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Summary. Platelet monoamine oxidase (MAQ) activity
has previously been shown to be increased in patients
with senile dementia of Alzheimer type (SDAT) and in
patients with megaloblastic anaemia. Moreover, low se-
rum By; levels were found to be 4-5 times more frequent
in SDAT compared with an unselected population of
similar age. In the present investigation, platelet MAO
activity was estimated in 14 SDAT patients with relative-
ly low serum By, levels and in 4 patients with pernicious
anaemia. Before By, therapy, platelet MAO activity was
significantly increased in both patient groups compared
with a control group. After By, therapy, platelet MAO
activity was significantly reduced in both patient groups
to apparently normal levels. The present results show
that B, status is a controlling factor of platelet MAO ac-
tivity and confirm that a significant connection exists be-
tween vitamin By, deficiency and primary degenerative
dementia disorders, such as SDAT.
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Introduction

Monoamine oxidase (MAO; E.C.1.4.3.4.) is a key en-
zyme in the degradation of monoamines. There are two
forms of the enzyme, MAO-A and MAO-B, which are
characterized by their sensitivity to the selective MAO-
A inhibitor clorgyline.

Brain MAO-B activity increases with age in most
brain areas and is, in some regions, further increased in
patients with senile dementia of Alzheimer type (SDAT)
when compared with age-matched controls [1]. The in-
crease in brain tissue MAO-B activity is thought to re-
flect a reactive gliosis involving cells with a high content
of MAO-B molecules [10, 21, 22].
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In human platelets there is MAO of the B type, which,
however, in contrast to the brain enzyme, does not seem
to increase with age [18]. Anincreased platelet MAO ac-
tivity has, on the other hand, been reported in different
degenerative dementing disorders such as Huntington’s
chorea [17], Parkinson’s disease [9] and primary degen-
erative dementia [1, 3, 9, 17]. Thus, increased platelet
MAO activity cannot be considered a specific feature of
SDAT, but it has been suggested that it reflects a predis-
position to the development of a dementia syndrome, re-
gardless of the underlying disorder [4].

Glover et al. [12] have previously reported a highly
significant increase in platelet MAO activity in patients
with megaloblastic anaemia. They also observed a signif-
icant correlation between the platelet MAO activity and
the severity of the bone marrow megaloblastic change,
as assessed by the deoxyuridine suppression test and
bone marrow morphology. Megaloblastosis is usually as-
sociated with deficiencies of vitamin By, and/or folate.

Serum By, levels below the lower reference limit were
found to occur in 29% of cases of primary degenerative
dementia [15]. In our own study [25], 23% of patients
with SDAT had level of serum B;, lower than 130 pmol/l,
which greatly exceeds the 5.6% prevalence of low serum
By, levels (< 130 pmol/l) in an unselected population of
75-year-old individuals [20]. The mean serum By, level
for the SDAT group was significantly lower than the
mean value for presenile Alzheimer’s disease and vascu-
lar dementia. Moreover, in that study of demented pa-
tients [25], we found a significant inverse correlation be-
tween platelet MAO activities and serum levels of vita-
min B12.

The aim of the present study was to explore further
the relationship between platelet MAO activity and the
vitamin By, status in SDAT patients.

Subjects and Methods

Subjects. Included in the study were 14 consecutive SDAT patients
(aged 80 +4 years), 9 females and 5 males, with relatively low
serum By, levels (range 6-181 pmol/l). After drawing a blood sam-
ple for MAO estimation, the patients were treated with intramus-



cular injections of 1 mg hydroxocobalamin daily, with up to 7 injec-
tions within 10 days. At least 4 wecks after the first injection of
B1,, a new blood sample was drawn for MAO estimation.

To elucidate further the impact of By, deficiency on MAO ac-
tivity in platelets, we also studied 4 patients with pernicious anae-
mia in the same way. Apart from blood analyses, the diagnosis of
pernicious anaemia was confirmed with a sternal bone marrow
puncture showing megaloblastic erythropoiesis.

Control values for MAO activity in platelets were obtained
from 47 healthy adults (aged 72 + 5 years).

Laboratory Methods. Assessment of MAQO activity in platelets was
performed as described previously with beta-phenylethylamine as
substrate and expressed as nanomoles of substrate oxidized/10"

Table 1. Fourteen patients with senile dementia of Alzheimer type
(SDAT) and 4 patients with pernicious anaemia, in whom were de-
termined mean = standard deviation for age, MAO-B in platelets,
vitamin By, in serum, haemoglobin in blood and erythrocytal mean
corpuscular volume (MCV)

SDAT Pernicious
(n=14) anaemia
(n=4)
Age (years) 80=x 4 75% 9
MAO-B (nmol x 10~ % platelets/min) 15+ 6 3% 5
Vitamin B;, (pmol/l) 108 + 51 12+ 4
Haemoglobin (g/l) 13416 67+ 13
MCV (11) 93+ 4 138+ 4
40
(12)e
35
30
251
20+
15 +SD
10F Mean
L -SD
—>four weeks——
> one year ————y
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CONTROLS PATENTS

Fig. 1. Monoamine oxidase (MAOQ) activity in platelets measured
with beta-phenylethylamine as substrate (nmol X 107'° thrombo-
cytes/min) in 14 patients with senile dementia of Alzheimer type
(O) and 4 patients with pernicious anaemia (@), before and after
vitamin By, supplementation. The MAO activity is compared with
healthy adult controls (mean and standard deviation). Initial
serum By, levels within parentheses
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platelets per minute [13]. Vitamin By, was determined by a radio-
ligand assay (Diagnostic Prod. Corp., Los Angeles, Calif.), and
130 pmol/l considered the lower limit of normal distribution for
serum By;.

Statistics. Statistical significance was assessed with Student’s #-test
and the Wilcoxon signed rank test for paired data.

Results

In the SDAT group, mean = standard deviation (SD)
for serum By, levels was 108 - 51 pmol/l, for blood hae-
moglobin (Hb) 134 +16g/1 and for erythrocyte mean
corpuscular volume (MCV) 93 + 4 fl, indicating neither
anaemia nor macrocytosis of clinical significance (Table 1).
Reference limits were Hb < 110 for anaemia and MCV
> 100 for macroca/tosis. The platelet MAO activity was
15+ 6nmol x 10~ platelets per minute as compared with
10.2 = 4.3 for the controls, which was a significant differ-
ence (P <0.002). The four patients with pernicious anae-
mia had very low serum By, values (12 £ 4), severe anae-
mia (Hb = 66 * 13), prominently macrocytic erythrocytes
(MCV = 138 & 4) and very high platelet MAO activities
(33 £5).

After treatment with vitamin By,, the MAO activity
in platelets was significantly reduced (P = 0.004) in the
SDAT group (Fig.1). Al MAO activities above the
mean of the controls decreased after treatment.

Two patients with pernicious anaemia were available
for a follow-up 1 year later. Their MAO activities were
reduced to the normal range after treatment with vita-
min By, (Fig. 1).

Discussion

Platelet MAO activity is mainly under genetic control, as
appears from studies on twins [23] and families [24]. How-
ever, non-genetic factors, such as changes in platelet
number, volume and protein content, which may be as-
sociated with various forms of stress, haematological ab-
normalities and drug effects, could also affect the MAO
activity of platelets [11, 19]. Iron deficiency is related to
microcytosis and low platelet MAO activity [5], while
deficiency states of vitamin By, or folate are related to
megaloblastosis and increased platelet MAQO activities
[12].

In a retrospective study on demented patients, we re-
cently reported a significantly negative correlation be-
tween the level of By, in serum and the platelet MAO ac-
tivity [25]. In that study the MAO activity was related to
the platelet protein, while in the present study the activ-
ity was related to the number of platelets. In both stud-
ies, however, a relationship between low levels of By, in
serum and high platelet MAO activities in SDAT pa-
tients was found. The patients with pernicious anaemia
had very low serum By, levels as well as very high platelet
MAO activities. A causal relationship was confirmed,
since administration of vitamin B, significantly reduced
the platelet MAO activity in the SDAT patients as well
as in 2 patients with pernicious anaemia.
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Although the present results strongly indicate a causal
relationship between low serum By, levels and increased
MAO activity in platelets, 3 of 14 SDAT patients did not
respond with a decrease in the MAO activity after treat-
ment with vitamin By,. It is possible that the non-respond-
ing patients, all of whom were in the normal range of
MAO activity, did not have a By, deficiency from a func-
tional point of view, at least not in the bone marrow.
Serum levels of vitamin By, are probably not reliable
guides to the degree of true deficiency. This issue could
be evaluated with a deoxyuridine suppression test [7] or,
possibly, the determination of serum homocysteine con-
centration [16].

The SDAT patients had a rather modest reduction in
serum By, levels as well as a modest increase in platelet
MAO activity in comparison with the patients with per-
nicious anaemia. Nevertheless, the significant response
to By, treatment, as reflected by a reduction in platelet
MAO activity, implicates some physiological effects of
the By, deficiency, although evidently not to the extent
of causing anaemia or macrocytosis. This is in agreement
with the recent findings by Lindenbaum et al. {16], who
studied the association between vitamin By, deficiency
and neuropsychiatric disorders. They pointed out that
cases with clinically significant By, deficiency are often
lacking anaemia and macrocytosis, although erythrocyte
MCYV, within reference limits (< 100 fl.), is most often
reduced after treatment with vitamin By,. Others [6, 8],
too, have emphasized the importance of recognizing this
atypical form of vitamin B, deficiency, lacking the clas-
sical signs of megaloblastic pernicious anaemia.

It is impossible, from our results, to draw any conclu-
sions as to a causal relationship between dementia in our
patients and the biochemical findings. Although evidence
for an effect of vitamin By, deficiency on the nervous sys-
tem is generally convincing [2, 14, 16, 27, 28], different
possibilities must be considered as to the role of low
serum By, levels in degenerative dementia with subtle
signs of By, deficiency. One possibility is that low By,
levels might occur because of poor dietary intake in de-
mented patients. However, this explanation is contra-
dicted by the findings that low serum B;, levels in pa-
tients with SDAT are mainly determined by malabsorp-
tion due to gastric mucosal atrophy [26]. These findings
might also relate to another possible explanation; low
serum B, levels are epiphenomena in an atrophic pro-
cess involving both the gastric mucosa and the brain.

The present study was not designed to evaluate the
clinical effects of vitamin By, therapy with respect to the
mental state of the patients. Future prospective studies
will need to address this important issue.

Conclusion

The results confirm that vitamin By, deficiency is a deter-
minant of increased platelet MAO activity, which is often
found in patients with primary degenerative dementia
[1, 3,9, 17]. They also confirm the previous conclusion
[15] that a significant connection exists between func-
tional vitamin By, deficiency and primary degenerative
dementia disorders, such as SDAT.

Acknowledgements. This work was supported by grants from Stif-
telsen Gamla Tjdnarinnor, the Pfannenstill Foundation, the Thur-
ing Foundation, Greta and Johan Kock’s Stiftelse, The Swedish
Medical Research Council, no. 5002 and 4145.

References

1. Adolfsson R, Gottfries C-G, Oreland L, Wiberg A, ‘Winblad B
(1980) Increased activity of brain and platelet monoamine
oxidase in dementia of Alzheimer type. Life Sci 27:1029-1034

2. Agamanolis DP, Victor M, Harris JW, Hines JD, Chester EM,
Kark JA (1978) An ultrastructural study of subacute combined
degeneration of the spinal cord in vitamin B12-deficient rhesus
monkeys. J Neuropathol Exp Neurol 37:272-299

3. Alexopoulos GS, Liebermann KW, Young RC (1984) Platelet
MAQ activity in primary degenerative dementia. Am J Psychi-
atry 141:97-99

4. Alexopoulos GS, Young RC, Liebermann KW, Shamoian CA
(1987) Platelet MAO activity in geriatric patients with depres-
sion and dementia. Am J Psychiatry 144 :1480-1483

5. Callender S, Grahame-Smith DG, Woods HF, Youdim MBH
(1974) Reduction of platelet monoamine oxidase in iron-defi-
ciency anaemia. Br J Pharmacol 52 :447P-448P

6. Carmel R (1988) Pernicious anemia. The expected findings of
very low serum cobalamin levels, anemia, and macrocytosis
are often lacking. Arch Intern Med 148:1712-1714

7. Carmel R, Karnaze DS (1985) The deoxyuridine suppression
test identifies subtle cobalamin deficiency in patients without
typical megaloblastic anemia. JAMA 253:1284-1287

8. Carmel R, Sinow RM, Karnaze DS (1987) Atypical cobalamin
deficiency. Subtle biochemical evidence of deficiency is com-
monly demonstrable in patients without megaloblastic anemia
and is often associated with protein-bound cobalamin malab-
sorption. J Lab Clin Med 109 :454-463

9. Danielczyk W, Streifler M, Konradi C, Riederer P, Moll G
(1988) Platelet MAO-B activity and the psychopathology of
Parkinson’s disease, senile dementia and multi-infarct demen-
tia. Acta Psychiatr Scand 78:730-736

10. Francis A, Pearce B, Roth JA (1985) Cellular localization of
MAO A and B in brain: evidence from kainic acid lesions in
striatum. Brain Res 334:59-64

11. Friedhoff AJ, Miller JC, Karpatkin S (1978) Heterogeneity of
human platelets. VII. Platelet monoamine oxidase activity in
normals and patients with autoimraune thrombocytopenic pur-
pura and reactive thrombocytosis: its relationship to platelet
protein density. Blood 51:317-323

12. Glover V, Sandler M, Hughes A, Hoffbrand AV (1980) Plate-
let monoamine oxidase activity in megaloblastic anaemia. J
Clin Pathol 33:963-965

13. Hallman J, Oreland L, Edman G, Schalling D (1987) Throm-
bocyte monoamine oxidase activity and personality traits in
women with severe premenstrual syndrome. Acta Psychiatr
Scand 76:225-234

14. Hector M, Burton JR (1988) What are the psychiatric manifes-
tations of vitamin B12 deficiency? J Am Ger Soc 36:1105-1112

15. Karnaze DS, Carmel R (1987) Low serum cobalamin levels in
primary degenerative dementia. Do some patients harbor atyp-
ical cobalamin deficiency states? Arch Intern Med 147:429-
431

16. Lindenbaum J, Healton EB, Savage DG, Brust JCM, Garrett
T7J, Podell ER, Marcell PD, Stabler SP, Allen RH (1988) Neu-
ropsychiatric disorders caused by cobalamin deficiency in the
absence of anemia or macrocytosis. N Engl J Med 318:1720~
1728

17. Mann J, Chiu E (1978) Platelet monoamine oxidase in Hun-
tington’s chorea. J Neurol Neurosurg Psychiatry 41:809-812

18. Murphy DL, Wright C, Buchsbaum M, Nichols A, Costa JL,
Wryatt RJ (1976) Platelet and plasma amine oxidase activity in
680 normals: sex and age differences and stability over time.
Biochem Med 16:254-265



19.

20.

21.

22.

23.

Murphy DL, Costa JL, Shafer B, Corash L (1978) Monoamine
oxidase activity in different density gradient fractions of human
platelets. Psychopharmacology 59(2):193-197

Nilsson-Ehle H, Landahl S, Lindstedt G, Netterblad L, Stock-
bruegger R, Westin J, Ahren C (1989) Low serum cobalamin
levels in a population study of 70- and 75-year-old subjects.
Gastrointestinal causes and hematological effects. Dig Dis Sci
34:716-723

Oreland L, Gottfries C-G (1986) Platelet and brain mono-
amine oxidase in aging and in dementia of Alzheimer’s type.
Progr Neuropsychopharmaco! Biol Psychiatry 10:533-540
Oreland L, Fowler CJ, Carlsson A, Magnusson T (1980) The
effect of hemitransection of rats upon the brain monoamine
oxidase MAO-A and MAO-B activity. Life Sci 26:139-146
Oxenstierna G, Edman G, Iselius L, Oreland L, Ross SB, Sed-
vall G (1986) Concentrations of monoamine metabolites in the
cerebrospinal fluid of twins and unrelated individuals — a ge-
netic study. J Psychiatr Res 20:19-29

24.

25.

26.

27.

28.

291

Pandey GN, Dorus E, Shaughnessy R, Davis JM (1979) Ge-
netic control of platelet monoamine oxidase activity: studies
on normal families. Life Sci 25:1173-1178

Regland B, Gottfries CG, Oreland L, Svennerholm L (1988)
Low B12 levels related to high activity of platelet MAO in pa-
tients with dementia disorders. Acta Psychiatr Scand 78:451-
457

Regland B, Gottfries C-G, Lindstedt G (1990) Dementia pa-
tients with low serum cobalamins: relationship to atrophic gas-
tritis. Aging (in press)

Scott JM, Dinn JJ, Wilson P, Weir DG (1981) Pathogenesis of
subacute combined degeneration: a result of methyl group de-
ficiency. Lancet II:334-337

Siddons RC, Spence JA, Dayan AD (1975) Experimental vita-
min B12 deficiency in the baboon. Adv Neurol 10:239-252



