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Summary. A 27-year-old woman is described whose disorder meets the DSM-
ITI-R criteria for a diagnosis of schizophrenia and who was found to have a
significantly increased serum level of homocysteine. Repeatedly, she improved
on frequent cobalamin injections and deteriorated in periods without treatment.
The effects of prolonged weekly treatment appeared to diminish as time went
on, suggesting that the abnormality was not wholly cobalamin-dependent. It
was found that methylenetetrahydrofolate reductase (MR) activity in cultured
skin fibroblasts was reduced to a magnitude that is found among people with
heterozygous deficiency. A defect in MR activity indicates a deficiency in meth-
yltetrahydrofolate (MTHF), with a consequent reduction of the remethylation
of homocysteine to methionine. Thus, reduced methylation may explain the
increased levels of homocysteine and the transient effects of cobalamin treatment
in the patient. Theoretically, MTHF should be the optimal treatment for her.
The case reported highlights the importance of assessing the serum homocysteine
level in order to detect methylation deficiency in patients with schizophrenia.

Keywords: Schizophrenia, homocysteine, cobalamin, folate, methylenetetra-
hydrofolate reductase.

Introduction

Schizophrenia appears to be a clinical entity of considerable heterogeneity with
regard to natural prognosis, responsiveness to therapy and possible etiology.
Structural and biochemic defects have been found in different subgroups and
it is probable that at least some cases of schizophrenia are due to a metabolic
abnormality.

The main neurochemical theory to explain schizophrenia is the dopamine
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theory. It is based on the fact that neuroleptics, which are believed to block
dopamine, have a powerful antipsychotic action. Another biochemical aspect,
which might be associated with the dopamine theory, is the relationship between
homocystinuria and schizophrenia. There is a higher incidence of schizophrenia
in relatives of homocysteinurics than in the general population (Spiro etal.,
1965), although a later literature review (Bracken and Coll, 1985) revealed only
three published reports on cases in which homocystinuria and schizophrenia
coexisted.

Homocysteine results from demethylation of methionine (Fig. 1). Homo-
cystinuria is an inborn error that is due to cystathionine beta-synthase (CBS)
deficiency which leads to excess excretion of homocysteine in the blood and
urine. However, increased levels of homocysteine in the blood are by no means
specific to CBS deficiency. Several enzyme deficiencies have been observed in
folate and cobalamin metabolism (Mudd etal., 1972; Cooper and Rosenblatt,
1987). They result in impaired homocysteine turnover and increased concen-
trations of homocysteine, mainly as protein-bound disulfides.

We describe a patient in whom mental symptoms developed when she was
19 years old and whose disorder later on was diagnosed as schizophrenia.
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Fig. 1. Simplified scheme of enzyme systems controlling the methylation processes in the
central nervous system. Enzymes are encircled
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Because of moderate macrocytosis in the absence of low serum concentrations
of folate or cobalamin, homocysteine was analysed, a laboratory procedure
that by then had recently been introduced at the hospital. Significant homo-
cysteinemia was found and the patient was successfully treated with frequent
injections of cobalamin.

Laboratory methods

Homocysteine in serum was determined using capillary gas chromatography-mass spec-
trometry, as described by Stabler et al. (1987). For analysis of methylmalonic acid in serum,
anion-exchange extraction and purification were performed as described by Rasmussen
(1989), and derivatization and chromatography were performed as described by Marcell
etal. (1985).

In cultured fibroblasts, enzyme activities of two cobalamin-dependent enzymes, meth-
ylmalonyl-CoA-mutase and methionine synthase, and of N>!*-methylenetetrahydrofolate
reductase (MR), were analysed, the latter as described by Mudd etal. (1972). Assessment
of CBS was not available, for which reason a methionine loading test was performed by
analysing the increase of the serum homocysteine level after administration of L-methionine
(3.8 g/m* body surface area) orally in 200 ml of fruit juice.

Case report

The patient is a 27-year-old single woman. Her history reveals no heredity for psychiatric
disorders. She was brought up by her biological parents as their only child. Somatically,
she was a healthy child except for some migraine-like attacks at the age of puberty. She
had an upper secondary education with good grades and then went to a school of economics
for two years. She could not complete her economic studies because of her present illness.
Instead, she tried several types of work and finally trained to become a child minder. In
January 1992, she passed her exam, with some assistance. Between 1990 and 1992, con-
tinuous rehabilitation efforts were made, but she could not cope with full-time work and
she never worked as a child minder. She tried to live by herself in a flat, but had to rely
a great deal on her parents’ support. She was lonely and had some difficulties in her relations
with others.

In 1988, she was tested by a psychologist who found that she had normal intelligence
and no signs of organic brain damage.

Present illness

In 1988, at the age of 22, the patient contacted a psychiatric unit. For two years she had
had difficulties in pursuing her studies and had failed in her examinations. Her relations
with other people of both sexes were disturbed. She was ambivalent, had concentration
difficulties, was very tired and often suffered from somatic complaints. She heard voices
and had a feeling of being watched. She was treated with neuroleptics which had a good
and almost immediate effect. Later, she had difficulties in complying with the treatment
regimes (neuroleptics, psychological contact). In 1989, she became worse and broke all
contacts with the psychiatric unit and with her place of work. Instead she contacted various
somatic units in an unplanned manner. The next year, she had again auditory hallucinosis,
displayed paranoid ideas and aggressive outbursts and always carried a knife in her handbag
“to defend herself”. In 1992, she was admitted to a psychiatric unit against her will, and
she was again treated with neuroleptics, mainly haloperidol. From June 1992 until September
1993, she was treated with haloperidol depot injections every three weeks (Fig.2). The
antipsychotic effect was marginal and she still had hallucinosis, paranoid ideas and ag-
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Fig. 2. Homocysteine levels from September 1992 until November 1993 in a patient with

schizophrenia (@—®). Bold lines of the curve indicate the transient increases in homocy-

steine at times of intensified cobalamin treatment which also concurred with the periods
of clinical improvement

gressive behaviour. She experienced the traditional side-effects of neuroleptics and, during
treatment, she also described some attacks of blurred vision lasting for a few hours.

In 1989, during her first stay in hospital, the diagnosis was “hallucinosis”, but in 1992
it was changed to “schizophrenia”, as her disorder by then met the relevant DSM-III-R
criteria. The sustained symptoms of hallucinosis described by the patient include disturb-
ances of auditory and visual perception. She heard voices that continually commented on
her doings. Her parents’ faces were changed, her room took on an irregular shape, and
her clothes looked too big. She was not considered delirious.

Laboratory findings

In 1989, the routine laboratory data were normal except the mean corpuscular volume
(MCV) that was moderately increased (102 f1) in repeated samples. Blood hemoglobin (146 g/
1), serum cobalamin (233 pmol/l) and serum folate (14.3 nmol/l) were all normal. In Sep-
tember 1992, the MCV was decreased to 98 fl. Blood hemoglobin (148 g/1), serum cobalamin
(179 pmol/l) and serum folate (13.7nmol/l) were still normal. Serum homocysteine
(30.9 umol/1) was highly increased (upper reference limit < 15) in repeated samples. In June
1993, the MCV had normalized (92 fl). Methylmalonic acid was only analysed after cob-
alamin treatment had been initiated and then showed normal values twice (0.26-0.10 pmol/
1; ref. < 0.37) at times when the homocysteine levels were still increased (17.2-23.4 pmol/
). At the time of the methionine loading test, serum homocysteine had decreased to
18.8 pmol/l. After methionine loading, the serum homocysteine level rose to 29.1 pmol/l,
which is a low and normal increase contradicting a CBS deficiency. In September 1993, a
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skin biopsy was taken to assess various enzyme activities in the cultured skin fibroblasts.
The activities of methylmalonyl-CoA-mutase and methionine synthase were normal.

MR activity was 2.9 nmol/mg protein/hour. The mean activity was 6.1 nmol/mg protein/
hour (range 4.2-9.4) in 15 controls and 3.1 nmol/mg protein/hour in two controls with
heterozygous MR deficiency.

In April 1993, the patient was examined by a neurologist. CT-scan and repeated EEG
were normal and the neurologist found no support for a temporal-lobe dysfunction.

Serum levels of homocysteine (14.0 and 13.7 umol/1), methylmalonic acid, cobalamin
and folate, as well as the levels of blood hemoglobin and MCV, were found to be normal
in the patient’s parents.

Cobalamin treatment

Because of the hyperhomocysteinemic level in serum, cobalamin (Betolvex®; cyanocoba-
lamin bound to tanninaluminostearate) treatment was started and the homocysteine level
was frequently checked (Fig.?2). For two months, 1 mg per week was administered intra-
muscularly. After 4-5 weeks, the patient had obviously improved. As reported by herself,
as well as her parents and the occupational therapist, she had become more concentrated
and alert and was less tired. The hallucinosis was less disturbing. Although present all the
time, the commenting voices were no longer so conspicuous but more like a murmur in
the background. Moreover, at the time when the cobalamin treatment started, the patient
had regular contact with a psychologist who was almost unaware of the patient’s phar-
macological treatment. The psychologist’s record contains a significant description of how
the patient improved concurrently with the cobalamin treatment. However, it could not
be excluded that the improvement was a result of changes in her rehabilitation situation,
and to test this, she was allowed to stop cobalamin treatment after 8 weeks. She herself
insisted on stopping, because she disliked the intramuscular injections. Two weeks after
the last cobalamin injection, she had deteriorated to the level at which she was before the
initiation of cobalamin treatment. She suffered from fatigue and headache, and the grossly
disturbing type of hallucinosis was there again. She did not accepted to start another
intensive cobalamin treatment, but accepted 1 ml intramuscularly every three months.

Six months later (June 1993; Fig. 2), she was still in bad shape, with tiredness and very
disturbing hallucinosis. Now she accepted to receive cobalamin injections of 1 ml per week
for another 8 weeks. After 2 weeks, there was improvement which remained until the end
of the treatment period (Fig.2). The patient reported that during this treatment period
tiredness and headache had disappeared and that, except during one week, the commenting
voices had turned into a low, unobtrusive murmur. Three weeks after the last injection,
she worsened again and cobalamin treatment with 1ml per week was restarted for yet
another period. Within 2 weeks, she was again feeling better. At that time, however, she
also exhibited severe extrapyramidal side-effects and the haloperidol depot injections were
discontinued (Fig. 2). From then on, the effect of cobalamin treatment was less evident; in
spite of continuous weekly treatment, she actually deteriorated. Two months later, tiredness
and perceptual disturbances were so severe that admission to a psychiatric unit was planned
in order to recommence neuroleptic treatment. While waiting for admission to the hospital,
she received three injections of 1ml cobalamin in one week. There was again dramatic
improvement which still remained after 2 months of frequent cobalamin injections, and
further treatment with neuroleptics was judged unnecessary.

Discussion

The case reported fulfils the DSM-III-R criteria for the diagnosis of schizo-
phrenia of undifferentiated type.
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As the increased homocysteine level was reproducible before treatment, the
subsequent reduction was apparently a significant effect of cobalamin treatment
(Fig.2). However, the effect of prolonged weekly treatment with cobalamin
appeared to diminish as time went on. This tendency suggests that the treatment
we had chosen was not the optimal treatment for the patient, and that the
metabolic abnormality was not wholly cobalamin-dependent.

Homocysteinemia per se is presumably not causally related to psychotic
symptoms, since among the several hundred known patients with homocystin-
uria due to CBS deficiency, only a scattered few have been reported to be
psychotic. Homocysteinemia may, however, be linked to the excitatory amino
acid hypothesis of neuropsychiatric disorders (Olney, 1993) because the related
homocysteic acid is regarded to exert potent excitatory and toxic effects.

In our patient, the improvement on cobalamin treatment, the result of the
methionine loading test, and the apparent lack of disease-related heredity, ex-
clude CBS deficiency as the cause of homocysteinemia. However, measurements
in cultured skin fibroblasts revealed a reduction in MR of a magnitude that is
found among people with heterozygous deficiency. MR deficiency is an inborn
error leading to moderate homocysteinemia compared with the severe type
normally found in people with homozygous CBS deficiency. The clinical findings
in the more than two dozen known patients with MR deficiency range from
death in infancy to asymptomatic homocystinuria in adulthood, and the clinical
heterogeneity of this disorder is well documented (Haworth etal., 1993). The
usual clinical manifestations consist of delayed psychomotor development in
infancy, severe mental retardation, and psychiatric symptoms. Recently, a new
variant of MR deficiency was discovered (Kang etal., 1988, 1991). In homo-
zygotes with this variant, certain activity was reduced by approximately 50%
in lymphocytes compared with normal activity and MR was typically ther-
molabile, with residual activity of less than 20% after heat inactivation. In
another study, it appeared that the presence of a thermolabile reductase was
associated with a later clinical presentation (Rosenblatt etal., 1992). Thermo-
lability was not tested in our patient.

Reduced MR activity prevents the formation of sufficient methyltetrahy-
drofolate (MTHF) to carry out the important remethylation of homocysteine.
As a result, homocysteine accumulates to a level that exceeds the capacity of
CBS to form cystathionine. The “trapped” metabolite is methylenetetrahydro-
folate (methylene-THF) which is drained off by thymidylate synthase (Fig. 1)
which forms DNA in sufficient amounts to prevent megaloblastic anaemia.
Megaloblastic anaemia is infrequent in people with MR deficiency (Rosenblatt
etal., 1992). Our patient was not anaemic and only moderately megaloblastic
(macrocytotic).

The late onsct of disease and the “heterozygous level” of enzyme activity
make our patient atypical with regard to the MR deficiency. Obligate heter-
ozygotic individuals, i.e., parents of homozygotic patients, are usually asymp-
tomatic. However, homocysteinemia may be caused by a number of different
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genetic and nongenetic errors in cobalamin and/or folate metabolism, and our
patient may have a heterozygous MR deficiency in combination with any one
of the defects that produce moderate homocysteinemia. Her normal levels of
serum methylmalonic acid and normal activity of methylmalonyl-CoA-mutase
are consistent with the idea that she had no primary cobalamin deficiency,
although she must have had a lack of methylcobalamin that was secondary to
the MR deficiency and the subsequent lack of MTHF.

In the human brain, there is no alternative pathway for the remethylation
of homocysteine. Betaine homocysteine-methyltransferase (BHMT) catalyses a
reaction in which a methyl group is transferred to homocysteine to form me-
thionine in several extracerebral tissues, but there is no such enzyme activity
in the human brain (McKeever etal., 1991). The absence of BHMT in the brain
increases the demand for cobalamin/folate-dependent remethylation. This may
be one reason for the apparent discrepancy between the homocysteine levels
(Fig. 2) and the alleviation of symptoms in our patient. The homocysteine level
normalized during a long period of infrequent injective therapy when there was
no alleviation of psychiatric symptoms. Furthermore, the homocysteine level
rose transiently when the patient improved psychiatrically during the series of
frequent injections.

We think this apparent discrepancy can be interpreted in the following way:
At the start of the treatment with cyanocobalamin in October 1992, the tissues
were loaded with cobalamin which reacted avidly with all MTHF that was still
available. Subsequently, more homocysteine was remethylated and the homo- .
cysteine level in serum decreased. However, possibly because of the absence
of BHMT in the brain, the demand for remethylation by cobalamin was greater
in the brain than in peripheral tissues, and to maintain the patient’s mental
status, very frequent injections of cobalamin were needed, way beyond what
was required to reduce the serum homocysteine level and the MCV. It seems
plausible that serum homocysteine levels mainly reflect the remethylation ca-
pacity of extracerebral tissues and that they are only marginally influenced by
the remethylation in the brain.

MR deficiency, in a figurative sense, may be thought of as something that
makes the remethylation system somewhat sluggish, which may explain the
transient increase and the delayed reduction in the serum homocysteine level
after initiation or intensification of the cobalamin treatment (Fig. 2). The tran-
sient increase in homocysteine levels at times of intensified treatment presumably
reflected an increase in the synthesis of S-adenosylmethionine (SAM), which
serves as the most important methyl donor to a number of biogenic amines,
such as dopamine, norepinephrine, serotonin, and histamine. As a result, more
homocysteine is being formed. In summary, the findings in our patient probably
reflected a remethylation deficiency and the importance of methyl group transfer
in the brain.

In schizophrenic patients, direct measures of SAM have been carried out
by Andreoli and Maffei (1975). They reported a 50% reduction in acute schizo-
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phrenics compared with normal controls. In the case reported, the MCV
actually started to decrease before the cobalamin supplementation was initiated
and while the patient was treated with neuroleptics only. This might indicate
that neuroleptics have a stimulating effect on SAM production, as increased
MCYV is known to be corrected by SAM treatment (Turpini etal., 1987). Such
a notion would also be in agreement with reports that neuroleptics appear to
normalize the reduced activity of methionine adenosyltransferase (MAT) in
many schizophrenic patients (Morere etal., 1986; Smythies etal., 1986). This
enzyme is activating methionine to form SAM (Fig. 1).

From a theoretical point of view, our patient should be supplemented with
MTHEF as the drug of choice. MTHF is the form of folate that is taken up by
cells. Supplementation of folate without a methyl group would only enhance
the accumulation of methylene-THF, which might be harmful. It has previously
been postulated that accumulated methylene-THF may dissociate into form-
aldehyde which condenses with biogenic amines forming psychotogenic com-
pounds (Fekkes etal., 1991). It is of great interest that MTHF supplementation
significantly improved clinical and social recovery among both depressed and
schizophrenic patients in a double-blind, placebo-controlled trial (Godfrey et al.,
1990). If pharmacologically available to the brain, treatment with methylcob-
alamin or SAM should also be of benefit for our patient. In practice, betaine
has proved useful in the treatment of children with MR deficiency (Berlow
etal., 1989; Holme et al., 1989). Efforts are being made to get hold of the drugs
described above in order to test new treatment strategies.

MR deficiency has once before been associated with schizophrenia. A mildly
retarded adolescent girl with MR deficiency was reported to have recurrent
episodes of folate-responsive schizophrenia-like behaviour (Freeman etal.,
1975). Later, by assessment of platelet MR activity, it was shown that MR
deficiency is not a general feature of schizophrenia (Berger etal., 1977; Carl
etal., 1978). However, the latter study found significant differences between
normals and schizophrenics in the activities of serinehydroxymethyltransferase
(SHMT) and MAT. These findings support the hypothesis (Mudd and Freeman,
1974; Levi and Waxmann, 1975; Smythies, 1984) that schizophrenia is char-
acterized by a methylation deficiency, considering that the concept of methy-
lation deficiency may cover various abnormalities that yield the same result.

Preliminary results, yet unpublished, show that the combination of homo-
cysteinemia and a psychotic disorder is not unique to the patient reported in
this paper. Although the specific deficiency of MR obviously characterizes only
a small subgroup of patients with a schizophrenic syndrome, methyl group
deficiency in the brain may be a biochemical abnormality that underlies the
mental disturbances in a significant proportion of patients with schizophrenia,
and perhaps also of those with other psychotic syndromes.
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