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ALTERATION IN METHIONINE METABOLIS\/I OF LEUKOCYTES
IN SCHIZOPHRENIA

Lat1fe Ismail* Ernest L. Dobson Thornton Sargent

Tod H. Miku';ya , Mathews B, Fish, and Myron Pollycove

Donner Laboratory and' La\yrenceaBerk'eley Laboratory
- Universlity of California, Berheley |
| . Cand
. Clinical Laboratories San Francisco General Hospital ')
| Department of Clinical Pathology and Laboratory Medicine

Umversny, of Cahfornia School of Med1c1ne San Francisco

~ INTRODUCTION .

‘Thudichum’s suggestion (1884) that mental disorders result from meta-

_ bolic disturbancesl was followed by Bleuler's hypothesis (1911) of a metabolic

, B 2
-etiology of schizophr‘enia _ Somewhat later, Kallman (1938) and Karlsson

( 1966) favored the view of a genetic and presumably metabolic, basis of this

' disease, The eff1cacy of mescahne a methylated compound, in producing a
'psychotoxmity S1m1lar to that seen in schizophrenia led Osmond and Smythies
(1952) to propose abnormal transmethylat1on as a possible cause of disturbances

“in the psyc_:he Such hypotheses of a metabolic ‘basis for schizophrema resulted

* Present Address Turkish Department of Education, Nicosia, Cyprus
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m biochemical studies of this} disorder which particularly involved trans-
| methylation and- methylated compounds Pollin et al. (1961), and subse-
quently others7 1.0, 1nvestigated the adverse effect of L methionine feedmg
~in the presence of a monoamine ox1dase (MAOQ)-inhibitor on some SChlZO-
| _Phrenic patients. - In the presence of an MAO inhibitor, it was ant1c1pated
’ that the catabolism of ‘methylated amines would be inhibited, and that hig_h
Ldoses of methionine,’ the ma]or source of methyl groups for transmethylation
would increase the psychotomc methylated compounds in the body. and result T
in exacerbation of the schizophrenic condition Friedhoff' 11 discovery (1962)
| of ‘dimethoxyphenethylamine (DMPEA), a methylated compound, in the urine of
' schizophrenics resulted in extensive' research on the metabolic origin of this -
-comp'oundo, 'Hofferlz (1963) r‘e‘ported clinical i'mprovement'of schizophrenics
who had been given nicotinic acid or nicotinamide, both of which are methyl

1‘J‘C methyl-

- group acceptors° Israelstam, et al. 13 (1970), -using intravenous
methionine tvith, 14602 breath analysis, demonstrated preliminary evidence of
fﬁ altered oxidation' of the mlethionine-_-methyl carhon in schizophrenic and depressed
_ patients. |
The purpose of our study was to 1nvestigate further the possible abnormality
of methylation in schizophrenia Usmg both schizophrenic patients and normal

: control subjects, this study measured the evolved COZ and 14

14C'—'methyl.and l4‘C-carboxyl

C-protein
labeling in leukocytes after incubation with

methionine,
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'MATERIALS AND METHODS | /

| Clinical Material -

The study 1ncluded 11 pat1ents w1th schlzophrema and 7 normal control
subjects All of the pat1ents were under treatment at the time of this study,

and had been exammed and d1agnosed by one of the authors (T.H. M. ). The

psychlatrlc diagnoses were in accordance with the International Class1f1cat1on .

of DlseasesH° The 7 control subjects were. healthy adult volunteers who were
~ not taking any drugs, and who were without history of psych1atr1c disturbances.
Reagents | | |
1) Heparm 1 000 units /ml, with O. 9% benzyl alcohol as preservatlve |
(L1pohep1n) for anticoagulation of blood samples [R1ker
Laboratories Northr1dge Calif. ]. |
2) 3% De}ttran (MW 100, 000 - 200, 000 chmcal grade) in normal sahne |
3) Hanks FetalCalf Serum (FCS) solut1on 10 ml Hanks, balanced salt
solut1on [Grand Island B1olog1cal Co. (GlBCO) Grand lsland ' '
 New York], 20 ml Fetal Calf Serum [GIBCO], 1 ml soalum
| 7':bica':rbenate solutibn, 7.5% [GIBCO], q. s..'to 100 ml'wnh |
. d1st1lled water. | | | - |
-~ 4) 0. 9% saline. S B
5) 3 S% sahne. | o |

6) SpeC1al m1n1mum essent1a1 med1um (‘\/IE’\/I) To 100 ml of: methlomne-

free ME\/I [GIBCO] add 1 ml L-Ulutamme, 200 mM [GIBCO]



N

8)

9)
.10)

11)

12)'

13)
14)
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and 1 ml penicillin, 3, 000 units/ml, and streptomycin,’

-5, 000 ug/ml [GIBCO].

L-methibnine-methyl—l4c (specific activity 11 mCi/mM) [New England‘ :

) "Nuq-leér Corporation, Boston, Mass.].
L-methionine-carboxyl-l4C. (specific acfivity 58 mCi/mM) [Amersham /
Searle, Arlington Heights, I1.]. Specific activity adjusted to
| 11‘mCi/mM‘ by the addition of non-radioactive L-methionine,
2M acétate' buffer, pH 3. 8. |
CO -trappmor solutlon One volume 2-é'minoethanol to 2 volumes’

~ 2-methoxyethanol [} [\/[alhnckrodt/Nuclear, St, Louis, Mo.]. \

Scmtlllatmn fluid. 2L Toluene, 1L 2- methoxethanol and 16.5g PPO

(2 5- d1phenyloxazole) scintillation orade [J.T. Baker Chemi- .
"cal Co., Phillipsburg, N.J.]. |
15% trichloroacetic acid (TCA) ‘solution.

Absolute ethanol.

‘Nuclear/Chicago Solubilizer (NCS) Solution [ Amersham /Searle].

All glassware was siliconized and sterilized by autoclaving.

_ LEUKOCYTE STUDIES

Isolat1or1 of Leukocvtes from Whole Blood

Blood from fasting patients and controls was drawn into heparinized plastic

syringes, and was mixed with the 3% dextran solution in 40 ml centrifuge tubes -'

in the ratio of 2:1, blood to dextran solution, After géntly inverting the tubes
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7 times, the mixture was allowed to stand for 30 40 min at room temperature

to perm1t adequate sedimentation -of the red blood cells The supernates were

' collected and centr1fu<red at'100g at room temperature for S5-7 min. All sub- :

sequent centrifugations for this phase of the study were performed in this

_manner. , L ' _ : - o

‘The cell button was Athen washed twice with the Hanks-FCS solution in -
order to obtain partially purified leukocytes. The cells were resuspended
in 4 ml of 0.9% saline. Lysis of the residual RBC was accomplished hy the

add1t10n of 12 ml of ster1le H O, and mechanical a<r1tat1on was ach1eved by . .

: asp1rat1on and expuls1on through a serolog1c pipette, Hypoton1c1ty and me- -

chamcal ag1tat1on were 11m1ted to 30 sec to minimize leukocyte damage.

Isoton1c1ty was restored by th@ addition of 4 ml 3. 5% saline, Following the

' addition of 5 'ml special MEM, the cell suspension was centrifuged. The red .

cell ghosts were removed by- aspiration of the cell button surface. The separ- .

ated leukocytes then were resuspended in the spec1al MEM, .and were d1luted

to a concentratlon of 2,0+0.5x 107 cells/ml. Counts of the separated cells '\“\\

- were done in a hemocytometer., D1frerent1al wh1te cell counts were carr1ed

out on both the whole blood and the isolated leukocytes. Granulocytes com-
prlsed 80 -90% of the separated cells. All of the 1solated leukocytes Were
viable, as demonstrated by the trypan blue dye exclusmn test,

Incubatlon of the Cells

./’

One ml aliquots of the cell suspension in special MEM were transferred

into 25 ml Erlenmeyer flasks which contained 2 ml speclal MEM, and the o



. pre~weighed 40 ml test tubes fitted with rubber stoppers through which two
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flasks closed with an airtight rubber cap, After pre—incubation for 30 min
at 37°C in a shaking water bath (50 cycles /min), L-meth_ionine-14C-methy1

14C-carbdxyl, 0.5 to 20 uCi, which contained from .054

or L—methlonme—
to .. 938 u moles/methionine, was injected into each flask. Cell suspensions

from each subject were incubated at 1 to 4 different concentrations of meth- ML
: : . | -
N

~-

‘ ionine. In order to determine the amount of radiochemical contaminants in,
or spontatneods deco:rnp()si_tion of, the l‘}‘C-methionine prep,arations, the-‘la-’
beled substrates were also incubated with special MEM without leukocytes.
At the .end of the 2 hr incubation period, metabolic activity of the cells was
ter'rninated by the addition of 2 ml of the acetate buffer to each flask.} The

' CO2 evolved Was~collected in the -system described below,

14C02' Collection e

Approx1mately 8.5 ml of the C02 trapping solution was d1spensed into

tubes passed: a d1spers1on tube extended to a level well below that of the

| CO2 trapping solution,and a short tube extended to the air space above the
trapping fluid._ 'A‘fte'r the dispersion tube was connected to the incubation :
flask by plastic tubing, vacuum was epplied to the space above the C02 |
trapping solution in order to 'maintain a continuous gentle air flo_wv througn o

-

the incubation flask and trapping solution. In order to"monitor the trapping

14C02, a second tube contammg trappmcT solu- |

eff1c1ency of this system for
tion was connected in series w1th the first, Counts in this second tube were

.never s1crn1f1cant1y above bacl\ground At the end of the collectlon period,

rd
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' the tubes were re-weighed, and 4 ml aliquots of the trapping solution were

we1ghed into counting vials. - Fifteen ml of scintillation fluid were added to
each v1a1 and 14C activity was quant1tated in a liquid scintillation counter
usmg appropriate background and standard samples, quench correctlons,
and sufficient counts to obtain a standard error of 2.5% |

.Assessment of lncorjaorauon of 4C into Cellular Protein

|

After the CO2 collect1on period, the cells were centrifuged at o°c

and washed twice w1th ice-cold saline. One ml of chilled TCA solution was.

added and allowed to stand for 30 minutes at 0 C. The resultmcr precipitate

was centr1fu0ed and washed once W1th the cold TCA solution, and once with
1ml absolute alcohol To the washed prec1p1tate was added 1 ml NCS solu—
tion to dwest the protem, Affer add1t1on of lo ml sc1nt111at1on f1u1d the

14 C content of the digest was quantitated in the manner described above.

Data describing the 11 schizophrenic pa'tients as to their major diagnostic

catecory, duration of d1sease maJor clinical manlfestatlons and drug therapy

are shown in Table I Three of the pat1ents were not on druor therapy at the

time of the study

The rates of ox1dat10n of methionine-methyl carbon to CO (pM /106
cells /hr) by leukocytes from control subJects and schlzophremc patients are
shown in F1gure 1. These rates of oxidation are shown for different meth1o- -

nme concentrat1ons in the incubation medlum wh1ch rance from 17 8 to
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to 312 uM/L. .I.ncluded‘iri Figure 1 is a plot of the least-squares best-fit
of »eaéh group; .

While the fafe of rhetﬁionine-méthyl oxidation showed a direct correla-
tion to the methionine concentration in the incubation medium, the rate of
m'e'thionihe-methyl oxidation_ by the schizophrenic group was less than that
of the normal group for each concentration of :rﬁethionine, While this dif-
ference was s.m_all at low concehtr/etfions, it progressively increased with
increasing concentrations of methionine. | |

The rates of oxidation of the carbéxyl carbon of"m'éthionine to CO2 by
le'ilkocytes from 2 normal subjects and 2 schizophrenic patients are shown
in Table II. These pre.li‘minary. st.'udie's were pgrférmed with a concentration
of 93.7 u moles/L in the incubation fluid. A i‘elatively wide difference in
| ‘oxidatio‘n of }the methyl (;ar_bon by the 2 groups has been demonstrated at

th‘is concenﬁratioh*(Fig, 1). Howéver; unlike the differénce in oxidation of
the':methyl carbpn, no signif;qant diff‘erencev inbxidation_of the carboﬁyl car-
" bon of methionine was noted in the leukocytes of either-t‘he’ control subjects

: o‘r'fhe'schizophreﬁic patients. | | |

14

The incorporation of C-methyl carbon in‘to'protein (and other TCA pre-

cipitable material) by leukocytes as a function of methionine concentration of

incubating media is shown in Figure 2 for both control subjects and schizo-

phrenic patients. While a progressive increase in incorporation is noted
with an increasing concentration of methionine, no’significant difference is

- noted between the experimental groups.

t

A . ’ ) - ' e



bation ,~and nicotinomide improvement

‘ fi'ndir.lg of DMPEA in the urine of some sch'izophi‘enics

short-term in vitro biochemical studies, including those involving

DISCUSSION

5,‘ ‘methionine and MAQO-inhibitor exacer-

"The stUdiés of mescaline effect

T— .

..10 . Qr‘ 12

of some schizophrenics, the - '/

11, and the altered .in -

vivo oxidation of methionine~methyl carbon in the schizophrenic patientlg,
all have,suggested'thé possibility that altered methylation may be associated
with the schizophrenic state. It has been postulated that such a metabolic

-

abnormality would result in-the production of abnormal amounts and/or kinds

of psychoactive methylated amines which, in turn, are involved in producing

.schizophrenia. Since the methyl carbon of methionine is the major metabolic

15, 16, the possible biochemical ..

source of methyl groups for transmethylation
abnormality associated with schizophrenia may be clarified by tracing its
metabolic fate in the, schizophgenic patient. Leukocytes were selected for

this study because of their possession of the requisite cell organelles, their

easy availability, and beéause they can be utilized readily in a variety.of
He-

labeled éubsfrates”"ls.

The me‘tabQ’Lic fate of the méthyl carbon of methionine is manifoldls’ 16.

It can appear in methylated compounds, in COZ’ and in proteins through in-

. _corporation of methionine and other amino acids which subsequently contain

methionine-methyl carbon atoms. The decreased oxidation of the methyl-

- carbon of methionine which was noted in the leukocytes of schizophrenic pa-

tients could be explained by anir of the following: (a) decreased transmem- -

<~ °
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. brane passage of 'rmethionine into cells or intracellular oﬂrgahel‘les, (b) a de;
. rangement in the enzyme(s) or.metabolic pool(s) involved with the oxidation'
of methionine or its ‘methyli group to CO,, (c) increased diversion of the rhethyl
grouo into trausmethylation processes, and (d) increased incorporation into -
protein. - | |
The progress1ve 1ncrease of the difference in rates of methyl carbon oxi-
dation caused by increasing the methionine concentration of the mcubauon
medium, and the similar oxidation of the carboxyl-carbon of met‘uonme by
both groups, exclude d1fferences in methionine pool size, membrane transport .
and metabohsm of methlonme other than its methyl carbon, as explanamons for ‘
the decreased rate of omdatlon of meth1onme -methyl carbon in the schizo-
phrenic group The lacl\ of altered methyl—carbon 1ncorporatlon into protem
- by the leukocytes of schlzophremcs suggests that changes in the rate of pro-
tein synthe81s and/or the rate of methlonme -methyl incorporation into. _protein
are not responsible for the decreased oxidation of methionine- methyl carbon in
.thls disorder, The decreased rate of meth1on1ne -methyl carbon oxidation in
leukocytes of schlzouhrerucs could be explained by either an increased diver-
sion of methyl groups into transmethylation process, or an alteration in the
enz;tmatic pathWay or *tnetabolic poois that are involved with the oxidati_on-of
a methyl group after its removal from the meth1on1ne molecu1e°
| Although drug effect, cannot be absolutely excluded as.a cause of the de-~-

creased ox1dat1on of the meth1on1ne -methyl carbon by the leukocytes of

schlzophremcs the lack of any consistent difference in methyl- carbon oxi-
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dation betv'veen those 3 patients who did not receive drugs and the 8 patients :
who received a variety of drugs suggests that the medications administered

to the study group probably did not play a role in producmg the observed
phenomenon |

These initial findings of altered methionine—mvethyioxidation in the leuko-,

cytes of SChiaophrenic patients .sugg:est an abnormality in transmethylation
.and/or an alteration in the metabolic pathways for the oxidation of this methyl
group to COZ' The fact that this abnormality was demonstrated in leukocytes'
'succests that it may be systemic in nature. If these preliminary findings'are

confirmed by further studies, they not only will support the hypothesis of a
biochemical basis for schizophrenia, but also will suggest possible new ap-

proaches to. the study of this disease.
. <
SUMMARY
- The purpose of this‘.study was to investigate-further'the possible abnor-
mality of methyl- carbon metabohsm in schizophrenics Leukocytes from
7 normal subjects and 11 schizophrenic patients were 1ncubated with 14C-- ;
methyl methionmc, and the evolved 1’J‘CO and e leul\ocyte protein Iabehnd/

’ A .. A/M’ .
leukocytes of schizophrenic patients was less than that noted by leukocytes of | /
. . . I3

was measured. The rate of oxidation of methionine-methyl carbon to CO, by /
normal subjects. While this difference was small at low concentrations of
methionine in the incubation medium, it progressively increased with in-

creasing concentration of methioniné. No differences in 14‘C-protein labeling

_was noted between the two study groups. Preliminary studies using 14C—

1. . . “
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-[car_boxyl-methionine revealedv no difference in oxidation of methionine-carboxyl

carbon to C02 by the two groups These fmdmos suggest that the decreased -

rate of methlonme methyl carbon omdamon in 1eukocytes of schizophrenics 4
o e

could be explamed by e1ther an mcrease d1vers1on of methyl group into trans-
' methylamon processes, or an alteration in the enzymatic pathway or metabohc

pools that are involved with the omdatlon of methyl group after its removal

AN

from the methlomne molecule
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‘ | TABLE 1
P " CLINICAL AND THERAPEUTIC DATA
 CLINICAL MANIFESTATIONS
| 2 B |
- DIAGNOSIS g 5 < 9 DRUG THERAPY
o =2 B 8 -
e s 9 9
B8 = ¢ A &
cgﬂ >~ 8 o @
QL. ™ L = o)
g £ § w9 . -
‘o.x ¥ 8 § 3 & Drug ' Dose /Day
: ot = ug - :
K3 288 38 T -
1. Mehtal Retardation& 25 F 4 + 0 + 0 Haloperidol 2 mg
Chronic Undifferentiated - ' . S
2. Schizo-Affective 38 F 16 ? + + o+ "Fluphenazine 7.5 mg
: : Methyprylon 150 mg
- o 3 : . 300
3. Chronic Undifferentiated .40 M -7 - ? + +. +  Mesoridazine 100 mg
4, Childhood Schizophrenia, 19 M 10 '+ 4+ + 4+ - Fluphenazine S mg
Mental Retardation . R T ' '
S.. Schizo-Affective, 51 F >3 + + + + Amitriptyline 75 mg !
Depressed ' ' o Perphenazine 6 mg |
. . (275 Phenobarbital 10 mg . |
T ‘Trihexyphenidyl :
C Hydrochloride @~ 6 mg
' . Diphenhydramine 150 mg
6. Residual Schizophrenic 36 M'>14 + 4+ + + - Niacinamide  1mg |
7. Chronic Undifferentiated 26 F 5 +  + + + None L f S ) -
| - | o .: el L Lo e
. 8. Residual Schizophrenic 33 M 15 0 0 + + - None ! " I !
9. Schizo-Affective . 26°M 20 0 + + + ° Trifluoperazine .
Circular o 1 - Hydrochloride 4 mg
' , .- Diazepam 15 mg
10. Residual Schizophrenic 47 - F >10 O 0O O O - None _
11. Chronic Undifferentiated 22 F 3 + ‘0 Haloperidol 4 mg
: : ~ Diazepam 15 mg



e
. monine Metabolism ~ Ismail, Dobson, et al,
‘,n Schizophremia - . - " _.Table N

TABLE II-

OXIDATION OF THE CARBOXYL CARBON OF METHIONINE*
- BY LEUKOCYTES FROM |

,CQNTRQL AND SCHIZOPHRENIC PATIENTS

Qxidation of Carboxyl-Carbon
Subject - N | of Methionine

© pM/10° cells/hr

: Con‘trol. k o | 12,3
Comrol . . B | | | 121
Schizophrenic T ' - 12.0 |
Schizophrenic S | o T o121

. * Methionine concentration in incubation fluid of 93,7 u moles/L..
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FIG. 1

FIG. 2

_ control subjects o. and schizophrenic patients o as

LEGENDS
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. . 34 .
in the incubation medium.
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