overlying tissue,,a 
serious l i a b i l i t y  i n  a l l  previous radionuclide imaging methods , i n  t e r n  o f .  quantlta- 
t ion ,  and the data a re  In a memory system from which i t  can be extracted for  regional 
analysis and manipulated by programs written f o r  dny desired computations. The 
Donner PET system currently wes a fixed rlng of 280 bismuth germanate crystals and 
hard-wired data pracesslng equipment and a specially designed histogramnet. The 
resolution of 8 mn FUHM a t  the center of the image surpasses t h a t  of most other 
machines, and will be impnoved by a new design innovation by the time th i s  project . 
begins, t o  gfve a resolution of 6 n (47). Because the detectors do not move as they 
do i n  other machines, there is no lower limit on the tlme interval f o r  each image, 
and da ta  accumulation can be gated f o r  data  from a moving organ such as the heart. 
T h i s  allows measurement o f  very rapid kinetic phenomena i f  suf f ic ien t  ac t iv i ty  i s  
present f o r  adequate statfstfcs. 

f )  Plasma HPLC analysls. The special virtues of this technique when applied 
to high-specific a c t l v i t  and h i  h total  radioactivity radioisotopes used t o  label 
molecules, specifically f 3 N  and j l C ,  were f i r s t  realized and developed by Prof. 
Kenneth Krohn and hlr colleagues a t  Crocker Nuclear Laboratory on the Davls Campus 
of the Unfverslty of tal ifomla.  Thls technology is being transferred to our labora- 
tory by vlrtue of P ro f .  Krohn spending a sabbatfcal year here, and one of his co7- 
leagues, Or. Chester Mathis. spending 2 years here on a postdoctoral tralning g ran t .  

The basis fo r  the ower of the techn1que:is the use of the  very high specific 
ac t lv l ty  possible w l t h  PIC, of the order o f  500 mCi/micromle. and the large quantities 
of ac t iv i ty  which can be Injected i n t o  subjects while remaining w i t h i n  an acceptable 
radiation dose. Krohn and Mathis (43) have found tha t  i f  as l i t t l e  as one atom I n  
107 o f  the adminfstered 11C f s  found In a particular metabolic product,  t h a t  product 
can be detected by HPLC after injection o f  10 mC1 of activity.  in to  an anlmal. This 
sens l t lv l ty  wlll be somewhat less when t h e  dose is  diluted by the larger b lood  volume 
of a human subject. Thus; the general method t h a t  they have developed (43,441 i s  

overcoming 

- - 

- 

ection, measurement, and character 
L-methionine t h a t  Ire will be  admin 

cular compound will depend on t 
the fraction o f  the methyl p00 

cr injection (S-adenosyl methio 
a1 distribution and turntwer ha 

of the method may be estimated a 
w i t h  a d i lu t ion  volume of 5 x 10 

T h c ' m f ~ l m u m  detectable ac t lv l ty  0 
h i t  i s  abou t  30 dpm, and after'i 
dpm/cc. Thus ,  100 t 6.6 x l@ * 

1 I 7 ' 3 2 8 2  
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I f 'our  results indicate tha t  i t  is important t o  measure more variables, or t h a t  . 
the metabolic a b n o m l I t y  of schizophrenia !s located a t  another p o i n t  i n  metabolism, 
we have the possibil i ty o f  synthesizlng other metabolites with carbon-11. 

These include a method of  labeling o f  amino acids on the carbonyl atom of amino 
acids developed In our grou (48); ["C-N methyl],sarcosine by methylatlon o f  glycine 

*: have a l so  begun t o  develop a method fo r  labeling tyrosine In the beta position , 
-: so t ha t  i n  the conversion of the tyrosine to the neurotransmitter catecholamines, 

the label w i l l  remain w i t h  the core o f  the molecule. 
w i t h  IIC i n  a one-pot synthesis. 
methyl metabolism, we'hope t o  be able t o  develop this radiopharmaceutical for investi- 
gat ion of catecholamines i n  vivo with PET and HPLC methods. 

w i t h  llC-methyliodide; and PIC-formaldehyde as developed by Comar's group (49) .  We >:. 

- 
The method could allow labeling 

Although we are  presently Interested primarily in 

The approach outlined above consti tutes a combination of unique capabili t ies 
i n  use of radioisotopes fo r  i n  vfvo studies of disease In humans, applied in this 
project t o  the uniquely human dltease of schizophrenla, but applicable in principle 
t o  the study of a varlety of metabolic dlsfunction . i n  man. We feel t h a t  i t s  develop- 
ment  will contribute not only t o  an understanding of mental disorders b u t  will serve  
as a model approach t o  other problems o f  the biochemistry of disease. 

C. 
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3 .  
N,N-diethyl analogs (e and f ,  Fig. 3). These compounds were prepared from precursors 
d and g respectively by d i r ec t  iodination w i t h  '31ICl under acidic conditions. The ' 

iodine f ree  dimethyl compound.:d was.prepared by reductive amination o f  K w i t h  dimethyl- 
amine; g, the diethyl compound, was nude by reductive alkylation of b w i t h  acetaldehyde. 
Both reducti'ons employed NaCNBH3 

IDNNA Chemistry; The f i r s t  compounds studied were the N,N-dimethyl and fhe 
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1 min 5 mln 15 rnln 30 min 

blood 0.21 0.20 . 0.11 
brain 0.58 1.8 0.54 

brainlblood 2.8 ’ 9.0 . 4.9 

liver 0.28 1 . 1  0.89 
1 ungs . 3.4 3.1 . ’ 1 . 7  
kidney 1.2 2.4 0.92 
heart. 1.2 0.84 0 .26  

. .  

muscle 0.36 0.20 
thyroid 1 .5  4 . 3  1 .8  

0.15 I 
I 

0.19 , 0.08 
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We have prepared the precursors for  compounds h and i and are  studying the 
fodinatfon reaction of each. We propose to  study a ser ies  of N-substituted analogs 
w i t h  the following strategy. The secondary amines will be made by preparing compound 
1 w i t h  1311, and then reacting aliquots o f  i t  w i t h  the  appropriate primary amine t o  
generate N-substltuted analogs. Correspondingly, synthesis of 1311 labeled j will 
allow reaction with a varfety of a l ipha t ic  aldehydes to  produce a series o f  N-disub- 
s t i t u t e d  analogs. Each labeled analog so produced will  then be tested f o r  brain,  
blood and organ uptake as prevfously done f o r  e and f. Those wi th .  the most pFomising 
brain/blood levels and to t a l  uptake will then .  be evaluated more extensively by imaging 
studies i n  dogs. 
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2. IDNNA-Labeled studies i n  animals. Organ distribution studies of com- 
pounds e and'f labeled w i t h  1-131 were performed i n  male Sprague-Dawley r a t s  weighing 
300-400 g. Ether anesthetized rats were injected i n  a t a i l  vein w i t h  10-201~Ci o f  the. . ,.).I . -L-,-> 1 c -..---, L, - -A  ....._- *-- ..._ *.* ,.-...#4,-,. rr,,.rr+,,ra .-I A L .  

r - -  ~ 

- - - - . - - - - 
rats k i l led  a t  selected intervals b decapitation. 
weighed wet and counted i n  I NaI(Tlf s c in t f l l a t ion  counter. The organ distribution 
datu from a t  least two rats were averaged t o  yield the ddta i n  Table 1.  

Each organ to be assayed was 

5 

- 
. The I administered dose per gram o f  brafn tfssue and the brain t o  whole b lood  

,: .activity ra t ios  were grea tes t  a t  5 minutes f o r  both 1-131 compounds. These values 
decreased by approxlmately 5OX'at 30 minutes Indicating slow loss o f  tracer from the 
brain. The N ,  N-dimethylamphetamine exhibited higher absolute brain uptake values and 
higher braln-to-blood ratios than  the N.N-diethylamphetamine despite the greater l i p o -  
phil I c i ty  of the diethyl compound, as measured i n  butanol/water parti t ion experiments. 
The reasons f o r  t h i s  finding are  not clear,  b u t  could involve s t e r i c  hinderance a t  
non-specific amlne receptor s i t e s  o r  impaired diffusion of the f r e e  diethyl amine 
across the Dlood-brai n-barri er. 

plasma clearance i n  the dog. 
a re  shown i n  Fig. 4. 
Mark I1 Whole-body Scanner a f t e r  injectlon of 75 pCi o f  1311 compound e .  

We have u t i l i zed  compound e labelled w i t h  1311 t o  study brain u p t a k e  and  
Brain uptake and blood clearance data  from a beagle dog 

Quantitative image data were acquired using the digitized Anger 
Data from * 

r s n 4 m . r n r  nC +n+arac+ n u a m  +ha hrr{n Werp takpn from f fve  scans Over 30 min and blnnd 

Samples were obtained a t  more frequent Intervals. The b ra ln /b lood  ra t lo  was 1 .5  a t  5 
min and reached a maxi ."  
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2 DE AIL AT A HMENTS 

3. Transmethylation studies i n  FY 82 have been pursued w i t h  ["T-methyl]- 
k tac iment  7. Fechnl cat Pmqress (continued) 

L-methlonina whlle methodologies for  HPLC, synthesis, scannlng, and collaboration 
wlth PAVAMC were being developed and coordinated. An HPLC system with programmable 
gradient system was acquired and separation methods for  metabolites which are 
expected t o  be labelled w l t h  11C-methyl groups  are being developed. 

Each subject was hdmfnfstered the labelled methionine while on his normal diet  and the 
'%O excretion measured, and then studied again a f t e r  four days on e l ther  a high or 
low iethfonlne d le t .  The diets were designed t o  deliver approximately normal caloric 
and protein Intake, b u t  wlth total methlonine intake reduced to 1/3 of normal for the  
low diet and Increased t o  three times normal in the hlgh methlonine diet .  
from two of these studies are  shown i n  Fig.  5. The resulfs confirm those from equiv- 
alent rat studies reported last year t h a t  hlgh methionine d i e t  increases oxidation o f  
the methyl group and the low methlmlne d i e t  decreases it. The slopes of the expon- 
ential  components of the curves are changed In a d d i t i o n  t o  the total  amount 
indicating some change i n  the oxldation ra te  as well. 

have t o  await corn le ' t ionofa larger number of  subjects. However, t h e  results do appear 
t o  show t h a t  'the PICO and 14C02 curves we observed in schizophrenics given labelled . methionine are not l i i e l y  t o  have been caused by d ie t ,  because t h e  s t r iking changes 

.; seen i n  T i  I n  schizophrenla are not  produced in human subjects consuming diets as ex-- 
treme in methionine content as could be readily tolerated. 

The prlnclpnl pathway o f  methyl oxida t ion  from Fig. 2 was studied in detail 
In a series o f  studies on rats. Four rats were each glven,ln a series o f  separate 
experlments. the f i v e  compounds shown in the metabolic sequence a t  the bottom of Fig. 
5 ,  labelled w i t h  14C i n  the positions shown. This series of metabolic steps i s  t he  
mute taken by the methyl group when i t  i s  oxidized t o  COzas constructed by other 
workers mdoutl lned In attachment d. Our experiments were extended over a period 
o f  6 hours i n  order t o  measure exponential components which  do n o t  appear until late 
In the study. The resul ts  fo r  each compound agreed very closely i n  a l l  four animals, 
and because .the same anlmal was fnjected w l t h  a l l  f ive compounds inter-animal varia- 
b i l i t y  was greatly reduced. The number of' exponential corrpcnents was found t o  be four 
for blcarbonate. three for  fopaldehyde and fonnate and two for sarcosine and rnethio- 
nine. 

. 

["X-methyl]-L-methionine studies were completed i n  3 human volunteer subjects; 

Results 

oxidized 

Whether these changes are  consistent and s t a t i s t i c a l l y  significant will 

* 

ay in reverse, from bfcarbonate t o  sarcosfne, t h e  X o f  the 
s CO 
vw&n o f  the label t o  other points of tndabolism en route. 

nine is markedly less ,  supporting thq cdncept of Mudd 
of excess methionine occurs a t  the f t  
cosine. E eriments with cold loadin 

t model t h a t  will account for  the seque 

ays of methyl metabolism and their  con 
resept, and a better unuerstanding of 
Ids of medlcal research as well . . e  As noted under back- 

i s  somewhat less  for  each 1abelled.compound i n  t he  

C analysie' % etabolites inlplasma will 

proposed which links schizophrenla t o  c 
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2 0 .  DETAIL ATTACHMENTS: 

Attachment f. Technical Progress : (continued) ' 

bas is  o f  methy lat ion react ions which are requi red f n  excess by malignant c e l l s  f o r  
t h e i r  m u l t i p l i c a t i o n .  This i s  a l a r g e  f i e l d  o f  research i n  i t s e l f ,  and work i n  t h i s  
p r o j e c t  my impinge upon i t  i n  f u t u r e  years. 

Attachment g. Future Accomplishments: 

I n  FY 83 we w i l l  have the lz210NNA system operat ional  using the optimal 
chemical form o f  the radiophannaceutlcal as determined i n  experiments dur ing FY 82 
as described i n  attachment e. We w i l l  begin studies tb compare rCBF,as measured 
w i t h  1221DNNA,to rCMF as measured by l8FDG. The l8FDG stud ies have already begun i n  
FY 82 i n  pa t ien ts  w i t h  A!thcimer's dementia i n  our co l l abo ra t i ve  studies w i t h  Dr. 
Fr ied land a t  the Mart inez VA and wl l l  begin w i t h  schizophrenic pat ients  f rom PAVAMC 
i n  l a t e  FY 82. 
83 as t o  whether there are s p e c i f i c  reg ional  d i f ferences i n  energy metabolism and 
blood flow i n  schizophrenfa. 

We w l l l  begln studles w i t h  l lC-mth lon ine i n  pa t i en ts  and normals, using 
the whole-body scanner. Dr. Huesman, i n  p r o j e c t  4454/000331 i s  developing a system 

. by which the PET r i n g  can be used as a whole-body tomographfc scanner, and as soon ' 
as t h i s  i s  operat ional  i t w i l l  be used instead o f  t h e  e x i s t i n g  Anger Mark I 1  Scanner.- *' "COz respirometry s tud les w i l l  be done simultaneously; the appropr iate extensions 
t o  connect t h e  breath c o l l e c t i o n  helmet from the scanner bed t o  the respirometer a r e  
i n  place. HPLC methods for separat ion o f  a t  l e a s t  some o f  the metabol i tes we wish t o  
study.wi11 a l s o  be developed a t  t h i s  time and blood sampling w i l l  be done in conjunc- 
t ion w i t h  each p a t i e n t  study. 

Dur ing FY 83 we w i l l  cont inue t o  p e r f e c t  our  HPLC plasma separat ion techni- 
ques to be n b l e  to f d e n t i f y  and quan t i f y  a greater  number o f  methyl metabolites. 
I n v e r t l g a t i o n  of metabol i tes by admin is ter ing "C methtonine t o  leukocyte cul tures 
w i l l  then be i n i t t a t e d  because of the grant  s e n s i t i v i t y  o f  the method, and the. possi- 

__ b i l i t y  o f  measurlng i n t r a c e l l u l a r  metabolism o f  c e l l s  from schizophrenic pat ients.  __ Methods f o r  1% synthesis of o the r  metabolites i n  the  methyl chain w i l l  be studled 
f o r  f u t u r e  t race rs  t o  be appl ied i n  PET stud ies f o r  more d e t a i l e d  i nves t i ga t i on  o f  .- methyl metabolism. 

We expect t o  be ab le  t o  answer the quest ion d e f i n i t i v e l y  dur ing FY I 

I 

The mpthod we have devlsed t o  synthesize EllC-beta] tyros ine w i l l  
.. I 

i 
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Attachment Q. Future Accomplfshments: (continued) . 
progress an'd these labelled molecules will be staged f o r  human studies. 

Attachment h. Relatfonshfps t o  Other Projects: 

Thfs project i s  close1 related and dependent upon-other pro ects in the Research 
Medicine Group. Synthesis of f1C-nethionfne and development of the i2210NNA system i s  
being done I n  collaboration w i t h  Yukio Yano's Experfmental. Medicine Development Group 
(4452-000330). The PET system, development of tho whole-body scan' toingraph system, 
and compartment mdel l fng  i s  befng done princtpally by Drs. Budinger, Huesman and  Derenzo 
i n  the Experfmental Medicine Clinical group. 4454/000331. 

this Dt'Oaram 1s beina done by Dr. Derenzo's Positron 310 Imaging Instrument program, 
Development of the  4 ring 7 plane PET system which  will eventually be used in 

4450/002420. 

Attachment i . Envf ronmental Assessment: N/A 

Attachment j. Explanation of Milestones: N/A ' 

- 

I Attachment k. ZBB Detail: N/A 

Attachment 1. Equipment PI 83: 

G a m  counter for. radioactlve peak measurement 
from HPLC ou tpu t .  Special fabrication 

Hlgh Performnncc Lfquid Chromatography system to  
provfde second parallel  track of analyofs. 

' 

Hfgh speed a i r  driven microcentrifuge, for  rapid 
separation of blo6d.samples. , 

FY 04 

Hfgh Performance Lfqutd Chromatography System. 
Required f o r  th i rd  p 
rap4d separation of led metabolites . 
i n  d f f fe ren t  solvent paration systems. 

el track to  provide 

Gama cbunter f o r  HPLC ou 
- .  

, I  

.*;, ~ > , 

I .  

a -  

1 1 1 3 2 1 4  

s9,ooo. 

$9,000. 

$1 , 200 I 
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