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18. TASK DESCRIPTION (Approach, relation 1o wark peckage, in 200 words or jass)

In this task we are developing radioactive tracer techniques. to study sch1zophren1a
in human patients. A new jodoamphetamine is being synthesized which will use 3.6 min
1221 from a 20 hr 122Xe generator, and measure regional cerebral bload flow with PET images
of brain. We will attempt to verify reports of other workers of abnormal brain metabolic
rate in schizophrenia. E“C-methy] -L-methionine has been synthesized and will be used
in-human studies to measure body organ kinetics of methyl metabolism, first using the
Anger whole-body scanner and then the PET ring modified for whole-body scanning. The PET
ring will then be used for detailed dynamic pictures of a single plane through the limbic
system of the brain. Simultaneously during all scans, 11C0, respirometry will measure
methyl oxidation, and plasma samples will be taken for HPLC analysis of metabolites.

A11 measurements will be incorporated into a compartment model system to identify and
quantify the abnormal methyl metabolism in schizophrenia found in our earlier work.
Demonstration of & biochemical abnormality wou1d speed a cure for this widespread dis-
ease,
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20.DETAIL ATTACHMENTS:
Attachment f. Technical Progress:(continued)

basis of.cethylation reactions which are required in excess by malignant cells for
their multiplication. This is a large field of research in itself, and work in this
project may impinge upon it in future years.

Attachment g. Future Accomplishments:

In FY 83 we will have the 122IDNNA system operational using the optima)
chemical form of the radiopharmaceutical as determined in experiments during FY 82
as descrited in attachment e. We will begin studies to compare rCBF, as measured
with 122IDNNA,to r(MF as measured by 18FDG. The 16FDG studies have already begun in
FY 82 in patients with Alzheimer's dementfa in our collaborative studies with Dr.
Friedland at the Martinez VA and will begin with schizophrenic patients from PAVAMC
in late FY 82. We expect to be able to answer the question definitively during FY
83 as to whether there are specific regional differences in energy metabolism and
blood flow in schizophrenia.

We will begin studies with !1C-methionine in patients and normals, using
the whole-body scanner. DOr. Huesman, in project 4454/000331 is developing a system
by which the PET ring can be used as a whole-body tomographic scanner, and as soon
as this is operational it will be used instead of the existing Anger Mark II Scanner._
1160, respirometry studies will be done simultaneously; the appropriate extensions
to connect the breath collection helmet from the scanner bed to the respirometer are
in place. HPLC methods for separation of at least some of the metabolites we wish to
study will 21so be developed at this time and blood sampling will be done in conjunc-
tion with each patient study.

During FY 83 we will continue to perfect our HPLC plasma separation techni-
ques to be able to identify and quantify a greater number of methyl metabolites.
Investigation of metabolites by administering 1C methionine to leukocyte cultures
will then be initiated because of the grant sensitivity of the method, and the. possi-
bility of measuring intracellular metabolism of cells from schizophren1c patients.
Methods for !1C synthesis of other metabolites in the methyl chain will be studied
for future tracers to be applied in PET studies for more detailed investigation of
methyl metabalism. The method we have devised to synthesize [11C-beta] tyrosine will
be pursuec to provide:.a labelled catecholamine for brain PET studies. -

In FY 84 we expect to have established a picture of methionine kinetics in
normals and schizophrenics in terms of whole-body metabo]ism. and will begin complete
coordinated studies with the PET system. If the 4-ring, 7 plane system being designed
and built by Dr. Derenzo in project 44507002420 is operational, it will be employed
to provide simultaneous brain and liver tomographs, as the rings will be separable.
The coordinated studies will consist of: a CT scan to provide the correct alignment
for the desired image plane; a !221DNNA study to provide quantitation regional rCBF;
injection of 11C-methionine fo]1owed by simultaneous measures of regional brain
11€ distribution; 11€0, respirometry and blood sampling for plasma HPLC analysis.
A1l of this data will be incorporated in a compartment model analysis to provide
an overall picture of methyl metabolism and its: differences, which we expect to
find in patients with schizophrenia. We will be 1nvestigat1ng intracellutar methyl
metabolisi by 11C methionine labelling of leukocytes with HPLC analysis. 11C label-
1ing methods for other metabolites, such as sarcosine and tyrosine, will be in

1173168 | ‘
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20, DETAIL ATTACHMENTS:
Attachment q. Future Accomplishments: {continued)

progress and these labelled molecules will be staged for human studies.

Attachment h. Relationships to Other Projects:

This project is close1¥ related and dependent upon.other pro{ects in the Research
Medicine Group. Synthesis of !lC-methionine and development of the !2Z2IDNNA system is
being done in collaboration with Yukio Yano's Experimental.Medicine Development Group
(4452-000330). The PET system, development of the whole-body scan tomograph system,

and compartment modelling is being done principally by Drs. Budinger, Huesman and Derenzo
in the Experimental Medicine Clinical group. 4454/000331.

Development of the 4 ring 7 plane PET system which will eventually be used in
this program is being done by Dr. Derenzo's Positron 3/D Imaging Instrument program,
4450/002420. .

Attachment i. Environmental Assessment: N/A

Attachment j. Explanation of Milestones: N/A
. Attachment k. ZBB Detail: N/A

Attachment 1. Equipment FY 83:

Gamma counter for radipactive peak measurement

from HPLC output. Special fabrication S $9,000.
High Performance Liquid Chromatography system to ' :

provide second parallel track of analysis. . $9,000.
High speed air driven microcehtrifuge, for rapid :

separation of blood samples. . ) $1,200.
FY 84

High Performance Liquid Chromatography System.
Required for third parallel track to provide -
rapid separation of labelled metabolites
in different solvent separation systems. ’ $10,000

Gamma counter for HPLC output. o . $9,000
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In this task we are developing radioactive tracer techniques.to study schizophrenia
~in human patients. A new jodoamphetamine is being synthesized which will use 3.6 min

1221 from a 20 hr 122Xe generator, and measure regional cerebral blood flow with PET images
of brain. We will attempt to verify reports of other workers of ‘abnormal brain metabolic ...
rate in schizophrenfa. [11C-methyl}-L-methionine has been synthesized and will be used >
in-human studies to measure body organ kinetics of methyl metabolism, first using the

. Anger whole-body scanner and then the PET ring modified for whole-body scanning. The PET
ring will then be used for detailed dynamic pictures of a single plane through the Jimbic
system of the brain. Simultaneously during all scans, 11C0, respirometry will measure
methyl oxidation, and plasma samples wil] be taken for HPLC analysis of metabolites.

A1l measurements will be incorporated into a compartment model system to identify and
quantify the abnormal methyl metabolism in schizophrenia found in our earlier work.
Demonstraticn of & bfochemical abnormality would speed a cure for this widespreag dis-
ease. .
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Attachment b. Publications

0

Bustany, P., Sargent, T., Saudﬁbray. J.M., Henry, J.F. and Comar, D,
Regional human brafn uptake and protein incorporation of 11¢-L-Methionine
J. Cerebral Blood Flow and Metabol. 1: suppl. 1,

studied in vivo with PET.

S 17-18 (1981).
Submitted: .

sargent I1I, T., Shulgin, A.T., Mathis, C.and Budinger, T.F. A new iodo-
amphetamine for rapid positron tomographic measurement of brain blood flow
3rd World Congress of Nuclear Medicine, Paris

with 1221, Submitted to:

Aug. 29-Sept. 2 '82.
Planned Publications:’

Sargent III, T., Braun, U., Braun, G., Kusubov, N., and Bristol, K.S.
- Cerebral and peripheral demethylation of phenolic and indolic psychotomimetics
measured by expired 14C0,7 To be submitted to. Neuropsychabiology.

Sargent iII, T. and Bristol, K.S.

oY

Sargent III, T. and Kusubov N. v
-on oxidation of the 1%C Jabeled methy] carbon studied in rats and humans by

measuring expired 1“C0,. To be submitted to: J. Nutrition.

O

A

1113191

Oxidation of the one.carbon. poo] studied
by injection of labelled intermediates and measurement of exp1red,1“C02 in
rats. To be submitted to'J. Nutrition.

Effects of dietary methionine
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20, DETAIL ATTACHMENTS:
Attachment c. Purpose:

Mental {11ness is one of the most common and debilitating afflictions, affecting
its victims and their families throughout long portions of their 1ifetimes, yet is one
of the most poorly studied of all public health problems in terms of basic chemical
and physical science. Over 10% of the U.S. population.is.suffering from one or.the
other of these mental disorders: schizophrenia (1%), manic-depressive affective dis-
orders (2%), and senile dementia (8%). The major psychoses, schizophrenia and affec-
tive disorders, are now widely accepted to be genetically determined 11inesses affec-
ting the central nervous System, and many laboratories including ours have narrowed
the search for the biochemical basis to certain dreas of brain metabolism. Because
these i11nesses are unique to the human species, animal studies provide limited infor-
mation. It is for this reason that the instrumentation developed at this laboratory
for study in human patients of quantitative invivo biochemistry by use of radioisptopes
{s uniquely valuable.

The Donner 280 crystal positron emission. tomograph sPET) system will be used to
determine kinetics of f‘lc-methyl]-L-methionine and an 1221 flow indicator in specific
brain regions; the Mark II whole body scanner will measure brain and liver differences;
110, respirometry will measure global oxidative kinetics; and High Performance Liquid

* . Chromatography (HPLC) will be used to measure specific metabolite kinetics in plasma.

ARRANE

—

We have and are developing specfal synthetic methods for short-lived positron isotope
labelling 1nc1ud1n? [1iC-methyl]-L-methionine, 1221 amphetamines for brain blood fiow
measurements and !1C tyrosine. This combination of in vive radioisotope technigues

- for study of mental illness is uniquely available at this laboratory, and has the poten-
tial of providing new insight into the biochemical causes of these diseases and thus
of devising more successful treatment. .

Attachment d. Background:

Mental illness is one of the most distressing of man's aflments, and at the same
time has been one of the most resistant to scientific investigation because of the dif-
ficulty of investigating human brain function noninvasively. A number of recent advan-
‘ces have opened up new methods for such investigations, and among these the use of
radioisotope tracer technology with PET and HPLC analysis offer possibilities of quanti-
tative measures of dynamic biochemical function of the brain. It is these techniques,
to which we have contributed and developed in prior work, which we propose to utilize
to investigate human mental disease. There are two principal overlapping areas on

which we will concentrat¥: 1) measurement of brain blood flow and regional cerebral™™ "~

metaboiic rate. (rCMR) folf
in transmethylation and #

. glucose, and 2) quantitation of biochemica] abnormalities
atecholamine pathways. s

1.. Regional cerebr¥l blood flow (rCBF) has become of increasing: interest recently
because this measurementiay be of importance in many brain disordery in addition to
mental disease. We prqﬂ-se to increase our attention to this area Bpcause a) our
prior work-has been the Basis for recent development of radiopharmacéuticals for rC8F
determination by ourselvifs and others, and we are in a upique positipn to make signi-
ficant advances in this field, b) there have been a number of reporits. of rCBF abnor-

" malities in mental disorfers, and c) a measure of r(BF will be impgriant to our meas-

urements of 11C-methyl {ff transmethylation kinetics.

o . o : :
The first halogenatld amphetamine shown to concentrate in brat ,za-bromo-z,s- ‘

dimethoxyphenylisopropylf§imine (4-BrDPIA; Fig. 1, cmpd a) was repbrted by us-in 1975

o “"usingf®28r and 77Br and the :Anger Mark II whole'body scanner. This
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20. DETAIL ATTACHMENTS:
Attachment d. Background . (continued):

was followed by our report of the brain uptake of the analogous compound made with
1231 (F1g. 1, cmpd b) in 1978 (4,5,6) which included the first single
photon tomographic reconstruction brain scan (6). The extraction of the 123!
analog in monkey brain measured with an Anger camera appeared to be a single-pass uptake
phenomenon, with the activity remaining constant after the first minute, an ideal situa-
tion for rCBF measurement if the agent indeed measures.flow. Following this idea,
Winchell et al. (7.82 _ studied a large series of compounds and chose the 4-{odo-
N-isopropyl amphetamine (IAMPH, Fig. 1, cmpd ¢) to pursue clinical studies, This com-
pound has been studfed by Kuhl and his co-workers at UCLA and has been shown by compari-
son with labelled microspheres to be an accurate indicator of regional flow (47). It
has been used in over 100 patients by Dr. Thomas Hi1l at Boston Deaconess Hospital, in
which excellent flow fmages have been obtained by single photon tomography. A recent

. report has shown decreased uptake in brafn tumors compared to normal brain (37).
Diamine congeners (HIPO) being investigated by Kung and Blau appear to give comparable
results (9). 4- TAMPH and the diamine compounds appear to be of value in
clinical situations in which quantitatively accurate, attenuation corrected single pho-
ton tomography is available, and will be useful in clinical situations with an Anger
camera even though only qualitative images will be possible. The recent and future
potential of single photon techniques has just been reviewed and discussed by Budinger
(34). However, there are several conditions that cannot.be met by these after two types
of compounds: a) labelling is by exchange reaction, which inherently is slow and is

‘- not capable of yielding very high specific activity, b) the isotope has a relatively
tong half-1ife, resulting in the {nab{lity to perform repeat studies in rapid succession
and thereby excluding the possibility of assessing the response to manipulation or
stimulation. In addition, the patient dose is larger than need be; c) !2°I is not a
positron emitter and thus cannot be used in the quantitative PET systems; the only
positron emitters of fodine available are 1241, with too long a half life (4 days),
and 1241, with a half 1ife too short for exchange labelling. When performing risf
measurements to be used in conjunction with subsequent brain studies in a PET system,
it is essential that the data be also obtained by PET so that the data will be consis-
tent (in the same format and measurement modality). ..

Compounds of the type that we have developed, with the 2,5 dimethoxy substi-
- tution on the ring (Fig. 1, cmpds e and f), have the potential of overcoming the
problems outlined above; the details of the system we propose to develop will be
outlined under attachments e. and f.
. oK ' . T [
Our Research Med$tine Group has also developed methodologies. for measuring other
parameters of cerebraff.vascular function, which may also find appiicatﬁon in this pro-
ject under attachmentfie. and f. [cf. project 4454/000331], 82Rb.Has been used to
quantitatively measur® heart perfusion (10) and its use’ f@gr measurement of
braif blood volume (1% and permeability (12) have.also been reported.

Ludbods genera]1y§€snsfdered that under: normal conditions rCBF{s coupled to regiona
cerebral metabolfte r§te (rCMR). Some recent work has reported that rCMR as measured
by 18F-deoxyglucose (MPFDG) is altered in schizophrenia (38). :Th@ 1“C deoxyglucose -

: Bain regional glucose metabolism, origina11¥ﬁ§eveloped by _

" Sokoloff et al. (51),[uti1{zes trapping of the unmetabolizable grﬁhphorylatgd product
14¢-deoxyglucose-6-phfisphate to quantitate glucose uptake . auﬁan&diograph1cally,
This method has been Wktended by the Brookhaven ?roup under Holf#}’and the UCLA group
under Kuhl, by label1fhg deoxyglucose with 18F (18FDG) and performing-in vivo autoradfo

graphy by PET scannin®, Their preliminary studies have indicatedfﬂecreased frontal
PII3193
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20. DETAIL ATTACHMENTS:
Attachment d. Background {continued)-:
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Figure 1. Structures of varfous substituted amphet-
aming compounds referred to in the text.

lobe uptake in schizophrenia (38), unilaterally decreased uptake in manic-depressives,
and decreased local{zed white matter uptake in senile dementia, the latter comparable

to that found with l1C-methionine during Dr. Sargent's year at Dominique Comar's
laboratory in Orsay, France. The 13FDG method is a good tool for measuring localized
differences in glucose metabolism of the brain, but does not give an indication of the
spacific causes of such differences; we are developing more specificaliv labelled meta-
bolic intermediates {n ordew to identify the biqchemical lesion. .

However, the FDG method has@serious drawbacks. The'examination requires.at least

40 min after injection;, th'&, 1t 1s not certain when and if changes im Sensory stimula-,
tion affgctS're¥1ona1 uptik®, and it §s difficult to maintain. a constant stimulation
during this entire period, @specfally with schizophrenics. While relative uptake rates
in different areas of the -Q‘e brain can be measured, to obtain absolutk values,
arterfal gr "arterialized"glood must be obtained for the entire peribdiand the "umped
constant".apnd. the rate conﬁ;.nts must be similar for all subjects. Whely.we have
developed our new iodo-ampigtamine rCBF agent we will be able to measurg:in the same

patient, rCBF and rCMR, usﬁkg 18FDG as will be described in attachment ¢.

i B

2. TYransmethylation afid catecholamine pathways. The currently mo$t popular theories
for the biochemical basis af schizophrenia are the dopamine hypothesis,-in which a ’
hyperactivity of catecholafnergic neurosis is hypothesized, and the trinsmethylation
hypothesis. Our principal Hinterest is on the study of abnormal transmethylation reactions.
It should be noted at the ghtset that we are considering this hypothesis with a focus

14
ENEREY ’



CONTRACTOR NAME . CONTRACTOR CODE CONTRACTOR NUMBER
University of California
3

atory ) 4458/003646
. PRINCIPAL INVESTIGATOR DATE PREPARED - TASK NUMBER [REVISION NUMBER
(_ sargent, Thornton III 04/01/82 0

20, PETAIL ATTACHMENTS;
Attachment d. Backgqround (continued):

which 1s not identical with that usually associated with the transmethylation theory.
The original hypothesis (14) - proposed that schizophrenia is caused by endogenous
production of an abnormally methylated metabolite resembling mescaline which causes
psychotic phenomena of similar form to those of the psychotomimetic drugs. Our present
working hypothesis does not require -the production of such an endogenous psychotogen
but seeks to explore the details of abnormal methylations, and the various ways such

an abnormality may be associated with or cause schizophrenia. ‘

Recent reviews (15,16) have described the course of the original hypothesis
and the many experiments that have evolved from it, The theory has been supported
by a succession of experiments which lend credulity to it: the discovery of methylating
enzymes by Axelrod (17) and Friedhoff (18); the report of DMPEA by Friedhoff and
Van Winkle (19) and the ensuing controversy over the existence of this metabolite in
the urine of schizophrenics; the finding by more than ten independent laboratories that
feeding of methionine to schizophrenics worsens their psychosis (20); and our finding
of abnormal oxidation of the methyl carbon of methionine in patients with schizophrenia
in vivo (21), and in cultured leukocytes of such patients in vitro (22).

) Further studies by Friedhoff and his co-workers {19) have indicated that there are :.
two forms of catechol-O-methyltransferase (COMT), the enzyme that normally catabolizes
dopamine by methylat1n? it, and that one form df the enzyme might be capable of forming
DMPEA or other, possibly psychotomimetic compounds. We have reported on the demethyl-
ation rates of DMPEA and the trimethoxylated psychotomimetic TMPIA by labelling with
14C and measuring expired !%C0, in rats (25,26). Addition of a third methoxyl group
greatly increases the amount of demethylation, and in recent work now ready for publi-
cation we found that demethylatfon at the para-position appears to be greatly diminished
in brain compared to the pariphery. This would seem to make the brain unusually sensi-
tive to para-methoxylated compounds, being unable to inactivate them. It was our
earlier observation of the importance of the para-position (23) which led us to the
synthesis of the iodoamphetamines and the discovery of their striking uptake in brain.

Our previous work noted above (21,22) and the ¢linical worsening caused by
methionine feeding indicate an abnormality of methyl metabolism in schizophrenia not
dependent on the postulate of an endogenous psychotogen. Several other hypotheses
have been put forward that also do not require such a postulate. Barker et al. (28)

- have suggested what they term the hyperformaldehydism. theory, which postulates.....
an abnormality not furtiir defined, in the oxidatiomr of methyl groups at the level of
the "active formaldehyddf components of the one-carbon cycle. Levi and Waxman (29)

- have proposed t4}t schizophrenia is caused by a deficiency:of adenosylimethyl-
transferase, the enzyme:Xhat provides the sole source of the body's sethyl groups by,
connecting methionine tg:S-adenosyl methionine (SAM)(Fig. 2, reactiagi 1). Among the.
many fynctions of SAM 1ghto provide methyl groups for inactivation:of dopamine.by
COMT. ‘A reduced abilityfof the brain to perform this functfon couldiiead to a hyper-
dopamfﬁﬁf?ic state, espeRially in times of crisis with increased demagnd for dopaminer-
gic activity, as called For by the dopamine theory of schizophrenia... Levi and Waxman
. also naote that methyl grifiups are required in greater than normal amoints by malaggant
(__ cells, and that a numberfiof workers have reported markedly lower riaths of cancer in

populations of schizophnics, which they propose would be accountedifor by the defi-
ciency of methionine addiosyltransferase. One group of workers haseﬁﬁporteq that the
activity -of this énzyme fs lower than normal in erythrocytes of schizophrenics

(30 ). = Probably tl f best summary of the current knowledge of§t§g labile methyl

ColEL
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SUMMARY OF ONE-CARBON OXIDATION STATES
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20. DETAIL ATTACHMENTS:
Attachment d. Background {(continued):

pool is in two recent papers by Mudd and co-workers (31,32). Our own version of methyl
carbon pathways 1s shown in Fig. 1, in a manner which separates the one-carbon oxida-
tion states, namely the methyl, formaldehyde, and formate states. A labile methyl

group fs any methyl mofety which can be transferred from one molecule to ancther,
without changing its oxfdation state, by normal metabolic processes. This includes .
the methyl of S-adenosylmethionine, of NS-methyltetrahydrofolate (NSMTHF) and one of the
methyl groups of choline and betaine (Fig. 2). De novo synthesis of methyl groups also
occurs, principally from the alpha carbon of serine and the imidazole carbon of histi-
dine. These carbons must be reduced, and enter the methyl pathway only via 5-methyl THF.
Mudd has calculated minimum values for net methyl utilization in various pathways,
based on dietary balances studies (31,32) and, in part, on our measurements of methio-
nine methyl oxidation (21). When dietary methionine intake exceeds the amount neces-
sary to satisfy the basal levels, the excess methyls are used for methylating glycine
to form sarcosine (Ffg. 2, reactions 2 and 3), which in the sarcosinemia patient is
excreted 1n the urine; in normal subjects it is oxidized eventually to CO, via "active
formaldehyde" and formate (Fig. 2, reactions 4,5, and 6). By measuring the amount of
sarcosine excreted by these patients under various levels of methionine in their diets,
he was able to determine the amount of methionine methyl groups that normally pass
through this route but are not detectable because of the normally rapid oxidation of
sarcosine. .

Studies on methionine metabolisn in animals (33) had shown that when methio-
nine is fed in increasing amounts in the diet, oxidation of the S-methyl carbon to C0,
is increased. Ve have confirmed this in animals and in human subjects (see attachment f.)
This is in agreement with the conclusion of Mudd that removal of methyl groups that are
not required for methylation reactioas is via sarcosine, serving as the overflow out-
Tet for excess methyl groups. The 1*C0, that we observed from methionine which displayed
abnormal kinetics in schizophrenics (21? presumably passed via sarcosine, and for this
reason 11C-methyl labelled sarcosine may become of interest in our studies. We have
studied the oxidation of 1%C-methyl sarcosine, and of other abelled steps in the route
to C0p, in rats (see attachment f.), and found that the 1imiting step in the pathway
appears to be in transfer of the methyl group from methionine to sarcosine.

. There are a number of reports of differences in metabolism of methyl groups in
brafn compared to liver: These include serine hydroxymethyltransferase (Fig. 2,
reaction 7), also found deficient in schizophrenic's red cells (30); methionine methyl-
transferase -after methigmine loading (Fig. 2, reaction 1)(36). Methylation by SAM -~
i is remethylated by 5-methyl.THF-in both Tiver and brain

yields homocysteine whicf
(Fig. 2y reaction) byt bygbetaine (Fig. 2, reaction 9) only in 1ivg

W . ! . .
Because of these dififerences in brain and liver enymes, we plasito measure the-
kinetics. of 11C-methioniflg in brain and Yiver by whole-body scanning.: A difference in
brain compared to 1iver gy be seen between normals and schizophren cg, which will
appear 3s differences inihe kinetics of methionine metabolism. in the:two organs.

'carbons sesms to be regulated by complex: feedback control

ms, with the principal exits from the pool being via SAM

© to a multitude of methylaged products (Fig. 1, reaction 10), while sarcosine appears
to operate as the overfig§ when a surplus occurs. There are other passible fates of

oxidation of the methion#fe methyl group, such as the transamination pathway leading

to 3-methylthio-proprionif acid. The extent to which this and other pathways are

involved in normal- in viv} metabolisa is still unknown, but any such known or unknown

19
among several enzyme systé
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20. DETAIL ATTACHMENTS:
Attachment d. Background (continued):

pathway could be involved in the abnormal methionine methyl oxidation seen in schizo-
phenia. It is the purpose of this proposal to seek to identify such pathways if they
exfst, or to determine how a disturbance of known pathways could be related to or be

the cause of schizophrenia. .

Attachment e. Approach

1. Regional cerebral blood flow. There is a widespread need in both clinical
and research studies for a simple, rapid and accurate measure of rCBF, as outlined
in d. We propose to develop a method for synthesis of a radiopharmaceutical for
making such a measurement with PET, and to compare the measure of rCBF as determined by
this agent with measures of rCMR using 18FDG in the same patients. We propose to
verify the generally held view that, except in specific disease states, rCBF and r(MR
are coupled and that the much simpler and sequentially repeatable measure of rCBF
can be used to assess altered brain metabolism. :

The radiopharmac$§ica1 that we propose to develop will be a congener of the 4-iodo-
2,5-dimethoxyamphetamines that we developed earlfer (4,5,6).. We have investigated two
such compounds as described in attachment f, and we will investigate a number more to
choose the one with the optimal total brain uptake and brain/blood ratio,  The studies

;_by Winchell et al, (7,8), although they examined a wide variety of jodine labelling

positions and other variations in the molecule, reported a rather linited number of

- variations on the para-fodo amphetamine type of structure, of which the secondary amines

principally the N-isopropyl amine, had the highest brain/blood ratio (approximately
20:1). While the brain/blood ratio fs an important parameter, the blood content of
brain is only about.gz, so an improvement in the ratio from 10 to 20 changes the amount
of isotope remainingflthe brain blood pool from 0.6 to 0.3%, both small in terms of
imaging error. As reported in attachment f., our newest ¢ompound, 4-iodo-2,5-dimethoxy-
N,N-dimethyl amphetamine(IDNNA) has a ratio of 9:1, and while we will seek other
congeners to improve this ratio, this molecule has significant other advantages that
-we will maintain and utilize. These advantages arise from the fact that the 2,5-dimethe
ring substitution in the uniodinated precursor provides a sterically imposed direct
jodination at the para position, so that the labelling reaction with IC1 is a) very

" rapid, less than 1 min, and b) carrier-free.

" The compounds repgrted by Kung and Blau are Tabelled by exchange, and although _ .
the synthesis used by Winchell et al. has dot been veported it {$ probably also labelled
by exchange.. The rapt¥ and carrier free labelling of our-compounds: can occur when the
nitrogen is di-substited and hence the IC1 does not attack the nitrogen, and the final
product is produced imMl'a single rapid step. These characteristics:provide a potential
not otherwise possibldy labelling at very high specific activity with very short half
life carrier-free 1221 a positron emitter with Ty=3.6 min, which 4s the daughter of
122ya, a ‘Ssuitable geridfator isotope with a haif-1ife of 20 hrs.

A generator suitible for labelling our compound was developadiseveral years ago
by Richards and Ku at frookhaven (39). The series of xenon isotapks 121, 122, 123,
125, ‘and 127 are produyfed in a 2 hr bombardment of 1271 by protonsy: and are transferred
to a holding chamber wiere all of the jodine daughters, including the desired 122],
build: up in the chambe ) : .
’ ’ ;:
Mhen required fong
chamber.containing chigrine, and as the

se, the Xe s cryogenically pumped to a second (reaction)
221 byilds up 1t reacts with the chlorine to

DS
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20, DETAIL ATTACHMENTS:
Attachment e. Approach (contfnued): -

form IC1 and deposits on the walls. When sufficient 1221 has bullt up, the Xe is pumped
back to the holding chamber, leaving the 122IC1 and a very small amount of the undesir-
able long half 1ife fodine isotopes in the reaction chamber. We propose at this point
to add our precursor compound with the appropriate solvent to the chamber; in one
minute or less the reaction is complete, as we have shown in our work on the synthesis
of IDNNAs and the reaction mixture will be passed through a column for purification and
a millipore filter and be ready for use. Development of .the reaction conditions,
purification methods, and the optimal N-substitution patterns will constitute a signi-
ficant portion of our efforts in FY 82. - )

The IDNNA class of compounds has a number of significant virtues in terms of
clinical and research medicine: a) The short half 1ife provides the possibility of
measuring rCBF within time periods of a few minutes, and repeat studies at intervals
of 15 or 20 minutes. With present 12FDG studies, it is necessary to wait at least
30 minutes after injection for the blood level to decline before measuring the rCMR,
Since these studfes have demonstrated changes in rCMR with sensory stimulation, it is
clearly difficult to maintain ‘constant stimulation and cognitive status in patients
with dementfa or schizophrenfa for such perfods of time. IDNNA will make possible
rCBF measurements to compare with 18FDG rCMR, requiring only a few minutes of constant

" mental status;’ . repeat studies after 15-20 minutes under changed status can then be
done allowing direct comparison of such changes in the same patient at close time
intervals. Subjects will be studied in mental states established by specific mental
task training déveloped by our colleagues at the Palo Alto Veterans Administration
Medical Center (PAVAMC). The low patfent dose due to the short half-1ife will be a
further advantage.

b) For use of the rCBF determinations in conjunction with our further studies of
brasn metabolism using 11C compounds i1t will be important-that the data be acquired with
the same equipment, namely the PET ring camera, so that the data will be directly
comparable. For this a positron emitter is required, and 122I is the only feasible
fodine isotope. 18FDG, in addition to the problems noted above, must also be produced
by a cyclotron, and production of both 18F and 11C compounds within a short time,
although possible with changeable cyclotron targets, would be an additional difficulty.
Use of the 122Xe generator eliminates one of these production steps.

c) More widespread use of PET systems is limited by the requirements to have an
ogerating,cyclotron near by
122¥e geferator is sufficint to make possible production-at central c¥clotrons and
shipment to PET facilities§ The short half life of 122] would mean rediced patient
doses, ardl many patients cjuld be studied from each preparation of theigenerator.

presence pf cpld fodine tafbe exchanged, and the specific activity wilf:ibe very high;
the theoretical specific af¢ivity of 122[ is 5 x 10}3 Ci/mmole. Thus,ﬁﬁhe chemical
quantitie¥<of. IDNNA to be 'ed will be so small-that pharmacological ptioblems will be .
obviated.. - 5 ¥

d) Because the. fodintion 1s direct there is no necessity for cair1er or the

hichell and the

t. xh
tfy

BiNA compounds with the IAMPH compounds of. b
¢p scanning

We will compare our 1%
HIPO compound of Kung and Bau in animal studies, using 1231 or 1311.fgr
camera orsorgan distributih studies and 12%I for PET Studies. "Aftem:ifrgan distri-
bution studies by serial Acrifice in rats, image quantitation will be:$tudied in dogs.

and monkeys, and correlategtwith injected microspheres to compare acqufg;e]y the ability

TTT3766 - 4

. to. produce. positron fsotopes. The 20 hr half life of the ...
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20, DETAIL ATTACHMENTS:
Attachment e. Approach (continued): -

to measure flow. At the same time the 1221 generator system of Richards (39) will be
developed and modiffed for labelling the compound we find to be the best flow indicator.
Yukio Yano in our group has had extensive experfence and succgss in development of very
short 1ived isotopes from generator systems, especially the’ 825r-82Rb and 55Ge-5%Ga
systems, and will collaborate on this aspect of the program.

The required toxicology and pharmacology for an IND will be done by contract to
a commercial laboratory. Approval by the UC Committee for Protection of Human Subjects
will be obtained and the granting agency notified before human studies begin. . Human
studies will be ready to start by the end of FY 82. ' ’

The 122]DNNA system will be studied in two collaborative programs already
established. These are for study of rCMR by !8FDG 1in.patients with senile dementia
with Dr. Robert Friedland of the Martinez Veterans Administration Medical Center
and in patients with schizophrenia with Dr. Phiilip Berger and Dr. Adolf Pfefferbaum
of the Schizophrenia Biological Research. Center at the Palo Alto Veterans' Administra-
tion Medical Center (PAVAMC). These studies will attempt to verify or refute the
reports of reduced metabolic activity in the frontal region of patients. CT scans will
be wused in all human studies to enable correlation of rCBF with morphologic images.

The CT/PET positioning device is a head holder fitted-with a mask of heat-malleable
plastic which 1s custom-moulded to the face of each patient. It covers the forehead
to the bridge of the nose and is equipped with cut-outs for the eyes. Index marks
on both mask and patient guarantee accurate repositioning of the mask for staged studies,
as well as insuring directly comparable planes of section for the x-ray CT and positron
emission tomographs. The device fits into exactly equivalent positioning holes in
both the CT scanner and the PET ring.

2. Transmethylation and Catecholamine pathways. This project is designed to
utilize at one time, on each patient, a simultanecus series of studies which will exploit
the unfque advantages of the high specific activity and short half 1ife of carbon-11,
synthesized into the methyl group of L-methionine and administered to the patient for
a virtually noninvasive, in vivo study of the kinetics of the methyl group. The sequence_
and timing of the entire experimental sequence described below is clearly complex and
difficult. It may be noted, however, that failure of certain parts of the total experi-
ment will only mean a loss of some of the data, and the remaining data will still be
useful.: The first year Bf the proposal will be spept in developing each part of the -~
study to high reliabilit®, on animals where appropriate. ‘In FY 84 we expect to
completé the ful) set ofifstudies on each patient. OQur prior experfente in complex
patient studies has demoffstrated that they are possible and that sigfificant data
not obtafnable any othergiay can be acquired. :

The techniques to bfi employed in this study will include: a) CTiscan; b) rCBF
measurement. with 1221DNNN cg synthesis of [}1C-S-methyl]-L-methionifé and injection
into patfents and normat§f, who will be studied by d) whole-body scanning.for brain/
liver kinetics and in lager studies by e) positron tomography studtb#;of regional brain
kinetics of 31C; f) sequghtial plasma sampling and HPLC analysis to dbtain time/
activity curves of metabjites; g) 13C0, respirometry; h) data analysts and compart-
ment modelling. When alfiof the study methods have been developed dafa acquisition
will be time synchronizelfand stored on the PDP 11/34 which serves ‘the PET system.

1113200 %
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20, DETAIL ATTACHMENTS;
Attachment e. Approach (continued):

Following is a sdmmary of each of the methods to be employed in the program:

a) CT scans will be performed on the EMI 70-70 scanner (resolution 1 mm)
adjacent to the PET scanner room, on all subjects who will receive 122IDNNA and/or
11C methionine PET scans. Three planes will be scanned at OM + 4, OM + 5, and OM + 6,
from which our radiologist and neurosurgeon will select the optimal plane to include,
as nearly as possible, the frontal lobes, caudate nucleus, hippocampus, parietal,
and occipital. regions, and a fourth scan will be made at the chosen angle and
distance above the orbital-meatal 1ine to confirm the choice. The head holder we
have designed fits both the EMI scanner and the PET scanner so that the plane of
section may be reproduced exactly when the subject 1s positioned in the PET.scanner.
The CT scan 1s essentfal because our experience has shown that external markers are
insufficient to define the location of cerebral structures. !

b) Measurement of rCBF with 122IDNNA will be performed as described in detai)
in section 1 of this attachment. This study will be done as a single study in some
subjects during the development phase and quite probably in separate programs which
will be designed to measure rCBF under other conditions such as stroke, dementia, and

. other neurological disorders.

, ¢) Synthesis of [!1C-methyl]-L-methionine. The method of synthesis was originally
devised by Comar and his co-workers at Orsay (23); 11C0, is produced in a target con-
taining 99.9 % N, and 20 ppm O, by the 1*N(p,alpha)!}C reaction using 25 Mev protons
at the LBL 88" cyclotron. It is reacted with LiA1H, to form llC-methanol, then 11C-
methyl fodide which is reacted with homocysteine to form the [!C-methyl]-L-methionine.
The methionine so produced 1s the natural L-isomer because the optical center has not
beer. tnvclved in the synthesis. The synthesis involves manipulation of curie levels of
radioactivity, and for operator safety, consistency and simplicity of operation has
been automated for operation within a shielded cave (40).

d) Whole-body scanning will be done with the Anger Mark II machine which provides
2 whole-body. image with 1.5 cm resolution, obtainable at scan durations of .75 min and
quantitation into an HP 5401 Scintillation Data Analyzer. After injection of approxi-
mately 1mCi of 1lC-methionine, (the maximum capacity of the machine due to its high
sensitivity), sequential scans will be made at 1,2,3,5,10,15,20,30,50,70,90, 100 and
120 minute intervals wigh increasing scan times appropriate to decay. . The sensitivity
of the scanner is suffyient to obtain data with the 15 uCi remainifig at 120 min.
Blood samples' will pe dfawn at comparable intervals (see f below):afid (0, respir-
ometry performed contigfiously (see g. below). Regions of interest gver any desired
body region can be usedlito obtain kinetics of the isotope from the gata stored on
tape and disc, for usei#n compartment analysis (see h. below). We will pay particular
attention to the kinetfffs in the liver and brain because these orgaps have different..
enzyng compiements foriflethyl metabolism as noted earlier. e
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0, DETAIL ATTAGHMENTS:
Attachment e. Approach (continued)

e) Positron Tomography to study the regional kinetics of 11C-methionine in brain

will be undertaken in FY 84, if the whole body scanning, plasma HPLC and 11C0, respir-

ometry indicate an abnormality that may be detectable in brain. The !1C study will
immediately follow a 122IDNNA rCBF study of the patient, and will include blood sampling,
11¢0, respirometry and compartmental analysis as described for d) above. )
. Ce : overcomin

The data in-the image are free of effects of activity in overlying tissue,,a " s
serfous 1fability in all previous radionuclide imaging methods ,in terms of quantita-
tion, and the data are in a memory system from which it can be extracted for regional
analysis and manipulated by programs written for any desired computations. The
Donner PET system currently uses a fixed ring of 280 bismuth germanate crystals and
hard-wired data processing equipment and a specially designed histogrammer. The
resolution of 8 mm FWHM at the center of the image surpasses that of most other
machines, and will be impnoved by a new design innovation by the time this project
begins, to give a resolution of 6 mm (47). Because the detectors do not move as they

~do in other machines, there is no lower 1imit on the time interval for each image,

and data accumulation can be gated for data from a moving organ such as the heart.
This allows measurement of very rapid kinetic phenomena if sufficient activity is
present for adequate statistics. - ; .

f) Plasma HPLC analysis. The special virtues of this technique when applied
to high-specific act1v1t¥-an3 high total radioactivity radiofsotopes used to label
molecules, specifically 13N and T1C, were first realized and developed by Prof.
Kenneth Krohn and his colleagues at Crocker Nuclear Laboratory on the Davis Campus
of the University of Californfa. This technology is being transferred to our labora-
tory by virtue of Prof. Krohn spending a sabbatical year here, and one of his col-
Teagues, Dr. Chester Mathis, spending 2 years here on 2 postdoctoral training grant.

The basis for the gower of the technique:is the use of the very high specific
activity possible with 11C, of the order of 500 mCi/micromole, and the large quantities
of activity which can be injected into subjects while remaining within an acceptable
radiation dose. Krohn and Mathis (43) have found that if as little as one atom in

107 of the administered !1C is found in a particular metabolic product, that product

. can be detected by HPLC after injection of 10 mCi of activity. into an animal. This

-unknown, g

O

sensitivity will be somewhat less when the dose is diluted by the larger blood volume
of a human subject. Thus, the general method that they have developed (43,44) is
potentially applicablé to detection, measurement, and characterization of metabolic
products of the [11C methy&]-L-methionine that we will be administering. to our normal
and schizpphrenic subjectsg wh, .

The sensitivity for afiparticular compound will depend on.the pecl
over of the compound, as wikll as the fraction of the methyl pool transferred to that
compound ‘in"the first 20 nfh after injection (S-adenosyl. methionine hasg: a turnover
less thani10 #in). The frigetional distribution and turnbver half time§.are largely

N
1S

I Ly e B
The potential sensitigfity of the method may be estimated as fa)lpﬁ#; injection
of 15 mC{ 4nto a human subfiect with a dilution volume of 5 x 10% cc giygs a concen- -
tration of 6.6 x 105 cpm/ck: The ‘minimum detectable activity of a weli’crystal with
the HPLC wutlet passing thgpugh it is about 30 dpm, and after injectiop.of 0.3 cc of

plasma the sensitivity is X0 dpm/cc. Thus, 100 + 6.6 x 105 = 1.5 x'10* or .015%

Lt

1113202
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Attachment e. Approach {continued)

(assume no decay), so the method should be able to detect metabolites containing .015%
of the injected methionine. It may actually be more sensitive than this because the
dilutfon volume may be much smaller, and metabolites with a high rate of turnover
will be Tabeled at a higher Specific activity. According to Mudd and Poole (31)
average daily intake of methfonine is 10 meq, and the average daily excretion of
labile methyl mofety as catecholamines and derivatives is .04 meq, or 0.4%. If we
are able to detect .015% of the injected methyl moiety, we will be able to detect
metabolites which are about 4% of the total catecholamines. As noted, the sensitivity
may be greater than this. The sensitivity for other metabol{ites in the metabolic
sequence of methyl groups (Fig. 2) cannot be estimated at present because there is.

" insufficient data available, and it is expected that data on relative transfer rates
in these pathways will result from the proposed experiments.

In the operational sequence of the system in an experiment, serial venous blood.
samples will be drawn at intervals comparable.to those of the’image sequence (elec-
tronically marked as was the injection). Heparinized whole blood samples will be
drawn, counted, and centrifuged. The supernatant plasma will be removed from the
cells and the two fractions counted. The plasma proteins will be removed by precipi-
tation and counted. The protein-free plasma supernatant will be screened by two or .
three parallel HPLC systems with different columns {(e.g., anion exchange, cation
: _exchange, normal and reversed phase)to identify the. labeled compounds. Each system _

will be designed for optimum separation and {dentification of the labeled metabolites’
by appropriate choice of solvents and columns, Three separate and parallel HPLC
systems will probably be required to efficiently analyse the plasma samples within
the half-life of 11C.,” .

For the experimental run, radfoactivity detectors on each HPLC system will record
the radioactfve peaks; by comparison to the reference standards we will attempt o
identify the labeled metabolites and the area under the peaks will provide the
relative radfoactivity in that sample. There will then be .a collection of chromat-
ograms for each plasma sample from which the quantities of each molecular species can
be determined. Samples drawn up to 1 hr after 11C-methioinine injection will have
sufficient activity for analysis.

Our earlier report (22) fndicated that the methyl oxidation abnormality also
occurs in leukocytes.. We propose to apply the HPLC method to study cultured leuko-
cytes of, schizophrenics .ff =~ " Calculating as previously: for human
plasma,:ifwe add 10 mCi Bf }lC-methionine to a culture containing 0,01 cc of
Teukocytes. (10 ¢c of whoTg. blopd), and inject .001 cc of lysed cells Jnto the HPLC
at various time intervalsl the sensitivity will allow detection of:103? of the -
injected Tabel, and yfeldiits time course of production. Because of the relative

simplicity-of this methodgand its potentially great power in metaboli$m measurements,
{ goject upon development of the.first methodsifor separation
_ of the simplest metabolitys. - : - "

we will.apply 1t in the g
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20, DETAIL ATTACHMENTS:
Attachment e. Approach (continued)

g) 110, respirometry. 11C0, and 1%C0, radiorespirometry and its applications
in our research have- been reported (21,45). We have demonstrated its ability to measure
exhaled 110, from 11C labeled compounds over a period of 6 half 1ives of 11C. The
equipment is now positioned in the same room as the PET and whole body scanners.and
in FY 82 will be used for the first time in simultaneous whole-body scanning respir-
ometry studies. This will provide important additional measured parameters for the
compartment solution of the kinetics of brain metabolites.. )

In FY 83 simultaneous PET-respirometry studies will begin. In preliminary studies
with 11C-methionine in a group of schizophrenic patients not well categorized or
diagnosed clinically, we have found the same type of 11C0, respiration patterns that
we found with 1“C-methionine (21). _

h. Data analysis and compartment modelling. As a general rule, all data will
be recorded directly fnto the PDP 11/34, or onto magnetic tape in format comgatib]e
with the PDP 11/34. This will include CT scans, PET scans of 122IDNNA and !1C-methio-
nine, and- 11€0, respirometry. The HPLC plasma data output will be digitized and
recorded directly into the PDP 11/34, using hardware and software systems developed
at UC Davis. -The CT scan will be recorded on tape compatible with the PDP 11/34 and .=
with the computer used at the NIH-MHCRC at the Palo Alte VA.: In this way brain areas

: .may be outlined on a visual basis or a computer-outlined. density contour basis,

and the same area used for quantitation of the 11C- or 122IDNNA PET images.

The }1C0, respirometry data are handled by a program developed at this laboratory
(45). Data sampling as described previously is digitized and recorded on magnetic
tape and the program subtracts background, corrects for decay, calculates specific
activity and multiplies by the mean CO, for the entire experiment, thus correcting for
changes in respiratfon rate, yielding curves of percent of injected dose/nin as a
functfon of time, The program then calculates by an {terative jeast squares method
the best fit of the desired exponential functlon. and calculates the parameters of
‘the function, the integral and extrapolated 1!1C0, excretion. A method for calcu-
lation and correction for the input function of the 110, respirometer, just developed
by Dr. Budinger of our - group (46), will be incorporated into the program.

The HPLC elution data output will be in the form of three sets of elution curves
of radfcactivity peaks vs. elution time, for each plasma sample. From the sequence
of curve peaks and knowiedge of the established metabolic pathways, estimations may-- - -
be made of pool sizes ahd transfer rates, and.possibly some guidange obtained for
identification of ynknghn peaks. 3 :

#lasma data to the kinetic data will be Timifed by two factors. -
wloes not directly represent liver or brain: »:Second, one or

2 #o dominant in the plasma that if these are gnferred to be

also. present in the brin they will mask the metabolism Bf others in.the compartment
model.” 1f one of the ghminant metabolites is.abnormal in the schizphrenic subjects
we will have achieved @e of our principal goals. Our earlier radﬁQcarbon respir-
ometry data does show ajnormal oxidation of the methionine methyljdpoup; thus, even
though this may be maskhd by other metabolism in the brain and whoig body images, it
is 1ikely that we willile able td ‘detect an abnormality in one ‘of: the plasma functions
that will correlate witlf the expected abnormal oxidation. s

[
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20. DETAIL ATTACHMENTS:
Attachment e. Approach (continued)

Information from all three systems (11C0,, tomographic and whole body images, and
plasma MPLC) will be inputs to the computer modelling system. In our previous experi-
ence with model1ing of data, we have found that data which at first glance appear to
measure only a global, large scale phenomenon can provide important information for the
solution of a model, by providing what amounts to-a bookkeeping balance and signifi-
cantly reducing error in the final solution. Dr. Ronald Huesman, mathematical physi-
cist in our group, has developed a program which 1s a generalized model system. - -
Virtually any model within reasonable 1imits can be built with the. system, data entered
for the compartments measured, and solutions for-transfer constants obtained. Thus,
different model systems can be tested with any set of data, and the closeness of fit
can be tested for the final parameters. In addition, the SAM program
package is also available. :

.If'our results indicate that it fs important to measure more variables, or that
the metabolic abnormality of schizophrenia is located at another point in metabolism,
we have the possibility of synthesizing othér metabolites with carbon-11. -

These include a method of l1abeling of amino acids on the carbonyl atom of amino
acids developed in our groug (48); [11C~-N methyl] sarcosine by methylation of glycine
- with 11C-methyliodide; and 1iC-formaldehyde as developed by Comar's. group (49). He . - =%
. have also begun to develop a method for labeling tyrosine in the -beta position , ‘
so that fn the conversion of the tyrosine to the neurotransmitter catecholamines,
the label will. remain with the core of the molecule. The method could allow labeling
with 11C in a one-pot synthesis. Although we are presently interested primarily in
methyl metabolism, we hope to be able to develop this radiopharmaceutical for investi-
gation of catecholamines in vivo with PET and HPLC methods. :

The approach outlined above constitutes a combination of unique capabilities
in use of radiofsotopes for in vivo studies of disease in humans, applied in this
project to the uniquely human disease of schizophrenia, but applicable in principle
to the study of a variety of metabolic disfunction - in man. We feel that its develop-
ment will contribute not only to an understanding of mental disorders but will serve
as a model approach to other problems of the bifochemistry of disease.
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20. DETAIL ATTACHMENTS:

Attachment f. Technical Progress

Our investigation of the new IDNNA class of iodoamphetamines for measurement of
rCBF in FY 82 proceeded along the 1ines of studying the chemistry by investigating the
chemistry of rapid synthesis to develop the very rapid synthesis necessary, and brain
and organ distribution in animals to determine whether molecules suitable on the basis
of-fast synthesis. had the requisite brain uptake. The basis upon which we are proceed-
ing is by making. the appropriate substitution on the amine group and thereby protect-
ing the nitrogen from attack during iodination while the para position is iodinated. -
The resulting compound will thus have the desired brain uptake and will not require the
rgmoval of the group protecting the nitrogen as was required in our first iodoampheta-
mines. . -

1. [IDNNA Chemistry. The first compounds studied were the N,N-dimethyl and the
N,N-diethyl analogs (e and f, Fig. 3). These compounds were prepared from precursors
d and g respectively by direct iodination with 13!'IC1 under acidic conditions. The
jodine free dimethyl compound.d was prepared by reductive amination of K with dimethyl-
amine; g, the diethyl compound, was made by reductive alkylation of b with acetaldehyde.
Both reductfons employed NaCNBHj .

OCHz - __PCH3 B
N/Rl
X CHaC~CH3 X CHp CH~= . -
5 g R2
CHz 4 OCH3 3
X X R! R2
(K} H : ' (b) H H H
L S O B BN .
PR (&) -1 CHy
‘ — {f) I CZH_S
; (9) H CZHS

(P} H _CH(CHy),
(1) H C(CHy),
(3) 1 H
FIG. 3 '
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20, DETAIL ATTACHMENTS:

Attachment e. Approach (continued)

TABLE 1. PRELIMINARY ORGAN DISTRIBUTIONS IN RAT

1 min 5 min 15 min 30 min
i blood ~ 0.2 0.20 0.1
brain 0.58 1.8 0.54
brain/blood 2.8 9.0 4.9
cmpd| % 1nj.| liver’ 0.28 1.1 0.89
e | dose | lungs . 3.4 3.1 1.7
per kidney 1.2 2.4 0.92
gm, heart. 1.2 0.84 0.26
muscle 0.36 0.20 0.15
thyroid 1.5 4.3 1.8
. blood 0.09 0.97 0.05 0.07
brain 0.18 0.39 0.19 0.17
brain/blood 2.0 5.6 3.8 2.4
Empd [7 inj. 1iver 0.14 ° 0.45 0.38
f [dose lungs 1.4 2.0 1.4
per "kidney 0.45 0.69 0.38
gm. heart 0.36 0.35 0.15
mygcle 0.19 , 0.08 0.07
0.52 . 0.74° 0.82

T

17320

]




bl D

CONTRACTOR NAME - CONTRACTOR CODE | CONTRACTOR NUMBER
University of California .

Lawtence Berkeley Laboratory 4458/003646
PRINCIPAL INVESTIGATOR DATE PREPARED TASK NUMBER |REVISION NUMBER
“Sargent, Thornton 111 04/01/82 0

20. DETAIL ATTAGHMENTS:
Attachment f. Technical Progress (continued)

We have prepared the precursors for compounds h and 1 and are studying the
{fodination reaction of each. We propose to study a series of N:substituted analogs
with the following strategy. The secondary amines will be made by preparing compound
1 with 1311, and then reacting aliquots of it with the appropriate primary amine to
generate N-substituted analogs. Correspondingly, synthesis of 3311 labeled j will
allow reaction with a variety of aliphatic aldehydes to produce a series of N-disub-
stituted analogs. Each labeled analog so produced will then be tested for brain,
blood and organ uptake as previously done for & and f. Those with- the most promising
brain/blood levels and total uptake will then-be évaluated more extensively by imaging
studies in dogs. .

2. IDNNA-Labeled studies in animals. Organ distribution studies of com-
pounds e and f labeled with I-131 were performed in male Sprague-Dawley rats weighing
300-400 g. Ether anesthetized rats were injected in a tail vein with 10-20uCi of the
1-131 labeled compound. Several blood samples were drawn by cardiac puncture and the
‘rats killed at selected intervals by decapitation. Each organ to be assayed was
weighed wet and counted fn a NaI(T1) scintillation counter. The organ distribution
data from at least two rats were averaged to yield ‘the data in Table 1. -

- . The % administered dose per gram of brain tissue and the brain to whole blood

;.activity ratios were greatest at 5 minutes for both I-131 compounds. These values
decreased by approximately 50% ‘at 30 minutes indicating slow loss of tracer from the
brain. The N, N-dimethylamphetamine exhibited higher absolute brain uptake values and
higher brain-to-blood ratios than the N,N-diethylamphetamine despite the greater 1ipo-
philicity of the diethyl compound, as measured in butanol/water partitfon experiments.
The reasons for this finding are not clear, but could involve steric hinderance at
non-specific amine receptor sites or impaired diffusion of the free diethyl amine
across the blood-brain-barrier.

We have utflized compound e labelled with 121 to study brain uptake and
plasma clearance in the dog. Brain uptake and blood clearance data from a beagle dog
are shown in Fig. 4. Quantitative image data were acquired using the digitized Anger
Mark IT Whole-body Scanner after injection of 75 uCi of 1311 compound e. Data from
regions of interest over the brain were taken from five scans over 30 min and blood
samples were obtained at more frequent intervals. The brain/blood ratio was 7.5 at §
min and reached a maximum of 8.7 at 8 min.

“.:Because the chefcal synthesis and purification are rapid, dnd maximum brain
uptake occurs within fivedinutes of 1.v. injectian when blood activify is low, com-
pound e appears appropriaj; for labe11ng with 3.6 min 1221, This pasftron-emitting
radionuclide {s the daughfir of 20 hr 122Xe, and {s thus suitable as aigenerator-
produced’isotope which calf be shipped to institutions that do not havéia cyclotron.

B Lo . 3 . . (‘ . .
:Based on these §peliminary results we feel that there 1s a fifgh probability

of developing these or ang " for research
~ 2applications and for cliny is program
(_} will be vigorously pursued

o
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20, DETAIL ATTACHMENTS:

Attachment.f. Technical Progress (continued)
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DETAIL ATTAGHMENTS: »
zattaéLméhtTg.q?;cﬁnié;1 Progress (continued) ‘

3. Transmethylation studies.in FY 82 have been pursued with [1“C-methyl]-
L-methionine while methodologies for HPLC, synthesis, scanning, and collaboration
with PAVAMC were being developed and coordinated. An HPLC system with programmable
gradient system was acquired and separation methods for metabolites which are
expected to be labelled with 11C-methyl groups are being developed.

. [14C-methyl]-L-methionine studies were.completed in 3 human volunteer subjects:
Each subject was ‘administered the labelled methionine while on his normal diet and the
1400, excretion measured,.and then studied again after four days on either a high or
low ﬁethionine diet. The diets were designed to deliver approximately normal caloric
and protefn intake, but with total methionine intake reduced to 1/3 of normal for the.
low diet and increased to three times normal in the high methionine diet. Results
from two of these studies are shown in Fig. 5. The results confirm those from equivy-
alent rat studies reported last year that high methionine diet increases oxidation of
the methyl group and the low methfonine diet decreases it. The slopes of the expon-
ential components of the curves are changed -in addition to the total amount oxidized
indicating some change in the oxidation rate as well. :

Whether these changes are consistent and statistically significant will
have to await comg]étfonofa’hrger number of subjects. However, the results do appear
~ to show that the 11€0, and 1“C0, curves we observed in schizophrenics given labelled.
methionine are not liﬁeiy to have been caused by diet, because the -striking changes .
; seen in Ty in schizophrenia are not produced in human subjects consuming diets as ex-
treme in methionine content as could be readily tolerated. :

The principal pathway of methyl oxidation from Fig. 2 was studied in detail
in a serfes of studies on rats. ~Four rats were each given,in a series of separate
experiments, the five compounds shown in the metabolic sequence at the bottom of Fig.
5, labelled with 14C in the positions shown. This serfes of metabolic steps is the
route taken by the methyl group when it is oxidized to COz as constructed by other
workers andoutlined in attachment d. Our experiments were extended over a period
of 6 hours in order to measure exponential components which do not appear until late
in the study. The results for each compound agreed very closely in all four animals,
and because .the same animal was injected with all five compounds inter-animal varia-
bility was greatly reduced. The number of exponential components was found to be four
f?r bicarbonate, three for formaldehyde and formate and two for sarcosine and methio-
nine. .

0 v1ew1ng thi$ paghway in reverse, from bicarbonate to sarcosine, the % of the"~ - -
total injected 1%C expiregtas €0, 1{s somewhat less for each labelled compound in the
sequence, indicating somefriversipn of the labe) to other points of metabolism en route.
However,’ the yield from mfthionine is ‘markedly less, supporting the cehcept of Mudd
that the contro) of oxidafjon of excess methionine occurs at the firstistep, the
oxidation of methionfne tg¢sarcosine. Experiments with cold loading deses of the
different metabolites, an&'HPLC ana1y51§k etabolites in-plasma will beiused to acquire
data to.develop a compartiiént model that will account for the sequencé:of exponentials
and total expired 13C0,. 4 : 3

-
vy

“ The metabolic -xéhways of methyl metabolism and their cont}&iﬂmechanisms
are not well established ¥

{8 present, and a better understanding of theé will contribite
importantly in many otheryfields of medical research as well. - As noted under back-
Ben proposed which 1inks schizophrenia to cancer, on the

%r?u;ﬁ Zp I,h*}pothes‘is has
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20.DETAIL ATTACHMENTS:

Attachment‘f. Technical Progress:(continued)

basis of methylation reactions which are required in excass by malignant cells for
their mulitiplication. This is a large field of research in ftself, and work in this
project may impinge upon it fn future years.

Attachment g. Future Accomplishments:

In FY 83 we will have the 122JDNNA system operational using the optimal
chemical form of the radiopharmaceutical as determined in experiments during FY 82
as described 1in attachment e. Ve will begin studies to compare rCBF, as measured
with 122IDNNA,to rCMF as measured by 18FDG. The 3BFDG studies have already begun in
FY 82 in patients with Alzheimer's dementia in our collaborative studies with Dr. '
Friedland at the Martinez VA and will begin with schizophrenic patients from PAVAMC
in late FY 82. We expect to be able to answer the question definitively during FY
83 as to whether there are specific-regional differences in energy metabolism and
blood flow in schizophrenia. - '

We will begin studies with 11C-methionine in patients and normals, using
the whole-body scanner. Dr. Huesman, in project 4454/000331 is developing a system
by which the PET ring can be used as a whole-body tomographic scanner, and as soon -

" as this is operatfonal ft will be used instead of the existing Anger Mark II Scanner.

11¢0, respirometry studies will be done simultaneously; the appropriate extensions
to connect the breath collection helmet from the scanner bed to the respirometer are
in place. HPLC methods for separation of at least some of the metabolites we wish to
study-will also be developed at this time and blood sampiing will be done in conjunc-
tion with each patient study. ‘ ;

During FY 83 we will continue to perfect our HPLC plasma separation techni-
ques to be able to identify and quantify a gréater number of methyl metabolites.
Investigation of metabolites by administering 11C methionine to leukocyte cultures
will then be inftiated because of the grant sensitivity of the method, and the. possi-
bil4ty. of measuring intracellular metabolism of cells from schizophrenic patients.
Methods for 11C synthesis of other metabolites in the methy) chain will be studied

. for future tracers to be applied in PET studies for more detailed {investigation of

O

.. methyl metabolism. The method we have devised to synthesize [11C-beta] tyrosine will
- be pursued to provide:a labelled catecholamine for brain PET studies. -

! -

ct to have established a picture of methionine kinetics in
y in terms of whole-body metabolism, and wili begin complete
he PET system. If the 4=ring, 7 piane systsm being designed
n project 44507002420 is operational, it will be employed
ain and 1iver tomographs, as the rings will’be separabie.

11 consist of: a CT scan tp provide the correct alignment
e; a 122IDNNA study to provide quantitatioriregional rCBF; '
e followed by simultaneous measures of regfenal brain
spirometry and biood sampling for plasma: HPLC analysis.
ncorporated in a compartment model analysis: to provide

hy! metabolism and {ts: differences, which wé expect to
zophrenia. We will be 1nvestigating-1ntng§¢11u1ar methyl
ne labelling of Jeukocytes with HPLC analysis. 11C 1abel-
abolites, such as sarcosine and tyrosine, will be in

In FY 84 we ex
normals:and schizophreni
coordinated studies withy
and built by Dr. Derenzo
to provide: simultaneous
The coordinated studies'y
for thaidesired image pl
injection of l1C-methion
11¢ distribution; . 11€0, 4%
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20.DETAIL ATTACHMENTS:

Attachment g. Future Accomplishments: (continued) . o R
progress ana these labelled molecules will be staged f&r human studies.

Attachment h. Relationships to Other Projects:

This project is close1{ related and dependent upon-other projects in the Research
Medicine Group. Synthesis of 11C-methionine and development of the :122IDNNA system is
being done in collaboration with Yukio Yano's Experimental.Medicine Development Group
(4452-000330). The PET system, development of the whole-body scan' tomograph system,

and compartment modelling is being done principally by Ors. Budinger, Huesman and Derenzo
in the Experimental Medicine Clinical group. 4454/000331.

Development of the 4 ring 7 plane PET system which will eventually be used in
:2;3 gggggam is being done by Dr. Derenzo's Positron 3/D Imaging Instrument program,
/ . : ) _ .

Attachment 1. Environmental Assessment: N/A

Attachment J. Explgpation of Milestones: N/A
. Attachment k. 788 Detail: N/A

Attachment 1. Equipment FY 83:

Gamma counter for radioactive peak measurement

from HPLC output. Special fabrication S '$9,000.
High Performance Liquid Chromatography system to ' :

provide second parallel track of analysis. . $9,000.
High speed air driven microcehtrifuge, for r#pid .

separation of blood samples. . o $1,200.
FY .84

High Performance Liquid Chromatography System.
Required for third pgrallel track to provide - ' Togs RS
rapid separation of @belled metabolites ' : S

in different solvent

. Beparation systems.
rd

e e .
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